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Summary 

Background: The causative agents of Cutaneous Leishmaniasis (CL) are 

intracellular protozoan parasites of the genus Leishmania, mainly L. tropica 

and L. major. CL is a vector-borne disease. In endemic areas, only a 

proportion of exposed subjects under almost similar circumstances develop 

the disease, reflecting the role of genetic role in resistance and susceptibility 

to infection. Since cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) is 

implicated in the repression of T cell proliferation, cytokine generation and 

cell cycle advancement, it is reasonable to postulate that single nucleotide 

polymorphism (SNP) in CTLA-4 gene can influence an individual 

susceptibility to CL. 

Aims: This1study1aimed to1investigate the1association of1CTLA-

4+49G/A1gene polymorphism1with incidence and severity of CL, and the 

role of soluble1CTLA-4 in1the1pathogenesis of CL and in detection of 

infection, as well as molecular characterization of local isolates of L. tropica 

and L. major and their relatedness to reference isolated from neighboring 

countries.  

Subjects and Methods: This is a1cross-sectional1prospective 

study1including1a total1of 1101patients with1confirmed CL (60 newly 

diagnosed and 50 under treatment patients) as well as 60 age- and sex-

matched healthy subjects as a control group. Dermal scraps were performed 

for each patients using sterile blade or dental broach from which the lesion 

exudates were collected in sterile tubes and impression smears were made on 

sterile slides.  Further, about 5 ml of venous blood were collected from 

patients and controls. Each blood sample was divided in to two aliquots; 2 ml 

in EDTA tube and 3 ml in plain tube. DNA was extracted from the whole 
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blood and Cytotoxic-T lymphocyte Antigen (CTLA-4) gene fragment 

corresponding the SNP CTLA-4+49G/A was amplified1and determine the 

1genotypes1using1tetra-primer1amplification1refractory1mutation 

system1polymerase1chain1reaction (T-ARMS-PCR) methods. Sera were 

separated from blood in plain tubes, and a ready kit was used for measuring 

serum level of soluble CTLA-4 (sCTLA-4) using enzyme linked immuno-

sorbent assay (ELISA). Leishmania DNA was extracted from lesion exudate, 

and 5.8S rRNA gene was amplified using two sets of specific primers through 

nested PCR. A total of 12 PCR products were directly sequenced, and the 

resultant sequences were aligned with reference1sequences in 

National1Center for1Biotechnology1Information1(NCBI). A1phylogenetic 

tree was1constructed for1local Leishmania1isolates with the1reference 

isolates using Mega 6 software.  

Results: The1GG1genotype of1CTLA-4+49G/A1polymorphism was more 

frequent in controls than patients with a signifiacnt difference (OR= 0.11, 

95%CI=0.02-0.58, p=0.009). At allelic level, G allele was far more frequent 

in controls than patients (30.83% versus 17.73%) with a highly significant 

difference (OR=2.07, 95%CI=1.23-3.48, p= 0.006). However, there was no 

significant difference between newly diagnosed and treated patients in the 

frequency of genotypes and alleles of this SNP. Median serum concentration 

of sCTLA-4 in newly diagnosed patients was 72.6 pg/ml1 (range 15.6 – 1271 

pg/ml)1which was higher than either controls (median= 16.31pg/ml,1range 

0.8-48.51pg/ml) or treated patients (median=117.9 pg/ml,1range 2.9-74.7 

pg/ml1) with highly significant differences, while there were no significant 

difference between controls and treated patients. The serum levels of sCTLA-

4 showed a highly sensitivity and specificity in the context of discrimination 
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between newly diagnosed cases and each of treated patients and healthy 

controls. Furthermore, sCTLA-4 showed a significant positive correlation 

with lesion size in newly diagnosed patients (r= 0.322, p= 0.012). According 

to alignment results out of 12 sequences, 9 sequences were belonging to L. 

major, while 3 sequences were belonging to L. tropica. All local L. major 

isolates were very close to reference isolate KP773404.1 (an Iranian isolate), 

while all local L. tropica isolates were very close to reference isolate 

KY612611.1 (an Iranian isolate) with an identity of 98%. Phylogenetic trees 

confirmed that closest isolates for local Leishmania (whether L. tropica or L. 

major) was the Iranian isolate.  

Conclusions: Collectively, these results indicate the protective role of allele 

G of the SNP CTLA-4+49G/A against CL, and the increased serum of soluble 

CTLA-4 in newly diagnosed CL patients which can be utilized as additional 

diagnostic tool. The local isolates of L. tropica and L. major are closely 

related to Iranian isolates. 
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1.1. Introduction 

        Various species of the genus Leishmania are responsible for the 

parasitic infection called Leishmaniasis. Leishmaniasis is the 3rd most 

significant arthropod-borne disease for the global burden of diseases 

(Kassebaum et al.,2016). The World Health Organization (WHO) reported 

that various types of Leishmaniasis had been identified from 89 countries 

with over 350 million people at risk, with an estimated of 12–15 million 

subjects are affected worldwide. Two million new cases of Leishmaniasis 

are recorded yearly, of which 1.5 million with cutaneous Leishmaniasis 

(CL) (Torres-Guerrero et al., 2017). Reports from WHO showed that over 

two-thirds of new cases of CL in 2015 happened in six countries 

comprising Iraq (Fakhar et al., 2016).  

       The principal vectors of Leishmaniasis are the Phlebotominae 

sandflies. It is reported that there is a characteristic positive correlation 

between Leishmaniasis and the geographical distribution of sand flies. 

Sandflies prevail in dark places, near their breeding sites because they are 

weak flies (Akhlagh et al., 2016).  

        Zoonotic CL and anthroponotic CL are the two kinds of CL prevalent 

wordwide. Anthroponotic CL is the non-rural or dry kind, while zoonotic 

CL is the rustic or wet kind.  The causative agent for anthroponotic CL is 

L. tropica, while that of zoonotic CL is L. major (Salehzadeh et al., 2014).  

         In Iraq, CL is prevalent across the whole country except in 3 

northeastern provinces and is transmitted by Phlebotomus 

papatasi and P. sergenti species of sandfly (Salam and Azzi, 2014). Cases 

of anthroponotic CL predominantly occur in the suburbs of large cities, 

while zoonotic CL is more widespread in rural areas, especially in the 

northern and southern provinces of Iraq (Al-Warid et al., 2017).  

https://www.frontiersin.org/articles/10.3389/fpubh.2019.00027/full#B3


Chapter One                                                             Introduction 2 

 

       Beside parasitic load and environmental conditions, genetic factors of 

the host are significantly implicated in the acquisition and evaluation of the 

seriousness of CL (Handman et al., 2005).  Such a role becomes more 

prominent when the referred gene is involved in the immune response. T 

lymphocytes play a critical function in fighting against Leishmaniasis 

through cytokine production (T-helper cells) and destroying the parasite 

(Santos et al., 2013). Interaction of CTLA-4 after its expression on 

activated T cells with CD80 and CD86 results in inhibition of T 

lymphocytes functions, CD80 and CD86 are ligands for CD28 

(Rowsharravan et al., 2018). 

         Pointing to the significant functions of CTLA-4 in T lymphocyte 

suppression, it seems that CTLA-4 plays a determinant function in 

inducing peripheral tolerance against self and foreign antigens. These are 

characteristic of self-tolerance and chronic infections, respectively 

(Brunner-Weinzierl and Rudd, 2018). Thus, genetic differences that result 

in up-regulation of this molecule could be linked to chronic infections and 

immune suppression, including CL. Past studies revealed that the CTLA-4 

gene comprised various single nucleotide polymorphisms (SNPs) 

comprising CTLA-4 A/G at the +49 position (rs 231775) (Uzer et al., 

2010). This SNP was frequently reported to have a significant association 

with different diseases whether autoimmune (Wang et al., 2017), cancer 

(Zhang et al., 2018) or infectious (Hajilooi et al., 2014). However, studies 

regarding the association of this polymorphism with CL are very rare or 

even absent, especially among Iraq patients. As there is no available 

vaccine against CL, finding such association can increase the current 

understanding of acquisition and severity of the disease and help in 

developing new drugs that target the immune system to prevent or 

overcome the infection.  
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           Molecular characterization of the causative agent of CL may 

facilitate the determining molecular epidemiology and hence can help in 

introducing effective control programs. Polymerase chain reaction (PCR) 

brought about the infusion of techniques for identification and genetic 

characterization of Leishmania (El-Beshbishy et al., 2013). Different genes 

such as 5.8S rRNA and internal transcribed spacer-1 gene have been used 

successfully for both diagnosis and molecular characterization of CL 

(Fakhar et al., 2016). Studies concerning phylogenetic analysis and 

molecular characterization of L. tropica and L. major are scarce in Iraq 

despite the endemicity of the disease.  

  

1.2. Aims of the study 

1- To determinate the association between soluble CTLA-4 and 

occurrence and severity of CL  

2- To determinate the correlation of CTLA-4+49G/A gene polymorphism 

with the incidence and severity of CL 

3- To determinate The effect CTLA-4+49G/A gene polymorphism on 

serum level of soluble CTLA-4 

4- To work the molecular characterization of local isolates of L. tropica 

and L. major and their relatedness to reference isolated from 

neighboring countries.   

5- To determinate the function of soluble CTLA-4 in the pathogenesis of 

CL and detection of infection 
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 2. Literatures Review 

2.1. Leishmaniasis1 

          Leishmaniasis is infection caused by a protozoa parasite of 

intracellular nature (genus Leishmania). It is transmitted when a female 

phlebotomine sandfly bites the infected person’s skin( WHO 2014). 

          The clinical feature of leishmaniasis range from a self-resolving skin 

ulcer to a mutilating mucocutaneous infection and even to a potentially 

lethal systemic ilness (Cheorghe et al.,2018). 

2.2. Taxonomy 

        According to Banuls-Laure et al., (2007) the classification of Species                  

L.tropica,  L.major as below: 
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2.3. Epidemiology 

        In the past two decades it has become obvious that leishmaniasis has 

expanded its range, in both tropical and subtropical areas (Haddad et al., 

2015), with diseases being present  in new areas. This has engaged both 

known species and the present of new species (Karami et al.,2013; Desbois 

et al., 2014). Some of these are closely related species present in various 

regions around the world (Kwakye, 2016), In spite of these facts, 

leishmaniasis is remain one of the world’s most neglected infections, 

affecting largely the poor population, mainly in developing countries 

(WHO, 2010). 

        There are predestined twelve million cases worldwide, and there are 

around one point five million cases of cutaneous leishmaniasis happen 

worldwide annually, and over two-third of CL new cases occur in 

countries: Afghanistan, Algeria, Iran, Iraq, Saudi Arabia, Syria, Brazil, 

Colombia and Peru. Death cases are rare since CL is normally a self-

healing condition (Meireles et al., 2017; Al-Sudany and Ali, 2016).  

         The infection present in epidemiological forms, zoonotic CL (ZCL), 

caused by L. major and usually occurs in rural regions where the main host 

is some species of mammals such as some rodentia and carnivora and     

Phlebotomus papatasi served as a vector. The second form of infection is  

anthroponotic CL (ACL) which is due to L. tropica in medium and large 

sized regions, where humans are the original reservoir host and P. sergenti, 

the original vector (Aflatoonian et al.,2019).  

         Both ACL and ZCL were communicate as causative factors of 

leishmaniasis in Iraq. According to the results of many local reports, the 

disease epidemiologically is uneasy with major and uncertain fluctuations 

in the number of cases (Al-Qadhi et al., 2015 ; Rahi et al., 2014). 
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         CL in Iraq was declined during the malaria control program and 

house spraying with Dichlorodiphenyltrichloroethane DDT, but when this 

was discontinued in the mid-1960s, the incidence was returned. In the 

period of the Gulf War in 1991, The peak incidence of CL reached 

45/10,000 population in 2008 (Al-Obaidi et al., 2016). 

         A maximum reported incidence rate was observed in 2015 and a 

minimum reported cases was observed in 2013 (Al-Obaidi et al., 2016).   

 

2.4. Risk factors 

             Several risk factors influencing host susceptibility to leishmaniasis 

some of these related to host which are represented by malnutrition, poor 

sanitary, age, and gender, geographical, seasonal distribution and immune 

status (Salam and Azzi 2014).  

The disease increases mainly by increased exposure to infected sandfly. 

Number of this insect is affected by environmental condition such as 

building dams, widening areas under cultivation creating new irrigation 

schemes and migration from rural to urban areas(Ngere et al 2020) 

 

2.5. Transmission 

         Leishmaniasis is transmitted through the bite of an infected female 

sand fly, the vector which is dependant on environmental conditions, and 

changes in environmental conditions result in changes in pattern of  

transmission, and as a result, CL may emerge in non-endemic regions. 

(Khan et al.,2016; Majeed et al., 2013). 

        Worldwide, vector-borne transmission is the major cause of 

transmission (Singh, 2006). The sand fly may acquire the parasite from a 

zoonotic reservoir. Laboratory, blood transfusion, congenital and sexual 

transmission are possible, and transmission by domestic or wild mammals 

has also been reported (Quinnell and Courtenay, 2009). 
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        When the sand fly bites the skin, they cause abrasions to the dermis of 

the skin due to their saw like, cutting edge shaped mouths. They form a 

pool through which the amastigotes get introduced, and later enter the 

blood stream when the fly sucks the blood.(Majeed B et al., 2013).They 

suck not only blood but also damaged tissue of the dermis containing 

macrophages with amastigotes (Khan et al.,2016). 

         Leishmaniasis can spread through blood transfusion, and has been 

recorded in various countries including India. The parasite needs to be in 

the donor blood, as well as survive handling and storage in the blood bank, 

to infect the recipient. (Gonzalez et al.,2009;Rocha et al., 2018).  

        Other study, majorly from animal models, suggest that this method of 

transmission is possible through contact with infected fluids (oral 

secretions and nasal, tonsilopharyngeal mucosa) (singh,2006). 

 

2.6. Structure and Forms of Leishmania 

          The basic cellular architecture is defined by cross-linked sub-

pellicular corset microtubules. This array continues throughout the cell life 

cycle, where cell division depends on the insertion and elongation of 

microtubules into the present array. The nucleus as well as the Golgi body, 

mitochondrion and a full set of organelles (single copy) are found inside 

the cell. The kinetoplast, which is the mitochondrial DNA directly linked 

to the basal body, is found anterior to the nucleus, and it is from that the 

flagellum extends (Wheeler et al., 2016). An invagination in the cell 

membrane (known as the flagellar pocket) is found at the base of the 

flagellum. This pocket is the main site of endocytosis and exocytosis, and 

therefore serves as the link between the protozoan and its surroundings. 

(Lacomble et al., 2009). Lipophosphoglycan (LPG) is a highly complex 

macromolecule composed of four distinct domains: a conserved 

glycosylphosphatidylinositol (GPI) anchor, a glycan core, a linear 

phosphoglycan chain (PG) and a terminating oligosaccharide cap. LPG 
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presents in the cell wall plays significant role in attachment and growing of 

infection (Sunter and Gull, 2017). 

 

2.6.1. Amastigote form 

         It is an obligate intracellular form which found within the cell of the 

mammalian host of monocyte-macrophage lineage (Thomas et al, 2018). It 

is ovoid and  non-flagellated with 3-5μm in diameter (Farrell, 2002). This 

form has a central round or oval nucleus. The Flagellar Pocket is found in 

this form (Singh, 2006)(Figure 2.1).  

2.6.2. Promastigote form 

         In the sandfly vector, Leishmania species exist as extracellular 

flagellated spindle shaped organism known as promastigotes (Bates, 2008;  

Okwor, 2012; Thomas et al , 2018). When maturing in vitro, 

Promastigotes tend to acidify their culture media. In appropriate culture 

medium and at a suitable temperature of 26°C, within 24-28 hour at pH 

7.0-7.5 (Singh, 2014) , these promastigotes are acquired, as shown in 

figure(2-1). (Dennis et al., 2017). 

 
Figure (2-1):Promastigote and amastigote form (Dennis et al., 2017) 
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2.7. Life cycle 

         Leishmania life cycles occur between sand flies, reservoir hosts, and 

humans for the zoonotic type, and between sand flies and humans for the 

anthroponotic type. Human infections with CL are based on the ecological 

relationship between human activities and vector-reservoir systems (Toz et 

al., 2009, Eksi et al., 2017).  

 

2.7.1. Stages1in the Invertebrate1Host  

           The invertebrate hosts called phlebotomine sand flies of the order 

Diptera, belonging to the subfamily Phlebotominae(Abuzaid et al.,2107). 

 When the organism moves from the host mammal to the sand fly midgut, 

this causes a transformation of the features and growth of the protozoan. 

The amastigotes are converted into procyclic promastigotes, which are 

weak forms that have a short flagellum that can be found in the anterior 

part of the cell (Bates,2007). This is the earliest form that can replicate and 

proliferate in the blood meal, and are later separated from the insect’s 

midgut by a type I peritrophic matrix. Around 48–72 hours later, the 

protozoan begins to slow its multiplication and shape shifts into long 

hardly moving promastigotes( Dostalova and Volf, 2012). 

        These escape from the peritrophic matrix-encased blood meal into the 

midgut lumen. They move towards the anterior midgut and later develop 

into what is called leptomonads, which enter another proliferative cycle 

(Bates, 2007). Following the disconnection, forward migration and 

colonization of the stomodeal valve are essential for active transmission. 

Finally, Leishmania converts into metacyclic forms, which can infect the 

skin of the mammalian host when the insect feeds again as show in figure 

(2-2) (Dostalova and Volf, 2012) 
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 2.7.2. Stages in the Vertebrate Host 

            For effective transmission to vertebrate  hosts, the infected sand fly 

bites and liberation the promastigotes connect with a collection of 

immunomodulatory, pharmacological, and immunogenic molecules with 

effects on the host, during salivation that happens at the minute of blood 

feeding (Secundino et al., 2012). Host cells such  macrophages, dendritic 

cell (DC) and neutrophils are approve to play an serious early role in 

institution infection (Martinez-Lopez et al, 2018). 

        Dendritic cells and macrophages in the dermis internalize 

promastigotes injected into the skin during sand fly bite. The promastigote 

lose their flagella during the differentiation into the amastigote form. The 

exchanges in temperature and (macrophages) induce promastigote to 

transform to the amastigote, which remain in the macrophage 

phagolysosomal system. Produce  of amastigotes enables infection of more 

macrophages, which perpetuates the infection and provides a source of 

protozoan that would be ingested by insect to maintain the life cycle 

(Bates, 2007; Kwaky- Nueko, 2016). 

        Amastigotes multiply and survive within the phagolysosome through 

complex host-parasite interactions. The incubation period ranges from a 

few weeks to a few months, during which the infection signs could 

progressively present and worsen with disease symptoms (Meireles, 2017). 
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Figure(2-2):Life cycle of Leishmania species (Meireles, 2017). 

 

2.8. Types of Leishmaniasis1 

        The1infection is classified according to its clinical manifestations into  

2.8.1. Visceral leishmaniasis  

        Also known as Dumdum fever or kala azar (A Hindi term meaning 

black fever), and when untreated proves to be fatal over 95% of the time. It 

is caused by Leishmania donovani complex that contain  L. donovani, L. 

chagasi, and L. infantum. Visceral leishmaniasis is a systemic infection, 

with hepatosplenomegaly, pancytopenia and fever as a triad of 

characteristic signs and symptoms(Reddy,2019) 

 

2.8.2. Mucocutaneous leishmaniasis  

        Mucocutaneous leishmaniasis usually affect the areas where mucous 

membranes is attached to the skin. The mucus membranes of the mouth, 

nose, throat, oral cavity, pharynx or larynx could be destroyed, and it could 

happen months or even years after the cutaneous leishmaniasis. L. 
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braziliensis is the main causative orgainism and it is found in 1-3% of 

infected patients(Ameen,2010). It can finally include buccal, pharyngeal, 

or laryngeal mucosa and the upper lip. Ulcers are formed due to soft tissue 

erosion, and cartilage loss could lead to the progressive loss of the lip, soft 

palate and even the soft part of the nose and the nasal septum leading to 

disfigurement. The collapse of the nose along with the hypertrophy of the 

lip lead to what is known as tapir nose (Reddy, 2019). 

 

2.8.3. Cutaneous Leishmaniasis 

2.8.3.1. Acute Cutaneous Leishmaniasis 

2.8.3.1.1.  Rural or moist CL, caused Leishmania major (Rural 

Disease)  

        Rural disease caused by a variety of CL, Multiple lesions are present 

and are accompanied by marked inflammation and crusting. The center of 

the lesion tends to be necrotic and exudative, forming a loose crust 

(Torres-Guerrero et al., 2017). Ulcerative rural or zoonotic cutaneous 

leishmaniasis caused by Leishmania  major. The lesions are painless, 

single or multiple and with a granulomatous base and an active, firm, 

erythematous border described as small red papules, covered with serous 

exudates. The lesion rapidly breaks down forms an ulcer. Incubation 

period may be as little as two weeks. It is self-healing ( Zeibig, 2005; 

Thomas et al, 2018).  

        The lesions tend to mature and heal relatively quickly, often lasting 

only a few months. Lymphatic spread may occur in L. major infections, 

with subcutaneous nodules in a linear distribution and regional 

lymphadenopathy (Garcia et al., 2012). 
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2.8.3.1.2.Urban or dry CL , caused by Leishmania tropica (Urban 

Disease)  

        The lesions of urban disease caused by L. tropica (Strickland and 

Thomas, 2000), occur singly or two at a time, develop more slowly than 

those caused by L. major, and can take a year or more to heal, they tend to 

be more swollen and less necrotic with less exudate and a thicker crust 

(Garcia et al., 2012; ). 

       After an incubation period of 2 months to 3 years, a small brownish 

nodule formed. A shallow ulceration appears in the center after several 

months, which develops closely adherent crust. After eight to twelve 

month, lesion regression occurs and the ulcer heals with scar formation 

(Rezenda et al., 2017). 

       Phlebotomine sand flies species (P. sergenti and P. papatasi) is 

considered to be the primary vector of this type of leishmaniasis 

(WHO,2019). 

2.8.3.2. Chronic Cutaneous Leishmaniasis ( Lupoid leishmaniasis) 

           Lupoid form is seen in about 5-7 % of CL cases. It is an unusual 

sequel of oriental sore that caused by L. tropica infection (Khaled et al., 

2011). It appears as yellow papules- brown-red or brown. They coalesce 

and form a plaque like "Lupus vulgaris", leading to formation of apple-

jelly nodules. The lesions considerably worsen in the summer and could 

ulcerate or form concentric rings (Douba et al., 2012) 

        This chronic form of the disease is found mainly in the Middle East, 

consist of a lesion that heals at the center, but ulcerates at the peripherals to 

involve large areas of the skin, also it is known as lupoid leishmaniasis in 

the Old World (Khaled et al.,2011). 
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2.9. Pathogenesis of Cutaneous Leishmaniasis 

        Upon protozoan uptake into macrophage, Leishmania form 

phagosomes, which tend to grow through fusion with lysosomes. Growth 

of Phagolysosomes brings about increased acidity. Optimum respiration 

and catabolism of amastigotes are usually displayed at acidic pH 4.0–5.5. 

On the other hand, promastigotes are sensitive to acidic environment and 

could result in their degradation. Hence, When the protozoan first enters 

the cells, it inserts LPG into lipid microdomains, and destroys the proton-

ATPase ( which is the main driver for acidification) and therefore inhibits 

the initial acidity in the vacuoles. (Moradin and Descoteaux, 2012). 

Reactive Oxygen Species (ROS) (which reduces the aggregation of the 

protozoan intracellularly) usually forms within the phagolysosomes, and so 

Leishmania  inhibits the build-up of NADPH complex responsible for 

formation of ROS.(Olivier et al., 2012). The protozoan also has the ability 

to affect the growth of phagosomes according to the host cell maturity, 

meaning it can arrest the growth of phagosomes with the protozoan inside 

them in immature bone marrow Dendritic Cells (DCs), unlike mature ones. 

         The protozoan uses this ability to migrate to draining lymph nodes 

from the immature DCs, which means it uses the phagolysosome growth 

modulation ability for resistance and survival inside the host. (Kaye and 

Scott, 2011;Oghumu et al.,2015). 

       When the DCs and macrophages present antigens to naïve T-Cells, 

they trigger an immune response. Leishmania is able to mix with the 

antigen presenting function in these cells. L. amazonensis and other 

cutaneous species of the new world endocytose Major Histocompatibility 

Molecules type 2 (MHC-II) directly, forming cysteine peptidases which 

interferes with these molecules (Ali et al., 2012; Santos and Gedamu, 

2019).  
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       Leishmania is also able to modulate production of Cytokines in 

infected cells. Interleukin 12 (IL-12) which is produced by macrophages 

and DCs induces T helper-1 (Th1) cell variation and subsequently, 

Interferon- γ  (IFN-γ) secretion, while Interleukin 10 (IL-10) is 

immunosuppressive since it reduces the protective Th1 immune response. 

Leishmania inhibits IL-12 production and inversely, stimulates the 

production of IL-10. It also has another mechanism of evading the immune 

reaction by interfering with cell signaling ways in macrophages (Ricardo-

Carter et al., 2013).  

          L. donovani-infected macrophages’ ability of phosphorylation of 

Signal Transducer and activator of transcription-1 (STAT-1), Janus Kinase 

1&2 (JAK 1 and JAK2 respectively) is defective as a response to IFN-γ, 

and this is related to protozoan-mediated activation of phosphatase, SHP-1. 

The protozoan interferes with MAPkinase signaling, inhibiting production 

of nitric acid in infected macrophages. However, Leishmania modulates 

the host immune response to institute and induce infection in the vertebrate 

host (Bhardwaj et al., 2010). 

2.10. Clinical signs 

         CL is generally present on exposed parts of the body, arms, face, and 

legs. CL could vary greatly and may involve unusual areas of the body or 

present atypical morphologies (Firdous et al 2009). The natural course of 

the lesions present in CL is outlined by Figure (2-3). The lesions usually 

present with no pain, but are connected with important stigma figure(2-4) 

(Rahman S et al., 2009). Although, it can present in different unusual 

forms, like , as fissures on lips, with lupoid features on face and/or 

psoriasiform plaques on nose (Gazozai et al., 2010). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3235881/figure/fig1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3235881/figure/fig2/
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Figure(2-3):Typical sequence events of  cutaneous leishmaniasis lesions  

and healing (Bari., 2012). 

 

 

 

Figure(2-4):Disfiguring nature of lesions of CL on exposed parts of the 

body, particularly the face (Kassi et al 2008). 
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2.11. Immunity against Leishmaniasis 

        The body’s immune response against Leishmania disease is quite 

complex and while at most times they could result in a fast cure, other 

times the response could trigger the infection (Mutiso et al., 2013). This 

outcome is determined by: 

 The vertebrate hosts’ genetic formation. 

 The difference in genetics between different strains of the 

Protozoan. 

 Chance factors such as inoculum size, the location of the insect bites 

and their number (Dunning, 2009). 

2.11.1. Innate Immune Response 

          The innate immune response to CL is showed in figure 2-5. When 

the infection occurs, neutrophils release neutrophil extracellular traps 

(NETs) to kill promastigotes of Leishmania (the process is called 

NETosis). Necrotic or live neutrophils also trigger infected macrophages 

which can control the protozoan through ROS release (Tomiotto-Pellissier 

et al, 2018).  

         Monocytes flock from the blood to this parasite lesions in a CC-

chemokine receptor 2 (CCR2)-dependent manner; Unlike neutrophils, 

monocytes produce ROS, actively killing the protozoan. In addition, 

Monocytes differentiate into DCs, travel to the local lymph nodes and 

induce the formation of TH1 cells by making IL-12. TH1 cells then travel 

to the skin and reduce the protozoan by inducing the respiratory burst and 

/or promote  nitric oxide (NO) production (Scott and Novais, 2016).  
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Figure(2-5):Innate immune response to1CL: A: neutrophils can1release neutrophil 

extracellular1traps (NETs) 1and kill Leishmania1promastigotes, B: Monocytes are also 

recruited from1the blood to the Leishmania1lesions in a CC-chemokine 

receptor 21(CCR2)-dependent manner (Scott and Novais, 2016) 

 

         For thus,  2 main mechanisms accountable for controlling this 

protozoan are the making of ROS, produced by the respiratory burst that is 

the result of phagocytosis, and Nitric Oxide(NO), produced by inducible 

NO synthase (iNOS) then activation of cells by IFNγ. While Leishmania is 

sensitive to ROS, the amount that is formed from the respiratory burst of 

non-activated macrophages is insufficient for its killing. This is because of 

the protozoan’s ability to inhibit ROS production in phagolysosomes. On 

the other hand,  IFNγ can lead to better killing of the organism by inducing 

the respiratory burst in macrophages(Novais et al., 2014).  

        Reactive oxygen species making is serious prior to the evolution of 

the adaptive immune response for all Leishmania spp. IFNγ and TNF-α act 

synergistically to induce the activation of macrophages and limiting the 

protozoan by promoting iNOS. As NO could be transmitted across cell 

membranes, it has ability to kill both intracellular protozoan within the cell 

as well as other by-stander cells (Olekhnovitch et al.,2014). NO is the 

component most responsible for eliminating Leishmania in mice, but the 
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relative roles of ROS and NO for this parasite control in humans remain 

uncertain (Scott and Novais, 2016 ; Rochael et al.,2015). 

2.11.2. Adaptive Immune response 

          Adaptive immune cells have also been shown to participate in the 

pathogenesis of leishmaniasis, causing tissue destruction and inducing 

disease relapse (Santos and Gedamu,2019). 

 

2.11.2.1. Humeral immune  responses1in1leishmaniasis  

         When a human gets infected with Leishmania, anti-leishmanial 

antibodies are formed in low amounts in CL and at a very high amounts in 

VL; However, they do not serve for protection (Sharma, and Singh 2009). 

The analysis of this protozoan’s antigen-specific immunoglobulin (Ig) 

isotypes revealed high amounts of IgE, IgG and IgM during infection 

(Ryan et al., 2002). In general, a high antibody level is a sign of a 

developing infection in VL (Mutiso et al., 2013). 

        Lymphocytes obtained from CL with L. major recovering patients 

multiply rapidly and produce IFN- γ when induction is elicited through L. 

major antigens or a crude preparation of L. major surface protease gp63 or 

with. If the disease is mild, the patient responds by production of both Th1 

and Th2 cells, but if it is severe, only Th2 cells appear. The high levels of 

IL-4 and low IFN-γ prodcution from protozoan-specific CD4+ T cells is 

responsible for healing failure (Ajdary et al., 2000). L. major lesions were 

associated with high levels of IL-10 and connected with developing 

infection,IL-10 has been shown to block Th1 acivation (Sharma and 

Singh,2009). 

2.11.2.2.Cell-Mediated Immune Response  

        Mixing Leishmania spp. with their host cells will detect the disease 

outcome and the infection course. The disease resolution is referred to the 
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institution of cell-mediated immunity, specifically the activation and 

variation of T lymphocytes that induce the making of cytokines, which 

stimulate the activation of infected mononuclear phagocytes and sustain 

with protozoan reduction (Thaker et al., 2018). A pro-inflammatory 

response is produced by the variation of CD4+ T cells in Th1 upon antigen 

recognition by MHC II. This response is characterized by the secretion of 

IL-6, IL-12, IL-18, TNF-α, IL-1β and IL-23; Activation of the NADPH 

oxidase complex as well as iNOS leads to increasing the production of 

highly microbicidal ROS and reactive nitrogen species (RNS) , 

respectively (e.g., hydrogen peroxide, hydroxyl radicals, superoxide, and 

NO); and induce phagocytosis, which controls the disease practically in 

experiential models (Tomiotto-Pellissier 2018; Muxel et al., 2018). 

           T heplper-1 cells are suggested to participate in the balance of 

inflammatory cytokinesand also secret the IL-17 that contributes to 

neutrophile recruitment(Goncalves-de-Albuquerque et al.,2017) 

  2.12. Role of CTLA-4 in immunity    

          Cytotoxic T lymphocyte antigen-4 (CTLA-4), also called (CD152) is 

a key inhibitory receptor that influence T cell function and are the main 

responders in the immunological response’s first stage (Scalapino and 

Daikh, 2008). In other T cells, CTLA-4 is present intracellularly. When the  

T cell is activated through the binding of CD28 as shown in figure (2-6), 

CTLA-4 is transported to of T cells’ surface for their expression. The 

amount of CTLA-4 translocated and expressed on the T-cell surface 

increases as the inducer signal through T cell receptor (TCR) gets stronger 

(Qureshi et al.,2011;Buchbinder and Hodi, 2015).  

       The exact mechanism of inhibition by CTLA-4 is still under 

investigation, but it is thought to involve more than blocking. It is likely 

that the binding of CTLA-4 inhibits the transcription of IL-2 within 
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activated T cells, as well as stop their developmental cycle within the cell. 

CTLA-4 is also thought to be associated with Src homology domain–

having tyrosine phosphatases SHP-1, SHP-2, and PP2A, which 

dephosphorylate key TCR signaling kinases (FYN, LCK, ZAP-70) and 

parts of the RAS way (Buchbinder and Hodi 2015). 

 

 

Figure(2-6): CytotoxicT lymphocyte-associated antigen-4 interaction with 

CD80/CD86 and inhibition of T cell activation (Buchbinder and Hodi, 2015). 

 

 
2.12. 1. CTLA-4 gene  

       Individual  CTLA4 gene (Gene ID:1493, MIM number:123890) is 

presented on chromosome two with size of nucleotide about 6.2 kb 

containing  3 introns and 4 exons (Tanhapour et al., 2017).  

        Exon 1 contains the code for the head sequence peptide. Exon 2 

contains the code for the extracellular immunoglobulin like domain that 

makes the binding site. Exons 3 and 4 are responsible for making the 

cytoplasmic domains and trans membrane (Schildberg et al., 2016).       

          CTLA4 RNA transcript undergoes alternate splicing, forming 3 

individual m-RNA isoformes : 
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(a) the surface full-length CTLA4 (flCTLA4) contaning exons 1, 2, 3 and 4 

 (b) soluble CTLA4 (sCTLA4) lacking transmembrane domain (exon 3) 

 (c) a transcript lacking the binding as well as transmembrane domains 

(exons 2 and 3) (Bouqbis  et al.,2003;Yao et al.,2013).   

2.12.2. CTLA-4 Gene  Polymorphisms 

A single nucleotide polymorphism (SNP) is an heritable variation in 

a one nucleotide that occurs at a specific location in the genome which 

involve > 1% of the population. This variation is responsible for variability 

between individual (Hajilooi et al.,2014). 

         CTLA-4 gene is a polymorphic gene Figure (2-7). Single nucleotide 

polymorphisms in CTLA4 gene have been recorded at locations -1722, -

1661, -318, +49 and in 3, un-translated region (UTR) at location +6230; 

mostly known as CT60. Both polymorphic positions have been recorded to 

have a connection with changed immunological responses or sensitivity to 

infectious diseases such as CL and autoimmune diseases (Lee et al., 

2003;Wang et al.,2017). 

        At location −319C/T in the promoter position, the T allele was shown 

to have a higher promoter action than the C allele (Lopez-Villalobos, et al., 

2019), and with significantly increased expression of both CTLA-4 mRNA 

in unstimulated cells and cell-surface CTLA-4 on activated cells (Chaouali 

et al 2018  ). 

        The +49A/G transition causes a Thr /Ala substitution in the mainly 

peptide. At location 642 in the 3′-UTR region shows greater amounts of m-

RNA transcription compared to longer repeats. The CT60A/G 

polymorphism was proved to be a marker for sensitivity of Graves’ 

infection and presents with variable of m-RNA in soluble CTLA-4 (Patel 

et al., 2016, Tu et al.,2017). 

https://en.wikipedia.org/wiki/Nucleotide
https://en.wikipedia.org/wiki/Genome
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2.12.3. CTLA-4 +49G/A (rs231775) 

        This polymorphism involves a substitution of A by G at location 49 in 

CTLA-4 exon 1  which lead to an amino acid exchange (threonine to 

alanine) in the peptide leader sequence of the CTLA-4 protein (Xiao et 

al.,2010). Many studies reported that this polymorphism can affect the 

ability of CTLA-4 to bind with B7.1 and subsequently, could affect the 

activation of T-cells (Lang et al., 2012). These results imply that the down 

regulation of T-cells driven by CTLA-4 can be attenuated by a G allele 

rather than an A allele ( Wang et al., 2017).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(2-7):The human CTLA4 gene structure and known polymorphisms 

(Tu et al., 2017). 

 

 

2.13. Genetic structure of Leishmania  

         Leishmania spp. Has a haploid genome with 32,816,678 bp mounted 

onto 36 chromosomes ( Baidouri et al., 2013 ), with a total of 911 RNA 

genes and 39 pseudo-genes (Ferreira et al., 2012). 8272 of these genes are 

responsible for protein coding. Producer protein genes are encoded as long 

polycistronic genes without transcription factors in L. major,  T. cruzi and 

T. brucei (Kazemi, 2011). 
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2.13.1. Nuclear Genome  

         New world Leishmania parasites have 34 or 35 chromosomes. The 

L.Mexicana group have fused chromosomes number 8, 20, 29 and 36, 

while L. Brazilienis group have fused chromosomes number 20 and 34 ( 

Rogers et al., 2011). 

        Old world species have 36 chromosome pairs (0.28–2.8 Mb)  

(Kazemi, 2011). The structure of the chromosomes is linear, with length 

ranging from 200 to 4000 kb. They contain telomeres, but no centromeres. 

Variation in chromosome sizes is characteristic of some Leishmania 

species, even between homologous chromosomes. The L. major genome is 

predicted to have 8272 protein-coding genes (of which 36% have a 

putative function) 911 RNA genes, and 39 pseudogenes. The genome’s 

G+C content is estimated to be 59.7% (Ivens et al., 2005).  

       The organization of Leishmania genes is usually in tandem arrays, and 

some have 2 or more copies presenting elsewhere in the genome. None of 

the protein-encoding genes of protozoan studied to date have  introns. 

Actually, it was rated that nuclear DNA sequence varies between 13 and 

25%, depending on the lineages of Leishmainia’s patterns of restriction. At 

first, large polycistronic precursor RNAs that have a length of 60 or more 

kbs are transcribed from the genes. These are later cleaved into 

monocistronic m-RNAs. This happens through 2 intergenic reactions, 

trans-splicing of a 39 nucleotides spliced leader to produce 30 

cleavage/polyadenylation to create the 30 ends and the 50 ends of all 

mRNAs (Banuls et al., 2007). 

2.13.2.  Kinetoplast DNA (kDNA) 

         Kinetoplastid organisms possess a kinetoplastlocalized genome 

known as kDNA, leishmania's kDNA has a weight of about 600 to 800 bp, 

and it constitutes 10–20% of the total DNA (Maraghi et al., 2007).  
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        The kDNA is organized into a network of interlocked minicircles and 

maxicircles. The minicircles, which are smaller (~1 kb) and more 

Numerous (~100 copies), code for guide RNAs, while the maxicircles, 

which are Larger (~25kb) and less abundant (~50 copies), code for pre‐

mRNAs. The pre‐mRNAs encoded by the maxicircles mature by a unique 

process known as RNA editing, involving selective insertion and deletion 

of uridine residues. Ribosomal RNA and pre‐mRNAs are transcribed by a 

phage‐like polymerase in multicistronic units (Hajduk and Ochsenreiter, 

2010). 

 

2.14. Laboratory2diagnosis 

          CL diagnosis is based on clinical symptoms  and laboratory 

methods. Different diagnostic methods have been reported with a major 

difference in diagnostic accuracy, contaning direct parasitologic 

examination (microscopy parasite culture and  histopathology,) and/or 

indirect methods with serology and molecular diagnostics (Goto and 

Lindoso, 2010). 

 

2.14.1. Direct Microscopy,2Histopathology2and2Culture. 

          Parasitology is a highly specific test, and is therefore considered the 

gold standard in diagnosis of Leishmania infections. (Singh and 

Sunder,2015 ). Histopathological diagnosis of tissues obtained from 

suspect lesions is done by fixation in vitro. (Martins et al., 2014). 

Microscopic examination of CL is performed by recognizing the 

amastigotes in Giemsa-stained lesion smears of biopsies, scrapings,  or 

impression smears (De Vries et al., 2015). 
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2.14.2.Immunological methods 

           Serological tests are not a typical method of diagnosing CL, since it 

has variable sensitivity and also because of the low number of antibodies 

against the parasite in localized forms (Goto and Lindoso, 2010), which 

does not encourage the routine use of such immunological techniques 

(Chappuis et al., 2006).  

         It is not2reliable in CL since2antibodies are often not2detectable. ross 

reactions2often complicate the2interpretation. Another2disadvantage2of 

serology2is the fact that it is2generally not reliable2in immuno-

compromised patients2(Pizzuto et al., 2001; Pourmohammadi et al., 2010).                                                

2.14.3. Genetic detection of Leishmania 

          Many studies have reported PCR as a specific and sensitive  

methods for diagnosis of leishmania infections and presented association 

between PCR results and other diagnostic tools like parasitological and 

serological tests (Galluzzi  et al., 2018; Paiva - Cavalcant., 2015).  

          Variant genetic sequences of Leishmania such as 5.8S RNA, small 

subunit ribosomal RNA (ssur-RNA) as well as internal transcribed spacer 

(ITS) can be detected by various PCR techniques, such as  Conventional 

single-step PCR (CPCR), quantitative real-time PCR (qPCR), nested PCR 

(NPCR) and PCR-restriction fragment length polymorphism (PCR-RFLP) 

(Tashakori et al.,2009; Tsokana et al., 2014).  

 

2.14.3.1. Nested PCR 

              Nested PCR is a modification of PCR that was prepared to 

indicate specificity and sensitivity. It involves the use of two primer sets 

with two successive PCR reactions, where the first set is used to recombine 

the sequences upstream of the second set which is used in the 

initial PCR reaction (Green and Sambrook, 2019). 



27 Chapter Two                                                             Literature Review  

 
 

2.15. Treatment 

Pentavalent antimonials pentostam (sodium stibogluconate) is the 1st 

choice drug for treatment of all types of leishmaniasis (Liant, 2009). 

Intramuscular or Intravenous injection can be the path of administration, 

and the drug has high distribution in the plasma, liver and spleen(Ameen 

,2010). At all times there are many drugs that are used in a treatment of 

leishmaniasis: liposomal amphotericin B (AmBisome), paromomycin  and 

miltefosine (Impavido) (Den Boer et al., 2011).  Some of them are used 

locally or topically, and the other is used systematically (Blum et al., 

2014).     
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3. Material and Methods 

3.1. Equipments. and Instruments 

The following .instruments . were used in the present . .study: 

Table(3-1): The Equipments. and Instruments used 

Instruments Company Origin 

Auto vortex  Stuart scientific  UK 

Camera Samsung  China 

Centrifuge tube Stuart scientific UK 

Deep freezer -80C° Jermaks Germany 

Dental broach SinalDent China 

Digital camera Ghangul China 

Disposable syringe 3 ml,5 ml Medico UAE 

Disposable tips Bioneer korea 

EDTA-Tube AFMA-Dispo Jordan 

ELISA  Reader, Washer Linear Spain 

Eppendorf  tubes Bioneer korea 

Exispin vortax centrifuge Bioneer korea 

Freezer  Concord  Lebanon 

Gel electrophoresis chamber CBS, Scientific U.S.A. 

Glass Slides Citoclase China 

 High-speed Mini-centrifuge Bioneer Korea 

Laminar air flow Hood Biotech ne  U.K 

Light microscope Olympus  Japan 

Master cycler gradient Bioneer  Korea 

Microcenterfuge tube 1.5 ml Bioneer Korea 

Microspin 12, High-speed. Mini-centrifuge Biosan Germany 

Microwave Gosonic China 

Mini-Power Supply 300V, 2200V Labnet USA 

OptiMax,MultiGene Gradeint Thermal Cycler Labnet U.S.A. 

Pipette Variable  Volume (0.5-10 , 2-20l, 10-100) ul Slamed England 

Plane tube AFMA-Dispo Jordan 

Thermal block Bioneer Korea 

UV transilluminator Consort Germany 

Water bath Memmert  Germany 

Water distillatory  China 

Nano drop (NAS-99) Celltagen. Korea  



Chapter Three                                                                                    Materials and Methods 29 

3.2. Laboratory Kits 

      The following kits were used in the study 

Table(3-2): The Laboratory Kits that used 

 Kits Company  Origin 

Blood DNA extraction kit  Analytik jena Germany 

Human soluble CTL-4 Biolegend USA 

Master mix Ampliqon Denmark 

Primer  Integrated Deoxy ribo nucleic acid 
technologies 

USA  

Tissue deoxy ribo nucleic acid  
extraction kit 

Analytik jena Germany 

 

3.3. .Chemicals . .and biological . .materials 

       The following Chemicals and biological materials were used in the 

present study: 

Table(3-3): The Chemicals and biological materials used 

Chemicals and biological materials Company  Origin 

Agarose  gel Conda USA 

Absolute methanol  ( 99.6 %) BDH  England 

Bromo phenol blue AB analytica Italy 

DNA  Ladder Kappa USA 

Free nuclease water Bioneer Korea 

Giemsa stain HIMADA  INDIA 

Isopropanol BDH  England 

Loading dye Kapa USA 

PCR water Bioneer Korea 

Pre mix pcr Bioneer  Korea 

Pre mix. pcr Intron  Korea 

Red stain Intron  Korea 

TEB buffer 10 X Conda USA 
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3.4. Subjects and Methods 

3.4.1. Study. subjects 

      This study was performed in the dermatology clinic of Baquba Teaching 

Hospital in Diyala city from November  2018  to the  end of  August  2019. 

A total 110 patients with confirmed CL were included (60 of them were new 

diagnosed CL without treatment, while 50 of them were already diagnosed 

CL with treatment). Other 60 age- and sex-matched apparently healthy 

subjects were also cantained as control group. The diagnosis of CL was 

depend on clinical signs and detection of Leishmania  donovani with direct 

microscopical examination after staining of lesion exudate with Geimsa 

stain. A full information was taken from each participant, including the sex 

,age, residency, occupation, type of lesion, and location of lesion (Appendix 

1). 

 

 

 



Chapter Three                                                                                    Materials and Methods 31 

 

Samples collection  

3.4.2.1 Blood. samples 

         Three ml of blood were placed by using a disposable syringe for every 

one enrolled in this study, 1.5 ml of whole blood placed in EDTA tubes for 

genomic tests and other 1.5 ml were centrifuged and  the serum was 

separated and transported into clean test tube and kept at -20 C for 

immunological test. 

 

3.4.2.2: Dermal scraping  

         After a good cleaning of the edge of the active ulcer from the lesion 

using 70% ethanol. Samples were taken using a sterile sharp surgical 

instrument (blade) to make an incision within the lesion boundaries, then 

they were removed. The exudatee and dermal tissue were emptied from the 

incision wall and stained on two glass slide. The impression swabs were air-

dried and methanol fixed, stained with Giemsa, and finally examined for 

amastigotes by microscopy(CDC , 2015). 

3.4.2.3. Dental broach  

Samples . also were taken from the cutaneous . lesion by dental .broach in 

    Figure 3-1 through the .following steps: 
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Figure (3-1): Dental . broach 

   

a) The skin in and around the lesions were disinfected. 

b) At the boarder of the lesion insert the barb into the lesion to a depth of 

approximately 1/2 the length of the barb from the ulcer to the inflamed 

area  

c)The thumb was pressed. on to the skin where the broach was inserted. 

d)The broach was gently rotated (twice)  

e)The broach was removed with a quick sharp pull, twisting slightly. 

f)The barbed end was placed  down into a test tube containing 0.300 ml 

normal salin, and stored at -20 C˚ for genomic test. 
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3.5. Laboratory Methods 

3.5.1. Direct Microscopy 

3.5.1.1. Giemsa Stain 

Preparation . of stock solution (To make.500 ml. of Giemsa stain) 

3.5.1.2. Chemicals 

1- Giemsa powder or stain (3.8 g)  

2- Absolute methanol,  acetone-free(250 ml ) 

3- Glycerol ( 250 ml)  

3.5.1.3. Preparation of Giemsa stain stock solution: 

1- Fifty ml methanol-cleaned glass beads was placed into a dark or amber 

bottle.  

2- Add three point eight grams of dye powder to a bottle containing 50 ml 

of methanol containing the beads and seal the container tightly and 

gently moved between 5 to 10 minutes until the dye is completely 

dissolved. 

3- Two  hundred fifty  mL glycerol then added to the mixture, and shaked 

for 3–5  minutes.  

4- The remaining 150 ml of methanol was added to the mixture. 

5- The screw-cap then tighten on the bottle.  

6- Shaking then continued for 2–3 minutes each about six times on the first 

day.  

7- Shaking was done every day for 2–3 minutes each about six times for at 

least 7 days. A shaker maybe used, if available. 

8- The bottle below labeled clearly including the batch number,the pickout

over the Character  whoever prepared the stock used to be as soon 

as written among culling in accordance with the date about      

preparation  or date of expiry (Osipov et al.,2014). 
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3.5.1.4. Preparation of working solution 

      A freshly prepared working solution of Giemsa, made from well-

prepared stock and diluted with water buffered to pH 7.2. Staining with 

Giemsa stain can be done with (10% working solution) . 

For 10% Giemsa working solution:  

Preparation of fresh 10% Giemsa working solution from stock solution, 

Giemsa stain, transferred and filtered from the stock solution as following 

steps: 

1. Giemsa stock solution was filtered through filter paper and transferred to 

a 25 to 50 ml container.  

2. One  ml of Giemsa stock solution added to 9 ml of previously prepared 

buffered water placed, pH 7.2 ( WHO , 2016). 

3.5.1.5. Staining Procedure 

1- The slide was covered by absolute methanol for (5) minutes drain off 

alcohol. 

2- The slide was then immersed with Giemsa stain for (2) minutes 

3- The excess stain was removed by drained edge of slides. 

4- The buffered water (pH=7.2) was dripped above the slide for (2) 

minutes. 

5- The slide was put in vertical position to dry. 

6- The slides were examined beneath the microscope collectively with a 

40x lens and together with a 100x oil immersion lens. If at least assured 

intra- and extra-cellular amastigotes consisting of a exceptional 

kinetoplast used to be as soon as found, the bedraggle back after stand 

declared positive When no amastigotes Were viewed under 15 minutes, 

the smear was as soon as declared negative toughness (WHO,2016). 
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3.5.2. Human soluble CTLA-4 ELISA 

Human Soluble CTLA-4 kit is a Sandwich Enzyme-Linked  Immunosorbnt 

Assay Manufactured by BioLegend1 LEGEND MAX™ including with a 

96-well strip plate that is pre-coated with a monoclonal mouse anti-human 

CTLA-4 capture antibody. Designed for detection antibody that is 

monoclonal mouse anti-human CTLA-4 antibody.This group was produced 

specifically for the accurate and sensitive measurement of sCTLA-4 in 

serum, plasma and other fluid.This set is validated analytically with ready-

to-use reagents. 

3.5.2.1. Contents. of kit 

The contents of kit mentioned in table(3-4) and figure (3-2) 

Table(3-4): The kit contents of Human soluble CTLA-4 ELISA 

Description Quantity 

Anti-Human sCTLA-4 Pre-coated 96-well Strip Microplate 1 Plate 

Human sCTLA-4 Detection Antibody 1 bottle  x 12ml 

Human sCTLA-4 Standard 1 vial lypholized 

Matrix C (for serum and plasma only) 1 vial lypholized 

Avidin-HRP A 1 bottle  x 12ml 

Buffer assay A 1 .bottle  x 5  ml 

Washing Buffer (20X) 1 bottle  x 12ml 

Substrate Solution F 1 bottle  x 12ml 

Stop Solution 4 sheets 

 

 
 
 
 
 
 
 
 
 

Figure (3-2):Contents of human kit  ELISA 
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3.5.2.2. Assay Procedure 
 

1. Samples,standard and all reagents were left to room temperature 

before uses. A standard curve for each run performed. 

2. The highest standard 500  µl of 2500 pg / ml was supplied by 

dilutiing 62.5 µl of standard stock in 437.5 µl of  Buffer A. Six two-

pronged chain dilutions were performed from the higher standard of 

2500 pg / ml In separated tubes containing buffer A examination as 

diluted. Consequently, the standard human focus sCTLA-4 in tubes 

was 2500 pg / ml, 1.250, 625, 313, 157, 78 and 39 ml, respectivily. 

Reagent Buffer A present as a zero standard (0 pg / ml). 

 

 
 

3. Used a 300 µl wash Buffer, the plate wells were washed four times. 

The access of  the wash buffer was separate by beating forcefully on 

the absorber plate upside down the washing process is repeated four 

times. 

4. Add 50 µl of  Matrix  C to all well in the plate in addition to adding 

50 of buffer A. 

5. Also, 50 µ l of serum samples was added to wells containing buffer 

A, 50 µl of standard dilutiions were added to the welles intended for 

that as well. 
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6. Blocked or sealed the plate using a plate sealer located within the 

kit and incubated in the dark place for two hours with while shaking 

at 200  rpm. 

7. After the incubation ended, the contents of the plate were discarded 

in the sink and washed four times with a wash solution. 

8. One hundred μL of  the  Human sCTLA-4  Detection  Antibody  

soil was added to  every  well, the  plate  was  saeled  and  incubated   

at room temperature   for  1 hour  then  shaking. 

9. The substance in the plate contain had been discarded right into a 

washer, then  washed 4 times with wash  buffer. 

10. One hundred μL of Avidin-Horseradish Peroxidase solution was 

added to each well, seal the plat, shaking and incubate at room 

temperature for 30 minutes. 

11. After discarding the contents of the plate, by using the washing 

solution, repeated the washed five times, which is the final washing, 

but  the wash buffer was soaked in the wells for 30 to 60 seconds 

between the first washing and the next time.  

12. One hundred µl of substrate was added to each well and incubated 

in a dark place for 25 minutes. Here the wells turn blue color  and its 

intensity depends on the presence of  sCTLA-4 in the serum. 

13. By adding 100 μL of Stop(HCl) to every well to stop the reaction. 

The solution color must change from blue to yellow. 

14. Read at 450 nm within 30 minutes.  

3.5.2.3. Calculation of Results: 

      The  information  was  calculated  with  computer-based curve-

becoming  software program the use of a five- or four-parameter logistic 

curve-fitting  set of rules (If the suitable software program is  no longer  to 
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be had, use  mode log-log  graph sheet paper to  determine  sample  

concentrations), in  figure (3 -3) shows the curve standard. 

 

Figure(3-3): The standard curved of CTLA-4 

3.5.3. Genomic Methods 

3.5.3.1. Genomic nucleic acid extraction from blood samples 

        Deoxy ribo nucliec acid extraction from blood sample performed 

according to manufacturers' instructions of Innu PREP Blood Deoxy ribo 

nucliec acid Mini Kit (analytikjena, Germany) 

3.5.3.1.A. The contents of Kit 

            The contents of genomic DNA extraction kit were listed I table (3-5) 

Table(3-5): Contents . of Genomic. DNA .Extraction Kit 

Genomic DNA Extraction Kit Quantities 

Lysis solution SLS 25 ml 

Binding solution BL 40 ml 

Proteinase K 2 X 1.5 ml 

Washing solution C 25 ml  

Washing solution BS 8 ml (final volume 80 ml) 

Rnase A (lyophilized tube)  1 vial (100mg/ml) 

Elution Buffer 6 X 2 ml 

Spin Filter (red) 50 

Receive Tubes  5 X 50 

Elution  Tube  50 
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3.5.3.1.B.  Procedure  

1- Two hundred µL of whole blood sample was  Pipette into 1.5 ml reaction 

tube. 

2- hundred  µl of lysis answer sls and 20 µl proteinase k were brought and 

blended vigorously through pulsed vortexing for 10 second and 

incubated the pattern at 60º c for 10 minute. 

3- Centrifugation of the reaction tube was done for ten sec to remove 

convicted, from the lid of the reaction tube. 

4- Addition of 4 µL to the sample of an RNase A was done, vortexed 

shortly and putting for 5 min at room temperature. 

5- The reaction tube changed into centrifugated for 10 sec to take away 

condensation. from the lid of the reaction tube. 

6- The reaction tube turned into opened and addition of 350 µl binding 

answer  bl to the lysed sample was completed. It was combined 

cautiously by way of pipetting up and down numerous time(three – four 

instances), carried out the sample the use of the pipette to a spin clear out 

(crimson) placed in a 2 ml reciever tube  and closed the cup of the spin 

clear out. 

7- Centrifugation  at 13000 rpm for 1 min become executed. the spin filter 

became palecd  into a new reciever tube. 

8- The spin filter out  became  opened and  added  400 µl of washing C, 

the cup  become closed  and  centrifuged  at 13000 rpm  for 1 min. 

discarded  the reciever  tube  with   the  filtrate, and  the  spin  filter 

became  placed into a new 2.0 ml  receiver  tube. 

9- The spin clear out became  openeid  and  600 µl washing  solution bs 

have been brought, the  cap changed into  close  and  centrifuged at 

13000 rpm for 1 min the excess was  ignored and  the spin  clear out  

changed into  positioned  into a new receiver tube. 
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10- Centrifugation at extreme  speed turned into completed for three min to 

eliminate all  lines  of ethanol  the reciever tube turned into discarded. 

11-The spin filter out become locted into 1.5 ml elution tube the  cap of the 

spin clear out become carefully opened and 200 µl pre warmed  at 60ºc 

elution bufferd were added, putted  at room temperature for two min 

centrifuiged at 12.000 rpm for 1 min.  

11- Finally all .extracted tube .were .stored at -20ºC freezer.  

 

3.5.3.2. Isolation of DNA from dermal scraping and dental broach 

 

       DNA extraction from sample that were previously collected from 

scraping ulcer and broach the ulcer performed according to manufacturers' 

instruction of Innu PREP tissue DNA Mini Kit(analytikjena , Germany). 

3.5.3.2.A. The contents of kit. 

           The contents of Innu PREP tissue Deoxyribonucleic acid Mini Kit 

Were listed in table (3-6). 

Table (3-6):The contents .of  Innu PREP. tissue Deoxyribonucleic acid Mini 

Kit 

Genomic DNA extraction Kit Quantities 

Lysis solution TLS 25 ml 

Binding solution TBL 40 ml 

Proteinase K 2 X 1.5 ml 

Washing solution HS 25 ml ( final volume 30 ml) 

Washing  solution BS 8 ml (final volume 80 ml) 

Rnase A (lyophilized tube)  1 vial (100mg/ml) 

Elution Buffer 15 ml 

Spin Filter (Blue) 50 

Receive Tubes  4 X 50 

Elution Tube 50 
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3.5.3.2.B. Procedure 

1- Four hundred µl of TLS solution and 20 µl of Proteinase K solution 

were added to the samples, mixed with a pulse vortex for 10 seconds 

and incubated samples at 50 ° C for one hour. 

2- The tube 1.5 ml was centrifuged at 12,000 rpm for 1 min spin. 

Bottom material is unlysed. The supernatant was transport into 

another 1.5 ml tube. 

3- Four µl RNase A was added, and swirl for a short period and incubate 

for 5 minutes at room tempereture. 

4- Four hundred µl of binding sol (TBS)was added and  mixed with the 

sample, then vortex for 15 seconds. 

5- The mixture was placed in a spin filter tube which was placed in a 2.0 

ml collection tube. Close the cap by centrifuging tightly at 12,000 

rpm. For two minutes. The collecting tube was discarded with the 

filter The circulation filter was placed in a new 2.0ml reception tube. 

6- The spin tube became turnon and 500 µl of washing sol HS have been 

introduced. the cap become closed and centrifuged at 12.000 rpm for 

1 minute the gathering tube with the filtrate had been discarded, and 

the spin filter become puted into a new receiver tube. 

7- A complete of 750 µl washing solution ms had been brought, 

centrifuge at 12.000 rpm for 1 minute and the collection tube with 

filtrate have been discarded the spin clear out was positioned into a 

brand new 2.0 ml receiver tube. 

8- Centrifugation at maximam. Speed was done for 2 min turned into 

achieved to bringout all traces. of ethanol the 2.0ml collection tube 

changed into discarded. 

9- The spin filter  has been placed into  elution tube. The cap of the 

circulation filter was opened carefully and add 100 µl elution buffer 



Chapter Three                                                                                    Materials and Methods 42 

for one minute at  temperature of room, centrifuge at 8.00 rpm for 1 

minute.Finally all extracted tube were stored at -20ºC freezer.  

 

3.5.3.2.C. Estimation. of the DNA .Concentration and .Purity 

    DNA concentration was measured by using a nanodrop, took 1 µl of each 

DNA sample to measure quantity of DNA. Optical density (O.D) was 

measured at 260 nm and 280 nm wavelengths. 

       An Optical density  of any corresponeds  to approximatiely  50 µg / ml 

for duoble strandad deoxy ribo nucleic acid  . The concentration of deoxy 

ribo nucleic acid  was calculated according to the formula: 

deoxy ribo nucleic acid  concentiration  (µg/ml) = O.D 260 nm x 50 x 

d(Dilution factor).  

          Estimation  of deoxy ribo nucleic acid  purity was determined  by 

spectrophotometer according  to this formula : 

deoxy ribo nucleic acid purity ratio= O.D260nm / O.D280nm (Boesenberg 

et al., 2014). 

 

3.5.4. CTLA-4+49G/A Polymorphism  

 PCR techniques were applied in this study. The tetra-primer 

amplificaition refracetory mutation system polymerase chain raection 

(T-ARMS-PCR) methods was  used for CTLA-4 gene amplification with 

four primers  Table 3-7  shows   the  sets of  primers  used in PCR(Hajilooi 

et al.,2014). 

 

       Lypholyzied primer , were dissolved in free H2O add to give a final 

concentration of 100 pmol / µL as stockpile and maintain stock at -20 to 

prepare 10 pmol / µL concentration as preliminary work, 10 µl of stock 

solution suspended in 90 µl of H2O dd water was free to arrive to a final 

quantity of 100 µl. 
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Table (3-7):The specific primer of CTLA-4 gene polymorphism with product 

size 

 

Primers Sequence TM(ºC) 
Product 

size 

Outer 

primers 

Forward: 5'-TGGGTTCAAACACATTTCAAAGCTTCAGG-3' 61 
229 bp 

Reverse:  5'-TCCATCTTCATGCTCCAAAAGTCTCACTC-3' 61 

Inner 

primer 

Allele G: 5'-ACAGGAGAGTGCAGGGCCAGGTCCTAGT-3' 60 162 bp 

Allele A: 5'-GCACAAGGCTCAGCTGAACCTGGATG-3' 60 120 bp 

 

         The PCR   was  carried  out  off  the ABI 9600 (Hybaid/ England)  in a  

volume of 25 μl containing 50  ng  of genomic DEOXY RIBO NUCLEIC ACID, 

1.5 μl of 10×PCR  buffer, 0.3  μl of 10mMdNTPs, 0.25 μl of 10pmol/μl of each 

primer, and 1.25 U of Taq deoxy ribo nucleic acid   polymerase (Bioneer/Korea). 

The components of master mix are listed in table below (3-8). 

Table (3-8):Components of each master mix (Final concentration) 

Component Quantity/concentration 

i-Taq Deoxyribonucleic acid polymerase 2.5 U/.μL 

DNTP. (dATP, . .dCTP, dGTP.,dTTP) 2.5m.M 

Reaction buffer (10X) 1.X 

Gel loading buffer .1X 

 

 

3.5.4.1.  Diagnosis of GeneAmplification Procedure 

 

          The master mix tubes then transferred to the thermo cycler (Master 

cycler gradient, Eppendrof, Germany), which was previously programmed 

with a formation protocols  according to the gene to be amplified. The 

cycling conditions  are illustrated in table (3-9). 
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Table (3-9) Steps and Conditions of Nsted-PCR Thermocycler 

Steps 
Temperature 

)Co( 
Time 

Cycle 

number 

Initial denaturation . 95 1 min. 1 

.Denaturation 94 30 sec. 35 

.Annealing 62 30 sec 

Extension . 72 45 sec 

Final .extension 72 7 min. 1 

Hold 5 ∞ ∞ 

 

 

3.5.4.2. Gel Electrophoresis 

3.5.4.2.A.  Materials 

- Agarose. 

- Buffer of TBE . (1X). 

- Bromophenolic. Blue dissolved in 1 % glycerol (loading buffer). 

- Ethiduim. Bromide. (10 mg /mL). 

- Deoxyribonucleic acid Ladder.Marker (1000  bp). 

3.5.4.2.B. Preparation of agarose gel 

1- Ten ml of 10 X TBE (pH 8.5) was added in a beaker. 

2- Sterile double distilled water (90 ml) was added to the TBE buffer to 

get 1X concentration. 

3- One and a half gram of agarose powder was added to the buffer 

mixture. 

4- Preheat the solution to a boiling. 

5- The solution was left to cool to 40-50 ° C, then add 3 µl from the 

ethidium bromide and mix gently. 
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3.5.4.2.C. Caesting of the horiezontal agarose gel 

1- The gel substance was poured into the tray and the comb was placed at 

one end of the tray, after both edges were tight with strip and the agarose 

was permitted to cool for 30 minutes at room temperature (in case of low 

melting agarose gel, left to cool in refrigerator for  than 30 minutes). 

2- The comb was extracted and raised gently and the gel replaced in an 

electrophoriesis chamber. 

3- The tray. was filled with .appropriate amount . of TBE-electrophoresis . 

buffer so that it .covers 1-2 mm over the .surface of the gel .. 

 

3.5.4.2.D. Loading . and running .DNA in . .agarose gel: 

1- Ten µL of deoxy  ribo nucleic acid  was mixed with  loading Blue  Dye 

(0.2 µL) and  Filled in the wells of the agarose  gel. 

2- The cathode  was coupled into one  side of the tank unit  and the  anode to 

the  other  side. 

3- The  gel  was  run at 100 volt   for 45 minutes.  

4- The deoxy ribo nucleic acid   was observed  by UV transilluminator.. 

 

3.5.5. Leishmania gene amplification  

            Nested PCR technique was used for amplification of 5.8S rRNA 

Leishmania gene. Tables (3-10,3-11) show the sets of primers used in PCR. 

and their optimum condition ( Mouttaki et al., 2014; Salloum  et al., 2016 ; 

Mohammad et al., 2016). 

The primers had been lyophilized, that solved in the free H2O dd according 

to assign the last concentration on 100 pmol/µL as stock  then conserve a 

stock at -20 to get 10 pmol/µL concentration so assign primer, ten µL of the 

stock sol was once suspended into 90 µL of the free ddH2O water in 

conformity with range the last total of 100 µL. 
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        A master mix (Ampliqon/ Denmark) was used for amplification. Table 

(3-8)  

Table (3-10): The specific primer for 5.8S rRNA gene of  Lieshmania  

(First round) 

Primers Sequence (3’ to 5’) TM (ºC) Product size 

Forward 5'- CTGTAGGTGAACCTGCAGCAGCTGGATCATT- 3' 64.6 

1100 bp 
Reverse 5'-GCGGGTAGTCCTGCCAAACACTCAGGTCTG-3’ 66.6 

Table (3-11)The specific primer for 5.8S rRNA gene of  Lieshmania  

(second round) 

Primers Sequence (3’to 5’) TM(ºC) Produce size 

Forward 5′-CTGGATCATTTTCCGATG-3′ 48 

350 bp 

Reverse 5′-TGATACCACTTATCGCACTT-3′ 51.1 

 

3.5.5.1. PCR Protocol  

      The cycling for amplification of  5.8S rRNA gene for first round was  

as in table 3-12. 

Table (3-12 ): The optimum condition of detection 5.8rRNA gene (first 

round) 

No. Phase Tm (ºC) Time No. of cycle 

1- Initial Denaturation 95ºC 10 min. 1 Cycle 

2- Denaturation -2 95ºC 30 sec 

40 Cycle 3- Annealing 59ºC 30 sec 

4- Extension-1 72ºC 90sec 

5- Extension-2 72ºC 10 min. 1 Cycle 
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The cycling conditions for secod. round are .shown in table 3-13.  

 

Table (3-13): The optimum condition of detection 5.8S rRNA gene 

(second round) 

No. Phase T.m (ºC) Time No. of cycle 

1- Initial Denaturation 95ºC 5 min. 1   Cycle 

2- Denaturation-2 95ºC 30 sec. 

35   Cycle 3- Annealing 62ºC 30 sec. 

4- Extension-1 72ºC 90sec 

5- Extension-2 72ºC 10 min. 1   Cycle. 

3.5.5.2. Deoxyribonucleic sequencing. and Sequence. Alignment.  

        Twenty-six PCR  products  form the second round  nested-PCR were 

sent abroad (Macrogen/ Korea) for direct sequencing The resultant 

sequences were aligned with 24 references  seqeunces in the National 

Center for  Biotechnology  Information (NCBI) using  Basic local alignment  

search  tool   (BLAST).  The  identitity  between  the  local  and  

reference sequences  was calculated, Mega7 software was  used to construct 

the phylogenetic tree for L. torpica and L major local isolates. 

 

3.6. Statistical. analysis: 

        All statistical analyses had been carried out the use of Statistical 

Package for Social Science (SPSS) software program model 20 A P< 0.05 

(exact two-sided) was once accepted as the level of significant Continuous 

variables were subjected for naormality test, and accordingly, the generally 

distributed variables were explicit as mean± wide spread deviation (SD) and 

analyzed with t-test, whilst non-normally disbursed variables have been 

experessed as median (range) and analyzed two with Mann  Whitney test 

the binomial variables were expressed as numbers two and percentages and 

analyzed two with Chi-square receiver operating. 
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 two characteristics (ROC) curve used to be used to locate the diagnostic fee 

of two soluble CTLA-4 in the context of discrimination between  different 

groups the deviation two of two special genotypes from Hardy-Weinberg 

Equilibrium (HWE) used to be calculated on-line the usage of 

www.easycalculation.com/health/hardy-weinberg-equilibrium.-

calculatorphp websites. 

  Binary logistic regression was used to calculate crude and two adjusted 

two odds ratio (OR) and two the corresponding 95% self-assurance intervals 

(CI) to check the affiliation between the polymorphism with CL hazard 

Pearson's correlation test. was once used to explore the possible correlation 

between two of soluble CTLA-with each of age, lesion range and lesion two 

dimensions two in two newly diagnosed two and two dealt with two 

corporations ( Indrayan, 2013). 
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4. Results and Discussion  

 4.1.Clinical characteristics and Demographic of the study patients: 

          The mean of the patient's age is (26.11±13.0) years (median= 21.0, range 

10-70 years) which did not differ significantly from that of controls (mean= 

25.63±14.04 years, median= 20.5 years, range 10-66 years). Stratification of 

age into classes revealed that the younger age class (10-30 years) accounted for 

the majority of participant either among patients (74.55%) or controls 

(76.77%), while the older age class (51-70 years) accounted only for 2.73% of 

patients and %5 of controls with no significant difference.  

Table (4-1): Demographic and clinical characteristics of the study patients in 

comparison with healthy control 

Variables 

Controls 

(n=60) 

M±S.D 

Patients 

(n=110) 

M±S.D 

p-value 

Age, years 

mean±SD 

Median 

Range 

 

25.63±14.04 

20.5 

10-66 

 

26.11±13.0 

21.0 

10-70 

 

 

0.35 

Age groups 

10-30 

31-50 

51-70 

 

46(76.77%) 

11(18.33%) 

3(5%) 

 

82(74.55%) 

25(22.73%) 

3(2.73%) 

 

 

0.623 

 

Gender 

Male 

Female 

 

34(56.67%) 

26(43.33%) 

 

77(70%) 

33(30%) 

 

0.081 

Occupation 

Student 

Employee 

 

32(53.33%) 

28(46.67%) 

 

57(51.82%) 

53(48.18%) 

 

0.85 

Residence 

Urban 

Rural 

 

22(36.67%) 

38(63.33%) 

 

41(37.27%) 

69(62.73%) 

 

0.938 
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Although males were more frequent among patients (70%) than controls 

(56.67%), the difference was not significant. Likewise, no there marked 

difference between both groups in occupations. The subject's majority from 

both groups were rural residents with no significant difference (Table 4-1). 

       The lack of a significant difference in age and gender between the patients 

and controls is an expected result. That was because subjects in the control 

group were intentionally selected to match patients in these demographic 

factors. The interesting finding was that about three-quarters of the patients 

were within the age group 10-30 years. This result is in accordance with many 

previous studies in this regard. In a local study, Al-Warid et al. (2017) 

investigated 1648 cases of CL and reported that the majority of cases were with 

younger ages (more than 80% of cases). In another study, Mohammediha et al. 

(2018) collected 654 smears from Iranian patients with CL and used a 

molecular as well as traditional methods for diagnosis of the parasite. The 

study reported a high prevalence of the disease among younger compared with 

older ages. 

        It is supposed that younger age class has increased outdoor activities than 

other classes, and as such, they are more likely to expose to phlebotomine 

bites, with higher opportunity to acquire the infection (Kumar et al., 2007).  

       Similarly, in the present study, the infection rate was slightly higher in 

males than females, a result which is in accordance with many previous reports 

(Al-Samarai and Al-Obaidi, 2009; Rahi, 2011; Oryan and Akbari, 2016; Al-

Warid et al., 2017). The predominance in male could be driven by a  transient 

increasein isex steroid levels that shows clear hormonal differences between 

boys and girls and has been implicated in other sex-biased infectious diseases 
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(Guerra-Silveira and Abad-Franch, 2013; Johannsen et al., 2018). Overall., the 

prevalence. of CL among males incr.eased at puberty., reached. Its highest level 

in .adulthood, and .decreased in the .elderly population. (Soares et al., 2014). 

Other reasons for this predominance could be the greater exposure of the body 

surface of men to the vector bites because they commonly do not cover their 

skin as women do (Akhlagh et al., 2019). 

        There3was no significant3difference between3patients3and controls. 

regarding occupation; however, the infection rate was slightly higher among 

students than employee workers. In partial accordance with this result is a case-

control study conducted by Ahmed and Abou-Faddan (2013) in Libya, which 

included 135 patients and 270 healthy subjects. The study demonstrated that 

farmers were the most affected occupational class (31.3%) followed by the 

students (22.2%) and then employees (7.4%). The reason behind such a trend 

of infection may be referred to students are younger than employees and have 

less protective immunity against the disease.  

       There was an almost identical rate of distribution in rural and urban 

residences between patients and controls in the current study, while the 

infection rate was remarkably higher in rural than urban residents. This seems 

to depend mainly on the causative species. When L. tropica is the major cause, 

there will be a higher incidence in a rural area like Iraq, Libya and Yemen 

(Ahmed and Abou-Faddan, 2013; Al-Warid et al., 2017 ). In contrast, when L. 

major the major cause, the urban incidence will be higher as in Iran (Karami et 

al., 2013; Norouzinezhad et al., 2016).                                                                 

     Generally, rural areas may harbor the reservoir for the parasite and provide 

proper conditions for vector breeding. Furthermore, it was demonstrated that 

the presence of domestic animals (e.g. cattle) in a household, the proximity of 
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household to agricultural areas or any areas involving an aggregate of sand 

flies, and migration of household members to these areas is associated with CL 

(Pedrosa and Ximenes, 2009). Another reason is related to the nature of rural 

areas where the population is working in farming activities outdoors and 

remains at farms for a long time till night time(Al-Salem et al.,2016). 

4.2. Demographic and Clinical Characteristics of the Patient 

      Treated and newly diagnosed patients had almost similar age (median 20.5 

and 20.1 years respectively without significant difference. Similarly, no there 

are marked differences between both groups in gender, occupation, and 

residence. However, newly diagnosed patients showed higher mean lesion size 

(23.53±5.83 cm) than treated patients (20.96±6.26 cm) with a significant 

difference (Table 4-2). Dry, wet and mixed lesions distributed almost evenly 

between the two groups with no significant difference (Table 4-2).  

       Newly diagnosed patients had a slightly higher number of lesions than 

treated patients (2.78±0.87 versus 2.54±0.95) although the difference was not 

significant. Finally, single lesions were more prevalent in treated patients than 

controls, while the reverse was true for multiple lesions with a significant 

difference. 

       Interestingly, the presence of mixed (dry and wet lesion) could indicate the 

co-existence of both L. tropica and L. major. However, some reports have 

shown that each species can produce dry, wet and even mixed lesions (Rahman 

et al.,2009;Spotin et al., 2014). It is rational to find larger lesion size and more 

multiple lesions in non-treated than treated patients. That is because pentostam 

(sodium stibogluconate, the drug of choice for leishmaniasis treatment) acts by 

the inhibition of biosynthesis of some macromolecules in amastigotes, maybe 
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through disruption of energy metabolism due to suppression of glycolysis and 

beta-oxidation of fatty acid. This drug specifically inhibits the enzyme type I 

DNA topoisomerase, and accordingly, inhibits the unwinding and cleavage of 

parasitic DNA. Pentostam-mediated inhibition appears to be specific 

for Leishmania topoisomerase, since the drug fails to inhibit Escherichia 

coli DNA gyrase (Haldar et al., 2011). Accordingly, both the number and size 

of the lesion will be reduced, on the other hand, a number of lesions are not 

directly influenced by the treatment. Rather the frequent exposure to the 

infected vector is the main factor. This explains the lack of a significant 

difference in lesion number between treated and newly diagnosed patients.  

Table 4-2: Types and number of lesions 
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4.3.  The Frequency3of Different3Genotypes and3Allele of3CTLA-4 

         Polymorphism3in3Patients and3Controls. 

   The3amplification.-.refractory3mutation3system3(.ARMS.) method 3.was 3used. 

for genotyping of CTLA-4. +A/.G gene3polymorphism in CL patients and 

controls. The gel electrophoresis of PCR products are shown in figure 4-1. 

 

 

Figure 4-1: Genotypes types of T-lymphocyte cell accompanied by antigen-4 +49A/G 

detected by ARMS-PCR and imaging by UV light. Wherever M: mean the marker, while the 

lanes (3-6-7-9) are AG genotype and the lanes (1-4-5-8-10): AA genotype, lane 2: GG 

genotype. 

         The3distribution of different genotypes of CTLA-4+A/G was in 

accordance with HWE whether in patients (newly diagnosed or treated) or 

controls. The GG genotype of this polymorphism was more frequent in 

controls than patients with a signifiacnt difference (OR=30.11, 95.%CI=30.02-

0.58,3p=0.009). In both dominant and recessive3model, the frequency of3GG-

associated genotypes3was3significantly higher in controls than patients. At 

.allelic level, G allele was far more frequent in controls than patients (30.83% 



Chapter Four                                                                                                Result and Discussion 55                   

 

versus 17.73%) with a highly significant difference (OR=2.07, 95%CI=1.23-

3.48, p= 0.006) as shown in table (4-3). 

Table (4-3): The Prevalence of allele and genotypes of polymorphism of 

CTLA-4 in the control and the patients. 

 

        These results indicate that an individual carrying the GG genotype of 

CTLA-4+49G/A polymorphism has about 10-fold protection against CL 

compared with an individual carrying AA genotype Similarly, persons carrying 

G allele of this polymorphism have about 2-fold protection against CL in 

comparison with to those carrying A allele. In a similar study, Hajilooi et al., 

(2014) conducted a cross-sectional study including 88 Iranian patients3with 

clinical3presentations. of visceral3leishmaniasis, who were seropositive 

3for Leishmania, 86 patients3without clinical3presentations but .seropositive, 
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and 115 healthy .controls. The frequency of AG .genotype in these groups . was 

54.5%, 25.6%, and 19.1% .respectively with a .significant difference.  

        In another. study, Fernandez-Mestre et al.,3(2009) investigated3the role of 

this polymorphism3in 733Venezuelan3with CL3and 98 healthy3controls. 

Although, there3were no significant3differences in the3distribution of different 

genotypes and alleles of CTLA-4+49G/A polymorphism between the3two 

groups, patients3with diffuse3cutaneous leishmaniasis (DCL) exhibited3an 

increased3frequency of the A/G compared3with patients with3localized 

cutaneous3leishmaniasis (LCL) (OR=4.25; 95%CI=1.245–14.501).  

                These variations in the results may be attributed to the relatively 

small sample size of the Venezuelan study and ethnic variations between Iraqi 

and Venezuelan populations. 

         The CTLA-4+49A/.G polymor.phism involves the .substitution at site 49 

in the CTLA-4 .gene of adenine with .guanine. Accordingly, the .codon 17 

(ACC) which encodes . threonine is substituted . By GCC which encodes .alanine. 

The CTLA-4 receptor .achieves essential .regulatory function during the 

.immune response by controlling the overall .strength of T-cell activation  

(Bour-Jordan et al., 2003). Two mechanisms. have been postulated for this 

.regulatory effect. The first one is interacting .with CTLA-4 with its .ligands 

B.7.1 and B.7.2 depriving the homolog receptor CD28. of their ligands., while the 

second .mechanism is the .inhibition of T-cell activation through .signal 

transduction .pathway which down-.regulates the T-cell receptor-dependent 

signaling. (Baroja et al., 2000). Substitution. of threonine by alanine .  results in 

many phenotypic .changes affecting one or both of these two mechanisms. It 

was postulated that alanine-.containing CT.LA-4 protein .suffers from an .altered 

spatial .configuration which causes. a fault in handling. of this protein. in the 

endoplasmic. Reticulum with less .efficient N-glycosylation. (Pavkovic et al., 
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2003). This glycosylation . is very important. in the dimerization. and then the 

triggering of the .inhibitory function of C.TLA4  (Darlington et al, 2005).  

        Furthermore, some. Evidence suggested a .significant decrease. in mRNA 

for CTLA-4 protein. associated with G.G genotype in pati .ents with autoimmune. 

Diseases (Daroszewski et al., 2009). Sun. et al., (2008) suggested .that G allele 

does. Not only causes . down-regulation in the .production of CTLA-4 but .also 

results in a protein with a lower affinity to B7. .Regardless of  the mechanism by 

.which G allele-bearing CTLA-4 affecting the immune response, there is almost 

a general agreem.ent that this variant has. less ability to .control the activation. Of 

T-cells compared. to A allele.-bearing CTLA.-4. But this is a .double-edged 

sword. From one edge., the +49G variant .carriers have the merit of .robust 

immune .response with long-lasting. T-cell activation, and .this hypothetically 

protects. them from different infectious.  agents and .maybe some .malignancies. 

However, from the other edge, this variant .predisposes its carriers. to a wide 

range of .autoimmune diseases. such as Graves’ .disease and type 1 .diabetes.  

mellitus. 

            Avariation.in CTLA-4 ..concentration will ..undoubtedly affect .CL. One 

aspect. of CTLA-4 effects in .this .regard is its .relationship with .TGF.-β 

production.. TGF-β is .important. in the .pathogenesis. .of different forms of 

l.eishmaniasis, including .. susceptibility to L. major.  Infection (Gomes and 

DosReis, 2001). Moreover., .TGF-β blocks nitric. oxide .production. and 

the3.ability of IFN-γ treated .macrophages. to kill Leishmania. (Gomes, and 

DosReis, 2001). Furthermore.., in one study, CTLA-4-deficient.. mice were 

reconstituted.. with either wild .type (intact) or truncated.. CTLA-4 transgenes.., 

and the double transgenic. Progenies were challenged.  with L. major. Mice 

reconstituted. With a .CTLA-4 transgene lacking the signal-transducing 

cytoplasmic. tail were .susceptible. to L. major infection.. and had increased. Th2 
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responses.. Mice reconstituted.  with the . .intact CTLA-4 .transgene displayed. 

..polarized Th1 .responses and were resistant to infection. (Gomes and DosReis, 

2001;). Together, these results clearly indicate that signal transduction through 

CTL.A-4 is required for protective Th1 responses against Leishmania. 

Additional  studies found that administration of mono.clonal antibodies (mAb) 

against CTLA-4 in vivo, which presumably  leads to a CTLA-4 blockade, 

increased susceptibility to L. major infection and exacerbated Th2 responses in 

susceptible mice, but had no effect in resistant  mice (Heinzel and Maier., 

1999). Initially, these results suggest that, similar to resistant mice, CTLA-4 

antagonizes. Th2 development andfavors Th1 responses in susceptible mice.  

  

4.4. The frequency of Different Genotypes and Allele of CTLA-4 

Polymorphism in Patients  

       The distribution of different genotypes of CTLA-4 polymorphism in 

treated and newly diagnosed patients was very similar without any significant 

differences. Similarly, there was no impotant significant difference betwen the 

two groups neither in dominant nor in the recessive models. In the same 

context, the frequency of the A and G alleles were almost identical in the two 

groups with no significant difference (Table 4-4).  

        Because CTLA-4+49G/A is an inherited polymorphism, a certain 

genotype of this SNP will not change under treatment, because such treatment 

cannot interfere with the genetic structure of the patients. This result in 

combination with the previous table suggests that subjects carrying AA 

genotype of the SNP are at greater risk of having CL and the treatment will not 

affect the genotype or allele frequency in those infected patients.  
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Table (4-4): The prevalence of allele and genotypes of CTLA-4 in patients. 

 

         As the AA genotype of this SNP was postulated to be associated with 

increased mRNA of CTLA-4 of or more effective protein compared with GG 

genotype (Sun et al., 2008), some studies suggested the use of anti-CTLA-4 

antibodies holds great promise in several clinical applications In a previous 

study, Murphy et al. (1998) used anti-CTLA-4 Abs to treat mice that were 

experimentally infected with L. donovani. The study demonstarted that such 

treatment had increased the IFN-γ and IL-4 producing cells in liver and spleen 

accompanied by 50-70% reduction in parasite load in these organs compared 

with untreated mice.  

Murray etal.,(2003)  demonstrated that using anti-CTLA-4 antibody in  L. 

donovani  viscerally  infected animals led to parasite killing by the immune 

cells.  
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         Another 3study by3Saha et al., (1998) demonstrate3that CTLA-43may 

play 3key roles3in .regulation of T-helper31/T-.helper 2 balance, which 3is 

important3to determine3the leishmaniasis3outcome. 

         The same principle was applied for some other parasitic and bacterial 

infections as well as in non-infcetiousdiseases Mice infected 

with Nippostrongylus brasiliensis and treated with anti-CTLA-4 Abs. exhibit 

enhanced T-cell cytokine production., leading to decreased parasite egg 

.production and a profound reduction in intestinal worm burden (McCoy and 

Gros, 1999). In a mouse model ofpulmonary mycobacteria infection, however, 

injection of anti–CTLA-4 antibodie.s greatly enhances proliferation and 

cytokine production1in the draining lymph nodes but has no effect on bacteria 

clearance in the1lungs, liver, or spleen. (Pedicord et al.,2011). The .antitumor 

effects had been wildly verified in murine model of fibosarcoma, colon 

carcinoma, and metastatic melanoma models. All the animal studies confirmed 

the safety of blocking antibodie sand provided proof1that CTLA-4 inhibition 

could lead to potent  antitumor  effects  in  cancer patients  (Hu et al., 2017). 

4.5. Soluble CTLA-4 Concentration 

        Data regarding sCTLA-4 in the serum of patients and controls were found 

to be non-normally distributed. According, the non-parametric test  was used to 

compare medians of this concentration between different groups. Median 

serum concentration of sCTLA-4 in newly diagnosed patients was 72.6 pg/ml 

(range 15.6 – 1271 pg/ml) which was higher than either controls (median= 16.3 

pg/ml, range 0.8-48.5 pg/ml) or treated patients (median= 17.9 pg/ml, range 

2.9-74.7 pg/ml) with highly significant differences (Figure 4-2). Interestingly, 

no there marked difference between patients and controls. 

https://www.pnas.org/content/108/1/266#ref-10
https://www.nature.com/articles/srep42913#ref-CR67
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Figure 4-2: Median concentration of  soluble CTLA-4 in patients and controls 

        Soluble CTLA-4 results1from an1alternative transcript of1the CTLA-

4 gene but not from the1detachment of extracellular1domain of 

the1membranous CTLA-4 (m.CTLA-4). 1This transcript lacks exon 3 that 

encodes1the transmembrane1domain of m.CTLA-4, and a1reading frame1shift 

within exon. 14 replaces the1cytoplasmic tail with a1different C-terminal 

aa1sequence (Al-Ward et al., 2013). It can bind1CD80 and CD86 and1may 

prevent membrane.-bound1CTLA-4 or CD28 interactions1with their 

ligands1(Pawlak et al., 2005) Thus, sCTLA-41may interfere1with both 1 

(CD28-mediated)activating1and(CTLA-4-

mediated)inhibitory1signaling1pathways.  

https://arthritis-research.biomedcentral.com/articles/10.1186/ar2747#ref-CR12
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       Although sCTLA-41could also interact with B7.1 and thus inhibits the T-

cells activity through the interfering with CD28 signaling, studies showed that 

the normal function of sCTLA-4 was more complicated Soluble CTLA-4, on 

one hand, competes to bind CD80/CD86 and suppresses T-cell activation On 

the other hand, the absence of trans-membranous domain in sCTLA-4 disabled 

it to down regulate immune function while it blocks the negative signal of 

mCTLA-4 (Baroja et al.,2000;Simone et al., 2012). The effect of sCTLA-4 

binding to CD80/CD86 possibly depends on the activity of the cell involved. 

Thus, sCTLA-4 could either inhibit the immune response if present at the 

initial stage of the disease (by blocking the CD80/B7 binding) or enhance the 

immune response if present during the latter stages of the disease (blocking the 

mCTLA-4 –B7 binding)(Shi et al., 2005).  

 

4.6. Diagnostic Value of CTLA-4 

        The curve of the receiver operating characteristic was utilized to assess 

the diagnostic value of CTLA-4 in the context of discrimination between 

patients with CL and healthy controls. In the context of discrimination between 

treated patients and healthy control, the area below the curve was 0.969, 

95%CI=0.937-1.0, p< 0.001.  The specificity and the sensitivity of the test at a 

cut off value of sCTLA-4= 37.55 pg/ml were 91.7and 0.96 respectively (Figure 

4-3).  
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Figure 4-3: Receiver operating curve for sCTLA-4 in the context of discrimination between 

newly diagnosed and treated patients with CL 

 

           Almost similar discriminative values were obtained in the context of 

discrimination between newly diagnosed patients and healthy control. The 

AUC was 0.967, 95%CI=0.937-0.994, p< 0.001.  Sensitivity and specificity of 

the test at a cut off value of sCTLA-4= 36.1pg/ml were 93.3 and 0.90 

respectively (Figure 4-4).  
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Figure 4-4: Receiver operating curve for sCTLA-4 in the context of discrimination between 

newly diagnosed patients with CL and controls 

                 These results indicate an excellent diagnostic value of sCTLA-4 in 

detection of new suspected cases of CL diagnosing1CL. especially in the 

face1may be1challenging because1it may mimic1other inflammatory1diseases. 

Parasitological1diagnosis is highly1specific, but sensitivity1is subject 

to1variation because1tissue1distribution of parasites1generally is 

not1homogeneous and1depends on the1specie of1parasite (Espir et al., 

2014;Torres-Guerreiro et al., 2017). 

         Most available studies in this regard are focusing on the diagnostic as 

well as prognostic value of CTLA-4 in non-infectious pathologies In a recent 

study, Chen et al., 2017, explored the diagnostic value of CTLA-4 in 

discrimination between malignant and benign pleural effusion Plural1levels 

of1CTLA-4 were1significantly higher1in1MPE than in1BPE patients1 
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(471.731±1378.86 vs 289.221±1173.671pg/ml, p = 0.004). At1a cut-off 

value1of1351.25 pg/ml, the1sensitivity and1specificity of CTLA-.41in 

diagnosing1MPE were158.30.% 1and 83..30%, respectively, and1the area 

under1the curve1was 0.72. 

         In another study, Stee and Nutman (2003) used flow cytometry to 

investigate the expression of CTLA-4 on CD4+ cells in American patients 

infected with filaria (Burgia malayi and Wuchreria bancrofti).  Individuals 

born in filarial endemic regions of the world (with long-standing infections) 

had greater percentages of CD4+.CTLA-4+ cells than did expatriate infected or 

uninfected individuals (p = 0.005 and 0.05, respectively); in addition, 

microfilaria-infected patients demonstrated higher frequencies of CD4+CTLA-

4+ .and CD8+CTLA-4+ cells (p = 0.027 and 0.037, respectively) than did non-

infected individuals Interestingly, the greatest intensity of CTLA-4 expression  

occurred in CD4+CD25+ cells, a population purported to include suppressor. 

cells. However, the authors did no calculated the sensitivity and specificity of 

CTLA-4expression. 

       These data suggest the possible use of CTLA-4 (whether membranous or 

soluble) as an additional tool for detection of some illnesses when the clinical 

findings give a reasonable suspicion about the disease, but the available 

diagnostic tools did no support this suspicion.  

 4.7. Association of Different Genotypes with Clinical Characteristics of 

the Treated Patients  

Due to the low frequency of the GG genotype, it was merged with AG 

genotype as one group. The median concentration of sCTLA-4 in patients 

carrying AA genotype was lower than those carrying AG or GG genotypes 

(14.7 pg/ml versus 17.5 pg/ml); however, the difference was not significant 
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(Table 4-5). Dry lesions were more associated with AA genotype (76.65%) 

than AG+GG genotype (25%), while the reverse was true for wet lesions with 

the difference very close to the significant level. The number and size of the 

lesions were comparable between the two groups with no significant 

differences. Single lesions were slightly more frequent in patients carrying AA 

genotypes than those carrying AG or GG; however, the difference was not 

significant.  

  

Table 4-5: Association of Different genotypes with clinical characteristics of the 

treated patients 

Characteristics AA (n=34) AG+GG (n=16) p-value 

CTLA-4  14.7 (0.9-48.2) 17.5(0.8-45.2) 0.371 

Type of lesion  

 Dry 

 Wet 

 Mixed 

 

23(76.65%) 

5(14.71%) 

6(17.65%) 

 

4(25%) 

5(31.25%) 

6(37.5%) 

 

0.054 

Number of lesions  2.62±1.02 2.38±0.81 0.406 

Lesion size  21.14±6.19 20.0±6.5 0.463 

Lesion characteristic 

  Single  

  Multiple 

  Mixed 

 

9(26.47%) 

21(58.33%) 

4(11.76%) 

 

7(43.75%) 

8(50%) 

1(6.25%) 

 

0.448 
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4.8. Association of Different Genotypes with Clinical Characteristics of the 

Newly Diagnosed Patients  

Median sCTLA-4 was higher in AA genotype carriers than those carrying AG 

or GG with no significant difference.  Likewise, the study showed no there 

marked differences between both groups in the size and number of the lesions, 

neither in the frequency of single or multiple lesions (Table 4-6). 

Table 4-6: Association of Different genotypes with clinical characteristics of the newly 

diagnosed patients 

Characteristics AA (n=41) AG+GG (n=19) p-value 

CTLA-4 77.2(15.6-655.8) 65.9(29.5-1270) 0.267 

Type of lesion 

Dry 

Wet 

Mixed 

 

24(58.54%) 

6(14.63%) 

4(9.76%) 

 

6(31.58%) 

4(21.05%) 

9(47.37%) 

 

0.146 

Number of lesions 2.93±0.91 2.47±0.7 0.069 

Lesion size 23.5±5.67 23.58±6.34 0.968 

Lesion characteristic 

Single 

Multiple 

Mixed 

 

22(53.56%) 

19(46.34%) 

0(0%) 

 

9(47.37%) 

10(52.63%) 

0(0%) 

 

0.65 

 

        These results indicate that the AA genotype of CTLA-4+49G/A 

polymorphism may be associated with the dry lesion. Unfortunately, there are 

no available similar studies to compare these results. However, as dry lesions 

are known to be caused by L. tropica (Allam., 2107;Mohammed et al., 2016), 

this implies that L. tropica may be more affected by this polymorphism. The 

reason beyond this difference is not well-known; however, it may be referred 

to as the different mechanisms of immune evasions employed by different 

species of Leishmania (Gupta et al., 2013). If such an assumption is practical,  
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it is reasonable to assume, that AA genotype carriers may be at increased 

susceptibility to L. major in particular. In this case, more CTLA-4 mRNA is 

produced which competes with CD28 to B-7.2 on antigen-presenting cell and 

produce T-helper cell energy with eventual enhancing of Leishmania infection.  

 

4.9. Correlation between sCTLA-4 and age, lesion number and size 

            Pearson’s correlation was used to explore the possible correlation 

between sCTLA-4 with another continuous variable in treated and newly 

diagnosed patients (Table 4-7). The only significant correlation was that 

between sCTLA-4 and lesion size in newly diagnosed patients (r= 0.322, p= 

0.012) as shown in figure 4-5. 

 

Table 4-7: Pearson’s correlation between sCTLA-4 and Other Variables 
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Figure 4-5: Correlation between CTLA-4 and lesion size in newly diagnosed 

patients 

               Only lesion size was significantly associated with sCTLA-4 In fact, 

this does entirely exclude the possible effect on lesion number. However,  

several1factors1can separately1affect the clinical1features of lesions1caused 

by1CL. These are1including immunosuppressive1diseases, host factors, 

the1number of the1inoculated parasites, the site1of inoculation, and 

even1bacterial wound1contamination (Manzur and Butt, 2006). Of note, in 

almost1all isolates that1were undergone1sequencing, non pathogenic1Crithidia 

was found1beside L. tropica1or L.1major. In accordance with these results. is a 

recent Iranian study which does not only demonstarte1the presence of Crithidia 

with CL, but also, the presence of this non-pathogenic parasite can influence 

the characteristic of the lesion (Rossi and Fasel, 2018). Hence, high level of 

sCTLA-4, regardless. of Crithidia co-occurrence., may bind B 7.1 on APC . and 
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prevent CD4+ activation which facilitates parasite growth inside a single 

lesion.  

4.10. Leishmania Genotyping: 

4.10.1. Gel Electrophoresis:  

         The nested PCR products of the first and second round were subjected to 

a 2% agarose gel electrophoresis and examined by exposure to ultra violate 

light (302 nm) after Red Stain staining (Figure 4-6). 

 

Figure  4-6: 2% agarose in the electrophoresis at 5 volt/cm2 of PCR products. M: 

DNA ladder, lanes 1-15: PCR products from CL patients 
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4.10.2. Sequencing and Sequence Alignment 

        The (12) samples sent to Macrogen Company to make the sequencing.  

The resultant sequences were compared with reference sequences by Basic 

Local Alignment Search at (NCBI) (Figure 4-7).  

 

 

Figure 4-7: Alignment of a resultant sequence by a tool called Local Alignment 

Search. 
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            According to alignment results out of 12 sequences, 9 sequences were 

belonging to L. major, while 3 sequences were belonging to L. tropica. All 

local L. major isolates were very close to reference isolate KP773404.1 

(Iranian isolate), while all local L. tropica isolates were very close to reference 

isolate KY612611.1 with an identity of 98%.  

The base substitution, location of this substitution, nucleotide change each 

isolates in relation to reference isolates are presented in table 4-8. The base 

substitution ranged from 2-6 bases at different sites of the gene with identities 

ranging from 97-99%. 

 

 

Table 4-8: The base substitution, location of this substitution, nucleotide 

change for each isolate in relation to reference isolates 

Source Sequence ID Nucleotide Location 
Type of 

substitution 

Sample 

number 

Leishmania major ID: KP773410.1 

(G > A) 218 Transition 

1 
(A > G) 224 Transition 

(C > A) 233 Transvertion 

(T > C) 268 Transition 

Leishmania major ID: KP773410.1 

(G > A) 218 Transition 

2 (A > G) 224 Transition 

(C > A) 233 Transvertion 

Leishmania major ID: KP773410.1 

(A > G) 164 Transition 

3 

(G >A) 218 Transition 

(A > G) 224 Transition 

(C > A) 233 Transvertion 

(T > C) 268 Transition 

Leishmania major ID: KP773410.1 
(T > C) 112 Transition 

4 
(G > C) 180 Transvertion 

https://www.ncbi.nlm.nih.gov/nucleotide/KP773410.1?report=genbank&log$=nuclalign&blast_rank=2&RID=U9ATAP5S014
https://www.ncbi.nlm.nih.gov/nucleotide/KP773410.1?report=genbank&log$=nuclalign&blast_rank=2&RID=U9ATAP5S014
https://www.ncbi.nlm.nih.gov/nucleotide/KP773410.1?report=genbank&log$=nuclalign&blast_rank=2&RID=U9ATAP5S014
https://www.ncbi.nlm.nih.gov/nucleotide/KP773410.1?report=genbank&log$=nuclalign&blast_rank=2&RID=U9ATAP5S014


Chapter Four                                                                                                Result and Discussion 73                   

 

(G > A) 218 Transition 

(A > G) 224 Transition 

(C > A) 233 Transvertion 

Leishmania major ID: KP773410.1 

(A >G) 145 Transition 

5 

(G > C) 208 Transvertion 

(G > A) 218 Transition 

(A > G) 224 Transition 

(C > A) 233 Transvertion 

(T > C) 268 Transition 

Leishmania major ID: KP773410.1 

(G > A) 218 Transition 

6 

(A > G) 224 Transition 

(C > A) 233 Transvertion 

(T > C) 269 Transition 

(A > T) 297 Transvertion 

(T > G) 299 Transvertion 

Leishmania 

tropica 
ID: KY612611.1 

(T > C) 178 Transition 

7 

(G > A) 179 Transition 

(A > G) 185 Transition 

(C > A) 194 Transvertion 

(T > C) 229 Transition 

Leishmania 

tropica 
ID: KY612611.1 

(T > C) 178 Transition 

8 

(G > A) 179 Transition 

(A > G) 185 Transition 

(C > A) 194 Transvertion 

(T > C) 229 Transition 

Leishmania 

tropica 
ID: KY612611.1 

(A > G) 139 Transition 

9 

(T > C) 178 Transition 

(G > A) 179 Transition 

(A > G) 185 Transition 

(C > A) 194 Transvertion 

https://www.ncbi.nlm.nih.gov/nucleotide/KP773410.1?report=genbank&log$=nuclalign&blast_rank=2&RID=U9ATAP5S014
https://www.ncbi.nlm.nih.gov/nucleotide/KP773410.1?report=genbank&log$=nuclalign&blast_rank=2&RID=U9ATAP5S014
https://www.ncbi.nlm.nih.gov/nucleotide/KY612611.1?report=genbank&log$=nuclalign&blast_rank=1&RID=U9F447YG014
https://www.ncbi.nlm.nih.gov/nucleotide/KY612611.1?report=genbank&log$=nuclalign&blast_rank=1&RID=U9F447YG014
https://www.ncbi.nlm.nih.gov/nucleotide/KY612611.1?report=genbank&log$=nuclalign&blast_rank=1&RID=U9F447YG014
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(C > T) 199 Transition 

Leishmania major ID: KP773410.1 

(G > A) 168 Transition 

10 (C > A) 233 Transvertion 

(T > C) 268 Transition 

Leishmania major ID: KP773410.1 
(T > C) 268 Transition 

11 
(G > A) 293 Transition 

Leishmania major ID: KP773410.1 

(G > A) 46 Transition 

12 

(G > A) 218 Transition 

(A > G) 224 Transition 

(C > A) 233 Transvertion 

(T > C) 268 Transition 

(T > C) 295 Transition 

(T > C) 304 Transition 

 
 
4.10.3. Phylogenetic Tree  

 
        Mega 7 software was used to construct the phylogenetic tree of the local 

isolate of L. tropica in relation to 14 closest reference isolates (Figure 4.8). The 

tree showed two main clades: one containing three reference isolates (from 

USA, Libya, and Tunisia) and the other clade involving the local isolate and all 

the other reference isolates.  The closest isolates for local Leishmania was the 

Iranian isolate (Table 4-9) 

https://www.ncbi.nlm.nih.gov/nucleotide/KP773410.1?report=genbank&log$=nuclalign&blast_rank=2&RID=U9ATAP5S014
https://www.ncbi.nlm.nih.gov/nucleotide/KP773410.1?report=genbank&log$=nuclalign&blast_rank=2&RID=U9ATAP5S014
https://www.ncbi.nlm.nih.gov/nucleotide/KP773410.1?report=genbank&log$=nuclalign&blast_rank=2&RID=U9ATAP5S014
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Figure 4-8: Phylogenetic trees for internal transcribed spacer 1 gene formed by the 

maximum likelihood to L. tropica isolate and 14 reference isolates. The phylogenetic 

distance was estimated using the model of the Kimura two-parameter.  

 

 

 

 

 

 

 

 



Chapter Four                                                                                                Result and Discussion 76                   

 

Table 4-9: Compatibility of the local L. tropica isolates with different reference 

isolates  

 

        Similarly, a phylogenetic tree was constructed between the local isolate of 

L. major with 14 closest reference isolates. The tree (Figure 4-8) had two main 

clades: one contains only a Turkish isolate while the other involving the local 

isolate with all other reference isolates. The local isolate had a 98% identity to 

all reference isolates except the Turkish isolate (identity 97%) as shown in 

table 4-10.    

NO. Accession Country Source Compatibility 

1 
ID: KY612611.1 Iran 

 

Leishmania tropica 98% 

2 
ID: KX380987.1 Morocco: Boumalne 

 

Leishmania tropica 97% 

3 
ID: KU194925.1 China: Kumtag Desert 

 

Leishmania tropica 97% 

4 
ID: KP202109.1 Morocco 

 

Leishmania tropica 97% 

5 
ID: FJ948465.1 India 

 

Leishmania tropica 97% 

6 
 ID: MH763643.1 Greece 

 

Leishmania tropica 97% 

7 
ID: MF926263.1 Syria 

 

Leishmania tropica 97% 

8 
ID: KJ420585.1 Afghanistan 

 

Leishmania tropica 97% 

9 
ID: KP893242.1 Iran: Mashhad 

 

Leishmania tropica 97% 

10 
 ID: KX380988.1 Morocco: Boumalne 

 

Leishmania tropica 96% 

11 
ID: KX808125.1 Iran: Maraveh-tappeh 

 

Leishmania tropica 96% 

12 
ID: KY963132.1 Tunisia 

 

Leishmania tropica 95% 

13 
ID: KP691595.1 Libya 

 

Leishmania tropica 95% 

14 
ID: FJ948449.1 USA 

 

Leishmania tropica 95% 

https://www.ncbi.nlm.nih.gov/nucleotide/KY612611.1?report=genbank&log$=nuclalign&blast_rank=1&RID=VBMK98XM015
https://www.ncbi.nlm.nih.gov/nucleotide/KX380987.1?report=genbank&log$=nuclalign&blast_rank=11&RID=VBMK98XM015
https://www.ncbi.nlm.nih.gov/nucleotide/KU194925.1?report=genbank&log$=nuclalign&blast_rank=12&RID=VBMK98XM015
https://www.ncbi.nlm.nih.gov/nucleotide/KP202109.1?report=genbank&log$=nuclalign&blast_rank=20&RID=VBMK98XM015
https://www.ncbi.nlm.nih.gov/nucleotide/FJ948465.1?report=genbank&log$=nuclalign&blast_rank=38&RID=VBMK98XM015
https://www.ncbi.nlm.nih.gov/nucleotide/MH763643.1?report=genbank&log$=nuclalign&blast_rank=45&RID=VBMK98XM015
https://www.ncbi.nlm.nih.gov/nucleotide/MF926263.1?report=genbank&log$=nuclalign&blast_rank=46&RID=VBMK98XM015
https://www.ncbi.nlm.nih.gov/nucleotide/KJ420585.1?report=genbank&log$=nuclalign&blast_rank=51&RID=VBMK98XM015
https://www.ncbi.nlm.nih.gov/nucleotide/KP893242.1?report=genbank&log$=nuclalign&blast_rank=54&RID=VBMK98XM015
https://www.ncbi.nlm.nih.gov/nucleotide/KX380988.1?report=genbank&log$=nuclalign&blast_rank=65&RID=VBMK98XM015
https://www.ncbi.nlm.nih.gov/nucleotide/KX808125.1?report=genbank&log$=nuclalign&blast_rank=71&RID=VBMK98XM015
https://www.ncbi.nlm.nih.gov/nucleotide/KY963132.1?report=genbank&log$=nuclalign&blast_rank=83&RID=VBMK98XM015
https://www.ncbi.nlm.nih.gov/nucleotide/KP691595.1?report=genbank&log$=nuclalign&blast_rank=89&RID=VBMK98XM015
https://www.ncbi.nlm.nih.gov/nucleotide/FJ948449.1?report=genbank&log$=nuclalign&blast_rank=100&RID=VBMK98XM015
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Figure 4-9: Phylogenetic trees for internal transcribed spacer 1 gene build by the 

maximum likelihood to L. major isolate and (14) reference isolates. The phylogenetic 

distance was estimated using the model of the Kimura two-parameter.  
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Table 4-10: Compatability of the local L. major isolate with different reference 

isolates  

 

         To assess. genetic .diversity. of .Leishmania., a1.number of .nuclear1and 

.extranu.clear DNA. markers1were .employed, .including1.mini.-exon, 18.S-rRNA, 

1gp63 gene. .locus., microsatellites ., HSP.-70, .ribosomal1internal .transcribed .spacer 

regions (ITS-r.DNA), minicircles111of111kineto.plast DNA (kD.NA), 1and 

No. Accession Country Source 
Compatibilit

y 

1.  
ID: MH347924.1 Turkey: Sanliurfa Leishmania major 98% 

2.  
ID: KP773410.1 Iran Leishmania major 98% 

3.  
ID: KP340520.1 Iran: Mehran Leishmania major 98% 

4.  
ID: KR868689.1 Iran: Yazd Leishmania major 98% 

5.  
ID: KP691596.1 Libya Leishmania major 98% 

6.  
ID: KF981809.1 France Leishmania major 98% 

7.  
ID: KF815221.1 Sudan Leishmania major 98% 

8.  
ID: FR796423.1 

UNITED 

KINGDOM 
Leishmania major 98% 

9.  
ID: FN677342.1 Tunisia Leishmania major 98% 

10.  
ID: FJ753394.1 USA Leishmania major 98% 

11.  
ID: AJ300482.1 Kenya Leishmania major 98% 

12.  
ID: JN860713.1 Iran: Damghan Leishmania major 98% 

13.  
ID: KM052753.1 Iran: Esfarayen Leishmania major 98% 

14.  
ID: KJ002553.1 Turkey: Adana Leishmania major 97% 

https://www.ncbi.nlm.nih.gov/nucleotide/MH347924.1?report=genbank&log$=nuclalign&blast_rank=1&RID=V2EYKYFS014
https://www.ncbi.nlm.nih.gov/nucleotide/KP773410.1?report=genbank&log$=nuclalign&blast_rank=2&RID=V2EYKYFS014
https://www.ncbi.nlm.nih.gov/nucleotide/KP340520.1?report=genbank&log$=nuclalign&blast_rank=3&RID=V2EYKYFS014
https://www.ncbi.nlm.nih.gov/nucleotide/KR868689.1?report=genbank&log$=nuclalign&blast_rank=15&RID=V2EYKYFS014
https://www.ncbi.nlm.nih.gov/nucleotide/KP691596.1?report=genbank&log$=nuclalign&blast_rank=22&RID=V2EYKYFS014
https://www.ncbi.nlm.nih.gov/nucleotide/KF981809.1?report=genbank&log$=nuclalign&blast_rank=23&RID=V2EYKYFS014
https://www.ncbi.nlm.nih.gov/nucleotide/KF815221.1?report=genbank&log$=nuclalign&blast_rank=25&RID=V2EYKYFS014
https://www.ncbi.nlm.nih.gov/nucleotide/FR796423.1?report=genbank&log$=nuclalign&blast_rank=32&RID=V2EYKYFS014
https://www.ncbi.nlm.nih.gov/nucleotide/FN677342.1?report=genbank&log$=nuclalign&blast_rank=33&RID=V2EYKYFS014
https://www.ncbi.nlm.nih.gov/nucleotide/FJ753394.1?report=genbank&log$=nuclalign&blast_rank=34&RID=V2EYKYFS014
https://www.ncbi.nlm.nih.gov/nucleotide/AJ300482.1?report=genbank&log$=nuclalign&blast_rank=40&RID=V2EYKYFS014
https://www.ncbi.nlm.nih.gov/nucleotide/JN860713.1?report=genbank&log$=nuclalign&blast_rank=78&RID=V2EYKYFS014
https://www.ncbi.nlm.nih.gov/nucleotide/KM052753.1?report=genbank&log$=nuclalign&blast_rank=85&RID=V2EYKYFS014
https://www.ncbi.nlm.nih.gov/nucleotide/KJ002553.1?report=genbank&log$=nuclalign&blast_rank=90&RID=V2EYKYFS014
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cytochrome1b (Cyt b)  (k.DNA max.icircle) (Montalvo et al., 2010; Bordbar and 

Parvizi, 2014).  

         The ITS-r.DNA1marker. is1utilized. to infer1.evolutionary1.relationships 

in1.genus Leishmania .because1of having .conserved .regions and low1.intracellular 

.polymorphism (Parvizi et al., 2008). 

         The most interesting finding in the current study was that the limited 

variation among the investigated isolates compared with the other international 

studies. For example, in Iran, Mohammadiha et al. (2018) amplifies the ITS-

rDNA gene for 25 isolates and used RFLP for genotyping of PCR products. The 

authors reported high diversity among isolates whether they belong to L. tropica 

or L. major. In another study, Azmi et al. (2011) reported that L. tropica is a very 

heterogenous species and this was evidenced by low bootstrap values obtained on 

the the phylogenetic tree. The low diversity in the current study may be attributed 

mainly to a geographical reason, because almost all samples were collected from a 

small geographical location. 

      The other most interesting finding was that local isolated had a relatively high 

compatibility to isolates from different countries. In fact, this does not reflect a 

reciprocal transmission from these countries to Iraq and vice versa. Rather, in such 

countries, different isolates have been recorded in NCBI, among which there are 

some isolates which resemble other international isolates including Iraqi isolates.  
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5.Conclusions and Recommendations 

5.1. Conclusions 

1- The GG .genotype and G allele of the SNP CTLA-4+49G/A have a 

protective .role against CL in Iraqi population. 

2- The different genotypes .of this SNP have no .association with .severity 

and clinical features . of CL, .neither with .serum .level of.. s.CTLA-4 

3- Serum. level of s.CTLA-4 increases. in newly .diagnosed patients .with CL. 

and significantly. correlated. with lesion. number 

4- Serum .level of s.CTLA-4 can .be used as .addition .marker for .detection of 

.new .cases of CL. 

5- Local .isolates of CL (whether L. major of L. tropica) have. less .genetic 

variability. compared .with internal. isolates, .and they are .very close to 

.their counterpart. Iranian. isolates.  
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5.2. Recommendations  

1- In endemic .areas, individuals .carrying the AA .genotype of the .SNP 

CTL.A-.4+49G/A should . be considered . at high risk .to have CL, .and 

therefore., they have to .take the .essential protective. measures .from 

Phleboto.mine bite. 

2- Serum sC.TLA-4 could be ada.pted as an additiona.l marker for .detection 

of new .cases of CL. 

3- Cytotoxic. T-lymphocyte antigen-4 can be .targeted with anti-CTLA-4 

antibodies as an .alternative treatment for CL, .especially in patients who 

are refractory. for traditional .treatment.  

4- Study the role of programmed . cell death protein-1. (PD-1) gene 

poly.morphisms and .serum level in the incidence and .severity of CL.  

5- As the local isolates of CL are clos .est to Iranian. isolates, it is of 

.paramount importance . to restrict the .individual travelling .between the 

two .countries for effective . control of the diseases .especially for 

.anthropotic CL.  
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The questionaries' sheet of study cases 

Case No :-  Hospital :-  

Name :-  Age :-  

    

Residence :-  Urban  Rural  

Address  :- 

   

Type of Lesion : Dry Wet 

 

Size of  Lesion   :                                                               mm 

 

Location of lesion  

Face :- 

Hand :- 

Arms:- 

Legs :- 

Foot :- 

Other site :- 

 

Number of lesion 

Type of Lesion :          Single : Multiple : 

 

Number of Dose :- 

 



 الخالصة

داخل الخاليا  اوليةطفيليات بسبب تنقله الحشرات يتهو مرض : داء الليشمانيات الجلدي الدراسة خلفية

ب يفي المناطق الموبوءة ، يص .  L. majorو  L. tropica السيما النوعانمن جنس الليشمانيا 

العوامل من األشخاص المعرضين في ظل ظروف مماثلة تقريبًا ، مما يعكس دور  نسبةالمرض 

 . المستضد اللمفاوي المرتبط بالخاليا اللمفاوية التائية السامة للخاليا االصابةمقاومة في  الوراثية

CTLA-4)  )لى ا يمما يؤديتم التعبير عنه عن طريق الخاليا التائية النشطة  ئيهو بروتين سكري غشا

ن تعدد المنطقي االفتراض اوإنتاج السيتوكين. وبالتالي ، فمن تها وتقدم دور هذه الخالياتكاثر تثبيط 

 على االصابة باللشمانيا الجلدية . قابلية الفردؤثر على ييمكن أن  CTLA-4 الجينية في جيناألشكال 

مع  CTLA-4 + 49G / Aتعدد األشكال الجيني  تحري عالقةهدفت هذه الدراسة إلى  األهداف:

تشخيص وفي  اللشمانيا الجلدية امراضيةفي  الذائب CTLA-4، ودور  اللشمانيا الجلديةحدوث وشدة 

مع وعالقتها  L. majorو  L. tropicaلعزالت المحلية من ل، وكذلك التوصيف الجزيئي  المرض

 المجاورة. البلدانالعزالت في 

باللشمانيا  مصابا مريضا  110ما مجموعه المقطعية دراسة ال شملت هذه: المرضى وطرائق العمل

شخصا سليما  60( ، فضال عن تحت العالجمريضا  50و  مريض حديثي التشخيص 60الجلدية )

لكل مريض  اجراء قشطات جلدية  تم  يناظرون المرضى بالعمر والجنس . كمجموعة سيطرة; ظاهريا

 اجريت كما في أنابيب معقمة الناتجة وجمعت النضحاتاألسنان مخرز باستخدام شفرة معقمة أو 

مل من الدم الوريدي من  5على شرائح معقمة. عالوة على ذلك ، تم جمع حوالي  انطباعيةمسحات 

مل في  3و  EDTAمل في أنبوب  2ن ؛ يكل عينة من الدم إلى قسم اذ قسمت. السيطرةالمرضى و

 CTLA-4 لدم الكامل وتم تضخيم قطعة جين امض النووي من االح الصأنبوب عادي. تم استخ

باستخدام طرق تفاعل سلسلة البلمرة المتسلسلة  CTLA-4 + 49G / A المتاخمة لتعدد االشكال  الجيني

جاهزة لقياس  عدةواستخدمت  ، المتخثراألمصال من الدم فصلت . تضخيم التمهيدي الالحرارية لنظام 

أستخلص  . باستخدام مقايسة الممتص المناعي المرتبط باإلنزيم  الذائب CTLA-4من مستوى المصل 

باستخدام  5.8Sي وز، وتم تضخيم جينات الرنا الريب النضحات لليشمانيا من الحامض النووي 

، واجري تحليل تسلسل  المتداخلتفاعل سلسلة البلمرة من خالل  الخاصة االبادئات مجموعتين من 

الناتجة مع  التسلسالت، وتمت محاذاة  نواتج هذا التفاعلمن  12المباشر لما مجموعه القواعد 



 تلعزال النشوءتم بناء شجرة . ي لمعلومات التكنولوجيا الحيوية المرجعية في المركز الوطن التسلسالت

 .Mega 6مع العزالت المرجعية باستخدام برنامج  ةالليشمانيا المحلي

مجموعة أكثر تواترا في  CTLA-4 + 49G / Aمن تعدد األشكال  GG: كان النمط الوراثي النتائج

على ( .OR= 0.11, 95%CI=0.02-0.58, p=0.009) وبفرق معنويمن المرضى  السيطرة

 17.73٪ مقابل  30.83من المرضى ) مجموعة السيطرةأكثر تواترا في  G، كان أليل  االليلمستوى 

ومع ذلك ، لم (  OR=2.07, 95%CI=1.23-3.48, p= 0.006)عالي المعنوية ٪( مع وجود فرق 

ألنماط الجينية في تواتر ا يثي التشخيص والمرضى المعالجين دحبين المرضى  معنوي يكن هناك فرق

في  الذائب CTLA-4من الدم  تركيز مصلمتوسط  تعدد االشكال الجيني هذا. بلغواألليالت من 

وهو بيكوغرام / مل(  1271 - 15.6بيكوغرام / مل )المدى  72.6المرضى الذين تم تشخيصهم حديثًا 

بيكوغرام /  48.5-0.8بيكوغرام / مل ، المدى  16.3)الوسيط =  من مجموعة السيطرة أعلى  اعلى

/ مل( مع  بيكوغرام 74.7-2.9بيكوغرام / مل ، المدى  17.9)الوسيط =  ينمل( أو المرضى المعالج

والمرضى المعالجين. أظهرت  السيطرةبين  معنوي ، في حين لم يكن هناك فرق معنويةوجود اختالفات 

حساسية وخصوصية عالية في سياق التمييز بين الحاالت  الذائب CTLA-4 ية من مستويات المصلال

 CTLA-4ارتبط . عالوة على ذلك ، مجموعة السيطرةو المشخصة حديثًا وكل من المرضى المعالجين 

(. وفقًا r= 0.322, p= 0.012مع حجم اآلفة في المرضى الذين تم تشخيصهم حديثا ) اإيجابي الذائب

 3، بينما كانت  L. majorتنتمي إلى  تسلسالت  9تسلساًل ، كانت  12من أصل ، لنتائج المحاذاة 

العزلة قريبة جدًا من    L.majorالمحلية  كانت جميع العزالت  L. tropicaتنتمي إلى  تسلسالت

قريبة جدا  L. tropicaعزلة إيرانية( ، بينما كانت جميع العزالت المحلية ) KP773404.1 المرجعية 

التطورية أن الشجرة ٪. أكدت 98 بنسبة تطابقعزلة إيرانية( ) Y612611.1من العزلة المرجعية

 هي العزلة اإليرانية.  L. majorأو  L. tropicaعزالت للليشمانيا المحلية سواء كانت الأقرب 

 + CTLA-4 التعدد الجيني  في Gإلى الدور الوقائي لألليل مجتمعة تشير هذه النتائج  االستنتاجات:

49G / A  ستوى ، وزيادة م مرض اللشمانياضد CTLA-4 مرضى المشخصين حديثًا الفي  الذائب

 L. majorو  L. tropica إضافية. ترتبط العزالت المحليةوالذي يمكن استخدامه كأداة تشخيصية 

 ارتباًطا وثيقًا بالعزالت اإليرانية.

 

 



 
 
 
 

 

 وزارة التعليم العالي والبحث العلمي

 ديالىجامعة 

 التربية للعلوم الصرفة كلية

  

 

التنميط اجليني ملرض الليشمانيا اجللدية وعالقته مع 
 CTLA-4التغاير الوراثي يف جني 
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