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Summary

Visceral leishmaniasis is a widespread disease in several countries around the
world, including Irag. Infection occurs by injection of the leishmania parasite
through a female fly belonging to the genus Phlebotomus sp, when it feeds on
the blood /mammalian host.The distinctive feature of visceral leishmaniasis is
its effect on many internal organs (usually the spleen, liver, and bone

marrow).

The current study was conducted on 332 blood samples from men and
women, distributed among 276 from Diwaniyah Governorate and 56 clinical
samples from different hospitals in Iraq, during the period from March to
December 2023.

The study dealt with two aspect, the first of which was an epidemiological
study of visceral leishmaniasis in Diwaniyah Governorate, which included
276 people, where all suspected persons participating in this study were
examined in the laboratories of the College of Science - Al-Qadisiyah
University, where 18 people were detected and confirmed to have visceral
leishmaniasis (VL) 6.52% through rapid Immunochromatography (I.C.T)
screening test , which has been proven successful through its high sensitivity

and specificity, in addition to clinical signs and symptoms.
The results showed that the age group (< 18) was more susceptible to

infection (18.38%). that males were infected at a higher rate (9.7%) than

females (4.9%). They also showed a higher number of infected people in rural

areas (7.5%) compared to the city center (2.5%).

The second aspect included a study of 56 cases in which the clinical
diagnosis of visceral leishmaniasis (VL) was confirmed from various
hospitals in Irag. The diagnosis was confirmed through two laboratory tests

that included a rapid immunochromatography examination and an indirect
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fluorescent antibody test (IFAT), in addition to signs the clinical symptoms,
which were evaluated by the consulting medical staff and included in most
cases: fever, weight loss, fatigue and anemia, as well as splenomegaly and

hepatomegaly.

The results appeared identical in both the epidemiological study and
clinical samples, as the highest infection rate was recorded in the age group
(<18) and males had a higher infection rate (53.85%) than females (37.15%),
and infected patients in rural areas were higher (60.7%) than in the city
(39.3%), the results of clinical signs showed that the highest incidence of
infection was in fever (47.37 % )The highest infection rate was in Diwaniyah
Governorate (24.3%) and the lowest infection rate was in Babylon and Najaf

Governorates (5.4%).

The biopsies taken from the bone marrow were examined with a light
microscope, stained with Giemsa stain, and after confirming the presence of
the parasite, it was cultured on NNN culture medium (Novy - MacNeal -
Nicolle) and RPMI (Roswell Park Memorial Institute) medium at a

temperature of 23°C.

As for the molecular examination, four samples were examined using

PCR technology based on the diagnostic gene KDNA with a size of 562 bp

In this study the level of cytokines secreted by the innate immune
response to visceral leishmaniasis infection, such as cytokines IL-2, IL-10,
IL-12 and TGF-B , was detected using ELISA technology. The results showed
a significant increase in the concentration of these cytokines in the test group
(13158 + 1592, 335.68 + 15.57, 823.62 + 98.75, 341.16 *+ 15.19),
respectively for patients infected with visceral leishmaniasis compared to the

healthy control group.
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1.Introduction:

Leishmania is an obligate intracellular protozoan parasite that serves as the
causative organism for leishmaniasis, a major cause of mortality and
morbidity worldwide. The threat posed by leishmaniasis is significant
particularly among economically weaker sections in tropical and subtropical
regions (Burza et al., 2018).

Visceral leishmaniasis, one of the four types of the disease, is caused
by Leishmania donovani and affects liver, spleen and bone marrow in humans
, Leishmania gains access to the host cell as a consequence of the bite of the
infected female sandfly (Phlebotomus spp.) during its blood meal from a host
, In the course of its lifecycle , Leishmania exists in two distinct forms: (i) the
flagellated extracellular promastigote form, and (ii) the amastigote form
devoid of flagella that resides within host cells (Chappuis et al ., 2007).

The first step for Leishmania toward establishing infection is to cross the
plasma membrane of the host cell by phagocytosis (Kumar et al ., 2016) .
The process of internalization has been shown to involve receptors on the host
plasma membrane that recognize cognate ligands on the parasite (Ueno &
Wilson , 2012).These include the complement receptors CR1 and CR3, the
fibronectin receptor.

An essential prerequisite for an intracellular pathogen to establish infection
Is to traverse the host plasma membrane (Kumar et al ., 2016). Internalization
of extracellular matter into the cellular interior is a complex, multistep process
involving a concerted interplay between a large number of membrane-
associated cellular components. In this context, we previously explored the
role of host membrane lipids such as cholesterol and the underlying actin
cytoskeleton in the entry and infection of Leishmania donovani using multiple
complementary approaches (Kumar et al., 2016) . The complexity involved in
the process of internalization of pathogens is confounded by the multiplicity

in pathways of phagocytosis exploited by the parasite. The major pathways
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implicated in internalization include clathrin- and caveolin-mediated
endocytosis (Robinson , 2015). Although there appears to be an inherent
redundancy in the membrane receptors implicated in the entry of different
pathogens into host cells (Nish& Medzhitov, 2011).

Biomarkers play a vital role in the aforementioned challenges by
expanding the follow-up of patient information including immune status,
determining patient response to treatment, as well as epidemiological
feedback, exposure of humans and animals to vectors, and reservoir hosts
model (Ibarra-Meneses et al., 2020). Some macrophage-secreted cytokines
are considered indirect biomarkers for leishmaniasis infection, including IFN-
v, TNF-a and IL-10 (Kip et al.2015). Recently, leishmaniasis investigation in
humans has been associated with the detection of several biomarkers,
including TNF-a, and/or other circulating proteins (Bosch-Nicolau et
al.2019).

1-2.Aims of the study:

1-Epidemiological study of L. donovani in Al-Diwaniyah governorate.

2- prevalence of L. donovani in some governorates of Irag.

3- Isolation the L. donovani in culture .

4- Molecular diagnosis of the L. donovani.

5- Determine the levels of some cytokines and studied as potential biomarkers
of VL disease.
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2. Literature view:
2.1. Overview of Leishmania:

Leishmaniasis is a neglected tropical disease NTD. More than one billion
people are at risk of contracting this disease in all continents. This disease
may debilitate many people and prevent them from living a decent life and
preventing productive work properly (Wamai et al., 2020). The physicians
Leishman and Donovan were the first to describe the visceral leishmaniasis
pathogen at 1903, it is found in stained smears from the spleen of infected
patients who showed symptoms of a disease similar to malaria, and later they
called it Leishmania donovani (Bessat et al., 2015).

Leishmaniasis is a protozoan disease occurring in most tropical and
subtropical countries worldwide and acquired through the bite of infected
sand flies. The parasites causing is leishmaniasis may live and multiply in
humans, domestic or stray dogs, and rodents, Multiple strains of the parasite
exist, each of which may result in different disease manifestations (Al-Kattan
and Al-Hayali, 2021).

The current epidemiological statistics indicate that there are 12-15 million
cases of leishmaniasis around the world, one to two million new cases are
recorded annually. Visceral leishmaniasis is estimated in 500 thousand new
cases annually and that 70 thousand of these injuries lead to death (Iddawela
et al.,, 2018). Leishmania are sand fly-vector parasites that appear as
intracellular amastigotes multiplies inside the phagolysosomes of mammalian
and as extracellular flagellated promastigotes either in the culture or in the gut
of the sand fly (Rahi et al., 2013).

Leishmaniasis is becoming more common worldwide because of
urbanization and vector distribution. Recently, some studies discussed the
crucial role of travelling between endemic and non-endemic areas and the
possibility of production of new Leishmania hybrid (Sabzevari et al., 2020).

Currently, the World Health Organization (WHO) recognizes leishmaniasis

>[a <



CHAPTERTWO ...l LITERATURES REVEW

amongst the nine most important tropical and subtropical diseases occurring
in all continents: Africa, Americas, Asia, and Europe (Torres-Guerrero et
al., 2017). The disease transmission cycle for this group is very complex due
to the many species of Leishmania parasite. circulating in different types of
mammals by the bite of Phlebotomies. Humans are an incidental host and
become infected when bitten by a female vector in searching for a blood
(Ovalle-Bracho et al., 2019).

2.2. History of Leishmaniasis:

One of the earliest known epidemics of L. donovani infection (kala-azar as it
was called in Hindi) was known in India just after the Indian Rebellion of
1857. The first medical record was however only in 1870 by British medical
officers from Assam. In 1900, an English soldier stationed at Dum Dum,
West Bengal, died at the Army Medical School in Netley, England cited by
(Roy, 1900).

The autopsy was performed by William Boog Leishman. He processed the
tissue sample of the enlarged spleen using a staining technique (now known
as Leishman's stain) which he had just developed, and discovered the
protozoan parasites using microscopy. But he mistakenly considered the
parasites to be degenerate trypanosomes, already known protozoan parasites
in Africa and South America (Vincent, 2017).

Another British medical officer Charles Donovan, who was serving in the
Indian Medical Service, had found the parasites in April of which year at the
Government General Hospital in Madras. After reading Leishman paper,
Donovan confirmed on 17 June that the parasites (by then known as
"Leishman bodies™) were definitely the causative agents of Kala-azar. He
wrote a commentary of his discovery in relation to that of Leishman in the
same journal using the same title as that of Leishman’s that appeared on 11

July 1903 (American Society for Microbiology, 2014).
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Soon a controversy arose as to whom such a monumental discovery

should be credited. Donovan sent some of his slides to Ronald Ross, who was
at the time in Liverpool, and to Alphonse Laveran at the Pasteur Institute in
Paris. Laveran and his colleague Félix Mesnil identified the protozoan to be
members of Piroplasmida, and gave the scientific name Piroplasma donovani
cited by (Roy, 1900).
Ross was resolved the conflict of priority in the discovery and correctly
identified the species as member of the novel genus Leishmania. He gave the
popular name "Leishman-Donovan bodies”, and subsequently the valid
binomial Leishmania donovani, thereby equally crediting the two rivals
(Dutta, 2008).

2.3. Classification of leishmania

Honigberg is considered the first to create a website to classify the parasite,
which was amended in 1966. He developed a more precise classification in
1980, where modern methods of classification were identified, including
serotype classification, enzyme analysis, and analysis of the magic story of
DNA (Al-Qadhi, 1995). The classification of the parasite depends on
Sequence of the transcript of nickel-acid and isoenzyme (Chappuis et al.,
2007).

Domain: Eukaryota
Kingdom: Protista
Subkingdom:Protozoa
Phylum: Sarcomastigophora
Subphylm:Mastigophora
Class: Zoomastigophora
Order: Kinetoplastida
Suborder: Trypanosomatina
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Family: Trypanosomatidae

Genus: Leishmania

The beginning of the classification of the Leishmania parasite was
based on several criteria, including the parasite vector, clinical manifestations,
antigenic characteristics, and geographical distribution (Annne-Laure 2008).
Clear differences have emerged between Leishmania spp. , they cannot be
distinguished based on their shape or appearance, as the diversity depends on
several factors, including the difference in geographical distribution and
behavior of the parasite in humans, the difference in the endemicity of the
disease and the areas where it is found, as well as the type of animal that
stores the parasite and its transmission by different types of insect
(Rassam and Al-Mudhaffar, 1997). The genus Leishmania was classified
into two subgenus Subgenera, one of which is Leishmania and the other is

Viannia, based on evolutionary relationships (Requena et al., 2012).
2.4. Life cycle:

Visceral leishmaniasis (VL) is a vector-borne disease caused by
replication of parasites in macrophages, mononuclear phagocytic system. The
Leishmania has a digenetic complex life cycle with an extracellular
developmental stage in the insect vector, a female phlebotomine sandfly
(Lievin-Le and Loiseau, 2016) and a developmental stage in mammals,
which is mostly intracellular. The parasite undergoes major morphological
and physiological transformations during the different stages of its life cycle.
Phlebotomine female sandflies are dipteran insects within the family of
Psychodidae. The transmission of leishmaniasis is attributed to about 70 of
around 1000 known sandfly species Those belonging to the genus Lutzomyia
are prevalent in the New World and those belonging to the genus

Phlebotomus are prevalent in the Old World.
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Phlebotomine sandflies are nocturnal, and in fact they become active at dusk
when the temperature drops and humidity rises, and seek out dark and humid

places that allow it to survive in hot and dry climates (Murray et al., 2005).

The phlebotomine sand fly acts as a vector for Leishmania, so it needs it not
only to complete its life cycle, but also to reproduce.

There are many adaptations like secretion of phosphoglycans, which protect
the parasite from digestive enzymes; production of chitinases that degrade the
stomodeal valve of the sandfly, secretion of a neuropeptide that arrests midgut
and hindgut peristalsis; and attaching to the midgut to avoid expulsion
(Kamhawi, 2006). In sandflies, development of the parasite occurs in the
alimentary canal with the formation of a motile, flagellated and elongated
form termed as promastigote. The promastigote multiplies and matures in the
insect midgut into an infective metacyclic form which migrates to its
proboscis. When sandflies bite mammalian host for blood meal the metacyclic
promastigotes reach the punctured wound (Tripathi et al., 2007). A typical
inoculation contains about 100-1000 promastigotes. Once inside the host they
quickly get phagocytised by leucocytes, particularly macrophages, neutrophils
and dendritic cells. The parasites which are internalized by these cells through
phagocytosis are trafficked to endosomes and lysosomes. The resulting
phagolysosome, also called parasitophorous vacuole (PV), is an acidified and
hydrolytically active compartment where the Leishmania is not only capable
to survive but also to multiply (Antoine et al., 1998). Then they immediately
undergo a further morphological change by shedding its flagellum and taking
on an ovoid shape hence termed ‘amastigote’ and possibly a metabolic change
with a switch to anaerobic metabolism under acidic conditions found chiefly
in the phagolysosome compartment. The parasite’s persistence in such a
hostile environment is attributed to its differentiation in amastigotes, which
resist to macrophage hydrolases (Desjardins and Descoteaux, 1997).

Phagocytic cells are ruptured by amastigotes to further infect other cells, thus
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eventually damaging the whole reticuloendothelial system and to sustain the

development (Sachdeva, 2016).
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Figure (1): Schematic representation showing the life cycle of Leishmania

2.5. The Reservoir host:
There are two epidemiological types of leishmaniasis:

first: a zoonotic disease

The infection is transmitted from animals to humans by sand flies, and the

animal is a reservoir host for disease
Second: Anthropontic disease

The infection is transmitted from one person to another through the sand fly,
and the person is a reservoir host for the disease (WHO, 1996). The reservoir

host varies according to regions and their differences.


https://www.cdc.gov/parasites/leishmaniasis/biology.html
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Humans are the reservoir host of the disease in India and Bangladesh, while
wild and domestic dogs are reservoirs of the disease in Jordan, Tunisia,
Algeria, Libya, Iran, and in some countries such as Yugoslavia, rodents are
also the reservoir of the disease, as domestic rats play a role to maintain
Leishmania (Anderson et al., 1989) also to maintain the transmission cycle of
Leishmania (Lemma et al., 2017).

Leishmania infantum has been isolated from the blood of bats, although there
are few studies conducted on flying animals to confirm that they are a
reservoir host (Kassahun et al., 2015; Berzunza-Cruz et al., 2015) (Table
1).

(Table 1) Reservoir hosts of human leishmaniasis in some endemic countries

(Alemayehu and Alemayehu, 2017).

Region | Countries Reservoir hosts
North Africa, central and west Asia Dog, human, rodent
Ethiopia, Kenya Rodents, dog, domestic animals,
bats, human, rock hyrax
Indian  subcontinent, (India, Nepal, | Dog, human, rock hyrax, rodent
Bangladesh) and east Africa
Mediterranean basin, central, west Asia | Dog, fox, rodent, human
and west Africa
0Old world | Europe Dog, fox
New Argentina, Belize, Bolivia, Brazil, Colombia, | Dog, cats, rodent, marsupials,
world Costa Rica, Dominican, Ecuador, El | anteater, fox, monkey, coati, sloth,
Salvador, French Guyana, Guadeloupe, | armadillo, porcupines, kinkajou,
Guatemala, Guyana, Honduras, Martinique, | raccoon, red squirrel
Mexico, Nicaragua, USA, Venezuela,
Paraguay, Peru, Surinam, Panama
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2.6. The vectors

The sand fly is the main vector of the Leishmania parasite. This insect
belongs to the order Dipetra, family Psychodidae, subfamily Phlebotominae,
genus Phlebotomus in the Old World and the genus Lutzomyia in the New
World (Kilic et al, 2008). In 1942 a researcher Bern and Chowdhury(2006)
demonstrated the transmission of visceral leishmaniasis by Phlebotomus
argentipes to a human volunteer in South Asia.

The sand fly insect is characterized by small size, which ranges between 2-3
mm. The body and wings are covered with thick hair, and the mouth parts
have blade-like incisor organs. It can't fly long distances, life cycle takes 5-9
weeks, females feed on the blood of vertebrate animals and humans, while
males on plant sap (Rutledge and Gupta 2009). When a sand fly feeds on the
blood of a vertebrate host, the insect secretes its saliva into the host’s skin.
This saliva contains anticoagulants and compounds that dilate blood vessels
that increase blood bleeding (Charlab et al., 1999). 14 species of sand flies
were recorded in Irag, and only two species were found that feed on human
blood, Phlebotomus papatasi and P. alexandri (Abu-Al-Hub and Al-Hashimi,
1988).

17 species of the genus Phlebotomus were also recorded, the most
widespread of which is P. paptasi. This species is considered the most
important from a medical standpoint and is the appropriate carrier of visceral
leishmaniasis in Iraq (Sukkar, 1985)
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Figure(2) shows a sand fly insect (https://www.saudiwildlife.com)

2.7. Epidemiology
2.7.1.0f Leishmania donovani in the world:

The epidemiology of leishmaniasis is dynamic, and the disease is
reappearing and spreading in many regions (Dujardin and Decuypere,
2013). There is an estimated 0.5 new cases of visceral leishmaniasis and
annual deaths amount to 59,000 cases of the same disease, and it is the second
disease after malaria in deaths worldwide due to infection with the parasites
elementary (Solano - Gallego et al., 2011) . Leishmaniasis has spread widely
throughout the world, spreading to approximately 82 to 88 countries
(Molyneux, 2006). Statistics indicate that there are 12 million cases in the
world includes two million new cases recorded annually and is divided into
0.5 million cases of visceral leishmaniasis and 1.5 million cases of cutaneous
leishmaniasis (Markle and Makhoul, 2004).

Murray (2005)noted that about half of the cases of visceral leishmaniasis of

the world is in India, especially in the eastern parts, while the cutaneous form
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is widespread in Western parts and the most important health problem in
Sudan is the spread of black fever, especially in the central and eastern
regions (Zijlstra and El-Hassan, 2001). Approximately 90% of black fever
cases are found in India, Bangladesh, Brazil, Nepal and Sudan (WHO, 2010).

2.7.2. Epidemiology of Leishmania donovani in the lraq:

Sukkar (1974) recorded 261 cases in the central regions of Irag, most of
them in rural areas. He explained that the disease spread widely among the
poor classes, Reports at the Center for Communicable diseases and the
Institute for endemic diseases in Baghdad recorded an increase in cases of
black fever during the period (1971-1988). Then infections began to decline
during the period (1995-1989), and the annual report stated the Ministry of
Health in 2000 that the increase in infections over the years, which caused a
serious health problem in the country, led to conducting a number of research
and studies on this disease and finding out the best ways to control it, as well
as the effect of the presence of dogs, rodents and animals and others on the
spread of this disease (Abdel-Nabi et al., 2009).

2.8. Pathogenicity of leishmania donovani

The process of the parasite's effect on the host occurs after the anterior
flagellar form of the Leishmania parasite is introduced into the vertebrate host
through the bite of a female sand fly, and the flagellar form connects or comes
into contact with phagocytic cells spread under the skin Vidyashankar
(2002) hypothesized that the mechanism of flagellar association with the
phagocytic cell depends on the presence of two surface molecules.
Lipophosphoglycans in the parasite play a prominent role in the attachment

process, and it appears that the outcome of infection with the parasite depends
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on a complex interaction between the severity of the parasite infection and the
host’s immune response, the incubation period of the disease takes several
months, but usually may last up to ten years. Vidyashankar (2002)the
infected macrophage cells spread the disease to all parts of the body,
depending on the type of leishmaniasis and the disease it causes. These
infected cells explode, releasing parasites that can reach to the liver, spleen,
and bone marrow, visceral leishmaniasis occurs, which is characterized by
symptoms that begin with intermittent fever and chills that last for several
weeks. This disease often goes dormant or is suspected with Malaria and the
patient also suffers from emaciation and fever Hepatospleenomegale, as well
as an enlarged abdomen (Bern and Chowdhury, 2006; Kilic et al., 2008;
Orsini et al., 2012).

The severity of the disease varies depending on the immune status of the
host and the type of parasitic infection that may remain confined to the skin in
the case of cutaneous leishmaniasis Known types or it infects the mucous
membranes of the mouth and nose in the case of mucocutaneous
leishmaniasis or it spreads to the reticular lining systems as in the case of
visceral leishmaniasis (Grevelink and Lerner,1996). The most important
changes that occur in the blood due to visceral leishmaniasis are a decrease in
the number of white blood cells. This is due to a decrease in granulocytic
white blood cells (WBC) and a decrease in the number of red blood cells with
a decrease in hemoglobin and an increase in the rate of erythrocyte
sedimentation (ESR) and an increase in the ability to break down red blood
cells (RBC), as well as a decrease in platelets (PLT). In advanced cases of
infection, a defect in liver function occurs as a result of the parasite infecting
most liver cells, which leads to a decrease in the production of prothrombin,
thus Severe bleeding in the mucous membranes ((Brito et al., 1975). There
are other changes from low levels of albumin in the blood to high levels of

immunoglobulin such as IgG (Al-Orainey et al., 1994).
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2.9. Visceral leishmaniosis Kala-azar (black fever):

The most dangerous form of leishmaniasis is called Kala-azar. Infection is
caused by the parasite L.infantum, in the Old World, infecting millions of
people around the world (Bhattacharyya et al., 2014). The main cause of

infection in South America is the parasite L. chagasi. The reservoir hosts for

this parasite are dogs (Lainson,1997). Infection with this type is called black

fever or kala-azar, and it is called Dum Dum fever. It is one of the fatal
diseases (WHO, 2004). Its incubation period is from (3-6) months and
sometimes from months to years. It affects the internal organs, especially the
spleen and liver. and bone marrow, and in this way, it differs from the
cutaneons Leishmaniasis (WHO, 2000). (WHO, 2004) explained that this
disease is a fatal and lethal disease, and its symptoms are irregular fever, loss
of appetite and weight loss, in addition to Hepatosplenomegaly and the result
of the enlargement occurring in both organs leads to Abdominal bloating. It is
also accompanied by cough, diarrhea and a deficiency of white blood cells
(leukopenia), in addition to the previous symptoms, as mentioned by
(Vidyashankar, 2002), as well as hair loss and the skin in the area of the
hands, feet and abdomen turning dark, which is why it is called black fever.
The patient ends up dying within (6-24) months due to liver collapse. And the
entire spleen (WHO, 2002). (Laurenti et al., 2013) indicated that this disease
was endemic in Iraq, especially in Baghdad Governorate, in 1991, and it

spread to other governorates (Dhi Qar, Maysan, and Basra).

The moderate infections usually self-heals and often if untreated is fatal,
secondary bacterial infection usually causes the mortality additionally to

Immunosuppression, hemorrhage and severe anemia (Khan et al., 2015).

In some cases, Post Kala-azar Dermal Leishmaniasis (PKDL) a skin
condition that occurs after treatment of visceral leishmaniasis due to

Leishmania donovani. The disease characterized by patches of pustules or a
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nodule-like rash, especially around the mouth. PKDL generally seen in Africa
and India as a late complication of visceral to Leishmania donovani and

infrequently Leishmania infantum (Zijlstra, 2016).

PKDL develops after 6 months and occasionally more than 5 years next the
incidence of previous visceral, about 15% of cases do not show the prior
Kala-azar infection. It can diagnosis via slit-skin smears, culture or
polymerase chain reaction. The clinical appearance is papular, macular or
nodular lesions (Gedda et al., 2020).

2.10. Diagnosis

The diagnosis of visceral leishmaniasis is complex from a clinical
standpoint because it is similar to and overlaps with a group of other diseases
that commonly occur, such as malaria, typhoid fever, and tuberculosis. Many
of these diseases can be present along with visceral leishmaniasis, so that it is
not possible to be certain that the person is infected. With black fever, these
diseases also affect the liver, spleen, bone marrow, and lymph nodes, which
are the same organs that are affected by black fever, thus increasing the

complexity of the diagnosis process (Shyam and Rai, 2002).

The initial diagnosis of the disease is based on the clinical symptoms of the
disease, which are characterized by fever and involvement of the liver and
spleen, loss of appetite, cough, weight loss, anemia, and low blood cell counts
white blood cells and platelets, an increase in immunoglobulin, and a decrease
in albumin in the blood (Berman, 1997).

There are many different tests with different specificities and sensitivities
available to diagnose visceral leishmaniasis, but later became less popular in
regions the disease is endemic, and that a small number of them are not
commercially available, or in general, they are expensive and require people
with experience and skill, as well as expensive equipment, and require a high-

tech laboratory to diagnose visceral leishmaniasis can be summarized as
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follows: (a) Viewing the parasite using an optical microscope during the
histological examination process or causing experimental infection in animals
or what is called inoculation animal (b) Detection of the DNA of parasites
found in the infected person (c) Immunological diagnosis through the
detection of antibodies in tissues, blood, or urine sample by specific antigens

from the Leishmania parasite (Shyam and Rai, 2002).

The method of diagnosing visceral leishmaniasis is usually by observing the
parasites in the spleen or bone marrow, and aspirating the parasite is done by
aspirating the spleen and bone marrow or by testing skin, but the usual test is
always the direct agglutination test (Deoxyribonucleic acid), and these tests
can only be performed in a small number of central laboratories, and people
have been equipped and trained for this purpose (Shyam and Rai, 2002), It
has provided test development polymerase chain reaction (PCR) is an
effective method for applying molecular biology techniques in diagnosing
leishmaniasis in the early years, the PCR test established diagnostic methods
with a high range of sensitivity and specificity that have a high ability to
detect the pathogen (Adhya et al., 1995; Andresen et al., 1997). Many
serological techniques are based on the detection of antibodies, and the
specificity of each antibody depends on the antigen represented by the
presence of the parasite, and the latter is what stimulates the infection
producing a wide range of antibodies that target or attack genus or species of
various diseases, including visceral leishmaniasis. Therefore, allergies can It
depends on the test or method of action, but the specificity depends on the
antigen rather than the serological method of action used in the test. In most
clinical tests, sensitivity and specificity data are compared against parasites in
different tissues traditional methods for detecting antibodies also include gel
diffusion and complement fixation complement fixation, indirect
hemagglutination test, IFAT test, and immunoelectrophoresis test (WHO,
1996; Albrecht, 1998)
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2.10.1. Immunochromatographic strip test rK-39

The current diagnostic test is known by several names, including the rapid
diagnostic test, the rK-39 test, or the Dipstick test. This test includes detecting
antibodies using the rK-39 antigen protein for the Leishmania parasite. The
rK-39 strip test has been developed for use with serum for people who are
likely to be infected but the test is routinely done with blood at the community
level in affected countries because there are no facilities to extract serum from
blood (Matlashewski et al., 2013). This test is one of the modern and rapid
experiments to diagnose visceral leishmaniasis using the rK39 antigen, the
latter of which consists of 10 amino acids, as these acids represent the main
component of the parasite’s protein, and the interaction occurs between the
antibodies in the patient’s serum and the antigens fixed on the rK39 test strip
(Singh et al., 1995). In this test, a strip composed of a cellulose membrane
was used, consisting of two parts or lines. The first line is known as the test
line and is covered with the rK39 leishmania antigen. The second line is
known as the control line and is covered with chicken protein A, which binds
to a reagent dye. When the strip is exposed to the sample to be examined
Serum, for example (a connection occurs between the components of the
blood and the dye, and as a result of the capillary action, the contents of the
serum will move upward until it reaches the test line containing the antigen. If
the serum contains specific antibodies, they react with the rK39 antigen,
giving a red line on the strip due to the reagent dye that adsorbs with Immune
complexes This represents a positive result for the examination and the color
appears in varying degrees depending on the concentration of antibodies in
the serum. Patients’ urine is also used to investigate the presence of antibodies
against the parasite antigen. (Sarkari et al., 2008). This test has high
sensitivity and specificity in South Asia, but less sensitivity in East Africa,
which may be one of the underlying reasons for the difference in a specific

continent due to the molecular diversity of the rK39 antigen within the
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visceral leishmaniasis L.donovani complex. However, the second reason may
be the difference in the levels of IgG antibodies. Against Leishmania parasite
in patients with Kala-azar who belong to different geographical areas either

due to antigenic changes or immune response (Bhattacharyya et al., 2014) .

2.10.2. Culture:

The culture is performed through the inoculation of the triturated tissue in
special media. Leishmania is cultured in Novy—McNeal-Nicolle medium
(currently called “N-N-N medium”) or in a variant of the Evans biphasic
medium (Murray et al., 2005). In the first culture, forms devoid of flagella
are almost always obtained, but from the first re-seeding onwards flagellated
forms appear which reach up to 50 um long. Both techniques (microscopic

exam and culture) have a sensitivity of 85% (Ramirez et al., 2000).

2.10.3. The culture media:
Novy-MacNeal-Nicolle (NNN) medium:

It is a specialized culture medium used for the cultivation of Leishmania
parasites. It provides an environment rich in nutrients and supportive
conditions for the growth of these parasites. The medium is particularly
designed to simulate the conditions found in the midgut of sandflies, which
are the natural vectors for Leishmania. NNN medium typically contains a
blood agar base. Agar is used as a solidifying agent, and the base provides a
foundation for the medium. The medium includes blood, usually from a
mammalian host, to provide essential nutrients for the Leishmania parasites.
Rabbit blood is commonly used. Antibiotics are often added to the NNN
medium to prevent the growth of bacteria and fungi that could compete with
or contaminate the Leishmania culture. The medium is often overlaid with a
liquid phase to create a semi-solid environment. This mimics the conditions in
the midgut of sandflies, where Leishmania parasites naturally reside. The pH

of the NNN medium is buffered to maintain a stable and suitable environment
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for the growth of Leishmania. The pH is typically kept around 7.2 to 7.4 (Dos
Santos et al., 2018).

2.11. Immune response to Leishmania parasite:

The successful elimination of Leishmania parasites from an infected host
relies on the coordination of different key players of the host immune system.
As the promastigotes enter into the blood stream following a sand fly bite,
until the amastigotes reside within the macrophages, the tussle between the
eradication of parasites and establishment of disease will be somewhat
decided by the ability of Leishmania to modulate and/or evade host immune
defenses. The components of host defense that are necessary for parasite
clearance include elements of the innate and adaptive immune systems
(Ikeogu et al., 2020).

2.11.1 Cytokines:

The term Cytokines is of Greek origin (Cyto means cell and Kines means
movement) they are soluble extracellular protein signals that work to transmit
instructions to other cells they act in several ways either paracrine, autocrine,
juxtacrine, endocrine, or Intacrine through its interaction with its receptors
(Balkwill, 2000), cytokines affect cells that function in a paracrine manner or
act as endocrine glands by affecting the cell itself autocrine, cytokines are
considered the backbone of the immune system because they participate in
cell growth and activity as they work to attract cells to the site of infection,
and not all of them are considered peptides pleiotropic regulatory effect,
which is secreted by nucleated cells and has an influential role on other
hematopoietic cells and participates in repair processes (Mahajan and
Mehata, 2006).

(Kumar and Parkash, 2011) confirmed that cytokines are a group of

multiple proteins produced by several different cells in the body in response
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to injury to the target cells are exposed, it is necessary to estimate the level of
cytokines to understand the body’s immune reaction, know the immune status
of the infected person, and understand the severity of the disease.

Cytokinesis consists of ten subgroups:

Lymphokines, interferons, colony stimulating factor, interleukins,
polypeptides, tumor necrosis factor, transforming growth factor, B-
chemokines- Lymphokines, interferons, colony stimulating factor,
interleukins, polypeptides, tumor necrosis factor, transforming growth factor,
a-chemokines-alpha, b-chemokines -beta, and stress proteins, but they are not
considered hormones, growth factors, or neurotransmitters, but rather similar
to them, as their work is not limited to the immune system only. They also
participate in communication between cells in the stages of embryonic

development (Kumar and Parkash, 2011).

2.11.2. Interleukins:

They are soluble mediators that control many vital processes in the immune
system of immune cells (Oppenhein & Ruscetti, 2001). There are more than
25 types of them, as they branch from a large family of proteins that call for
cytokinesis (Coico , 2003).

2.11.2.1. Interleukin 2 (I1L-2):

Interferon-gamma is used to control visceral leishmaniasis (VL) caused by
Leishmania donovani anti parasitic CD4+ T-cell responses in VL patients are
ineffective for unknown reasons. GATA3, RORC, and FOXP3 showed low
gene expression in VL patients, associated with reduced Th2, and Th17 in VL
patient blood.

IL-2 is an important regulator of CD4+ T cells in VL patients, and studies
have shown the possibility of using IL-2 as a treatment to improve immunity

against parasites (Chauhan et al., 2019).
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Sera from nine Sicilian patients with confirmed visceral leishmaniasis
showed that IL-2 is a marker of disease activity (Vitale et al.,1992), since it is
in high concentration at the beginning of infection and returns to the normal
range following successful chemotherapy. At the same time of serum analysis
for IL-2 of VL patients were stimulated with phytohaemagglutinin. IL-2 may
be necessary for both the production of IL-4 and differentiation of Th2 cells,
the possible contribution of IL-2 to progressive infection was examined. Four
weekly injections of anti-1L-2 cured more than 80% of BALB/c mice infected
with L. maior, as determined by diminished footpad swelling and decreased
numbers of parasites in infected tissues (Heinzel et al., 1993). Anti-IL-2R
demonstrated a similar protective effect when administered twice weekly for
4 wk. Anti-IL-2-mediated cure of cutaneous leishmaniasis was associated
with increased IFN-gamma and decreased IL-4 production by regional lymph
node cells compared to untreated BALB/c mice with progressive illness. IL-2,
IL-4, IL-6, IL-10, IL-17, IFN-y, TNF-a, and IL-1p were investigated in 75
Leishmania-positive blood donors living in endemic areas. Significant
differences were found for all the cytokines evaluated, with lower
concentrations in consistently Leishmania-negative individuals. The
exception was IFN-y, with similar levels among all donors. No changes
consistent with active disease were observed in the laboratory results for
Leishmania-positive donors who underwent clinical evaluation, none of
whom progressed to disease (Franca et al., 2020).

2.11.2 .2. Interleukin 10 (IL-10):

Interleukin (IL-10) was first described as a cytokine synthesis inhibiting
factor (CSIF); This is because it is able to suppress cellular motility produced
by the main T cells (Fiorentino et al., 1989), which is a homodimer protein ),
consisting of 160 amino acids (Opal and De Palo, 2000) It has a receptor
composed of two subunits, namely the a-chain (IL10-R1) and the beta chain
(IL-10R2) (Wolk and Sabat, 2006), as it is produced by a group of diverse

>[a <
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cells, including B cells (Fillatreau et al., 2002) (B-cell), and T cells,
especially regulatory (T-regs), as well as T-cell subsets (T-subset) (Ouyang et
al., 2011), in the beginning T helper type 2 cells (Th2 It produces interleukin
(IL-10) (Gazzinelli et al., 1992), but it has recently been shown to be
produced by T helper type 1 (Thl) cells (O'Garra and Vieira, 2007). It is
also produced by monocytes and macrophages (Edward et al., 2006), and
dendritic cells (DCs) (McGuirk et al., 2002), it is an anti-inflammatory
cytokinetic with an immune regulatory function for various immune cells
(Saraiva and O'Garra, 2010), effectively preventing the production of a
number of cytokines’ cellular activity stimulated by the activation of
macrophages and monocytes, as it often has synergistic activities on pro-
inflammatory pathways. In addition, it prevents the production of
chemokines, which participate in inflammation. This is through the
recruitment of monocytes and neutrophils, as well as T cells and dendritic
cells (Moore et al.,, 2001). In addition to inhibiting the production of
cytokines, interleukin (IL-10) inhibits the expression of the major
histocompatibility complex class Il (MHCII) and monocyte adhesion
molecules, and thus it contributes to suppressing the immune response of Thl
helper cells (deWallMalefyt et al., 1991).

2.11.2. 3 Interleukin 12 (IL-12):

The predominant Thl cytokine that drives IFN-y mediated cell activation
necessary to control intracellular organisms like Leishmania. Leishmania
entry into host cells is receptor mediated. These parasites are able to engage
numerous cell surface receptors (1), including scavenger receptor (CD163)
(Schonlau et al., 2000). The mannose receptor (2), Toll-like receptors 2, 3,
and 4, Fc receptors (FcR) and complement receptor 3 (CR3, Mac-1,
CD11b/CD18). Leishmania can bind CR3 directly as well as through C3bi

deposition on the parasite surface. Utilization of CR3 may allow Leishmania
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to evade innate immune responses such as production of reactive oxygen
intermediates (Balestieri et al., 2002).

Interestingly, ligation of CR3 via antibodies in the absence of any
infection has been shown to inhibit interleukin-12 (IL-12) production and
suppression of T helper 1 immunity. Leishmania circumvent both innate and
adaptive immunity through CR3 engagement. This model of receptor
engagement to down-modulate host IL-12 mediated immunity may account
for similar effects on MP function following infection with such diverse

pathogens as viruses (Butcher, and Denkers, 2002; Xu, et al., 2001).

2.11.2. 4. TGF-beta (TGF-b):

The transforming growth factor plays an important role in development
and chronicity of CL lesions at least in animal models of Leishmania
infection. TGF-B is potent immunosuppressive cytokines, which act via
distinct pathways to modulate excessive immune responses and
immunopathology in allergy, autoimmunity, and infectious disease. TGF-3
have inhibitory effects on macro- phages which are the main targets of
Leishmania, reduce their ability to Kkill the parasite and their antigen
presentation to effector T cells. It regulates effector T cells directly via
inhibiting their proliferation and cytokine production. Secretion of TGF-f is
important mechanisms of regulatory Tcell mediated immune suppression.
Several studies on new world CL have revealed that TGF-p are associated
with chronic forms of the disease or long-lasting
atypical lesions (Hejazi et al., 2012).

Gamma-interferon are produced by T helper-1 cells, which dominate cell-
mediated immunity, usually increases the host ability to resist disease while
susceptibility and disease progression are mostly associated by the T helper-2
type of immune response. Leishmania and regardless of the different clinical

presentations in each, resistance as well as recovery are linked to Th1l type of
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response dominancy while case deterioration is linked to Th2 type of response
dominancy.5 In addition, suppression of cellular immunity (Thl response)
that results in a negative leishmanin skin test is a major characteristic of
visceral leishmaniasis. Intracellular killing of leishmania parasites by
interferon gamma-activated macrophages is the main mechanism for control
of visceral leishmaniasis by both adaptive and innate immune responses
(Elmekki et al., 2016).
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3.Materials and methods

3.1. Materials

3.1.1. Equipments and Instruments

......... Material Methods

Table (3-1): The equipments and Instruments that used in this study with their
companies and countries of origin:

No. Equipment & instrument Company

1 Autoclave (Taiwan)

2 Camera Samsung /China

3 Centrifuge Hitachi (Japan)

4 Cover slides Sail Brand (China)

5 Deep freeze Sturdy Forma scientific

6 Disposable syringe 10 ml Sterile EO / China

7 Distilled water Iraq (Iraq)

8 EDTA tube Jinsha (China)

9 Electrophoresis Bioneer/ Korea
10 Eppendorf tubes Bioneer/ Korea
11 Exispin vortex centrifuge Bioneer/ Korea
12 Gel tube Jinsha (China)

13 Glass wares(beakers) Hysil (U.K)

14 Coplin jar Glasswerks (U.K)

15 High Speed Cold centrifuge Eppendorf /Germany
16 Hot plate Stuart (England)

17 Incubator Memmert (Germany)
18 Light microscope Olympus (Japan)

19 Mlcroplll)g‘g_elsofz)-gﬁl, 0.5-10, Eppendorf/ Germany
20 Micro-plate washer BioTeK (U.S.A.)

21 M‘“E’gger‘;rﬂl?itli;‘;ader BioTeK (U.S.A.)

22 Nanodrop THERMO/ USA
23 Oven Memmert/Germany
24 Plastic containers Kaeaho (Russia)

25 Printer Epson (U.S.A)
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26 Refrigerator Concord /Lebanon
27 Sensitive Balance Sartorius/Germany
28 Slides Sail Brand (China)

29 Thermocycler PCR BioRad /USA

30 Tip filter (different volumes) Capp (U.S.A)

31 Vortex CYAN/ Belgium
32 Water Bath Memmert/Germany
33 Wooden sticks Superme (China)

3.1.2: Chemicals

Table (3-2): the chemicals with their companies and countries of origin used

in this study:

No. Chemical Company and Origin
1 10X TBE buffer BIO BASIC INC/ USA
2 Absolute ethanol (96%) Himedia (India)
3 Agarose Promega (USA)
4 DNA ladder (100bp) Biolabs/ UK
5 | Ethidium bromide 10mg/ml BIO BASIC INC/ USA
6 Giemsa stain Jourilabs (Switzerland)
7 Nuclease free water Bioneer/ Korea
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3.1.1.Kits

Table (3-3): The Kits used in this study with their companies and countries of

origin:

No. Kit Company Country
1 gSYAN DNA Extraction Kit Geneaid Taiwan
GST buffer
GSB buffer
W1 buffer

Wash buffer

Elution buffer

GD column

Collection tube 2ml

Proteinase K 11mg

2 Maxime PCR PreMix iNtRON Korea

Taq DNA polymerase

3.1.4.Primers

The PCR primers for confirmative detection of Leishmania donovani based
kinetoplast DNA minicircle was designed in this study using NCBI-Genbank
sequence (AF129739.1) and primer 3 plus and these primers were provided

by (Macrogen company, Korea) as following table:

PCR
Primer Sequence 5'-3' product
size
KDNA F ATGAACGGGGTTTCTGCACT
Leishmania 562bp
donovani R TGGTTGGTGATGTTGTTTGGG




CHAPTERTHREE .........ccoo i Material Methods
3.2.Methods

The study included (332) samples, and it dealt with two axes, the first of
which was the epidemiological study in Al-Diwaniyah Governorate. Among
the participants were 276 people, and 18 of them were detected infected
through the rapid screening test (1.C.T). The second axis was a study of 56
cases collected from different hospitals in Irag, who were diagnosed through
two laboratory tests that included a rapid immunological examination and an
indirect fluorescent antibody test (IFAT). In addition to the clinical signs and
symptoms, which were evaluated by the consulting medical staff and included
in most cases: the presence of long-lasting intermittent fever, large abdominal
size, loss of appetite, splenomegaly, hepatomegaly, loss of weight and
appetite, pale and darkening of the skin, jaundice, anemia, Cough, fatigue,
vomiting). And (60) healthy people not infected with visceral leishmaniasis,
aged between (9-65) years, during the time period extending from March
(2023) to December (2023).

3.2.1. Blood sample collection
Three hundred thirty- two (332) blood samples were collected, including 56

samples collected from various Iraqi hospitals that were diagnosed by a
specialist doctor, and (276) random blood samples from Al-Diwaniyah
Governorate that were examined using an immunochromatography test
(I.C.T). A venous blood sample was drawn from each patient suspected of
having visceral leishmaniasis using a 5 ml medical syringe and placed in
tubes containing the anticoagulant EDTA, then placed in gel tubes for the
purpose of blood separation using a centrifuge (3000 rpm), where isolated.
The serum was distributed into four Eppendorf tubes according to the number
of immunological tests conducted in the study, and the samples were stored at
(-20C°) until use.
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Samples of reservoir hosts were collected from domestic dogs from Al-
Diwaniyah Governorate. 24 blood samples were drawn. An amount of 5 ml
of blood from a vein in the sub-axillary region of the forelimbs of domestic
dogs after sterilizing them with a 60% iodine solution and after anesthetizing
them with (80% formalin) and under the supervision of a veterinarian, a
selection was made. These dogs showed signs and symptoms of visceral
disease, including swollen lymph nodes and ocular signs, as well as weight
loss and loss of appetite (progressive loss of weight with decreased appetite),
with bloody nosebleeds (epistaxis), kidney failure, increased urination and
drinking, and an increase in urination and drinking water. . They were
obtained in the backyards of homes by anesthetizing them with anesthetic
releases, or through a special fishing net, or through anesthetic baits. Samples
were diagnosed as follows:

3.3.1. Immunological examination of dogs:

1- Blood was drawn from infected dogs using a clean, sterile wine syringe

with a capacity of 5 ml and placed in tubes containing EDTA.

2- The samples were stored in the refrigerator at 4°C until use.

3- The blood is then separated through a centrifuge For 5-10 minutes.
4- Taking serum samples

Then the Dipstick rk39 assay was used directly.

3.4. Bone marrow

A bone marrow sample of 2 ml was drawn from a person infected with
visceral leishmaniasis from the pelvic bone, using a special needle for
extraction by the specialist doctor. Then, bone marrow smears were prepared
according to the method of Johan and Petri (2006) according to the

following steps:
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angle of 45 degrees, make a thin smear, then leave the swab to dry at room
temperature.

2-The slides were immersed in methyl alcohol for (2-3) minutes and left to
dry at room temperature.

3- The slides were stained using Giemsa stain.

4- The slides were washed with water (tap water) and left to dry.

5- The slides were examined using an optical microscope and with an oil

lens under 100X power to detect the parasite

3.4.1.Source of isolates

Visceral Leishmania donovani isolates were Obtained from the Yarmouk
teaching Hospital in Baghdad .the media were inoculated with samples taken
from bone marrow and incubated at a temperature of (25-27) °C for a period
ranging from two to four weeks. Then the medium was monitored every four
days, and the process was repeated for 4 weeks, where a sample of the
medium was taken, stained with Gimsa staine, and examined under a
microscope to confirm the presence of promastigotes. To indicate positive
growth, the stages appeared in intertwined clusters in the middle. The bottles

were kept in a refrigerated incubator at a temperature of (25-27) °C.
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3.5. Culture Media:

3.5.1. Media for parasite culture
3.5.1.1. Biphasic medium (Nove-MacNeal-Nicolle) (NNN):

The biphasic medium was prepared and used for maintaining and
cultivating Leishmania parasites, in vitro. It is usually made up of two phases
according to Kagan and Norman (1970):

1. Solid Phase
Solid blood agar phase consists of the following ingredients for 1liter
final volume:

Table(3-4) Ingredients per litre

Chemical Weight/Solution
Brain heart infusion 33.3¢g
Agar 16 g
D-glucose 8g
Defibrinated rabbit blood 100 g
Penicillin / Streptomycin 50pug/ ml
Distilled water 900 ml

Solid Phase preparation

1.All constituents except blood and antibiotics (Penicillin / Streptomycin)

were dissolved in distilled water, pH adjusted to 7.4 and the solution was
autoclaved at 121C° for 20 minutes.

2. After cooling, rabbit blood and antibiotic (Penicillin / Streptomycin)

were added and mixed well.

3. Twenty ml of the medium were transferred under aseptic condition to

sterile universal tubes of 20 ml volume and were put in a slanted position to

obtain a large surface area for growth.
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2. Locke's solution
Consists of the following ingredients, pH was adjusted to 7.0:

Table 3-5: ingredients Locke's solution

Chemical Weight / Solution
NaCl 9g
KCl 0.42g
CaCll2 2 H20 0.32g
NaHCO3 02g
D-glucose 2g
Gentamicin 50pg/ ml
Sulphate 200g
Distilled water 1000 ml

Locke's solution Preparation
The ingredients were mixed together in a screw-capped bottle of 1000

ml, sterilized by autoclaving at 121 0C for 15 minutes, left to cool before
theantibiotic (Penicillin / Streptomycin ) was added.
3.5.1.2.Preparation of blood added to the culture medium

10 ml of blood was drawn from the prepared rabbit’s heart with a syringe,
and it was transferred under sterile conditions into sterile glass bottles
containing small glass balls. The bottles were shaken circularly for three
minutes to separate the fibrin, then distilled water and antibiotics were added
to the machine and left at a temperature of (4°C) for a period of time. 24
hours, then distributed into sterile test tubes and separated by centrifuge at
3000 rpm for 15 minutes. The sediment was discarded and the supernatant

was kept at a temperature of (-20°C) until use.
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Roswell Park Memorial Institute (RPMI) media are a series of media
developed by Minowada et al. (1972) for the culture of human normal and
neoplastic cells, in vitro .RPMI 1640 is the most commonly used medium in
the series. A modification of McCoy's 5A medium, the medium was
specifically designed to support the growth of human lymphoblastoid cells in
suspension culture. Presently, the medium is extensively used for a wide
range of anchorage dependent cell lines.
The medium needs to be supplemented with5-20% HIFBS. The medium is
also known to support the growth of cells in the absence of serum .
Media preparation
This media was purchased from (HiMedia Laboratories, India) and
prepared according to the manufacturer's procedure:
1. A 5.2 gram powder was suspended in 450 ml tissue culture grade water and
stirred constantly and gently until completely dissolved.
2. The pH was corrected to 4.0 with 1N HCL if the powder did not dissolve
fully.

w

. Before adding sodium bicarbonate, the pH was increased to 7.2 using
INNaOH after it had completely dissolved. Sodium bicarbonate was
added of 0.2gm for 1 liter of medium and stir until dissolved.

4. The pH rises during filtration, because the pH was reduced to 0.2-0.3 units

below the target pH using 1N HCI or 1N NaOH.

. Using pure water, the final volume was measured to be 450 ml.

o Ol

. Medium was sterilized immediately by filtering through a sterile membrane
filter with a porosity of 0.22 micron, using positive pressure rather than

vacuum to minimize the loss of carbon dioxide.

\l

. Fetal bovine serum of 50 ml and 100 IU/ml of penicillin and 100 pg/ ml of

streptomycin were added to the filtrated mixture in step 6.

oo

. Liquid medium stored at 2-8°C and in dark for regular use.
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3.5.1.4.culture method
The parasite-rich solution was drawn from several solid media and

placed in sterile, graded bottles. The liquid medium was added to it in a
volume equal to its volume. A drop of it was placed on a glass slide and
examined under an optical microscope to see the parasite density and the
cleanliness of the culture. In the case of a high density of the parasite, another
amount of liquid medium was added to it equal to the final volume in the
bottle, and so on, respectively, depending on the density of the parasite. The
bottles were placed in an electric vibrator and incubated at a temperature of
(26°C) and monitored daily.
3.5.1.5. Collecting parasites from the culture medium

The promastigots phase was collected from the two-phase culture media
and the liquid medium and filtered, then the preflagellate phase was separated
by a centrifuge at a speed of 3000 rpm for 30 minutes (the liquid culture
medium was treated as the liquid phase in the process of collecting parasites
from it). The flagellar front phase was washed with phosphate buffer solution,
pH 7.1, and separated with a centrifuge at a speed of 3000 rpm for 30
minutes. The supernatant was discarded, the sediment was collected, and the
washing process was repeated five times. The sediment was collected, after
which part of it was taken for use, and the other part was stored at a
temperature of 26°C until use.
All of the above-mentioned culture media were used, the best of which was

liquid culture media
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3.6.Immunochromatographic Strip Test (1.C.T)

The blood serum was kept at room temperature before use. Special strips
were used in this test made of cellulose nitrate and saturated with the rkK39
visceral Leishmania antigen in the test line area, as well as protein A antigen
extracted from chicken in the control line area. The test was conducted at

room temperature and included The method of work:

1-The serum was separated from the blood samples of the people subject to
the test using a centrifuge at a speed of 3000 rpm for 10 minutes, and the
serum was used directly after isolation.

2- Remove the strip from the wallet and from the end farthest from the
examination pad

3-Put 20 microliters of serum onto the strip in the area of the pad located
below the arrow.

4- 150 microliters of Chash buffer solution for the examination was added to
flat-bottomed dishes.

5- Place the tape on the side of the pillow in the hole containing the Chash
buffer for 10 minutes.
When the two lines (test and control) appear in red, the result is positive.

The upper line represents the control line, while the test line is represented by

the lower line. Whereas if only the upper line (control) appears in red, the

result is negative and the test line does not appear.
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3.7.Molecular identification
3.7.1. Polymerase chain reaction(PCR)

The PCR technique was performed for detection Leishmania donovani
based on kinetoplast DNA minicircle (KDNA). This method was carried out

according to following steps:

3.7.2.Genomic DNA Extraction

Genomic DNA was extracted from skin lesion sample by using gSYAN DNA

kit extracted Gene aid .Taiwan ,and done according to company instruction as

following steps:

1. A 200ul of Leishmania donovani culture media isolates sample was
transferred to sterile 1.5ml micro centrifuge tube, and then added 20ul of
proteinase K and GST buffer then, mixed by vortex. And incubated at
60°Cfor 30 minutes.

2. After that, 200ul of GSB cell lysis buffer was added to each tube and
mixed by vortex vigorously, and then all tubes were incubated at 60°Cfor
15 minutes, and inverted every 3 minutes through incubation periods.

3. 200ul absolute ethanol were added to lysate and immediately mixed by
shaking vigorously.

4. DNA filter column was placed in a 2 ml collection tube and transferred
all of the mixture (including any precipitate) to column. Then centrifuged
at 10000rpm for 5 minutes. And the 2 ml collection tube containing the
flow through were discarded and placed the column in a new 2 ml
collection tube.

5. 400ul W1 buffer were added to the DNA filter column, then centrifuge at
10000rpm for 30 seconds. The flow through was discarded and placed the
column back in the 2 ml collection tube.
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at 10000rpm for 30 seconds. The flow through was discarded and placed
the column back in the 2 ml collection tube.

7. All the tubes were centrifuged again for 3 minutes at 10000 rpm to dry the
column matrix.

8. The dried DNA filter column was transferred to a clean 1.5 ml micro
centrifuge tube and 50 ul of preheated elution buffer were added to the
center of the column matrix.

9. The tubes were let stand for at least 5 minutes to ensure the elution buffer
was absorbed by the matrix. Then centrifuged at 10000 rpm for 30
seconds to elute the purified DNA.

3.7.3. Genomic DNA examination

The extracted genomic DNA was checked by using Nanodrop
spectrophotometer (THERMO. USA), which measured DNA concentration
(ng/uL) and check the DNA purity by reading the absorbance at (260 /280
nm) as following steps:

1. After opening up the Nanodrop software, chosen the appropriate
application (Nucleic acid, DNA).

2. A dry -wipe was taken and cleaned the measurement pedestals several
times. Then carefully pipette 2l of free nuclease water onto the surface of
the lower measurement pedestals for blank the system.

3. The sampling arm was lowered and clicking OK to initialized the
Nanodrop, then cleaning off the pedestals and 1ul of blood genomic

DNA was added to measurement.
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3.7.3. PCR master mix preparation

PCR master mix was by using Maxime PCR PreMix and done according to
company instructions as following table.
Table (3-6) PCR master mix:

PCR master mix Volume
Genomic DNA 5-50ng S5uL
kDNA primers forward m
(10pmol)
kDNA primers reverse(10pmol) 1pL
PCR water 13 uL
Total 20uL

After that, these PCR master mix reaction components that mentioned
above, placed in standard PCR tubes containing the PCR PreMix as
lyophilized materials containing all other components needed to PCR reaction
such as (Tag DNA polymerase, dNTPs, Tris-HCI pH: 9.0, KCI,
MgCI2,stabilizer, and tracking dye). Then the tube placed in Exispin vortex

centrifuge for 3 minutes. Then transferred in PCR thermocycler.

3.7.4. thermo cycler reaction conditions

PCR Thermo cycler conditions was designed for external primer was done
as following tube.
Table(3-7) PCR thermo cycler conditions

PCR cycle repeat Temp. Time

Initial denaturation 1 95C 5min

Denaturation 95C 30sec.

Annealing 30 58C 30sec

Extension 72C 1min

Final extension 1 72C S5min
Hold - 4C Forever
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PCR products were analyzed by loading in 1% Agarose as following steps:
1- 1% Agarose gel was prepared in using 1X TBE and dissolving in water
bath at 100 °C for 15 minutes, after that, left to cool 50°C.
2- Then 3L of ethidium bromide stain were added into agarose gel solution.
3- Agarose gel solution was poured in tray after fixed the comb in proper
position after that, left to solidified for 15 minutes at room temperature,
then the comb was removed gently from the tray and 10ul of PCR product
were addedin to each comb well and 5ul of (100bp Ladder) in one well.
4- The gel tray was fixed in electrophoresis chamber and fill by 1X TBE
buffer. Then electric current was performed at 100 volt and 80 mA for
1hour.

5- PCR products were visualized by using ultraviolet trans illuminator.

3.8.Immunological study

The study included (74) serum samples from patients with visceral

leishmaniasis and (60) serum samples from healthy people.

3.8.1.Interleukin-2-Enzyme Linked Immunosorbent Assay (IL-2- ELISA)
Human Interleukin 2 (IL-2) ELISA was used in this study for quantitative
determination of IL-2 from in patient and healthy control serum samples and

done according to company instruction (BT-LAB) as following:
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A. Table (3-8) ELISA components(lL-2)

Reagent Quantity
Standard Solution (1200ng/L) 0.5ml x1
Pre-coated ELISA Plate 12 * 8 well strips x1

Standard Diluent 3ml x1
Streptavidin-HRP eml x1
Stop Solution eml x1
Substrate Solution A 6ml x1
Substrate Solution B 6ml x1

Wash Buffer Concentrate
20ml x1

(25x)

Bio tinylated Human IL-2

antibodly 1mix1

B. Assay procedure:

1. All reagents, standard solutions and samples were prepared according to

Kit instruction and bring at room temperature before use.

1200ng/L Standard No.5 120ul Original standard + 120ul Standard diluent
600ng/L Standard No.4 120ul Standard No.5 + 120ul Standard diluent
300ng/L Standard No.3 120ul Standard No.4 + 120ul Standard diluent
150ng/L Standard No.2 120ul Standard No.3 + 120ul Standard diluent
75ng/L Standard No.1 120ul Standard No.2 + 120ul Standard diluent

120l ul 120 ul 120

e

2400ng/L 1200ng/L 600ng/L 300ng/L 150ng/L 75ng/L

2. A 50ul standard serial dilution was added into to standard well. Without
added antibody to standard well because the standard solution contains

bio tinylated antibody.

STa <
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antibody to sample wells, then 50ul streptavidin-HRP added in to sample
wells and standard wells ( Not blank control well ).

4. The ELISA mixed well and covered the plate with a sealer. Then
incubated at 60 minutes at 37°C.

5. The sealer was removed and wash the plate 5 times with wash buffer.
wells socked

6. with at least 0.35 ml wash buffer for 30 seconds to 1 minute for each
wash. For

7. A 50ul substrate solution A was added to each well and then 50ul
substrate solution B added to each well.

8. The plate was covered with a new sealer and incubated for 10 minutes at
37°C in the dark.

9. A 50ul Stop Solution was added to each well, then the blue colour will
change into yellow immediately.

10. The optical density (OD value) was determined using a microplate reader

set to 450 nm within 10 minutes after adding the stop solution.

y = 471.49x - 24.785
Human IL-2 standard curve R? = 0.9954
1400 -
T 1200
21000 -
S 800 -
£ 600 -
[
@ 400 -
[
8 200 |
0 T T T T T 1
0 0.5 1 1.5 2 25 3
0.D (450nm)

Figure (3) Standard curve for cytokinesis I1-2
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Human Interleukin 10 (IL-10) ELISA was used in this study for
quantitative determination of IL-10 from in patient and healthy control serum
samples and done according to company instruction (BT-LAB) as following:
A. Table(3-9) ELISA components(IL-10):

Reagent Quantity
Standard Solution (800ng/L) 0.5ml x1
Pre-coated ELISA Plate 12 * 8 well strips x1
Standard Diluent 3ml x1
Streptavidin-HRP 6ml x1
Stop Solution 6ml x1
Substrate Solution A 6ml x1
Substrate Solution B 6ml x1
Wash Bu(fgesrx()Ioncentrate 20ml x1
Blotlnyklrtl(:g)oHél;nan IL-10 1ml x1

B. Assay procedure:

1. All reagents, standard solutions and samples were prepared according to

kit instruction and bring at room temperature before use.
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800pg/ml Standard No.5 120ul Original standard + 120ul Standard diluent

400pg/ml Standard No.4 120ul Standard No.5 + 120ul Standard diluent

200pg/ml Standard No.3 120ul Standard No.4 + 120ul Standard diluent

100pg/ml Standard No.2 120ul Standard No.3 + 120ul Standard diluent

S0pg/ml Standard No.1 120ul Standard No.2 + 120ul Standard diluent
120 1 120 ul 120u 120 pl

NN N

TR

1600pg/ml 800pg/ml 400pg/ml 200pg/ml 100pg/ml 50pg/ml

2. A 50ul standard serial dilution was added into to standard well. without
added antibody to standard well because the standard solution contains
biotinylated antibody.

3. A 40ul sample was added to sample wells and then add 10ul anti-1L-10
antibody to sample wells, then 50ul streptavidin-HRP added in to
sample wells and standard wells ( Not blank control well ).

4. The ELISA mixed well and covered the plate with a sealer. Then
incubated at 60 minutes at 37°C.

5. The sealer was removed and wash the plate 5 times with wash buffer.
wells socked

6. with at least 0.35 ml wash buffer for 30 seconds to 1 minute for each
wash. For

7. A 50p substrate solution A was added to each well and then 50ul

substrate solution B added to each well.

STa<
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37°C in the dark.

9. A 50ul Stop Solution was added to each well, then the blue colour will
change into yellow immediately.

10. The optical density (OD value) was determined using a microplate

reader set to 450 nm within 10 minutes after adding the stop solution.

y = 353.12x - 21.794
Human IL-10 standard curve R? = 0.9994
900 -
= 800 -
E
5 700 -
£ 500
c
S 500 -
£ 400 -
S 300 -
§ 200
O 100 A
0 T T T T 1
0 0.5 1 1.5 2 25
0.D (450nm)

Figure (4) Standard curve for cytokinesisIL-10

3.8.3.Interleukin -12-Enzyme Linked Immunosorbent Assay (IL-12-
ELISA)

Human Interleukin 12 (IL-12) ELISA was used in this study for
quantitative determination of IL-12 from in patient and healthy control serum

samples and done according to company instruction (BT-LAB) as following:
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A. Table(3-10) ELISA components(lL-12):

Reagent Quantity
Standard Solution (1200ng/L) 0.5ml x1
Pre-coated ELISA Plate 12* 8)\(/\{e11 strips

Standard Diluent 3ml x1
Streptavidin-HRP 6ml x1
Stop Solution 6ml x1
Substrate Solution A 6ml x1
Substrate Solution B 6ml x1

Wash Buffer Concentrate (25x) 20ml x1
Biotinylated Human IL-12 Antibody Iml x1

B. Assay procedure:
1.All reagents, standard solutions and samples were prepared according to kit

instruction and bring at room temperature before use.

1200ng/L Standard No.5 120ul Original standard + 120ul Standard diluent

600ng/L. Standard No 4 120ul Standard No. 5 + 120ul Standard diluent

300ng/1 Standard No.3 120ul Standard No.4 + 120ul Standard diluent

150ng/1 Standard No.2 120ul Standard No.3 + 120ul Standard diluent

75ng/l Standard No.1 120ul Standard No.2 + 120ul Standard diluent
120 ! 120l 120l 120u 120 p1

Zexo Standasd

%’\\ 7 Nt KNS NS OX

2400ng/L 1200ng/L 600ng/L 300ng/L 150ng/L 75ng/L

TS
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added antibody to standard well because the standard solution contains
biotinylated antibody.

3.A 40ul sample was added to sample wells and then add 10ul anti-l1L-12
antibody to sample wells, then 50ul streptavidin- HRP added in to sample
wells and standard wells ( Not blank control well ).

4.The ELISA mixed well and covered the plate with a sealer. Then incubated
at 60minutes at 37°C.

5.The sealer was removed and wash the plate 5 times with wash buffer. wells
socked

6.with at least 0.35 ml wash buffer for 30 seconds to 1 minute for each wash.

7. A 50l substrate solution A was added to each well and then 50ul substrate

solution B added to each well.

8. A 50ul Stop Solution was added to each well, then the blue colour will
change into yellow immediately.

10.The optical density (OD value) was determined using a microplate reader

set to 450 nm within 10 minutes after adding the stop solution.

y = 514.64x - 20.819
Human IL-12 standard curve R? = 0.9985
1400 -
E 1200
£1000 -
S 800 -
£ 600 -
c
@ 400 -
c
S 200 -
O T T T T 1
0 0.5 1 1.5 2 2.5
0.D (450nm)

Figure( 5 )Standard curve for cytokinesis IL-12
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Human transforming growth factor B1 (TGF-B) ELISA was used in this
study for quantitative determination of TGF- from in patient and healthy
control serum samples and done according to company instruction (BT-LAB)
as following:
A. Table ELISA components (TGF-p):

Reagent Quantity
Standard Solution 0.5mlx1
Pre-coated ELISA Plate 12 * 8 well strips x1
Standard Diluent 3ml x1
Streptavidin-HRP 6ml x1
Stop Solution 6ml x1
Substrate Solution A 6ml x1
Substrate Solution B 6ml x1
Wash Bu(fgegx()loncentrate 20ml x1
Blotlnyligi?bggglan TGF-B 1ml x1

B. Assay procedure:

1.All reagents, standard solutions and samples were prepared according to kit

instruction and bring at room temperature before use.
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2400ng/1 Standard No.5 120ul Original standard + 120ul Standard diluent
1200ng/1 Standard No .4 120ul Standard No.5 + 120ul Standard diluent
600ng/L Standard No.3 120ul Standard No.4 + 120ul Standard diluent
300ng/L Standard No.2 120ul Standard No.3 + 120ul Standard diluent
150ng/L Standard No.1 120ul Standard No.2 + 120ul Standard diluent

120 u1 ul 120 pl 120ul 120 !l

’\/’\/_\ . . e

L

4800ng/L 2400ng/1 1200ng/L 600ng/L 300ng/1 150ng/L

2. A 50ul standard serial dilution was added into to standard well. without
added antibody to standard well because the standard solution contains
biotinylated antibody.

3.A 40ul sample was added to sample wells and then add 10ul anti-TGF-3
antibody to sample wells, then 50ul streptavidin- HRP added in to sample
wells and standard wells ( Not blank control well ).

4.The ELISA mixed well and covered the plate with a sealer. Then incubated
at 60minutes at 37°C.

5.The sealer was removed and wash the plate 5 times with wash buffer. wells
socked

6.with at least 0.35 ml wash buffer for 30 seconds to 1 minute for each wash.

7. A 50ul substrate solution A was added to each well and then 50ul substrate

solution B added to each well.

8.The plate was covered with a new sealer and incubated for 10 minutes at
37°C in the dark.

STa<
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change into yellow immediately.
10.The optical density (OD value) was determined using a microplate reader

set to 450 nm within 10 minutes after adding the stop solution.

y = 971.13x - 84.049
Human TGFB standard curve R? = 0.9989

3000 -
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o
o
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o
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0.D (450nm)

Figure( 6) Standard curve for Transforming growth factor B(TGF-p)

C. Calculation of results:

The ELISA results were calculated depend on the optical density reading for
each standard and samples optical density. Then the standard curve was
plotted by the mean OD value for each standard on the X-axis against the

concentration on the Y-axis and draw a best fit curve through the points on

the graph.

3.9. Statistical analysis

The results were analyzed statistically using the statistical program SPSS
version (22), where the Chi-square test and the t-test,Roce and Anova test
were used to determine the significant differences between the number of
samples positive for visceral leishmaniasis in the epidemiological study and to
determine the significant differences between patients and healthy people for
the two molecular studies. And immune serology at a probability level of
P<0.05 (Walk and Shostak, 2010).

ST <
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4. Results

4.1. Epidemiology of visceral leishmaniasis in Al-Diwaniyah :

The current study included 276 random samples from people aged between 7
and 65 years from Al-Diwaniyah Governorate and its affiliated areas, and

they were examined using an Immunochromatographic test (ICT).

4.1.1. Immunochromatographic test (ICT).
The results showed that 18 (6.52%) of the samples had a positive

diagnosis of visceral leishmaniasis infection

4.1.2. Characteristic of patients infected with VL .

The comparison of age group distribution according to results of (I.C.T)
examination for parasite is shown in table (4-2). The present results show
high rate of patients with positive VL infection (< 18) years age group,
10 (15.38% ). Regarding Sex, the current results showed that the rate of
infection of patients with the parasite in males is higher than in females, 9 (9.
7%) versus 9 (4.9%) respectively. The comparison of residency distribution
according to results of (I.C.T) examination for parasite is shown in table (4-
2). The present results show high rate of patients with positive parasitic

infection from rural area, 17 (7.4%).
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Table (4-2): Characteristic of patients with Visceral leishmaniasis .

Chracteristic Examined number Positri]v:e Igsults
Age (years)
< 18 years, n (%) 65 10 (15.38% )
18-39 years, n (%) 188 7 (3.72%)
> 40 years, n (%) 23 1 (4.34%)
Total number 276 18 (6.52%)
P value 0.030*
X? 7.000
Sex
Male, n (%) 93 9 (9.7%)
Female, n (%) 183 9(49%)
Total number 276 18 (6.5%)
P value 0.151
X? 4331
Residency
Urban, n (%) 45 1(2.22%)
Rural, n (%) 231 17 (7.35%)
Total number 276 18 (6.52%)
P value 0.001*
X? 14.222

4.2 .Reservoir host results

The number of dogs examined was 24, including 16 dogs (66.67%).

4.3. Clinical samples.

For patients with visceral leishmaniasis, 56 serum samples were collected

from different hospitals and confirmed by two laboratory testing methods.

According to the hospital laboratory protocol, cases of visceral leishmaniasis

were considered positive by rapid immunochromatographic strip assay and

TS
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indirect fluorescent antibody test (IFAT). In addition to the clinical signs and
symptoms that were evaluated by the consulting medical staff and included in
most cases: fever, weight loss, fatigue and anemia, as well as splenomegaly

and hepatomegaly.
4.3.1. Distribution of visceral leishmaniasis in clinical samples.

The mean age of patients was 33.58+£12.16 years and the range was 9-63
years. On the other hand, most of the patients enrolled in this study were
(under 18) years old, with regard to gender males constituted (62.5%) (35 out
of 56) while females constituted (37.5%) (21 out of 56). With regard to
residence, the proportion of the urban population was 39.3% (22 out of 56),
while the proportion of the rural population was 60.7% (34 out of 56),

respectively shown in table (4-3).

Table (4-3): Characteristic of patients with Visceral leishmaniasis in clinical Samples

patients
Age (years) n=56 P
Mean *SD 33.58+12.16 0.005
Range 9-63 years g
< 18 years, n (%) 32 (57.1%) 0.027
18-39 years, n (%) 8 (14.3%) ¥
> 40 years, n (%) 16 (28.6%) S
patients P
Sex n=C6
Male, n (%) 35(62.5%) 0.001
Female, n (%) 21(37.5%) '
. patients
Residency =56 P
Urban n (%) 22 (39.3 %) 0.007
Rural, n (%) 34 (60.7% ) ;ﬁ

n: number of cases; SD: standard deviation; 7: independent samples t-test; ¥:
Chi-square test; S: significant at P > 0.05

TS
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4.3.2. Clinical signs and symptoms
The clinical signs and symptoms accompanied Kala-azar parasite infection
was shown in table (4.4) The present results show most signs and symptoms

accompanied Kala-azar parasite infection was fever 18 (47.37% ).

Table (4-4): Clinical manifestations of patients with visceral leishmaniasis

Clinical signs and . Positive results
Examined number
symptoms
Fever 38 18 (47.37 %)
Splenomegaly 27 11(40.74%)
Hepatomegaly 32 13 (40.27%)
Pneumonia 13 5(38.46%)
Flatulence 37 7 (18.92%)
Anemia 31 4 (12.90%)
Weight loss 26 2(7.7%)
jaundic 17 1(5.88%)
Vomiting 20 1 (5.0%)
loss of appetite 35 1 (2.26%)

4.2.4. Distribution of visceral leishmaniasis in governorates .

The frequency distribution of samples according to governorates was
shown in table (4-5) positive 18 (24.3%) of samples from AL-Diwaniyah, 13
(17.5%) of samples from Diyala, 11 (14.9%) of samples from Baghdad, 7
(9.5%) of samples from Basra, both Wasit and Dhi Qar represents 6 (8.1%) of
samples, 5 (6.8%) of samples from Karbala, and only 4 (5.4 %) of samples
from both Najaf and Babylon.
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Table (4.5): Distribution of visceral leishmaniasis in governorates.

Governorates No. o],: :g;np les Percentage

AL-Diwaniyah 18 24.3
Diyala 13 17.5
Baghdad 11 14.9
Basra 7 9.5
Wasit 6 8.1
Dhi Qar 6 8.1
Karbala 5 6.8
Najaf 4 5.4
Babylon 4 5.4

P value 0.145

Chi-square 10.875

4.3. In Vitro Cultivation of Leishmania donovani.:

After a series of follow-ups (24, 48, and 72 hours), periodic L. donovani
promastigotes were examined in vitro in NNN culture medium. The growth
result was good and the promastigotes appeared in the form of close clusters.
A good parasite growth rate was observed in the biphasic culture medium
when rabbit blood was used, The highest growth rate was in the liquid culture

medium.

4.4. Molecular study

Species identification was another goal of the current study, and the chosen
marker can identify the type of parasite based on the size of the resulting
range. The size of the kDNA amplified bands in all samples, was 562 bp
(Fig 4-1).
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2000bp

1000bp

S500bp
400bp
300bp

200bp

100bp

Figure 4-1: Agarose gel electrophoresis image that show the PCR product analysis of
kinetoplast DNA minicircle in Leishmania donovani positive isolates samples. Where M:
marker (2000-100bp), lane (S1-S4) showed positive Leishmania donovani isolates at
(562bp) PCR product size.

4.5. Immunological Analysis Results:

4.5.1. Level Interleukin-2 (IL-2) in patients and healthy control.

The comparison of Interleukin-2 (IL-2) levels between patients with
Kala-azar and healthy control subjects has been carried out and the results
were demonstrated in table (4-6) and appendix(4-2). Mean levels of IL-2 were
131.58 + 15.92 and 168.63 + 21.61, in patients with Kala-azar and healthy
control respectively; the mean level was highly significant lower than in

patients with Kala-azar in comparison with healthy control (P< 0.001).

Table (4-6): Interleukin-2 concentration in the studied groups.

Cases -control comparison

Patients Healthy control p
n="74 n=60
Interleukin-2 (IL-2) levels
Meanz SD 131.58 + 15.92 168.63 +21.61 | <0.001
Range 50.29 - 197.90 104.68-258.81 I-irS

n: number of cases; SD: standard deviation; F: independent samples t-test; HS: Highly
significant at P < 0.001.
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To evaluate the Interleukin-2 cutoff value as well as to predict Kala-
azar disease as diagnostic tests or adjuvant diagnostic tests, receiver
operator characteristic (ROC) curve analysis was carried out and the results
are shown in table (4-7), and figure (4-3). The Interleukin-2 cutoff value
was >142.67-fold with sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and area under curve of 81.1%,
80.0%, 83.3%, 77.4% and 0.813 (0.727- 0.900) respectively. The present

results indicates IL-2 is considered as a good diagnostic marker.

Table (4-7): Sensitivity and specificity of I1L-2 (> 142.67-fold) in Kala-azar disease.

IL-2 levels Kala-azar patients Healthy control
n=74 n=:60
> 142.67 60 12
<142.67 14 48
Sensitivity % 81.1 %
Specificity % 80.0 %
PPV % 83.3 %
NPV % 77.4%
AUC (95% CI) 0.813 (0.727- 0.900)

Cl: Confidence interval, AUC: Area under curve.

4.5.2. Level Interleukin-10 (IL-10) in patients and healthy control.

The comparison of Interleukin-10 (IL-10) levels between patients with
Kala-azar and healthy control subjects has been carried out and the results
were demonstrated in table (4-8) and appendix (4-4). Mean levels of IL-10
were 335.68 + 15.57 and 260.93 £ 16.79, in patients with Kala-azar and
healthy control respectively; the mean level was highly significant greater

than in patients with Kala-azar in comparison with healthy control (P< 0.001).
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Table (4-8): Interleukin-10 concentration in the studied groups.

Cases -control comparison
Patients Healthy control p
n="74 n=60
Interleukin-10 (IL-10) levels
Mean+ SD 335.68 + 15.57 260.93 £ 16.79 <
0.00
Range 247.91 - 488.66 190.00-380.41 ;;‘

n: number of cases; SD: standard deviation; t: independent samples t-test; HS: Highly
significant at P <0.001.

To evaluate the Interleukin-10 cutoff value as well as to predict Kala-
azar disease as diagnostic tests or adjuvant diagnostic tests, receiver
operator characteristic (ROC) curve analysis was carried out and the results
are shown in table (4-9), and figure (4-5). The Interleukin-10 cutoff value
was <271.82-fold with sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and area under curve of 83.6%,
83.3%, 86.1%, 80.6% and 0.837 (0.751- 0.922). The present results indicates

IL-10 is considered as a good diagnostic marker.

Table(4-9): Sensitivity and specificity of 1L-10 (< 271.82-fold) in Kala-azar.

IL-10 levels Kala-azar patients Healthy control
n="74 n=:60
<271.82 62 10
>271.82 12 50
Sensitivity % 83.8 %
Specificity % 83.3 %
PPV % 86.1 %
NPV % 80.6%
AUC (95% CI) 0.837 (0.751- 0.922)

Cl: Confidence interval, AUC: Area under curve.
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4.5.3. Level Interleukin-12 (IL-12) in patients and healthy control .

The comparison of Interleukin-12 (IL-12) levels between patients with
Kala-azar and healthy control subjects has been carried out and the results
were demonstrated in table (4-10) and appendix (4-6). Mean levels of IL-12
were 341.16 £ 15.19 and 458.28 = 18.14, in patients with Kala-azar and
healthy control respectively; the mean level was highly significant lower than

in patients with Kala-azar in comparison with healthy control (P< 0.001).

Table (4-10): Interleukin-12 concentration in the studied groups.

Cases -control comparison

Patients Healthy control
n=74 n=60
Interleukin-12 (IL-12) levels

Meant SD 341.16 + 15.19 458.28 + 18.14 <0.001

-l-
Range 186.07 - 457.80 317.81-674.97 HS

n: number of cases; SD: standard deviation; t: independent samples t-test; HS: Highly

significant at P <0.001.

To evaluate the Interleukin-12 cutoff value as well as to predict Kala-
azar disease as diagnostic tests or adjuvant diagnostic tests, receiver
operator characteristic (ROC) curve analysis was carried out and the results
are shown in table (4-11), and figure (4-7). The Interleukin-12 cutoff value
was > 371.62-fold with sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and area under curve of 83.6%,
83.3%, 86.1%, 80.6% and 0.832 (0.749- 0.916). The present results indicates
IL-12 is considered as a good diagnostic marker.
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Table (4-11): Sensitivity and specificity of IL-12 (> 371.62-fold) in Kala-azar disease

[L-12 levels Kala-a:a: ';):tients Heal;hz g(())ntrol
> 371.62 62 10
<371.62 12 50

Sensitivity % 83.8 %

Specificity % 83.3%

PPV % 86.1 %
NPV % 80.6%
AUC (95% CI) 0.832 (0.749- 0.916)

Cl: Confidence interval, AUC: Area under curve.

4.5.4. Level Transforming growth factor-p in patients and healthy control

The comparison of Transforming growth factor- (TGF-) levels between
patients with Kala-azar and healthy control subjects has been carried out and
the results were demonstrated in table (4-12) and appendix (4-8). Mean levels
of TGF-B were 823.62 + 98.75 and 693.14 + 68.31, in patients with Kala-azar
and healthy control respectively. The mean level was highly significant
greater than in patients with Kala-azar in comparison with healthy control (P<
0.001).

Table (4-12): Transforming growth factor-f concentration in the studied groups.
Cases —control comparison

Patients Healthy control P
n=74 n =60
Transforming growth factor- (TGF-f3) levels
Meant SD 823.62 £ 98.75 693.14 £ 68.31 < 0.001
Range 463.20-1179.39 498.0-885.14 ;S

n: number of cases; SD: standard deviation; f: independent samples t-test; HS: Highly
significant at P <0.001.
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To evaluate the TGF-f cutoff value as well as to predict Kala-azar
disease as diagnostic tests or adjuvant diagnostic tests, receiver operator
characteristic (ROC) curve analysis was carried out and the results are shown
in table (4-19), and figure (4-9). The TGF-p cutoff value was < 730.24-fold
with  sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), and area under curve of 70.3%, 70.0%, 74.3%,
65.6% and 0.712 (0.611- 0.814). The present results indicates TGF-B is

considered as an acceptable diagnostic marker.

Table (4-13): Sensitivity and specificity of TGF-B (< 730.24-fold) in Kala-azar disease

Kala-azar patients Healthy control

TGF-B levels n="74 P n=60 y
< 730.24 52 18
> 730.24 22 42
Sensitivity % 70.3 %
Specificity % 70.0 %
PPV % 74.3 %

NPV % 65.6%

AUC (95% CI) 0.712 (0.611- 0.814)

Cl: Confidence interval, AUC: Area under curve.

4.6. Logestic regression correlations between immunological parameters.

The Logestic regression model show that the correlation of
immunological parameters such as IL-2 in which have indirectly correlate
with IL-10 among Kala-azar patients as in appendix (4-10), this result might
be refer to that Kala-azar condition enhances production of IL-10 in contrast
the expression of IL-2. Also show there was that the IL-2 indirectly correlate
with TGF-B among Kala-azar patients as in figures (4-10). But this result
show there was that the IL-10 directly correlate with TGF-p among Kala-azar

patients as in appendix (4-14).
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4.1.1. Immunochromatographic test (ICT)

Serologic diagnosis was performed by immunechromategraphic rapid test
(ICT), The development of rapid diagnostic tests (RDTSs) is an important step
for the diagnosis of VL, because they are cost-effective and rapid (van
Griensven and Diro, 2018 ; Safavi et al.,, 2021). rK39 test is an
immunochromatographic analysis. It qualitatively detects antibodies specific
for recombinant Leishmania antigen rK39, a fragment of the kinesin-binding

protein of Leishmania donovani (Varani, 2017).

This test is easy to perform and inexpensive and can be used for early
diagnosis of VL (Gradoni et al., 2017). Its performance is considered high,
but varies across geographical regions: a Cochrane study indicated that the
sensitivity of this test is excellent in the Indian subcontinent (97%), but lower
in East Africa (85%) (Boelaert et al., 2014)

The results of the study agreed with (Alebie et al., 2019) what was

reported, as the rK39 strip was used, and the result was that out of 361
samples, 46 samples were infected with visceral leishmaniasis, with a
percentage of (12.7%). One study in Diyala Governorate showed the highest
rate of infection with visceral leishmaniasis (21.91%) from 2014 to 2017.
This was during the military operations when most of Diyala’s population
was displaced (Lehlewa et al., 2021). It also agreed with the results of
(Alabaz et al., 2022) 79.1% with rK39 dipstick test, L. donovani (26.7%). A
study (Varani et al.,2017) of 643 samples recorded 94 positive samples for
visceral leishmaniasis using the rK39 test strip, with a percentage of
(14.82%).
Jarallah & Aabadi (2012) indicated in their study on the use of
immunological test strip 39 to diagnose visceral leishmaniasis in children in
Maysan Governorate that the number of positive cases of visceral
leishmaniasis was 109 (69.42%) out of a total of 150 children.

> ]<
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The reason for the increase in the incidence of infection and its appearance
in new areas may be attributed to urban and agricultural expansion and
environmental changes that provide new activity for the vector insect, which
Is abundant throughout Iraq (Ismail and pesson ,1992), in addition to the
increase in the number of infected people due to the increase in population
and immigration, as well as activity and work of the category Young teenage
girls are exposed to frequent sand fly bites due to lack of attention to public
hygiene and the large amount of animal husbandry near residential areas,
which constitutes a source of the spread of this disease in an epidemic form in
the governorate, with the biggest problem being the decline in the health
situation in the country.

4.1.2. Characteristic of patients infected with VL .

The results of the study are consistent with what was mentioned by (Alebie
et al.,, 2019), as the incidence rate in females was higher than in males
(17.2%) (14%), respectively, and the percentage of children under the age of
five and 15 years of age was more affected. As well as a study (Knight et al.,
2023), where the highest infection rate was in the age groups (1-4) years, at
62.4%. The results of the study also agreed with what was reported by
(Hamid Al-Azzawi et al., 2017), as the highest infection rate was in the age
groups (2-6) years. Also, in a study (Krepis et al., 2017), the highest infection
rate was in the age group (4-6) years..

There are a variety of studies on CL and VL in Iraq In (Hawija, Kirkuk) out
of 23,778 people, 107 were positive for kala azar, with an incidence rate of 45
cases per 10,000. Leishmaniasis is caused by immigration from other parts
(Obaid and Sharif, 2018). VL is widely distributed in many parts of the
world. Iraq is considered a place for the disease, especially in the central and
southern parts, and most of the reasons are due to the adaptation of the vector
sand fly in these areas. In the years (2010-2011) there was an increase in

cases of VL disease in a number of central and southern Iragi governorates

K



CHAPTERFIVE .. .... ... .. ... . . DISSUCSION

(Wasit, Dhi Qar , Maysan, Basra, and Muthanna) that most of the VL
concentrations are located in an area of 100 km around Baghdad, mainly in
(Suwayra, Yusufiyah, Mahmoudiya, Latifiyah, Salman Pak, and Al-Aziziyah,
Diyala) (Khadum, 2012).

Also agreed with the study of Muhammad (2007) in Dhi Qar Governorate,
as well as Kraif (2008) in Diwaniyah Governorate, and it also agrees with
what was recorded by (Dakel et al., 2008), where the percentage of males was
recorded at 51.79% and females was 48.21% in Dhi Qar Governorate, as well
as (Abdul Nabi et al., 2009) in Baghdad Governorate indicated that the
number of infections in males is higher than in females. The study by Tarish
(2010) indicated that the number of infections in males (58.9%) and females
(41.1%), as well as Kadhum (2012) where the infection rate in males was
higher than in females(71.1%) and (28.8%) respectively. as well as Abul-
Doanej ,2014) where the infection rate in males was 52.40% and in females,
47.60% .1t did not agree with the study of ( Krepis et al., 2017). The infection
rate in females was higher than in males.

As well as the study of (Kupani et al., 2021) where the infection rate in
males was higher than in females, and the study (de Araujo et al., (2023)
where it was recorded the highest percentage for males (91.4%) and females
(8.6%) may be due to males using the courtyard of the house to sleep in the
summer, while children and women sleep inside rooms, especially in rural
areas (Uzun et al., 1999). Also, the exposed bodies of organs such as hands
and legs in males It helps in increasing the chance of infection with the
parasite compared to women (EI-Deen et al., 2006) . The reason for the high
incidence of infection in the age groups (18-39) may be due, as Al-Yasiri
(2012) pointed out, to the fact that the insect prefers ages that have more
attractive factors in terms of skin vitality as well as the person’s frequent

contact with the external environment.
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4.2.Reservoir host

(Mukhtar et al., 2000) was mentioned in a field survey of domestic and
wild animals in two villages infested with leishmaniasis in Sudan. Raising
animals, including dogs, in residential areas is increases the density Rodents
and an increase in the number of Poultry that do not comply with the required
health conditions, including fencing and an incinerator

Faust et al., (1970) indicated that there is one or more reservoir hosts for
each type of Leishmania in Each region is infected with black fever, and the
World Health Organization (1986) stated that countries differ in type The
hosts that store the disease. In Jordan, Tunisia, Algeria, Libya, and Iran, dogs
are the reservoirs of the disease. In some countries, such as Yugoslavia,
rodents are the reservoir of the disease, and in India, Nepal and Bangladesh,
humans are the reservoir.

It is one of the most important well-known reservoirs in many countries
such as China, America, Algeria, Libya, Iran and Saudi Arabia. Dangschies
(2001) also believed that the process of transporting and importing dogs from
tropical or subtropical regions was the reason for the spread of some parasitic
diseases, including visceral leishmaniasis.

Moritz (2001) explained the reasons for the spread of the problem in
Germany is importing dogs and taking them during tourism.

In Spain, it was found that the infection rate of dogs was 10.2% when
conducting the IFAT serological test. (Indirect fluorescent antibody test)

(Fisa et al., 1999) It was also noted that an increase in the number of
infections with visceral leishmaniasis in humans and dogs in the state of

Minas, Brazilian in the same period of time (Silva et al., 2001).
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(Sukker et al., 1981) was also able to isolate Leishmaniasis from a dog in
Al-Shahimiya area in Wasit Governorate Sukker (1974) showed that the
disease spreads everywhere Iraq, especially among residents of the
countryside and the outskirts of cities, especially the areas surrounding
Baghdad, Nouri and Al-Jubouri (1973) and Sukkar (1974) also pointed out
that the disease increases in spread as they move away from central Baghdad,
especially in Mahmoudiyah, Yusufiyah, Latifiyah, and Al-Mada’in, according
to what everyone pointed out. In 1983, the World Health Organization office
in Geneva indicated in the report of the Leishmaniasis Expert Committee that
the control of leishmaniasis diseases is hampered by ignorance of the true rate
of spread of these diseases and underestimation of the amount of suffering
and diseases they cause to people. (Suker et al., 1985) explains that the rate
of infections with visceral leishmaniasis in Iraq is record Annually about 1000
cases.

4.3. Clinical samples.

4.3.1. Distribution of visceral leishmaniasis in clinical samples.

VL Mediterranean usually affects children (1-4 years of age) or
immunocompromised adult (WHO, 2010) . The results of the current study
showed that the highest infection rate was in category <18, with a rate of
(57.1%) and the lowest infection rate was in the age group (18-93) with an
infection rate of (14.3%).

The results of the study agreed with the results of the study of Kadhum
(2012) who showed that the infection rate in age groups < 5 years was 50%.
The results did not agree with the study (Varani et al., 2017), where the
highest infection rate was among adults (71%).
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The results of the current study showed that the infection rate in males is
higher than in females, with an infection rate of (62.5%) and (37.5%)
respectively.the results of the study agreed with many studies, including the
study of by (HameedAl-Azzawi et al., 2017), where the infection rate in
males was higher than in females, at a rate of (60%) and (40%), respectively.
In a study of (Varani et al., 2017), the infection rate in males was higher than
in females (65%)and (35%) respectively. This may be due to men's increased
exposure to sand flies or to immune modulation induced by androgens(Sellau
et al.,2019). The study of Jarallah & Aabadi (2012) indicated that the
number of positive cases in males reached 63 (57.79%) while it was in
females (42.2%).

The prevalence of the disease in rural areas was higher than in urban
areas, with an infection rate of (60.7%) and (39.3%) respectively.they agree
With the study of Kraif (2008) in Al-Qadisiyah Governorate, where the
number of infections in rural areas was 72 and in urban areas 45, as well as
the study of (Abdul Nabi et al., 2009) in Baghdad city and its suburbs, where
rural areas recorded (74.5%) and urban areas (25.4%), and study Tarish
(2010) reported that the prevalence of visceral leishmaniasis in rural areas of
Middle Euphrates was 62.7% and in urban areas (37.3%). Likewise, in the
study of (Tarish et al., 2009) the percentage of infections in rural and urban
areas was (68.3%) and (31.7%) respectively Likewise, Abul-Doanej (2014),
where the infection rate in the countryside was higher than in the city, as it
was (80.96%) and (19.04%), respectively. The reason may be due to the
nature of the behavior and habits of the transmitting insect and the natural
conditions in the rural environment, as both pointed out. In rural areas during
the year (Hamzavi et al., 2001), in addition to the vertebrate animals that
store the disease, which increases the chance of infection with the parasite

throughout the year due to the presence of continuous agriculture in summer
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and winter, as well as the presence of rivers and streams that provide a good

environment for the presence of sand flies (Hamzawi et al., 2001).

4.3.2. Clinical signs and symptoms

A study of the clinical signs accompanying infection with the visceral
Leishmania found that those infected suffered from fever (47.37%) and
hepatomegaly and splenomegaly (40.27%),(40.74%) respectively. Fever is
one of the most common clinical signs among those infected, as it was noted
that most of the infected suffer from high temperatures, and these results were
consistent with (Al-Orainey et al., 1994; Mehdi 2004 ; Hadi 2006).

The results of the current study showed that patients suffer from enlarged
liver and spleen at a rate of (40.74%) and (40.27%), respectively. These
results were consistent with Ghayyad (2003) (liver enlargement 75.53% and
spleen enlargement 81.41%). Mehdi (2004) also showed that the rate of
enlargement of the liver and spleen is 76.3% and Ghayyad (2003) liver
enlargement 85.98%and spleen enlargement 89.3%. Hadi(2006) explained
that the rate of liver and spleen enlargement is 84.1%. While (Al-Orainey et
al., 1994) pointed out the rate of enlargement of the liver and spleen in those
infected with the visceral Leishmania is 100%. The reason for the
enlargement of the liver and spleen is due to the accumulation of
macrophages infected with the parasite inside these organs, as hyperplasia of
the reticuloendothelial cells that make up the liver and spleen occurs (WHO,
2010). Anemia was observed in the patients, and it was similar to what was
recorded by (Mehdi,2004 ; Hadi 2006). The cause of the anemia is due to the
accumulation of macrophages cells infected with the parasite within the

blood-forming tissue of the bone marrow, in addition to iron deficiency and
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increased fragility of red blood cells and the ease with which they are
destroyed as they progress Varma and Naseem , (2010). Except a number of
other symptoms accompanying the infection of the parasite, such as losing
appetite, at a rate of 2.26 %, vomiting 5.0 %, pneumonia, 38.46 %, jaundice,
5.88 %, and body bloating 18.92 %, These results are similar to what was
recorded by (Hadi, 2006 ; Mehdi ,2004).

The results of the present study are consistent with those of (Alabaz et al.,
2022) and the most common clinical findings were fever (93.3%) and
splenomegaly (90%), followed by hepatomegaly (76.6%). The most common

laboratory finding was thrombocytopenia (86.6%), followed by anemia
(70%).

In a study of (HameedAl-Azzawi et al., 2017),it indicated that the
percentage of duration , Fever that was( 52%), A study (Varani et al.,2017)
recorded The highest incidence of clinical signs is fever, with a percentage of
(78.7%), splenomegaly (55.3%), hepatomegaly (34%), and weight loss
(28.7%), The results of the study agreed with what was stated by Kadhum
(2012) that the highest incidence of infection among clinical signs is fever
(54.6%), Hepatomegaly (38,8%) , splenomegaly (31.9%) ,Weight loss
(19.5%) ,vomiting(4.1). Likewise, Abul-Doanej (2014) explained that the
highest rate was in fever (100%), Anemia(71.42%), Splenomegaly(66.66%)
Hepatomegaly (57.14).

4.3.3. Distribution of visceral leishmaniasis in governorates .
According to the statistics of the Ministry of Health in Iraq, in 2010, the
highest infection rate was in Diyala Governorate, 501 cases, Dhi Qar 265,

Wasit 207, and Diwaniyah 163. In 2011, the highest infection rate was in
Maysan Governorate 189, followed by Diyala 181, Wasit 128, and Diwaniyah
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128 Abul-Doanej (2014). In 2012, the highest infection rate was in Dhi Qar
Governorate, 212, followed by Diyala, 176, Wasit, 129, and Diwaniyah, 112.
The percentages in the current study agree with the study of Abdul Nabi et
al., (2009) in Baghdad city and its suburbs, where the number of patients was
545. As for Dhi Qar Governorate, the number of patients was 432 (Dakel et
al.,2008) and Kraif (2008) mentioned in Al-Diwaniyah that the number of
infections(117), Rahi (2010) study in Wasit Governorate recorded 100 cases,
as for the Basra Governorate, the number of infections was 146, according to
(Gani et al.,2010), and the number of infected people in the Middle Euphrates
was 150 (Tarish, 2010). The reason is due to the low level of health in the
community, such as the lack of awareness to public hygiene, as well as the
raising of stray animals, especially cats and dogs, the lack of control of
rodents found in and near residential areas, and the expansion of cities

towards the agricultural areas and orchards.
4.4.1n Vitro Cultivation of leishmania donovani

Isolation and culture of parasites gives better diagnostic sensitivity and can
also identify organisms at the genotype and species level. Parasite species
characterization and identification can be performed by combining culture

and multilocus enzyme electrophoresis (Reithinger et al. 2007).
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4.5. Molecular study

The use of molecular techniques to accurately identify Leishmania species,
such as PCR analysis, is essential for designing appropriate control strategies
(Behniafar et al ., 2024).

The results of the molecular examination of samples taken from the culture
medium (Promastigotes) from which DNA was extracted confirmed the
appearance of KDNA gene bands that were amplified using PCR with a size
of pb562 base pairs. This result was close to the result of (Al-Doori et al.,
2017) in Tikrit, which was conducted Using the kDNA gene to study the
diagnosis of visceral leishmaniasis by polymerase chain reaction (PCR) and
an approach to the result of (YYaseen and Ali, 2016) In Baghdad, they studied
Using of Species-Specific Primers for Molecular Diagnosis of in
VitroPromastigotes of Leishmania donovani.As well as an approach to the
result (Salotra et al., 2001) in their study Development of a Species-Specific
PCR Assay for Detection of Leishmania donovani in Clinical Samples from

Patients with Kala-Azar and Post-Kala-Azar Dermal Leishmaniasis .

Polymerase chain reaction (PCR), used to detect small-circuit parasitic
DNA, has been shown to be almost 100% sensitive and specific in chronically
ill individuals (Centurion-Lara et al. 1994; Bhattacharya et al. 1996).

A series of recent studies have focused on the use of PCR amplification of
kinetoplast DNA sequences from blood, bone marrow, or spleen specimens in
the diagnosis of kala azar patients (Rodgers et al. 1990; De Bruijne and
Parker 1992, 1993; Rodriguez et al. 1994; Andresen et al. 1997).

The elucidation of some species-specific DNA fragments has made this
procedure possible for the diagnosis of leishmaniasis (Smyth et al., 1992).
PCR techniques are also more convenient than parasitological diagnostic

methods (culture and microscopy) especially for samples with lower parasitic
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loads (Antinori et al., 2007) and are therefore useful in monitoring disease
progression, estimating the outcome of anti-leishmanial therapy, and
describing species discrimination and resistance. (Schonian et al., 2011).
Moreira et al., (2007) conducted a comparative study of different diagnostic
methods and observed a sensitivity of 100%, 96%, and 95.65%, respectively,
for symptomatic, minimally symptomatic, and asymptomatic groups, and a
specificity of 100%. Likewise, in another study, PCR was targeted against
kinetoplastid DNA (KkDNA) using Uni21/Lmj4 primers, and the results were
compared by parasitological methods, cultures, and smears.The results
showed that kDNA PCR was the most sensitive, i.e. 100%; However,
microscopy and cultures were only 71.4% and 54.3% sensitive, respectively
(Zeyrek et al., 2018). El-Salam et al., (2014), conducted an experiment in
which Leishmania tropicalis was extracted from CL patients in Kohat and
analyzed by PCR, microscopy and culture techniques. Among 113 samples,
PCR, microscopy, and culture showed sensitivity of 87.61%, 53.98%, and
46.90%. Although conventional PCR shows enhanced sensitivity compared to
the parasitological diagnostic method, the primary drawback of this method is
its inability to differentiate between clinically active VL and asymptomatic
infection (Sudarshan and Sundar 2014). Traditional PCR also carries a high
risk of contamination, which takes longer to give results.

Mitochondrial DNA in Leishmania consists of about 10,000 copies of
small circles of about 0.5-2 kb and about 20-40 copies of large circles of
about 20-40 kb, which are called kinetochore DNA (kDNA) . These two
classes of molecules contain genes that encode mitochondrial genes (in the
large circles) and small RNAs, called guide RNAs (in the small circles). The
high number of copies of both classes of these circular DNAs allows them to
be used as a target for parasite detection directly from the clinical sample.
Small circle size polymorphisms have been studied to identify and

differentiate Leishmania species. Although some differences in the size of the
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variable region of small circles occur in Leishmania species, some species
have a similar size, which limits their use for species discrimination in both

subspecies .
4.5. Immunological Analysis Results:

4.5.1. Level Interleukin-2 (IL-2) in patients and healthy control.

Proinflammatory cytokines are mainly produced to amplify the immune
response -17,I1L-18,IL-2,IL-12), while anti-inflammatory cytokines that
counteract the effect of proinflammatory cytokines include (IL-4 ,IL-6 ,IL-10
,TGF-B) (Andargie & Ejara, 2015).

Interleukin 2 (IL-2) is an important cytokine that influences T-cell behavior
(Spolski and Leonard , 2018). It is required for the survival, proliferation,
and differentiation of CD4" T cells, CD8" T cells, and natural killer (NK)
cells, by binding to either the high-affinity trimeric IL-2 receptor (IL-2R),
made up of IL-2Ra (CD25), IL-2RpB (CD122), and IL-2Ry (CD132), or the
dimeric IL-2R (comprising B and y chains) (Smith1988). The trimeric IL-2R
receptor is highly expressed on activated CD4" T cells and Foxp3'CD4" T
regulatory (Treg) cells, while memory CD8" T cells and NK cells express
high levels of the dimeric IL-2R(Spolski and Leonard , 2018).

(Franca et al., 2020) studied the level of some cytokines, including IL-2, in
the serum of blood donor patients infected with leishmaniasis and found that
IL-2 decreases.In a study by (Tadesse et al., 2021) on Antibody and cytokine
levels in visceral leishmaniasis patients with varied parasitemia in patients
admitted to Arba Minch General Hospital, southern Ethiopia, they found that
the level of cytokinesis IL-2 decreases in the serum of patients with visceral

leishmaniasis.
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Leishmania donovani—infected mice receiving IL-2-blocking monoclonal
antibodies (mAbs) failed to control hepatic parasite growth, associated with
impaired granuloma development, whereas infected mice treated with
exogenous IL-2 had reduced liver parasite burdens and increased granuloma
development, relative to controls(Murray et al.,1993).

Similarly, intranodular injection of recombinant IL-2 in patients with
disseminated cutaneous leishmaniasis reduced parasite numbers, associated
with CD4" T-cell infiltration(Akuffo et al.,1990).However, the therapeutic
application of IL-2 has had limitations because of its short half-life (Lotze et
al .,1985)and adverse side effects(McDermott,2004) .

A study (Ibarra-Meneses et al., 2017) found that IL-2 is a good indicator
for diagnosing visceral leishmaniasis, as the AUC was 0.9613 (0.8767-1.000),
and in studies it was confirmed that IL-2 is the most sensitive and specific

biomarker in L.infantum (Ibarra -Meneses et al.,2016).
4.5.2. Level Interleukin-10 (IL-10) in patients and healthy control.

Previous studies have shown a direct role for IL-10 in the pathogenesis of
human VL (Caldas et al et al., 2005; Gautam., 2011). Previously thought to
be a Th2 cytokine, IL-10 is produced by CD4+ FoxP3+ CD25 regulatory T
cells (Treg) as well as IFN-y-producing Treg+ cells (Trl cells) in humans (
Moore et al., 2001; Spielberg and Edwards, 2001; Nylen et al., 2007;
Shihara et al., 2016). The advancement of the disease is mainly related to Th
2 type of immune response along with an increase in levels of interleukin-10,

IL-5, IL-4 and transforming growth factor (Torres-Guerrero et al., 2017).

(Franca et al., 2020) studied the level of some cytokines, including IL-10,
in the serum of blood donor patients infected with leishmaniasis and found an
increase in the concentration of cytokines IL-10. (Espir et al., 2014) also

studied the level of some cytokines, including IL-10, in the sera of patients
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infected with different types of Leishmania and found an increase in the
concentration of cytokines IL-10 compared to the control.

In a study by (Tadesse et al., 2021) on Antibody and cytokine levels in
visceral leishmaniasis patients with varied parasitemia in patients admitted to
Arba Minch General Hospital, southern Ethiopia,they found elevated level of
IL-10 in the serum of patients with visceral leishmaniasis. In a study by
(Kupani et al ., 2021) they were found that elevated levels of IL-10 in the

serum of patients infected with Leishmania donovani compared to control

The results agreed with a study by (Wijesooriya et al., 2023) To evaluate the
predictive value of levels of inflammatory markers to identify patients with
cutaneous leishmaniasis, IL-10 showed that the (ROC) curve showed the best
discrimination. AUC 1(1.00-1.00), cut off 81.13, SE(1.000), SP(1.000).
Likewise,(lbarra-Meneses et al.,2017) IL-10 was found to be a good
diagnostic marker for diagnosing Kala azar, as it was (0.9574-1.000) AUC
0.9881.

4.5.3. Level Interleukin-12 (IL-12) in patients and healthy control .

Once the initial infection starts, monocytes are recruited to infected tissue
and begin to differentiate into macrophages (Yang et al., 2014). T cells in
lymphoid tissues and spleen are activated both by dendritic cells and the
macrophages. The naive T cells get activated into ThO cells (intermediate
stage) which then travel to the liver and get triggered as Th1 cells on coming
in contact with dendritic cells and macrophages in IL-12 environment (Siewe
et al. 2016). During this attachment, CD4+ T cells recognize the antigens
which are bound to Major Histocompatibility Complex (MHC) (Dhanji and
Teh 2003). CD4+ T cells then produce IL-12, which in turn triggers CD8+ T
cells and enhance CD4+ T cell multiplication. Both CD8+ T cells and CD4+
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T cells yield IFN-y, which in turn activates the macrophages to wipe out the
parasites (Siewe et al., 2016).

Leishmania reduces dendritic cell-dependent immune responses by
inhibiting maturation, migration, antigen presentation capabilities, and 1L-12
production. (Ehrlich et al., 2014), These influence on dendritic cells effects
the development of effectiveTh1 response required to the infection clearance
(Basit et al., 2022). Infection with VL results in subclinical infection, leading
to protective immunity or, in clinical cases, fatal outcomes if untreated. The
development of protective immunity appears to depend on , host genetic

factors, the infecting species (Ehrlich et al., 2014).

The results of the study did not agree with what was reported (Khoshdel et
al ., 2009), as the level of cytokinetic IL-12 in patients infected with visceral
leishmaniasis was high compared to control, as well as In a study in south-
western Ethiopia, serum cytokines (IFN-y, 1L-12, and IL- 15) in 70 VL
patients were significantly higher than 12 healthy controls in the same

endemic area (Hailu et al ., 2004).

A study (Ibarra-Meneses et al., 2017) found that IL-2 is a good indicator
for diagnosing visceral leishmaniasis, as the AUC was 0.9613 (0.8767-1.000),
and in studies it was confirmed that IL-2 is the most sensitive and specific

biomarker in L .infantum (Ibarra -Meneses et al.,2016).

45.4. Level Transforming growth factor-p in patients and healthy
control.

TGF-B 1s a potent regulatory cytokine that suppresses expression of
inducible NO synthase and IFN-y, and suppresses Thl and Th2 cell
development, plays an important role in the progression of leishmaniasis in
rodents (Li, J et al.,1999 ). In the study conducted by (Gantt ,2003) on the
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role of TGF-B which aimed to examine whether functionally active TGF-3
may be present in the local environment surrounding Leishmania
promastigote invasion in murine models, high levels of total TGF- were
found. -p in tissues and cultured immune cells from mice and hamsters

infected with L.donovani.

In study by ( Kumar et al., 2017) found higher levels of TGF- for patients
with visceral leishmaniasis compared to controls. In a study by (Kupani et al
., 2021) they were found that elevated levels of TGF-f in the serum of

patients infected with Leishmania donovani compared to control.
In other studies, it was found that TGF-B promotes progression or

prevents the treatment of leishmaniasis in mouse models( Gorelik, et
al.,2002). Active TGF-f is augmented during infection of inflammatory
mouse peritoneal macrophage cultures with several different Leishmania sp.
in vitro ( Gomes et al., 2000).

In a study of( Omer et al .,2000) it was found that TGF-f alters the
phenotype of innate macrophages by inhibiting TNF-a, IFN-y, inducible NO
synthesis (iINOS), and enhancing arginase expression. Conversion of arginine
from INOS to arginase results in decreased NO. and enhancing polyamines,
which in turn can promote parasite growth (Iniesta et al.,2001).

The results agreed with a study by (Wijesooriya et al., 2023) To evaluate
the predictive value of levels of inflammatory markers for identifying patients
with cutaneous leishmaniasis based on TGF-B, the (ROC) curve showed that
the best discrimination of TGF-B was at 72 hours, and the AUC ratio was
0.957 (0.901-1.00) and cut off (3834.55),SE(0.95)
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Conclusions:

This study has come out with the following conclusions:

1 . Visceral leishmaniasis is still a serious endemic parasitic disease in Irag. It

spreads and affects both sexes at different ages.

2. Inflammatory cytokines such as interleukin 10, 2 and Transforming growth

factor-p, are increased in patients with visceral forms.

3. It was found that the Immunochromatographic test (I.C.T) is the easiest and
cheapest in diagnosing visceral leishmaniasis and has the ability to detect

the disease early and within minutes at room temperature.

4. The present results indicates IL-2, IL-12 and IL-10 can be used as markers
for leishmaniasis infection, especially in endemic areas of patients at
different stages of the disease and TGF-p is considered as an acceptable

diagnostic marker.



CANCLUSION.. ... ...AND.. .... .... RECOMMENDED

Recommendations:

1. Leishmaniasis in Iraq needs greater attention from the Ministry of Health to
conduct more epidemiological and survey research in different regions of

the country.

2. More studies are needed to examine other immune molecules as biomarkers

during the different stages of leishmaniasis.

3. Educating and raising health awareness among citizens about the

seriousness of the disease and its transmission methods.

4. Emphasizing the disposal of waste and organic materials that are suitable
places for the growth and reproduction of the vector medium (sand flies)

and combating them during their spread season .

5. Combating reservoirs of leishmaniasis, such as dogs and rodents, in
cooperation between citizens and relevant authorities, and emphasizing

the raising of pets according to health conditions.



References



References:
_A-
Abdul-Nabi, R, A. Abdul-Aziz, S, A. & Al-Mayah, S, H,. (2009). An
epidemiological study of visceral leishmaniasis in children in the city

of Baghdad and its suburbs. Kufa University Journal of Life Sciences -
Volume 1, NO 2: 59-69.

Abu-Alhab, J.and Al-Hashimi, W. (1988). Night man —biting activities of
phlebotomus Papatase. Iraq Bull. End. Dis. Bagdad.

Abul-Doanej, H. A. 1. (2014). Study of Epidemiolical aspects for
Leishmaniasis and diagnosis of the Parasite by using Nested-
Kinetoplast Minicircle DNA-PCR technique In the Province of Maisan-
Irag. M.Sc.thesis College of Education for Pure Science. University of
Basrah. 93PP.

Adhya, S., Chatterjee, M., Hassan, M. Q., Mukherjee, S., & Sen, S.
(1995). Detection of Leishmania in the blood of early Kala-azar
patients with the aid of the polymerase chain reaction. Transactions of
the Royal Society of Tropical Medicine and Hygiene, 89(6), 622-624.

Akhoundi, M., Kuhls, K., Cannet, A., Votypka, J., Marty, P., Delaunay,
P..&Sereno,D. (2016). A historical overview of the classification,
evolution, and dispersion of Leishmania parasites and sandflies. PLoS
neglected tropical diseases, 10(3), €0004349.

Akuffo, H., Kaplan, G., Kiessling, R., Teklemariam, S., Dietz, M.,
McElrath, J., & Cohn, Z. A. (1990). Administration of recombinant
interleukin-2 reduces the local parasite load of patients with
disseminated  cutaneous leishmaniasis. Journal — of  Infectious
Diseases, 161(4), 775-780.



Alabaz, D., Eroglu, F., El¢i, H., & Cay, U. (2022). Identification of
Leishmania tropica from pediatric visceral leishmaniasis in southern
mediterranean region of Turkey. Mediterranean Journal of Hematology

and Infectious Diseases ,14(1).

Albrecht, H. (1998). Leishmaniosis—new  perspectives on an

underappreciated opportunistic infection. Aids, 12(16), 2225-2226.

Al-Doori, M. A., Al-Alousi, T. I., & Al-Jboori, A. H. (2017).Diagnostic of
visceral leishmaniasis by polymerase chain reaction PCR in
experimental mice infected which treatment with Viscum album extract

and Pentostam Tikrit Journal of Pure Science, 22(11), 1-5.

Alebie, G., Worku, A., Yohannes, S., Urga, B., Hailu, A., & Tadesse, D.
(2019). Epidemiology of visceral leishmaniasis inShebelle Zone of

Somali Region, eastern Ethiopia. Parasites &vectors, 12, 1-10.

Alemayehu, B., & Alemayehu, M. (2017). Leishmaniasis: a review on

parasite, vector and reservoir host. Health Science Journal, 11(4), 1.

Al-Kattan, M. M., & Al-Hayali, H. L. (2021). Overview on epidemiology of
leishmaniasis in Irag. Rafidain Journal of Science. 30. 28-37.
10.33899/rjs.2021.167680.

Al-Orainey, I. O., Gasim, I. Y., Singh, L. M., Ibrahim, B., Ukabam, S. O.,
Gonchikar, D., & Shekhawat, B. S. (1994). Visceral leishmaniasis in
Gizan, Saudi Arabia. Annals of Saudi medicine, 14(5), 396-398.

Al-Qadi, Ban Nouri (1995). The effect of different temperatures on the
morphology and infectiousness of Leishmania tropica in golden

hamsters. Thesis of Faculty Edu. Uni. of Baghdad: 85 p

Al-Yasiri, S, M,. (2012). Study of the relationship of sand fly species with
leishmaniasis in Maysan Governorate. Maysan Research Journal. Vol.
8, NO. 16.pp.76.



American Society for Microbiology (ASM). (2014). "1903-1917" American
Society for Microbiology. Archived from the original on 2 February
2014. Retrieved 28 January 2014.

Anne-Laure, B.; Mallorie, H. and Franck, P.(2008).Leishmania and the
Leishmaniasis: A Parasite Genetic Update and Advances in taxonom
Epidemiology and Pathogenicity in Humans.Institut de Recherche ,
Montpelli cedex, 5 :10.

Antoine, J. C., Prina, E., Lang, T., & Courret, N. (1998). The biogenesis
and properties of the parasitophorous vacuoles that harbour
Leishmania in murine macrophages. Trends in microbiology, 6(10),
392-401.

Andargie, T. E., & Ejara, E. D. (2015). Pro-and anti-inflammatory

cytokines in visceral leishmaniasis. Journal of Cell Science &
Therapy, 6(2), 1.

Andresen, K., Gasim, S., Elhassan, A. M., Khalil, E. A. G., Barker, D. C.,
Theander, T. G., & Kharazmi, A. (1997). Diagnosis of visceral
leishmaniasis by the polymerase chain reaction using blood, bone
marrow and lymph node samples from patients from the
Sudan. Tropical Medicine & International Health, 2(5), 440-444.

Antinori, S., Calattini, S., Longhi, E., Bestetti, G., Piolini, R., Magni, C.,
... & Corbellino, M. (2007). Clinical use of polymerase chain reaction
performed on peripheral blood and bone marrow samples for the
diagnosis and monitoring of visceral leishmaniasis in HIV-infected and
HIV-uninfected patients: a single-center, 8-year experience in Italy and
review of the literature. Clinical infectious diseases, 44(12), 1602-
1610.

Antoniazi, S., Price, H. P., Kropf, P., Freudenberg, M. A., Galanos, C.,
Smith, D. F., & Miiller, 1. (2004). Chemokine gene expression in toll-

STl



like receptor-competent and-deficient mice infected with Leishmania
major. Infection and immunity, 72(9), 5168-5174.

_B-

Balestieri, F. M. P., Queiroz, A. R. P., Scavone, C., Costa, V. M. A,
Barral-Netto, M., & de Almeida Abrahamsohn, 1. (2002).
Leishmania (L.) amazonensis-induced inhibition of nitric oxide

synthesis in host macrophages. Microbes and Infection, 4(1), 23-29.

Balkwill, R. F. (2000) . In: Cytokine Molecular Biology: Cloning and
Expression of Cytokine Genes. Oxf.Univ. Pre. , USA: 1-2.

Basit, F., Bhat, J. A., Dong, Z., Mou, Q., Zhu, X., Wang, Y., ... & Ahmad,
P. (2022). Chromium toxicity induced oxidative damage in two rice
cultivars and its mitigation through external supplementation of

brassinosteroids and spermine. Chemosphere, 302, 134423.

Behniafar, H., Taghipour, N., Spotin, A., Zare, Z., Tabaei, S. J. S,
Kazemirad, E., .. & Mohebali, M. (2024). Detection and
phylogenetic analysis of kinetoplast DNA of Leishmania infantum
infected humans, domestic dogs and sandflies in Northwest Iran. Plos
one, 19(3), e0296777.

Berman, J. D. (1997). Human leishmaniasis: clinical, diagnostic, and
chemotherapeutic developments in the last 10 years. Clinical infectious
diseases, 24(4), 684-703.

Bern, C., & Chowdhury, R. (2006). The epidemiology of visceral
leishmaniasis in Bangladesh: prospects for improved control. Indian
Journal of Medical Research, 123(3), 275.

Berzunza-Cruz, M., Rodriguez-Moreno, A., Gutiérrez-Granados, G.,
Gonzalez-Salazar, C., Stephens, C. R., Hidalgo-Mihart, M., ... &

Becker, 1. (2015). Leishmania (L.) mexicana infected bats in Mexico:



novel potential reservoirs. PLoS Neglected Tropical Diseases, 9(1),
e0003438.

Bessat,M.,Okpanma,A.,&Shanat,E.(2015).Leishmaniasis:Epidemiology,
control and future perspectives with special emphasis on Egypt. J Trop
Dis, 2(153),1-10.

Bhattacharyya, R., Das, K., Sen, S., Roy, S., & Majumder, H. K. (1996).
Development of a genus specific primer set for detection of Leishmania
parasites by polymerase chain reaction. FEMS microbiology
letters, 135(2-3), 195-200.

Bhattacharyya, A., Chattopadhyay, R., Mitra, S., & Crowe, S. E. (2014).
Oxidative stress: an essential factor in the pathogenesis of
gastrointestinal mucosal diseases. Physiological reviews, 94(2), 329-
354.

Boelaert, M.; Verdonck, K.; Menten, J.; Sunyoto, T.; van Griensven, J.;
Chappuis, F.& Rijal, S.(2014). Rapid Tests for the Diagnosis of
Visceral Leishmaniasis in Patients with Suspected Disease. Cochrane
Database Syst Rev. Jun 20;2014(6).

Bosch-Nicolau, P., Ubals, M., Salvador, F., Sanchez-Montalva, A.,
Aparicio, G., Erra, A, ... & Molina, I. (2019). Leishmaniasis and
tumor necrosis factor alpha antagonists in the Mediterranean basin. A
switch in clinical expression. PLoS neglected tropical diseases, 13(8),
e0007708.

Brito ,T.; Hashino — shimizu , S .; Amato Neto . V.; Duorte, I. and Penna
, D . (1975) . Glomerular involvement in human Kala-azar alight
immunoflorescent and electron microscopic study based on kidney
biopsies . Am . J. Trop. Med . Hyg. (24) : 9-12.



Butcher, B. A., & Denkers, E. Y. (2002). Mechanism of entry determines
the ability of Toxoplasma gondii to inhibit macrophage
proinflammatory cytokine production. Infection and immunity, 70(9),
5216-5224.

C-

Caldas, A., Favali, C., Aquino, D., Vinhas, V., Van Weyenbergh, J.,
Brodskyn, C., ... & Barral, A. (2005). Balance of IL-10 and
interferon-y plasma levels in human visceral leishmaniasis:

implications in the pathogenesis. BMC infectious diseases, 5, 1-9.

Centurion-Lara A, Barrett L, Van Voorhis WC (1994). Quantitation of
parasitemia by competitive polymerase chain reaction amplification of
parasite KDNA minicircles during chronic infection with Trypanosoma

cruzi. Journal of Infectious Diseases 170, 1334 1338.

Chappuis, F., Sundar, S., Hailu, A., Ghalib, H., Rijal, S., Peeling, R. W.,
... & Boelaert, M. (2007). Visceral leishmaniasis: what are the needs
for diagnosis, treatment and control?Nature reviews
microbiology, 5(11), 873-882.

Charlab , R. Valenzuela, J.; Rowton, E. and Ribeiro ,J . (1999). Toward an
understanding of biochemical and pharmacological complexity of the
saliva of hematophagous sandfly Lutzomyia longipalpis. Proc. Natl
Acad. Sci. USA (26) : 15155 - 15160.

Chauhan, S. B., Faleiro, R., Kumar, R., Ng, S., Singh, B., Singh, O. P, ...
& Engwerda, C. (2019). Interleukin 2 is an upstream regulator of
CD4+ T cells from visceral leishmaniasis patients with therapeutic
potential. The Journal of Infectious Diseases, 220(1), 163-173.



Coico, R.; Sunshine, G,and Benjamini, E. (2003): Cytokines. In Coico R,
Sunshine G, Benjamini E (eds.): Immunology : A short course, 5th ed.
New Jersy, USA: Jhon Willey & Sons, Inc., PP 149-164

D-

Dhanji, S., & Teh, H. S. (2003). IL-2-activated CD8+ CD44high cells
express both adaptive and innate immune system receptors and
demonstrate specificity for syngeneic tumor cells. The Journal of
Immunology, 171(7), 3442-3450.

Dakel,. Khaled, M., Jabouri, N.& Jawdat, S, Z. (2008). An
epidemiological study of the parasite Visceral Leishmaniasis in Dhi
Qar Governorate. Journal of Dhi Qar University, NO.2.Vol. 4. 95-110.

Dangschies, A. (2001). Important of parasites by tourism and animal trading.
Deutche tierarztlich wochen schritf. 108: 348.

Daszak, P., Cunningham, A. A., & Hyatt, A. D. (2001). Anthropogenic
environmental change and the emergence of infectious diseases in
wildlife. Acta tropica, 78(2), 103-116.

de Araujo, F. F., Lakhal-Naouar, I., Koles, N., Raiciulescu, S., Mody, R.,
& Aronson, N. (2023). Potential Biomarkers for Asymptomatic
Visceral Leishmaniasis among Iraq-Deployed US Military
Personnel. Pathogens, 12(5), 705.

de Bruijn, M. H., & Barker, D. C. (1992). Diagnosis of New World
leishmaniasis: specific detection of species of the Leishmania
braziliensis complex by amplification of kinetoplast DNA. Acta
tropica, 52(1), 45-58.

Desjardins, M., & Descoteaux, A. (1997). Inhibition of phagolysosomal
biogenesis by the Leishmania lipophosphoglycan. The Journal of
experimental medicine, 185(12), 2061-2068.

STl



de Waal Malefyt, R., Abrams, J., Bennett, B., Figdor, C. G., & de Vries,
J. E. (1991). Interleukin 10 (IL-10) inhibits cytokine synthesis by
human monocytes: an autoregulatory role of IL-10 produced by

monocytes. The Journal of experimental medicine, 174(5), 1209-1220.

Dos Santos, R. C., de Pinho, F. A., Passos, G. P., Larangeira, D. F., &
Barrouin-Melo, S. M. (2018). Isolation of naturally infecting
Leishmania infantum from canine samples in Novy-MacNeal-Nicolle
medium prepared with defibrinated blood from different animal

species. Veterinary parasitology, 257, 10-14.

Dutta, A. K. (2008). Medical research and control of disease: Kala-azar in
British India. In The social history of health and medicine in Colonial
India (pp. 93-112).

Dujardin, J. C., & Decuypere, S. (2013). Epidemiology of leishmaniasis in
the time of drug resistance. In Drug Resistance in Leishmania
Parasites: Consequences, Molecular Mechanisms and Possible

Treatments (pp. 65-83). Vienna: Springer Vienna.
-E-

Ebrahimi, S., Bordbar, A., Rastaghi, A. R. E., & Parvizi, P. (2016). Spatial
distribution of sand fly species (Psychodidae: Phlebtominae),
ecological niche, and climatic regionalization in zoonotic foci of
cutaneous leishmaniasis, southwest of Iran. Journal of Vector
Ecology, 41(1), 103-109.

Edwards, J. P., Zhang, X., Frauwirth, K. A., & Mosser, D. M. (2006).
Biochemical and functional characterization of three activated
macrophage populations. Journal of leukocyte biology, 80(6), 1298-
1307.



Ehrlich, A., Moreno Castilho, T., Goldsmith-Pestana, K., Chae, W. J.,
Bothwell, A. L., Sparwasser, T., & McMahon-Pratt, D. (2014). The
immunotherapeutic role of regulatory T cells in Leishmania (Viannia)

panamensis infection. The Journal of Immunology, 193(6), 2961-2970.

El-Deen, L. D., Abul-Hab, J.,, & Abdulah, S. A. (2006). Clinico-
epidemiological study of cutaneous leishmaniasis in a sample of Iraqi
Armed Forces. Iragi J. Comm. Med. April, 19(2), 98-103.

Elmekki, M. A., Elhassan, M. M., Ozbak, H. A., & Mukhtar, M. M.
(2016). Elevated TGF-beta levels in drug-resistant visceral
leishmaniasis. Annals of Saudi Medicine, 36(1), 73-77.

El-Salam, A., Nasser, M., Ayaz, S., & Ullah, R. (2014). PCR and
microscopic identification of isolated Leishmania tropica from clinical
samples of cutaneous leishmaniasis in human population of Kohat

region in Khyber Pakhtunkhwa. BioMed research international, 2014.

Espir, T. T., Figueira, L. D. P., Naiff, M. D. F., da Costa, A.G.,Ramalho-
Ortigédo, M., Malheiro, A., & Franco, A. M. R. (2014). The role of
inflammatory, anti-inflammatory, and regulatory cytokines in patients
infected with cutaneous leishmaniasis in Amazonas State, Brazil.
of immunology research, 2014(1), 481750.

“E-
Faust, E. C., Russell, P. F., & Jung, R. C. (1970). The blood and tissue

flagellates. Craig & Faust's Clinical Parasitology. Lea and Febiger,
Philadelphia.

Fillatreau, S., Sweenie, C. H., McGeachy, M. J., Gray, D., & Anderton, S.
M. (2002). B cells regulate autoimmunity by provision of IL-
10. Nature immunology, 3(10), 944-950.

ST <



Fiorentino, D. F., Bond, M. W., & Mosmann, T. R. (1989). Two types of
mouse T helper cell. IV. Th2 clones secrete a factor that inhibits
cytokine production by Thl clones. The Journal of experimental
medicine, 170(6), 2081-2095.

Fisa, R., Géllego, M., Castillejo, S., Aisa, M. J., Serra, T., Riera, C,, ... &
Portus, M. (1999). Epidemiology of canine leishmaniosis in Catalonia
(Spain):  the example of the Priorat focus. Veterinary
Parasitology, 83(2), 87-97.

Franca A.D.O., Soares L.S., Pompilio, M.A., Tozetti, I.A., Bonin, C.M., &
Dorval, M.E.M.C.(2020). Cytokine profile in Leishmania-positive
blood donors. PLoS one, 15(9), e0238933.

G-

Gani, Z. H., Hassan, M. K., & Jassim, A. M. (2010). Sero-epidemiological
study of visceral leishmaniasis in Basrah, Southern Irag. Journal of the
Pakistan Medical Association, 60(6), 464-4609.

Gantt, K. R., Schultz-Cherry, S., Rodriguez, N., Jeronimo, S,
Nascimento, E. T., Goldman, T. L., ... & Wilson, M. E. (2003).
Activation of TGF-f by Leishmania chagasi: importance for parasite
survival in macrophages. The Journal of Immunology, 170(5), 2613-
2620.

Gautam, S., Kumar, R., Maurya, R., Nylén, S., Ansari, N., Rai, M., ... &
Sacks, D. (2011). IL-10 neutralization promotes parasite clearance in
splenic aspirate cells from patients with visceral leishmaniasis. Journal
of Infectious Diseases, 204(7), 1134-1137.

Gedda,M.R., Singh, B., Kumar, D., Singh,AK. Madhukar, P.,
Upadhyay,S.,...& Sundar, S. (2020). Post kala-azar dermal



leishmaniasis: A  threat to elimination program.  PLOS
Neglected Tropical Diseases, 14(7),e0008221.

Ghayyad, H, M, H. (2000). Seroepidemiological study of black fever using
Various laboratories in Wasit Governorate, M.Sc.thesis ,Coll .Ver . Med
.Uni. Baghdad.

Gomes, N. A., Gattass, C. R., Barreto-de-Souza, V., Wilson, M. E., &
DosReis, G. A. (2000). TGF-p mediates CTLA-4 suppression of
cellular ~ immunity in  murine kalaazar. The  Journal of
Immunology, 164(4), 2001-2008.

Gorelik, L., Constant, S., & Flavell, R. A. (2002). Mechanism of
transforming growth factor p—induced inhibition of T helper type 1
differentiation. The Journal of experimental medicine, 195(11), 1499-
1505.

Gradoni, L., Lopez-Vélez, R., & Mokni, M. (2017). Manual on case
management and surveillance of the leishmaniases in the WHO
European Region. In Manual on case management and surveillance of

the leishmaniases in the WHO European Region.

Grevelink , S. and Lerner , E . (1996). Leishmaniasis. J. AM .A cad
Dermatol., (34) : 172-257.

-H-

Hadi, N, J. (2006). An epidemiological and serological study of visceral
leishmaniasis in Dhi Qar Governorate.M.Sc.thesis,Coll. edu. Uni. Dhi

Qar.

Hailu, A., van der Poll, T., Berhe, N., & Kager, P. A. (2004). Elevated
plasma levels of interferon (IFN)-gamma, IFN-gamma inducing

cytokines, and IFN-gamma inducible CXC chemokines in visceral

>[w | <



leishmaniasis. The American journal of tropical medicine and
hygiene, 71(5), 561-567.

Hailu, T., Yimer, M., Mulu, W., & Abera, B. (2016). Challenges in visceral
leishmaniasis control and elimination in the developing countries: A

review. Journal of vector borne diseases, 53(3), 193-198.

HameedAl-Azzawi, D. S., Al-Azzawi, O. D. S.,, Muhammad, A. J.,, &
Soliman, F. W. (2017). Outcome of patients with visceral
leishmaniasis in Diyala province. Diyala Journal of Medicine, 13(1),
46-50.

Hamzavi, Y., Foruzani, A. R., & Mohebali, M. (2001). Frequency of
cutaneous leishmaniasis in Bushehr province, 1983-1999. Kermanshah
Uni Med Sci J, 5(3), 24-26.

Heinzel, F. P., Schoenhaut, D. S., Rerko, R. M., Rosser, L. E., & Gately,
M. K. (1993). Recombinant interleukin 12 cures mice infected with
Leishmania major. The Journal of experimental medicine, 177(5),
1505-1509.

Hejazi, S. H., Hoseini, S. G., Javanmard, S. H., Zarkesh, S. H., &
Khamesipour, A. (2012). Interleukin-10 and transforming growth
factor-p in early and late lesions of patients with Leishmania major
induced cutaneous leishmaniasis. Iranian journal of parasitology, 7(2),
53.

Ibarra-Meneses, A. V., Carrillo, E., Sanchez, C., Garcia-Martinez, J.,
Lacomba, D. L., San Martin, J. V., ... & Moreno, J. (2016).
Interleukin-2 as a marker for detecting asymptomatic individuals in
areas where Leishmania infantum is endemic. Clinical Microbiology
and Infection, 22(8), 739-el.



Ibarra-Meneses, A. V., Ghosh, P., Hossain, F., Chowdhury, R., Mondal,
D., Alvar, J., ... & Carrillo, E. (2017). IFN-y, IL-2, IP-10, and MIG as
biomarkers of exposure to Leishmania spp., and of cure in human
visceral  leishmaniasis. Frontiers in  Cellular and Infection
Microbiology, 7, 200.

Ibarra-Meneses, A. V., Moreno, J., & Carrillo, E. (2020). New strategies
and biomarkers for the control of visceral leishmaniasis. Trends in

parasitology, 36(1), 29-3s.

Iddawela, D., Vithana, S. M. P., Atapattu, D., & Wijekoon, L. (2018).
Clinical and epidemiological characteristics of cutaneous leishmaniasis
in Sri Lanka. BMC Infectious Diseases, 18, 1-9.

Ikeogu, N. M., Akaluka, G. N., Edechi, C. A,, Salako, E. S., Onyilagha,
C., Barazandeh, A. F., & Uzonna, J. E. (2020). Leishmania
immunity: advancing immunotherapy and vaccine

development. Microorganisms, 8(8), 1201.

Iniesta, V., Gomez-Nieto, L. C., & Corraliza, 1. (2001). The inhibition of
arginase by N o-hydroxy-l-arginine controls the growth of Leishmania
inside macrophages. The Journal of experimental medicine, 193(6),
777-784.

Ismail,M.T.and Pesson (1992).Contribution to investigation of phlebotomine
sandflies in Syria.BUIl.Soc.Path.Ex,(85):317-321
-J-

Jarallah, H. M., & Aabadi, H. I. (2012). Use of the recombinant rk39
antigen detection for diagnosis of visceral leishmaniasis in Maysan

children, Irag: with blood parameters. J Environ Bio Sci, 26, 15-21.



Johan, O., Petri, K., Magnus, L., Todd, M., Olle, C., Daniel, P., ... &
Jeffery, Y. (2006). Telemetry-A Valuable Tool in Fish Biology
Research. Rapport/Sveriges lantbruksuniversitet, Vattenbruksinstituti-
onen, (48).

K-

Kagan, I. G. and Norman, L. G. (1970). In S. E. Gould (ed.) , Trichinosis in
man and animals. 1st ed., p.222-268. Charles C. Thomas Publisher,
Springfield.

Kamhawi, S. (2006). Phlebotomine sand flies and Leishmania parasites:

friends or foes?Trends in parasitology, 22(9), 439-445.

Kassahun, A., Sadlova, J., Benda, P., Kostalova, T., Warburg, A., Hailu,
A, ... & Votypka, J. (2015). Natural infection of bats with Leishmania
in Ethiopia. Acta tropica, 150, 166-170.

Khadum,J.,A.(2012).Epidemio Diagnostic Study for leishmaniasis with
determination of Parasite strain’s by PCR technique and
Morphologically differmates the species of sand fly Vector in Diyala
Governorate. Ph. D. thesis. Coll. Edu. Uni. Tikrit.

Khoshdel, A., Alborzi, A., Rosouli, M., Taheri, E., Kiany, S., & Javadian,
M. H. (2009). Increased levels of IL-10, IL-12, and IFN-in patients
with  visceral leishmaniasis. Brazilian Journal of Infectious
Diseases, 13, 44-46.

Kilic, S., Ozkan, A. T., Babur, C., Tanir, G., & Schallig, H. D. (2008).
Evaluation of serological tests for the diagnosis of visceral

leishmaniasis. Turkish Journal of Medical Sciences, 38(1), 13-19.



Kip,A.E..B Balasegaram, M.,Beijnen, J.H.,Schellens, J.H., de Vries ,
P.J.,& Dorlo, T. P. (2015). Systematic review of biomarkers to
monitor therapeutic response in leishmaniasis. Antimicrobial agents
and chemotherapy, 59(1), 1-14.

Knight, C. A,, Harris, D. R., Alshammari, S. O., Gugssa, A., Young, T., &
Lee, C. M. (2023). Leishmaniasis: Recent epidemiological studies in
the Middle East. Frontiers in Microbiology, 13, 1052478.

Kraif , J.K. (2008).Serological study to identify Visceral leishmaniasis in
Children less than 5 year in Algadysiya Province .Kufa.Med.J.,11:246-
248.

Krepis, P., Argyri, 1., Krepi, A., Syrmou, A., Spyridis, N., & Tsolia, M.
(2017). Short-course regimens of liposomal amphotericin B for the
treatment of Mediterranean visceral leishmaniasis in children: an 11-
year retrospective study at a tertiary care center. The Pediatric
Infectious Disease Journal, 36(9), 849-854.

Kumar, R. and Parkash, O.(2011).A Kinetic study on production of
cytokines by peripheral blood cells .Int J Pharm.Bio.Sci.,4(2).717-
23.

Kumar, V., Tiwari, N., Gedda, M. R., Haque, R., & Singh, R. K. (2017).
Leishmania donovani infection activates Toll-like receptor 2, 4
expressions and Transforming growth factor-beta mediated apoptosis in
renal tissues. Brazilian Journal of Infectious Diseases, 21(5), 545-549.

Kupani, M., Sharma, S., Pandey, R. K., Kumar, R., Sundar, S., &
Mehrotra, S. (2021). IL-10 and TGF-B Induced arginase expression
contributes to deficient nitric oxide response in human visceral
leishmaniasis. Frontiers in Cellular and Infection Microbiology, 10,
614165.



L-

Lee, H., Baek, K. H., Phan, T. N., Park, I. S., Lee, S., Kim, J., & No, J. H.

(2021). Discovery of Leishmania donovani topoisomerase IB selective
inhibitors by targeting protein-protein interactions between the large
and small subunits. Biochemical and Biophysical Research
Communications, 569, 193-198.

Lainson, R. (1997). On Leishmania enriettii and other enigmatic Leishmania

species of the neotropics. Memorias do Instituto Oswaldo Cruz, 92,
377-387.

Laurenti, M. D., Rossi, C. N., da Matta, V. L. R., Tomokane, T.Y.,

Corbett, C. E. P., Secundino, N. F. C., ... & Marcondes, M. (2013).
Asymptomatic dogs are highly competent to transmit Leishmania
(Leishmania) infantum chagasi to the natural vector. Veterinary
parasitology, 196(3-4), 296-300.

Lehlewa A., Khaleel H., Lami F., Hasan S., Malick H., Mohammed R., et

al. (2021). Impact of modifiable risk factors on the occurrence of
cutaneous Leishmaniasis in diyala, Irag: Case-control study. J. Med.
Int. Res. 2:€28255. 10.2196/28255.

Lemma, W., Bizuneh, A., Tekie, H., Belay, H., Wondimu, H., Kassahun,

A., .. & Hailu, A. (2017). Preliminary study on investigation of
zoonotic visceral leishmaniasis in endemic foci of Ethiopia by detecting
Leishmania infections in rodents. Asian Pacific journal of tropical
medicine, 10(4), 418-422.

Li, J., Hunter, C. A., & Farrell, J. P. (1999). Anti-TGF-B treatment

promotes rapid healing of Leishmania major infection in mice by
enhancing in vivo nitric oxide production. The Journal of
Immunology, 162(2), 974-979.



Liévin-Le Moal, V., & Loiseau, P. M. (2016). Leishmania hijacking of the
macrophage intracellular compartments. The FEBS journal, 283(4),
598-607.

Lotze, M. T., Matory, Y. L., Ettinghausen, S. E., Rayner, A. A., Sharrow,
S. O, Seipp, C. A, .. & Rosenberg, S. A. (1985). In vivo
administration of purified human interleukin 2. [Il. Half life,
immunologic effects, and expansion of peripheral lymphoid cells in
vivo with recombinant IL 2. Journal of immunology (Baltimore, Md.:
1950), 135(4), 2865-2875.

M-

Mahajan,S and Mehta A.A. .(2006). Role of Cytokines in Pathophysiology
of Asthma. Iranian Journal of Pharmacology & Therapeutics
(IJPT).5(1):1-14

Markle, W. H., & Makhoul, K. (2004). Cutaneous leishmaniasis:
recognition and treatment. American family physician, 69(6), 1455-
1460.

Matlashewski, G., Pandey, R., Das, V., & Das, P. (2013). One more death
from visceral leishmaniasis has gone by unnoticed. What can be
done?PLoS Neglected Tropical Diseases, 7(6), e2082.

Matlashewski, G., Arana, B., Kroeger, A., Be-Nazir, A., Mondal, D.,
Nabi, S. G, ... & Olliaro, P. (2014). Research priorities for elimination
of visceral leishmaniasis. The Lancet Global Health, 2(12), e683-e684.

Maurya, R., Mehrotra, S., Prajapati, V. K., Nylén, S., Sacks, D., &
Sundar, S. (2010). Evaluation of blood agar microtiter plates for

culturing leishmania parasites to titrate parasite burden in spleen and



peripheral blood of patients with visceral leishmaniasis. Journal of
clinical microbiology, 48(5), 1932-1934.

McDermott, D. F., & Atkins, M. B. (2004). Application of IL-2 and other
cytokines in renal cancer. Expert opinion on biological therapy, 4(4),
455-468.

Mehdi, D. S. (2004). Epidemiological and serological studies on visceral
leishmaniasis in Southern Irag (Doctoral dissertation, Ph. D. Thesis,
Coll. Educ., Univ. Basrah: 134 pp).

Minowada, J., Ohnuma, T., & Moore, G. E. (1972). Rosette-forming
human lymphoid cell lines. I. Establishment and evidence for origin of
thymus-derived lymphocytes. Journal of the National Cancer
Institute, 49(3), 891-895.

Molyneux, D. H. (2006). Control of human parasitic diseases: context and

overview. Advances in Parasitology, 61, 1-45.

Moore, K. W., de Waal Malefyt, R., Coffman, R. L., & O'Garra, A.
(2001). Interleukin-10 and the interleukin-10 receptor. Annual review of
immunology, 19(1), 683-765.

Moreira, M. A. B., Luvizotto, M. C. R., Garcia, J. F., Corbett, C.E. P., &
Laurenti, M. D. (2007). Comparison of parasitological, immunological
and molecular methods for the diagnosis of leishmaniasis in dogs with

different clinical signs. Veterinary parasitology, 145(3-4), 245-252.

Moritz, A.; Prinzinger, S. & Bauer, N. (2001). Canine visceral

leishmaniasis. Kleintier praxis, 46: 533

Muhammad, Z, A,. (2007). A diagnostic study of visceral leishmaniasis
using PCR technology in Dhi Qar Governorate. ThesisM.Sc. Coll. Edu.
Uni . Dhi Qar Uni - Irag.



Mukhtar, M. M., Sharief, A. H., El Saffi, S. H., Harith, A. E., Higazzi, T.
B., Adam, A. M., & Abdalla, H. S. (2000). Detection of antibodies to
Leishmania donovani in animals in a kala-azar endemic region in
eastern Sudan: a preliminary report. Transactions of the Royal Society
of Tropical Medicine and Hygiene, 94(1), 33-36.

Murray, H. W., Miralles, G. D., Stoeckle, M. Y., & McDermott, D. F.
(1993). Role and effect of IL-2 in experimental visceral
leishmaniasis. Journal of immunology (Baltimore, Md.: 1950), 151(2),
929-938.

Murray, H. W., Berman, J. D., Davies, C. R., & Saravia, N. G. (2005).
Advances in leishmaniasis. The Lancet, 366(9496), 1561-1577.

-N-

Nouri, L., & Al-Jeboori, T. (1973). Kala-azar in Irag. An epidemiological
and cMnical study. Journal of the Faculty of Medicine,
Baghdad, 15(1/2), 72-85.

Nylén, S., Maurya, R., Eidsmo, L., Manandhar, K. D., Sundar, S., &
Sacks, D. (2007). Splenic accumulation of IL-10 mRNA in T cells
distinct from CD4+ CD25+ (Foxp3) regulatory T cells in human
visceral leishmaniasis. The Journal of experimental medicine, 204(4),
805-817.

-O-

Obaid, H. M., & Shareef, H. A. (2018). Epidemiological and clinical study
of leishmaniasis in Kirkuk city, Irag. Iragi Journal of Science, 1195-
1204,

O'Garra, A., & Vieira, P. (2007). TH1 cells control themselves by
producing interleukin-10. Nature Reviews Immunology, 7(6), 425-428.

ST <



Omer, F. M., Kurtzhals, J. A. L., & Riley, E. M. (2000). Maintaining the
immunological balance in parasitic infections: a role for TGF-
B?. Parasitology Today, 16(1), 18-23.

Oppenheim, J. J., & Ruscetti, F. W. (2001). Cytokines in Medical
Immunology, by Parslow GT; Stites PD, Terr 1A, Imboden BJ, Lange
Medical Book.

Orsini, M., Canela, J. R., Disch, J., Maciel, F., Greco, D., Toledo Jr, A., &
Rabello, A. (2012). High frequency of asymptomatic Leishmania spp.
infection among HIV-infected patients living in endemic areas for
visceral leishmaniasis in Brazil. Transactions of the Royal Society of
Tropical Medicine and Hygiene, 106(5), 283-288.

Ouyang, W., Rutz, S., Crellin, N. K., Valdez, P. A., & Hymowitz, S. G.
(2011). Regulation and functions of the IL-10 family of cytokines in

inflammation and disease. Annual review of immunology, 29, 71-109.

Ovalle-Bracho, C., Londono-Barbosa, D., Salgado-Almario, J., Gonzalez,
C. (2019). Evaluating the spatial distribution of Leishmania parasites in
Colombia from clinical samples and human isolates (1999 to 2016).
PLoS One ,14(3),e0214124.

R-

Rahi, A. A. (2010). A Cloned Antigen (Recombinant K39) of Leishmania
donovani Diagnostic for Visceral Leishmaniasis in Human. Journal of
Wasit for Science and Medicine, 3(1), 12-18.

Rahi, A. A., Nsaif, S., Hassoni, J. J., Ali, M. A., & Hamza, H. A. (2013).
Comparison of diagnostic methods in Cutaneous Leishmaniasis in
Irag. Am J BioSci, 1(1), 1-5.



Ramirez, J. R., Agudelo, S., Muskus, C., Alzate, J. F., Berberich, C,,
Barker, D., & Velez, I. D. (2000). Diagnosis of cutaneous
leishmaniasis in Colombia: the sampling site within lesions influences
the sensitivity of parasitologic diagnosis. Journal of clinical
microbiology, 38(10), 3768-3773.

Rassam , M. B. and AL-Mudhaffar,S.A. (1997). The primary isolation
Leishmania donovani from Iraq on different culturemedia. An Trop.
Med. Parasitol, B(4):345-347.
Reithinger, R., Dujardin, J. C., Louzir, H., Pirmez, C., Alexander, B., &
Brooker, S. (2007). Cutaneous leishmaniasis. The Lancet infectious
diseases, 7(9), 581-596.

Requena, J. M., Chicharro, C., Garcia, L., Parrado, R., Puerta, C. J., &
Cafnavate, C. (2012). Sequence analysis of the 3’-untranslated region
of HSP70 (type I) genes in the genus Leishmania: its usefulness as a
molecular marker for species identification. Parasites & Vectors, 5, 1-
9.

Rodgers, M. R., Popper, S. J., & Wirth, D. F. (1990). Amplification of
kinetoplast DNA as a tool in the detection and diagnosis of

Leishmania. Experimental parasitology, 71(3), 267-275.

Rodriguez, N., Guzman, B., Rodas, A., Takiff, H., Bloom, B. R., &
Convit, J. (1994). Diagnosis of cutaneous leishmaniasis and species
discrimination of parasites by PCR and hybridization. Journal of
clinical microbiology, 32(9), 2246-2252.

Roque, A. L. R., & Jansen, A. M. (2014). Wild and synanthropic reservoirs
of Leishmania species in the Americas. International Journal for
Parasitology: Parasites and Wildlife, 3(3), 251-262.

>[w <



Roy, S. (1900). Research in tropical diseases in India with special reference to
leishmaniasis and filaria. From Physiology and Chemistry to
Biochemistry, 33-67.

Rutledge, LC., Gupta RK.(2009). Moth flies and sand flies. In Medical and
Veterinary Entomology, Mullen R, Durden LA (Eds). 2nd Edition
, Academic Press, London , pp, 153-168.

_S-

Sabzevari, S., Mohebali, M., & Hashemi, A. (2020). Cutaneous and visceral
leishmaniasis: parasites, vectors and reservoir hosts in endemic foci of
North Khorasan, Northeastern lIran-a Narrative Review. Journal of

Medical Microbiology and Infectious Diseases, 8(2), 40-44.

Sachdeva, H. (2016). Life cycle of Leishmania donovani; causative agent of
visceral leishmaniasis: A review. International Journal of Scientific

Research in Science, Engineering and Technology, 2(1), 84-5.

Safavi, M., Eshaghi, H., & Hajihassani, Z. (2020). Visceral leishmaniasis:

Kala-azar.

Sakkas, H., Gartzonika, C., & Levidiotou, S. (2016). Laboratory diagnosis
of human visceral leishmaniasis. Journal of vector borne
diseases, 53(1), 8-16.

Saraiva, M., & O'garra, A. (2010). The regulation of IL-10 production by

immune cells. Nature reviews immunology, 10(3), 170-181.

Sarkari, B., Hatam, G. R., Mikaeili, F., Sadeghi, H., & Ebrahimi, S.
(2008). A comparative study of antigen and antibody detection in
visceral leishmaniasis using serum and urine-based ELISA. Trop
Biomed, 25(2), 96-99.

> [ | <



Schonian, G., Kuhls, K., & Mauricio, I. L. (2011). Molecular approaches
for a better understanding of the epidemiology and population genetics
of Leishmania. Parasitology, 138(4), 405-425.

Schonlau, F., Scharffetter-Kochanek, K., Grabbe, S., Pietz, B., Sorg, C.,
& Sunderkotter, C. (2000). In experimental leishmaniasis deficiency
of CD18 results in parasite dissemination associated with altered
macrophage functions and incomplete Thl cell response. European
journal of immunology, 30(9), 2729-2740.

Sellau, J., Groneberg, M., & Lotter, H. (2019). Androgen-dependent
immune modulation in parasitic infection. In Seminars in

immunopathology (Vol. 41, pp. 213-224). Springer Berlin Heidelberg.

Sheikh, S. Y., Ansari, W. A., Hassan, F., Faruqui, T., Khan, M. F.,
Akhter, Y., ... & Nasibullah, M. (2023). Drug repositioning to
discover novel ornithine decarboxylase inhibitors against visceral

leishmaniasis. Journal of Molecular Recognition, 36(7), e3021.

Shihara, N., Terauchi, Y., Ishida, H., Kitaoka, M., Satoh, J., Yabe, D., ...
& Seino, Y. (2016). Efficacy and safety comparison of sitagliptin and
glimepiride in elderly Japanese patients with type 2 diabetes: START-
J. Diabetes Research and Clinical Practice, 1(120), S130-S131.

Shyam , S. and Rai , M .(2002). Laboratory diagnosis of visceral
leishmaniasis . Clin . Diagn . lab . immunol ., 9 (5) : 951-958.

Siewe, N., Yakubu, A. A., Satoskar, A. R., & Friedman, A. (2016).
Immune response to infection by Leishmania: a mathematical

model. Mathematical biosciences, 276, 28-43.

> [ | <



Silva, E. S., Gontijo, C. M., Pacheco, R. S., Fiuza, V. O., & Brazil, R. P.
(2001). Visceral leishmaniasis in the metropolitan region of Belo
Horizonte, state of Minas Gerais, Brazil. Memorias do Instituto
Oswaldo Cruz, 96, 285-291.

Singh, S., Gilman-Sachs, A., Chang, K. P.,, & Reed, S. G. (1995).
Diagnostic and prognostic value of K39 recombinant antigen in Indian

leishmaniasis. The journal of parasitology, 1000-1003.

Smith, K. A. (1988). Interleukin-2: inception, impact, and
implications. Science, 240(4856), 1169-1176.

Smyth, A. J., Ghosh, A., Hassan, M. Q., Basu, D., De Bruijn, M. H. L.,
Adhya, S., ... & Barker, D. C. (1992). Rapid and sensitive detection of
Leishmania kinetoplast DNA from spleen and blood samples of kala-
azar patients. Parasitology, 105(2), 183-192.

Solano-Gallego, L., Miro, G., Koutinas, A., Cardoso, L., Pennisi, M. G.,
Ferrer, L., ... & Baneth, G. (2011). LeishVet guidelines for the
practical management of canine leishmaniosis. Parasites & vectors, 4,
1-16.

Salotra, P., Sreenivas, G., Pogue, G. P., Lee, N., Nakhasi, H. L.,
Ramesh,V.,& Negi, N. S. (2001). Development of a species-specific
PCR assay for detection of Leishmania donovani in clinical samples
from patients with kala-azar and post-kala-azar dermal leishmaniasis.
Journal of Clinical Microbiology, 39(3), 849-854.

Spellberg, B., & Edwards Jr, J. E. (2001). Type 1/ Type 2 immunity in
infectious diseases. Clinical Infectious Diseases, 32 (1),76-102.

Spolski, R., Li, P., & Leonard, W. J. (2018). Biology and regulation of IL-
2: from molecular mechanisms to human therapy. Nature Reviews
Immunology, 18(10), 648-659.

ST <



Sudarshan, M., & Sundar, S. (2014). Parasite load estimation by gPCR
differentiates between asymptomatic and symptomatic infection in
Indian visceral leishmaniasis. Diagnostic microbiology and infectious
disease, 80(1), 40-42.

Sukker, F. (1974). Study on sandflies as vector of Kala- azar in Iraq. Bull.
End. Dis., 15: 85 — 104.

Sukkar, F., Al-Mahdawi, S. K., Al-Doori, N. A., & Kadhum, J. A. (1981).
Isolation of Leishmania from the spleen of a dog in Irag. Transactions
of the Royal Society of Tropical Medicine and Hygiene, 75(6), 859-860.

Sukkar, F., Yawanis, F., Al-Doori, N. A., & Al-Mahdawi, S. K. (1985).
The possible vector of infantile visceral leishmaniasis in Iraq. Bull.
End. Dis. Baghdad. (26) : 13-27.

T-

Tadesse, D., Abdissa, A., Mekonnen, M., Belay, T., & Hailu, A.(2021).
Antibody and cytokine levels in visceral leishmaniasis patients with
varied parasitemia before, during, and after treatment in patients
admitted to Arba Minch General Hospital, southern Ethiopia. PL0oS
Neglected Tropical Diseases, 15(8), e0009632.

Taj-el Deen, S. D., & Al Alousi, K. (1954). Kala-Azar in Iraq: Report of
Four Cases. Journal of the Faculty of Medicine, Baghdad, 18(1/2), 15-
19.

Tarish, H. R., Jawad, F. M., & Abdala, K. D. (2009). Sero-Diagnosis of
visceral leishmaniasis in pediatric patients in Mid-Euphrates
area. Journal of Kerbala University, 7(3), 109-120.

Tarish, H. R. (2010). Haematological And Epidemiological Study Of
Visceral Leishmaniasis In Pediatric Patients In Mid-Euphrate Area. Al-
Qadisiyah Medical Journal, 6(10), 118-130.

> [ | €



Torres-Guerrero, E., Quintanilla-Cedillo, M.R., Ruiz-Esmenjaud, J.,&

Arenas, R. (2017). Leishmaniasis: a review. F1000Research,6.

Tripathi, P., Singh, V., & Naik, S. (2007). Immune response to leishmania:
paradox rather than paradigm. FEMS Immunology & Medical
Microbiology, 51(2), 229-242.

“U-

Uzun, S. O. N. E. R., Uslular, C., YUCEL, A., Acar, M. A., Ozpoyraz, M.,
& Memisoglu, H. R. (1999). Cutaneous leishmaniasis: evaluation of
3074 cases in the Cukurova region of Turkey. British Journal of
dermatology, 140(2), 347-350.

_V/-

van Griensven, J., & Diro, E. (2019). Visceral leishmaniasis: recent
advances in diagnostics and treatment regimens. Infectious Disease
Clinics, 33(1), 79-99.

Varani, S., Ortalli, M., Attard, L., Vanino, E., Gaibani, P., Vocale, C., ...
& Landini, M. P. (2017). Serological and molecular tools to diagnose
visceral leishmaniasis: 2-years’ experience of a single center in
Northern Italy. PloS one, 12(8), e0183699.

Vargas-Martinez F, Torres-Guerrero E, Quintanilla-Cedillo MR, (2013).
Leishmaniasis en Meéxico. Academia Mexicana de Dermatologia,
Colegio de Dermatologos de Yucatan A. C., Fundacion Mexicana para
la Dermatologia, Universidad Autonoma de Campeche y Secretaria de

Salud, México.

Varma, N., & Naseem, S. (2010). Hematologic changes in visceral
leishmaniasis / kala azar. Indian Journal of Hematology and Blood
Transfusion, 26, 78-82.

> [ | <



Vidyashankar , C. (2002). "Leishmaniasis”. Medicine. Com American Public
Health Association Washington., (7): 284-289.

Vincent, H. M. (2017). William Boog Leishman : parasitologist and
politician . Parasitology, 144(12), 1582-1589

Vitale, G., Reina, G., Mansueto, S., Malta, R., Gambino, G., Mocciaro,
C., ... & Cillari, E. (1992). The significance of serum soluble IL-2
receptor as a marker for active visceral leishmaniasis in Sicilian

patients. Clinical & Experimental Immunology, 90(2), 219-222.
“W-

Walker, G., & Shostak, J. (2010). Common statistical methods for clinical

research with SAS examples. SAS institute.

Wamai,R.G.,Kahn , J., McGloin, J., & Ziaggi , G . (2020) .Visceral
leishmaniasis : a global overview. Journal of Global Health
Science, 2(1).

WHO ( 1986). The leishmania rport of WHO Expert committed Tech. Rep.
Ser. No. 701. Geneva, Switzerland. 170 pp.

World Health Organization. (1996). The leishmaniasis and Leishmania/
HIV Co-infectioon Inf. Circ-WHO Mediterr. Zoon. Control Cent. 40 :
11-13.

World Health Organization. (2000). Cure for fatal tropical disease-oral
treatment of leishmaniasis. Countries reporting leishmaniasis / HIV co-
infection. PP. 1-6 .

World Health Organization. (2002). Leishmaniasis. World Health

Organization. Geneva, Switzerland.

WHO (2004). Communicable disease surveillance and report. 19 March
2003.

> [ws | €



WHO Expert Committee on the Control of the Leishmaniases. Meeting,
& World Health Organization. (2010). Control of the leishmaniases:
Report of a meeting of the who expert committee on the control of
leishmaniases, Geneva, 22-26 march 2010 (No. 949). World Health

Organization.

WHO Fact Sheet (2022). Leishmaniasis”. www.who.int. World Health
Organization. 2022-01-08.

Wijesooriya, H., Samaranayake, N., & Karunaweera, N. D. (2023).
Cytokine and phenotypic cell profiles in human cutaneous
leishmaniasis caused by Leishmania donovani. PLoS One, 18(1),
e0270722.

Wolk, K., & Sabat, R. (2006). Interleukin-22: a novel T-and NK-cell derived
cytokine that regulates the biology of tissue cells. Cytokine & growth
factor reviews, 17(5), 367-380.

_X-

Xu, X., Sumita, K., Feng, C., Xiong, X., Shen, H., Maruyama, S., ... &
Asano, Y. (2001). Down-regulation of IL-12 p40 gene in Plasmodium
berghei-infected mice. The Journal of Immunology, 167(1), 235-241.

Y-

Yang, J., Zhang, L., Yu, C., Yang, X. F., & Wang, H. (2014). Monocyte
and macrophage differentiation: circulation inflammatory monocyte as

biomarker for inflammatory diseases. Biomarker research, 2, 1-9.

Yaseen, F. T., & Ali, H. Z. (2016). Using of Species-Specific Primers for
Molecular Diagnosis of in Vitro Promastigotes of Leishmania

donovani. lragi Journal of Science, 824-829.

> [ | <



_Z-

Zeyrek, F. Y., Toz, S., Yuksel, F., Turgay, N., & Ozbel, Y. (2018). The
comparison of kinetoplastid DNA PCR and parasitological methods in
the diagnosis of cutaneous leishmaniasis using clinical samples of
suspected patients in Turkey. International Journal of Infectious
Diseases, 73, 317,

Zijlstra, E. E., & El-Hassan, A. M. (2001). Leishmaniasis in Sudan. 3.
Visceral leishmaniasis. Transactions of the Royal Society of Tropical
Medicine and Hygiene, 95(Supplement_1), S27-S58.

Zijlstra, E.E. (2016). The Immunology of Post-Kala-Azar dermal
leishmaniasis (PKDL). Parasit. Vect., 9, 464 doi 10.1186/s13071-016-
1721-0.

> [ | €



Appendices



300.00

250.007

200.00

150.007

Interleukin-2 {IL-2) levels

100.007

50.00

T I
Patients with Kala-azar Healthy contro

Appendix (4-2): Mean Interleukin-2 (IL-2) levels of patients and controls
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Appendix (4-3): Receiver operator characteristic curve analysis of 1L-2

for the calculation of possible diagnostic cutoff value.
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Appendix (4-4): Mean Interleukin-10 (IL-10) levels of patients and

controls.
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Appendix (4-5): Receiver operator characteristic curve analysis of 1L-10

for the calculation of possible diagnostic cutoff value.
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Appendix (4-6): Mean Interleukin-12 (IL-12) levels of patients and

controls.
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Appendix (4-7): Receiver operator characteristic curve analysis of 1L-12

for the calculation of possible diagnostic cutoff value.
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Appendix (4-8): Mean TGF-f levels of patients and healthy controls
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Appendix (4-9): Receiver operator characteristic curve analysis of TGF-p

for the calculation of possible diagnostic cutoff value.
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Appendix (4-10): The Logestic scatter blot of IL-2 and IL-10 among

patients.
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Appendix (4-11): The Logestic scatter blot of IL-2 and IL-12 among
patients.
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Appendix (4-12): The Logestic scatter blot of IL-2 and TGF-p among

patients.
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Appendix (4-13): The Logestic scatter blot of IL-10 and IL-12 among
patients.
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Appendix (4-14): The Logestic scatter blot of IL-10 and TGF-p among
patients.
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Appendix (4-15): The Logestic scatter blot of IL-12 and TGF-f among
patients
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