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Summary

Eight hundred blood samples of patients with Kala-azar and one hu@
blood samples of control group were studied. The number of th ifged
cases of Kala-azar in Baghdad and Wasit governorates during %@
from January 2008 to August 2008 was 800 cases,fluctuated to geac

riod
maxi-
mum of 165 cases ( 20.6% ) in January 2008, and declined to“réash 49 cases

(6.1%) in July 2008. \/

It was also noted that all 300 /300 (100 %) ca @ients had fever,
splenomegaly 290/300 (96.7%), hepatomegaly 259 @%),weight loss 155

(51.7%), anemia 150 (50%) , paleness 106 ( 35.3&Nydiarrhoea 66 ( 22%),
leukopenia 50 (16.7%) and abdominal pain 46@. % ).

The patients were divided according@e age criterion into seven
groups from ( G1 < lyear to G7 > 50 )% and the highest infection was

appeared in children under one year o 0(70 %). There was male predo-
minance which reached 436 (S@yhﬂe that female was 364 (45.5%).
The proportion of Kala-azar infe¢hgn in Baghdad (257- 85.7%) was lower
than Wasit (460 - 92%). Mo e patients whose number reached 454
(56.8%) lived in different of rural Baghdad and Wasit governorates,
and under poor condition (63.6%).

Anti-Leishmania%tibody was detected in 717(89.62%) by using rK39;
and from 100 blo
agglutination t DAT ), indirect immunofluorescent antibody test (IFAT)

ples ; 95, 70 and 88 were positive by using direct

and enzyme ¢d immunosorbent assay (ELISA), respectively. Based on

these res ensitivity and specificity of rK39 and DAT were found to
be &9. 5%, 100% and 100%, respectively. The sensitivity of IFAT
and A in the diagnosis of Kala-azar was 70% and 88% and their

VIl



specificity was 100% for both. ELISA showed a sensitivity, specificity,
a positive predictive value ( PPV ) and negative predictive value(NPV) of
88%,100%,100% and 45.45% respectively. While for rK39 these va
were 89.6%,100%,100% and 54.64%,respectively.The diagnostic ac u@
for ELISA and rK39 was found to be 89.09% and 90.77 %, resp@y.

Out of 100 patients, 95 appeared to be positive by PCR te&d 5 were
negative, giving a sensitivity for PCR of 95% and specifdgity ,of 100 %.
Data analysis was done by Statistical Package for Socia@iences (SPSS)
software and by using descriptive and analytical statist@
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1- Introduction and Literature Review

1.1 Introduction @

S
Leishmaniasis is a disease caused by protozoan parasites t@ong
to the genus Leishmania and is transmitted by the bite of cgta pecies

of sand fly,including flies in the genus Lutzomyia found in ew World
and Phlebotomus in the Old World. The disease was naftgd sin 1901 by
a Scottish pathologist William Boog Leishman, and th;%discovery was

03, Sir Ronald

confirmed three years later by Charles Donovan. In @
XThese parasites are

Ross introduced the term Leishmania ( Ross, (179
widespread in all continents.Leishmaniasis stil%
health problem and the burden increases (Desj

titutes major public
01, 2004).

Leishmaniasis, a vector - borne dise used by obligate intra-
macrophage protozoa, is characterized b
(Herwaldt, 1999; Desjeux, 2001).A to

have been identified to be pathogenic

diversity and complexity
about 21 Leishmania species
humans. Leishmania is one of
several genera within the family? nosomatidae, and is characterized
by the possession of a kinetop a unique form of mitochondrial DNA
(Arias and Naiff, 1981).

Leishmaniasis is @ by different species of Leishmania . These
flagellated protozo own as kinetoplastids, include a number of patho

gens that are res for serious diseases in humans and other animals.
They are char d by the presence of kinetoplast, DNA-containing
granule locat thm the single mitochondrion and associated with the
flagellar b ebster and Russel, 1993). The members of family 7rypa-
nosomat ave reduced or absent cytostomes that feed entirely through
abso ( Sivakumar, 2004). They have a complex life-cycle, involving

@



more than one host, and go through various morphological stages. All
members are exclusively parasitic.There are nine genera under this family:
Blastocrithidia , Crithidia , Endotrypanum , Herpetomonas , Leptom ,

@o

Phytomonas, Wallaceina , Trypanosoma and Leishmania.

There are mainly five types of leishmaniasis, caused b us
species of Leishmania. The visceral leishmaniasis is cause species
of L. donovani complex that consist mainly of L.(dRN tum, L .(d)

donovani and L.(d) chagasi (Ashford and Bates,1998). %ﬁs d severe form
yarte et al.,2001).
Mucocutaneous leishmaniasis(MCL),or espundia,p es lesions, which

in which the parasites have migrated to the vital orga

. . . Lo
can lead to extensive and disfiguring destructi mucousmembranes

of the nose,mouth and throat cavities. The rve species of MCL are

L. ( viannia ) braziliensis and L. ( viannia anensis. The cutaneous

leishmaniasis (CL) can produce large nu of skin ulcers, as many as
200 in some cases,on the exposed part e body(Sanyal,1985; Lainson
and Shaw,1987 ). The causative spe@of CL are L. major, L. tropica,
L. mexicana and L. amazonensigeThe fourth form diffuses cutaneous
leishmaniasis ( DCL ). It is a @gic variant of the localized cutaneous
leishmaniasis in which lesio ¢ disseminated, resembling lepromatous

leprosy. The disease is ¢ by L. ( mexicana ) amazonensis and L.

aethiopica ( Lainson an , 1987; Pearson and Sousa,1996; Ashford

and Bates, 1998).

Despite const % progress in Cellular and Molecular Biology and
in the evolutio genetics, one is still far from understanding how these
organisms acigpyatural populations. They have a complex life cycle, and
present in diverse ecological niches and can infect a wide range of
hosts . rmore , Leishmania spp. can produce a great variety of

clini ptoms in humans.
@ :



Aims of the Study

1- Assessing the epidemiological and clinical aspects of the disease @-
cularly in children with Kala-azar in Baghdad and Wasit governorates,. N
2- Estimating the sensitivity and specificity of PCR .. @@
3- Diagnosing the parasite by different serological tests a d‘%uating
these tests. &

4- Comparing between molecular and serological testWiagnosis of

1.2- Literature Review &
1.2.1 History Scope i&\

Kala-azar disease.

The human leishmaniasis can present iz'n man into five different
forms: @

a. Visceral leishmaniasis, also kno Kala-azar (in the Old world),

is caused by the protozoan payz ite L. donovani ( Lainson and Shaw,

1987'Pears0n and Sousa, 1947). R donovanz mfects macrophages of

over the face and ext Rsor surface of the limbs ( El- Masum and Evans,
1995). Epidemics o%&—azar are often associated with natural disasters

or social upheav 18ceral leishmaniasis is a severe form in which the
parasites migra@ the vital organs (Liarte et al., 2001).




increased number of the infection vectors, large concentration and the
unsatisfactory health condition of the population. Sincel991, incidences
of leishmaniasis have started to occur in the southern provinces o e
country(Misan,Thiqar,Basra),until that time its appearance was e e@r
rare. In 2001, 2893 cases of visceral leishmaniasis were diag .in

2000, 2611 cases, and as many as 3866 cases were in the peak -1992
(20 cases for every 100 thousand citizens) ( Korzeniewski, 2(1%\

b.Cutaneous Leishmaniasis, is the most common that 3s iméction chara-
cterized by ulcerative skin lesion in the face,arms or The cutaneous
leishmaniasis is principally, caused by L. major, L, ca and L. mexi-

cana. Although the lesions will persist and disS@te, cutaneous leish-
maniasis is, generally, a self-healing disease @&; etal.,2001).

In all areas of Iraq,there had also been c@of cutaneous leishmaniasis.
The course of disease is much more gentl@an that of kala-azar. In 2001,

there were 625 cases of cutaneous ky niasis, 955 cases were in 2000
and as many as 8779 cases were in year of 1992 (45 cases for every
100 thousand citizens ) ( WHO, 2 Cases of cutaneous leishmaniasis,

caused by L. tropica mostly %:br in the suburbs of big cities such as
Baghdad and Mosul and ayfigng large conglomerations of people where
the sanitary conditions nsatisfactory. The incidences caused by
L.major are much mmon ; they appear primarily in rural areas,
especially in the northerm>and southern provinces of the country (WHO,
2003; Korzeniewskz 5).

¢. Mucocutangoudx¥eishmaniasis, 1s a variant form of cutaneous leish-
maniasis, cauby L . braziliensis. This parasite has a tropism for

@ oro-naso-pharyngeal region, where it produces mucosal

eventually destroys the nose and mouth.
cutaneous leishmaniasis(DCL) is a mutilating disease caused

by ANwiexicana. This infection disseminates with chronic skin lesions,
r ling those of leprotamous leprosy, and is difficult to treat.



e - Post — kala - azar dermal leishmaniasis ( PKDL ) is caused by

L. donovani , following the cure of the initial visceral leishmaniasis

(Zijlstra et al., 2001). @

Nevertheless, these are not absolute categories and there is ac SIS

derable overlap in the clinical manifestations, caused by the v

species of Leishmania. For instance, cases have been des ri&

visceral disease, caused by L. amazonensis ( Amaral et al. 0) and L.

tropica(Magill, 1995).0Other examples have been published abput patients

with mucosal leishmaniasis due to the infection with & donovani or L.
%n et al., 2000).

Similarly, a form of disseminated leishmaniasis, fi ng infection with

major in Sudan and Tunisia ( Zijlstra et al., 1991

L.guyanensis has been observed in French Guya° aggi et al., 2004).

9,

The clinical forms of leishmaniasis resulted¥som the different affini-

ties of the various species of Leishmania frophages are located in
different parts of the body. Temperature @ e one of the major factors
involved in this tropism. The Leishma@pecies that produce cutaneous

and mucocutaneous diseases groybefter at the slightly cooler tempe-

1.2.2Transmission %

The presenc ctphmaniasis depends on a variety of ecological and

biological fact s. Mnce the various Leishmania species depend as much

servoir as on the specific vector species, a Leishmania
focus can
the host al species and the sandfly species. The topography and the
chme essential for the maintenance of the life cycle. Only if the

xist if suitable ecological conditions are present for both

and the vector live close enough together, the transmission of
asite possible and the infectious cycle is maintained.

5



1.2.2.1 Zoonotic Cutaneous Leishmaniasis

Cutaneous leishmaniasis occurs either as a zoonotic or as an anghto-
ponotic infection. Zoonotic cutaneous leishmaniasis is caused by L.m@,
with rodents serving as reservoir. These rodents live usually in ies
and are commonly found in vast uninhabited areas. The rode ITOWS
provide excellent breeding places for the sandflies. Throu&fhe coexis-
tence of rodents and sandflies in the same habitat,the natyral transmission

cycle of L. major is maintained ( Schallig et al., 2001; 200X In zoonotic

leishmaniasis humans are the only accidental ho
Shapira, 1994). Anthroponotic CL has been attribut

<

1.2.2.2 Zoonotic Visceral Lei@nasis

Visceral leishmaniasi occurs either in a typical zoonotic or an

anthroponotic pattern, ing on the species involved. L. donovani

depends on the inter hutygn transmission(Thakur, 2000). Subclinical infec-
tions are thought toexst at such a high number that would be sufficient
to maintain the ﬁ@ s cycle. Besides, PKDL patients are suspected to
serve as a re@oir, especially, bridging long — term intervals between
epidemics.

argentipeg%ypports the hypothesis that humans are the only reservoir in

omophilic nature of the vector of Indian kala-azar, Ph.

India ( and Bogdan, 2000).

<



In other regions of the world ( Mediteranean countries, the Middle
East, Central Asia and China ) VL is a zoonosis . The causative agent is
L.d. infantum, which is transmitted by phlebotomine sandflies, whic@i
mainly of the subgenus Larroussius . Canids, predominantly dogs, s

as reservoir(Adler, 1962). Dogs suffer from canine visceral leis asis
( CVL), a disease closely related to human VL. In addition, d uffer,
typically,from various dermal symptoms (Guevara et al., 19 The distri-

bution of the disease is typically rural. Wild canids( eg. fo%g/nd jackals)
seem to be an important factor for the distribution ofgthe parasite over

larger geographical areas ( Belli ef al., 1999). The e iology of L.d.
humans and CVL
1938, the disease has
become wide spread and is endemic in s nd eastern parts of the

White Nile and Upper Nile states(Hashim ey 1995),besides other areas

chagasi in the New World is very similar,causing

in canids. The first reported case of VL in Suday

in the west and north of Khartoum ( WHE,3¥91). As in most countries,
males are almost twice as likely to be ted by VL than females, with
young children being at the highe . In the village of Um-Salala in

eastern Sudan, the average age of YL patients was found to be 6.6 years
with male to female ratio of 1.@6 annual incidence rate was 38.4 per
1000 population between 19983nd 1992, and 38.5 per 1000 during the
period 1992 and 1993 (Zijls ('7:' al., 1998 ). In Somalia, sporadic cases of

VL first appeared in 19% ainly, in Middle Shabelle and Lower Juba

areas. A recent retrosp&§ve study has shown that VL is endemic in these
areas.Children belo% age of 15years were at the highest risk and males
were over three ore susceptible than females in Ethiopia (Ali and
Ashford, 1994 nthroponotic VL due to L.donovani, regularly causes
severe outbr Sudan with thousands of deaths and represents major
problem 1 a, the desert zones in Egypt, Iraq, Jordan, Libya, Morocco,

and Tu@@WHO, 2006).

<



1.2.2.3 Zoonotic Mucocutaneous Leishmaniasis

Cutaneous leishmaniasis and mucocutaneous leishmaniasis o e
New World are zoonotic, with small forest rodents and sloths sewi@
reservoir. Forest workers, hunters and settlers on cleared forest 1 &re,
especially, at risk. Sandfly species of the genus Lutzomyia and .@y odo-
pogus are the vectors ( WHO, 1991; Ahluwalia et al., 2004). &

1.2.3 Taxonomy \/
N

The classification of Leishmania was initially ba ecobiological
criteria, such as vectors, geographical distributy)@opism , antigenic
properties and clinical manifestation ( Bray, 19 %’ardener etal., 1974).
However, biochemical and molecular analyst§spiowed that pathological
and geographical criteria were often inade@e and thus other criteria,
such as patterns of polymorphism,exhibite@ kinetoplastic DNA(kDNA)
markers, proteins or antigens, came used to classify Leishmania
(Godfrey, 1979;Lanotte et al.,1981; L@ncq et al., 1986). All members
of the genus Leishmania are patg f mammals (Ross, 1903). The two
subgenera, Leishmania and Via ,are separated on the basis of their
location in vector’s intestine@amson and Shaw, 1987). Initially, species
classification was based o@ 1
graphical and biolog

(isolated in Guyana)gL. ruviana(isolated in Peru), L.infantum (isolated

ous extrinsic criteria, such as clinical, geo-
aracteristics ; for example , L. guyanensis

from a child in TufiSR and L. gerbilli ( isolated from gerbils ). Since the
1970s,intrinsic,cri , such as immunological, biochemical and genetic
data have be ed to define species of Leishmania (Lumsden, 1974).
The use o @1 molecular techniques has led to the publication of taxo-

nomic sc by the W.H.O (WHO, 1991)(figure 1.1).

@}@



Kingdom Protista

Subkingdom Protozoa (Anton van Leeuwenhoek, 167@
©
Subphylum Mastigophora &

Phylum Sarcomastigophora

Class Zoomastigophora

Order Kinetplastida (Honigbef&F961)
<

Family Trypanosomatida@il and Brimont, 1908)
Section Salivaria @

Genus Leishmanig @s man and Donovan,1901)

Species donovani, tropica, mexicana, braziliensis
o

N

Figure (1.1) Taxonomy Sch of Leishmania spp.(WHO, 1991)

New methods of d%on, isolation and genetic identification were
resulted from a massﬁl' ¢ increase in the number of the species described.

Today, 30 speci own and approximately 20 are pathogenic for

humans. Thesepecies generally represent different epidemiological and
clinical charics,related to different genetic and phenotypic profiles
(Cupolillo 1995). Debate has centred on L.panamensis, L.chagasi,

L. peruvighyy L.infantum,L.archibaldi, L.garnhami, L.pifanoi, L.forattinii
and L @zuelensis ( Ban™uls et al., 2002 ; Mauricio et al., 2006).

<



1.2.4 Morphology

Leishmania exists in two forms: @

S
a-Amastigote form SQ@

Amastigotes are ovoid and non flagellated forms of ZXshmania,
measuring 3-5 um in length ( Ross , 1903 ). On simple ligkgumigroscopy,
the nucleus is either central rounded or oval, while th%kinetoplast 1s

either small rounded or rod shaped.An infolding of th@
creates an internal space, termed as ‘flagellar pock

e membrane
e flagellum is
not functional in amastigotes and does not exteng ond the cell body
(Allen and Aderem, 1995). In addition to an@1 the flagellum, the
main function of the pocket isto function ®
exocytosis (Webster and Russel, 1993). @

site of endocytosis and

Immediately below the origin of \% fTagellum lies a dense mass of
mitochondrial DNA known as kingtoplast. The kinetoplast DNA is

composed of several thousand ci ol DNA molecules, linked together

rough and smooth e%asmic reticulum.The Golgi complex is typically
found in the vick§yp@the flagellar pocket, which probably reflects the
role of this orgghglle’in the endocytic and exocytic pathways. Lysosomes
are also fou e cytoplasm together with an organelle that is unique
to kinetop ,the glysosome (Opperdoes, 1991; Cupolillo et al., 2003).

1& velopmental cycle is initiated by the interaction of metacyclic
p@ igotes with skin macrophages.After the uptake and internalization

10



of metacyclic promastigotes in phagosome, fusion with lysosomes pro-
ceeds as normal and parasites inhabit a secondary lysosome or phagoly-
sosome. During this process, the metacyclic promastigote transform: 0
an amastigote within 12-24 h and continues to grow and divide withi

the phagolysosomal compartment (Alberts et al., 2002). The amasti
have to overcome two environmental challenges: the battery of
enzymes and low pH (4.5-5.5). Low pH is not a problem as stigotes
seem to be acidophiles: they are metabolically more actiw low pH
(Bates, 1993 ; Zilberstein and Shapira , 1994)(figure 1.2).&

R%,

Figure (1.2) Amastiote of L. donovani in the Biopsy of Bone Marrow
(Ce isease Control and prevention ,USA)

b-Promasti @orm
B

In gﬁ@amdﬂy host, the parasite is found in the promastigote form.
The ormation of amastigotes to promastigotes starts within hours

o@s ion of the amastigotes ( either free or intracellular) and occurs,

11



exclusively, in the gut. The amastigotes are completely transformed into
motile promastigotes within 24 - 48 h and they can keep on dividing by

binary divisions. The mature metacyclic promastigotes are accumulate@

©*
The main difference from amastigotes is that the cell body 1 e%ated
and in the range of 8-15 um, the flagellum emerges from the ody,and

functions to make these cells motile ( Figure 1.3). ThW‘nastigote

the midgut and foregut (Ashford and Bates, 1998; Herwaldt, 1999).

Figure (1.3) Promas@te of L.donovani in Blood Smear

( Centre for%@)se Control and Prevention, USA)

flagellum has a paraxf| rod, a paracrystalline structure running parallel to
the microtubules eyxoneme. There is a variety of different promasti-

gote forms tha

san be separated on morphological grounds, but functional

@)

ess£omplete (e.g., procyclic promastigotes, paramastigotes,

mastigotes, haptomonad promastigotes and metacyclic

distinction is

K N

N\

nectomond
promasti (Desjardins, 2003). The first developmental event in the
sand robably the transformation of amastigotes to procyclic proma-

stygoted These events occur in the posterior midgut of the sandfly ( Bates,

12



1994; Ashford and Bates, 1998). When the multiplication of procyclic

promastigotes occurs, they elongate and transform to nectomonad forms

of 15-20 um body length. Approximately, three days after blood feedin@
s€

Lipophosphoglycan ( LPG ) plays an important role 1anng and

Within
five days, the infection reaches the anterior midgut. I—@ aptomonad

maturating the infection (Pimenta ef al.,1992 ; Sacks et al

promastigotes are attached to the stomodeal valve(V} an and Tetley,
1990). From the 5™ day onwards, increasing num f small (5- 8 um),
narrow, highly motile, metacyclic pmmastigo@l be observed in the

lumen of the anterior midgut or foregut,or bot e role of the fall in gut

pH 1n inducing metacyclogenesis is more ative, but promastigotes
are known to acidify their culture media g growth in vitro(Bates and
Tetley, 1993). In suitable culture medji nd at appropriate temperature

(26°C) within 24-28 hours at pH 7,0<7.5 these promastigotes are obtained.

%
. k4

1.2.5 Life Cycle
@

During their comple ycle, Leishmania parasites are exposed to
different extra-and intrgelular environments. These organisms are dige-
netic parasites Wit%)v\o basic life cycle stages: an extracellular stage

I I ost (phlebotomine sand fly) and an intracellular

within an 1nver@e
stage within a ebrate host . Thus, the parasites exist in two main mor-
phological

, amastigotes and promastigotes, which are found in
vertebrate , invertebrate hosts, and in culture, respectively ( Bogdan

and R(@@%ff , 1999 ) (figure 1.4).

<
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Sandfly Stages Human Stages

Sandfly takes a blood meal .
|||'|]E'=|'5 mgth ﬁtﬂg‘!‘ Pfﬂfﬂﬂﬂlgﬂ[&s dre
into: thi skin) phagocyhzed by @
macrophages

9 Divide in midgut and /ﬁ
migrate to proboscis ?f

\/ Eﬁé

Amastigotes transform into
promastigote stage in midgut

Prmashgmes transfarm
into amastigotes inside
macrophages A

Amastigotes multiply in cells
(including macrophages) of

k various lissuas A

e lngeslu:m of
parasitized cell

A= Infiactive Stage
A\ = Diagnostic Stage

ure (1.4) Life Cycle of Leishmania sp.
( Handman and Bullen, 2002)
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1.2.5.1 Stages in the Invertebrate Host

The invertebrate hosts or vectors are small insects of the order @
Diptera,belonging to the subfamily Phlebotominae. They are commonly

called phlebotomine sand flies. Out of the six genera described , @
two are of medical importance : Phlebotomus of the ‘Old Wer’,
divided into 12 subgenera, and Lutzomyia of the ‘NewWorld/,divided
into 25 subgenera and species groups. All known VCGQI‘SVOf the
leishmaniasis are species of these two genera. Among theg500” known
phlebotomine species,only 31 have been positively iden@% as vectors
of pathogenic species of Leishmania and 43 as prob@ectom(ﬁllick—
Kendrick, 1990, 1999). i&\

vary from one geographical region to anot ;\
of Leishmania ( Killick - Kendrick, 19
female needs a blood meal for egg d pment and only the female is

St depend on the species
999). Like mosquitoes, the

haematophagous. Some phleboto

only those species of Leishmant

such as Ph. papatasi and Ph.sefzepti ; these species are considered to be
restricted  vectors ( Pi

CING
By contrast, other phleb' e species, such as Lu. longipalpis and Ph.
argentipes are permisS(e vectors since they are able to develop mature
transmissible infect% when infected with several Leishmania species

(Rogers et al., 2

rmediate host, Leishmania develops as promastigote
motile extracellular stages, possessing a prominent free
(QFvertheless, a variety of different promastigote forms have
been guished on morphological grounds ( Bates and Rogers, 2004).

@
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1.2.5.2 Stages in the Vertebrate Host

The most remarkable accomplishments of Leishmania 1s tha
successfully parasitize the mammalian cells that are responsi 1‘@;
killing invaders : macrophages. Leishmania are extremely suc 1

parasites and natural infections are found in many differen ers of
mammals(Lainson and Shaw, 1987): rodents,canids,edent arsupials,
procyonids, primitive ungulates and primates. All the mmals are
considered potential reservoirs of the disease. Humans Q possible hosts
of these parasites, but in the majority of cases the@considered to be

accidental hosts. Q
0\

%an amastigote form.
ile intracellular stages.

In the vertebrate host, the parasite evolv

Amastigotes are ovoid (3-5 mm diameter), no
They do not have free flagellum and are 1 in the parasitophorous

vacuoles of the host’s macrophages ( an and Bullen, 2002).

<

1.2.6 Modes of Transmission @

Worldwide, vector-borne @'ﬂission 1s the most common mode of
transmission (Lainson and 1987; Ashford and Bates,1998; Kumar
et al.,2001). Other mod ansmission such as transplacental, congeni-
tal, sexual, occupationaNgaeedle stick ) exposures, and person-to-person

transmission could &theoretically,occur (Sivakumar, 2004).
1.2.6.1 Vector@‘ne Transmission

Whenﬂies bite an infected host, they swallow Leishmania spp.
1 ('Zi}v’ hich circulate freely in the host’s blood or inside peripheral
onuclear cells(PBMCs)(Lerner ef al.,1991). These amastigotes

to the sandfly’s proboscis, where they develop into stationary,

16



infective - stage organisms that could be qualified as “metacyclic”
promastigotes (Lerner and Shoemaker, 1992 ).When this infected sandfly
bites a second host, e.g., a human being, these promastigotes are releas@
and deposited on the site of bite or injected along with potent vasodilgto
(i.e., maxadilan) that produce long-lasting erythema ( Anez ef a 3).
Macrophages phagocytize these promastigotes and enable the urvive
inside the phagolysosome, and again transform into ama tes. There,
they proliferate by binary fission, ultimately causing lysisg{ the host cells
and infecting the surrounding macrophages (Le Blancq? al’,1986; Sacks
and Perkins, 1996). This cycle ends when another san(@%

on this host , carrying the infection to another host. &

<

omes to feed

1.2.6.2 Transfusion-transmitted Leishmani@x

Transfusion-transmitted leishmaniasis een reported widely from

many countries including India (Singh e 96;Mathur and Samantaray,

2004). It requires the parasites to be p in the peripheral blood of the
ive processing and storage in the
povsky,1991;Schreiber et al., 1996).

main present in the blood for an unde-

donor, preferably asymptomatic, s

blood bank,and infect the recipi&
The L.donovani are expected
fined period between the bi andfly and their final localization to the
target organs . By the t @e clinical symptoms appear in the patient,
the parasites may hav%eady been circulating in the peripheral blood
(Martin-Sanchez et %04). The first report of transfusion-transmitted
kala-azar came fi htha in 1948(Chung ef al., 1948). Other reports of

transfusion-trappwaitted kala-azar followed these two reports and have

m France (Andre ef al., 1958), Sweden (Kostman et al.,
(Cohen et al., 1991), United Kingdom ( Cummins ef al.,
Singh et al., 1996) and Brazil (Luz et al., 1997).

1995), 1
@
&
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1.2.6.3 Needle-Sharing

At March(1993), 18, 347 cases of AIDS and about 200 cases of HI
associated leishmaniasis were detected in Spain, of which more than @@
occurred among intravenous drug users (IVDUs) (Alvar ef al.,1997
infection is so common that 17% of 111 bone marrow aspirates(B )in
HIV-positive subjects with fever had amastigote. Other studiw&/e been

conducted with similar findings ( Cruz et al., 2002). \/

1.2.6.4 Congenital Transmission &
@

The first case of congenital leishmaniasis@ported in 1926 by
Low and Cooke( Low and Cooke, 1926). Cogggnral VL manifests within

three months of life and manifestations are

nd largely similar to that

of Leishmania acquired through sand e, but the course is usually

rapid (Sharma et al., 1996 ; Napier an ta, 1998 ). Pregnant women

became more susceptible to leishm 1S due to shift of cell mediated
<

immunity to humoral immunity (ann etal., 1993).

1.2.6.5 Sexual Transmission %

@

Urine and prostatic ultures from patients with VL have yielded
promastigotes. Report sexual transmission ( Mebrahtu ef al., 1993;
Paredes et al., 2003), Mclude the transmission from man to woman, as well
as the probable ‘s@n sion in a homosexual man with AIDS, who had

rectal lesion apg an admitted frequent receptive anal intercourse while
vacationing 1 emic areas of Spain (Magill, 1995; Paredes et al., 2003).

@5
&
@
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1.2.6.6 Laboratory-Acquired Transmission

Laboratory acquired infections caused by L. tropica , L. brazilie
and L. donovani had been reported ( Herwaldt and Juranek, 1993 :

S
of them were from needle-stick injuries, which led to ulcers at't pCU-

lation site ; few were related to handling of contaminated spgcfi¥s; and
some to oral exposure, which led to visceral involvement. &

1.2.7 Epidemiology of Leishmaniasis &\/
@

1.2.7.1 Epidemiological and Ecological Diversity
S

\ozoonosis. The majo-

et al., 1996; Ahluwalia

o be atransmission of

Leishmaniasis is a typical example of an a
rity of infections are originally zoonotic ( Gri
et al., 2003), although some cases are kn
L. donovani from human to human. The diffefent epidemiological cycles
are :- @

a- a primitive or sylvatic cycle ( humanifection is an accidental transmis-
sion, occurring in wild foci), e.g?& ziliensis.

b- a secondary or peridome@ycle ( the reservoir is a peridomestic or

domestic animal, parasit g transmitted to humans by anthropophilic
sand flies), e.g. L. infa%

c- atertiary, stri nphroponotic cycle, in which the animal reservoir
disappears (or fqt yet been identified) and the sand fly vectors are totally
anthroponoti .donovani Nevertheless,many unknown factors remain.
For examp% main animal reservoir of L. braziliensis is still unknown
(Cupolill@ul., 2003). L. tropica was considered to be a strict anthropo-
nosis, everal cases of canine infection have been described ( Dereure

et@}%; Guessous-Idrissi et al., 1997).
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One of the characteristics of the Leishmania cycle is that it is asso-
ciated with various biotopes ( Lainson and Shaw,1987). Thus, the cycle of
a Leishmania species is not restricted to one specific environment, @
a single species can be found in very different environments (Dedet, 1 rd
Lucas et al., 1998 ; Mauricio et al., 2001 ). Therefore , a single site
species can develop in different sand fly species ( Martin-San et al.,
1994 ; Ferro et al., 1995). This environmental diversity al vours the
ability of Leishmania to adapt to different vertebrate hosts Wreau, 2006;
Tibayrenc, 2007). Another complicating factor is the pggsible presence of
several Leishmania species in single leishmaniasis f@ and thus some-
t al., 2006). These
le in diversification
rio et al., 1998).

times in a single host (Antoine ef al., 2004 ; Madez
various characteristics could have played import°
of the Leishmania population and in speciati

1.2.7.2 Clinical Diversity and the Immu@ponse in Humans
(a)Clinical Expression in Humans 6

fax

The hypothesis, based on 'su\s.a 1ological data, is that the majority

of Leishmania species are ad#zpta¥l to a large range of hosts, and that the
infections remain asymptomatte/(Lainson and Shaw, 1987). On the other

can produce a wide rangg of diversified pathologies, from asymptomatic
carriers and benign %neous lesions to more serious cases, such as the

visceral form ( 1,1998). When humans are bitten by infective sand
fly, parasite iggulation can lead to the development of leishmaniasis
that has no on health. The rate of asymptomatic carriers (infected
individual out clinical manifestations) is not accurately known, but

differer@@ies have suggested that it may be higher than expected.

<
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It appears that the different clinical forms are closely related to th
adaptive immune response of the host, especially, the equilibriym
between cellular and humoral immunity. The nature of the path
notably,the species, seems to be strong factor as well (Salotra and Sigh,
2006). Nevertheless, how Leishmania spp. cause human di s and
why the clinical symptoms are so variable remain enigna{ic,, These
wide-ranging differences in clinical manifestations in ]:&i;%nfection
( virulence or degree of pathogenicity ) have been dis@d by Chang
et al. (1999, 2003) and Chang and McGwire (2002).

<
N

(b) The Immune Response in Human Le@&niasis

Since many individuals remain asymp@, it is obvious that the
natural immune response of humans c inate or control the para-

sites. As described above,macrophag the first host cells to contact
and to be parasitized by Leishmgnja. They are key cells in the host
). These cells, as well as the
dendritic cells, present the pargss#d antigens to T cell receptors via the
)tx ( MHC) molecules ( Klein and Sato,
ner, 2001). This is the acquired immune

immune defence ( Basu and Ra}

major histocompatibility cg -C'Z,
2000; Zinkernagel and (;{7’
response. This step is Tagdamental since it may influence the type of
immune response %mert, 1974 ; Kisielow et al., 1975 ; Mosmann

v
0:“

etal., 1986), de gdn the cytokine context and on the presented
Leishmania peptides. Thus, Leishmania parasites have evolved mecha-
nisms to eva nterfere with antigen presentation processes, making
it possible rtially resist the T cell mediated immune responses

(AntZ@@., 2004).
C
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These escape strategies appear complex and various since,in humans,
different patterns of immunological response are observed according to
the clinical manifestation and exposure to different Leishmania speci@
Briefly, different Tcell responses are observed among the different ta—o
neous forms of leishmaniasis: an absence of a Th1 response (rather
presence of Th2) in diffuse cutaneous leishmaniasis; a Thl res oﬁ@
patients with self-healing lesions (Kemp ef al., 1994; Ajdary 2000;
Kemp, 2000 ) ; and a mixed Th1/Th2 response with high\ntegrferon-g
(IFN-g) levels in patients with mucocutaneous leishnganiaSis (Carvalho

et al., 2003). In visceral leishmaniasis, a mixed Th{(//dh2 response is
observed with the production of IFN-g along wit leukin-10 (IL-10)
( Ghalib et al., 1993 ; Kenney et al., 1998 ). er, individuals with

asymptomatic or subclinical infections of Vi@ ing species of Leish-
mania show a peripheral blood mononuc ell( PBMC) proliferation
and a production of IL-2, [FN-g and I 71n cured patients, both Thl
and Th2 clones producing IFN-g an 24 have been isolated ( Kemp
etal., 1993).

s in a given area is directly depen-
dent on the behaviour of the hifsn and/or animal population in relation

The epidemiology of leish

to the cycle of transmission l@)- 1s a variety of factors that influence the

transmission of the dise4s -', ome are the following ( Lang et al., 1991;

Aguilar et al., 1998):

* Proximity of re i@ gto sandfly breeding and resting sites.

* Type of ho@
Y

. Occup@@
. @of exposure to sandfly bites.
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* Natural resistance, whether genetic or acquired.

* Virulence of the parasite species. @
. . . Q
* Zoonotic or anthroponotic reservoirs. SQ@
1.2.8 The Genetic Structures of Leishmania &
Leishmania Genome \/
1.2.8.1 Nuclear Genome &

The Leishmania major genome project, begun v

a considerable success. The sequencing of Leishiﬁ
N

{ o
DRYIIUM 1S 1N Progress

e Hesearch. The genome of

L. major has been evaluated at 32.8 Mb, ga§ wuted on 36 chromosome

pairs.‘Old World’ Leishmania species36 chromosome pairs ( 0.28
-2.8 Mb) (Wincker et al., 1996), Wher the ‘New World’ species have

34 or 35, with chromosomes 29 fused in the L. mexicana group
and 20 and 34 in the L. Zz@ ensis group ( Britto et al., 1998). The
chromosomes are linear,bet\@ 200 and 4000 kb in length,and possess

telomeres, but centrom ave not been identified ( Lighthall and

and the sequencing of L. braziliensis and
(Ivens et al., 2005 ). The determination of
sequences will be a milestone for Leishmaq

Leishmania genome

Giannini, 1992). Chro e size variability is a characteristic of some
Leishmania species, ®ven between homologous chromosomes (Blaineau
et al.,1991), wh@plicate the use of the karyotype for taxonomic
studies. FromQthe¥L. major genome, 911 RNA genes, 39 pseudogenes
and 8272 prg .@,

h

@

2005). ania genes are often organized in tandem arrays or at
least@wo or more copies spread through the genome (Bard, 1989).

@

oding genes (36% of which have a putative function)

were preds e genome has a G+C content of 59.7 % ( Ivens et al.,
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1.2.8.2 Kinetoplast DNA

The kDNA is the mitochondrial DNA of the Kinetoplastida and@
it constitutes 10-20% of the total DNA (Simpson, 1987). It is a netwark N
of concatenated circular DNA, divided into two classes (Coﬂev@
2004):
(a) The homogenous maxicircles (25—-50 molecules of 20 klsy\\/

(b)The heterogeneous minicircles(0.8 kb),which have @04)00@6&

The maxicircle is the functional counterpa@ mitochondrial
DNA even though its role in the editing of ur idues into mRNA

nucleotides has been demonstrated (Leo” n et 996). The minicircles
encode guide RNAs (gRNA) for editing cyfgcfome oxidase subunit III
mRNA (Figure 1.5).

>

igure{ NS¥ Kinetoplast DNA(KDNA) of Leishmania. The kDNA is a network containing
thffusaifyls of catenated DNA molecules (minicircles and maxicircles) (Leo'n et al., 1996)
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1.2.9 Pathogenesis and Clinical Features of Leishmaniasis

Leishmaniasis is a variable disease with a variety of syndromes th
manifested alone or in combinations(Gangneux et al., 2000). The incyba A
period ranges from days to several months. The sandflies are bitin ans
and animals in the uncovered and hairless areas of the body. A t@ula—
tion site, an erythematous nodule appears in case of CL. Th ule grows
to ulcer with raised edge. This sore remains in that stageQwithout further
development and when it heals it leaves scar tissue.Scars gan even disappear
if they are on the face or over a joint (Lambrechts et al.,@%) (figure 1.6).

Figure (1.6)0f Cutaneous Leishmaniasis
mbrechts et al., 2004)
After inoculation Qf the parasite through the sandfly bite, Leishmania

promastigotes are cytosed in the skin by activated macrophages.

cytokines and parasite interferes with the killing mechanism of the

macropha @osenthal et al., 1991; Bogdan and Rollinghoft, 1999). The

parasites ansformed into amastigotes to be divide. Amastigotes have

affinitygprnacrophages and endothelial cells of arterioles and capillaries,

%@& tissue lysis and necrolysis ( Tanner, 1996). Then, one of the
)

Patients with %cu ishmaniasis fail to produce T helper cell 1 ( Thl)

fi ng events finds place:
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* The immune system Kkills the parasites and the person becomes immune
to reinfection by that species.

* A local infection develops until either the immune system of th @
eradicates it or is defeated by it permitting dissemination. S

* The infection disseminates to the viscera ( L.infantum ¢hagasi),
oronasal mucosa ( L. brasiliensis) or skin (L. aethiopica, L.Q@ana).

Parasites multiply in the cells of the mononuclear @%)cyte system

like blood monocytes, macrophages, histiocytes, epi d cells, Kupffer
- Q

cells of the liver, reticulo-endothelial cells en and lymphoid
tissue ( West et al., 2000; Friedman et al. 200@1% 1.7).

F@f (1.7) Leishmania donovani Diagnosed with

right's Stain on a Bone Marrow Aspirate
( West et al., 2000)

®

Lo
§
@
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1.2.9.1 Variations in Pathogenic Potential among and within Species
of Leishmania

a- Animal Models @

o
Animal models are largely used for immunobiological stu
understand and characterize host—parasite interactions durm&ectlon.
Both the host and the Leishmania species are determw in the

progression of the infection. Thus, animal models, such aggmic€, hamsters
and non-human primates respond differently dependln@ Leishmania
species involved ( Wilson et al., 2005 ). Q
0\
b- Experiments In Vitro Q
Studies in vitro of parasite dynamics h en conducted to compare
virulent and avirulent strains at inter- an a-specific levels. A study of

growth behaviour in vitro of promasti@ of L.braziliensis (responsible
for MCL), L. peruviana (responsib rbenign CL) and putative hybrids
between L.braziliensis and L.pefigddda by Dujardin et al. (1995) showed
that hybrids and L. peruvian sented similar growth characteristics

and growth capacity ( grow

and cell density at the stationary phase)

that significantly lower tRad4yat of L. braziliensis ( Torrico et al., 1999).

e

1.2.9.2 Parasite Fa% Involved in Pathogenicity and Virulence

)

The studps have concentrated on parasitic genetic factors and
genetic mar at one directly related to virulence or to genetic markers
that make ssible to apprehend them ( Lambson et al., 2000). Direct
genetic @ s have been explored via genome manipulations, which can
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be classified into two groups: forward and reverse methods ( Panton,1991).
The firstis used to identify genes involved in given phenotype and the
second provides a better understanding of gene function by manipulaf

it ( Beverley et al., 2002). Based on these methods, many genetic a g@i
mic tools have been used in the study of Leishmania, e.g. exp n
vectors, gene knockout and mutagenesis ( Clayton, 1999 ; Mot and
Englund, 2004). With the development of these molecular toads\aumerous
potential Leishmania virulence and pathogenicity factors kaye peen disco-
vered ( Robinson and Beverley, 2003 ). To classify th@m, they have pro-
posed a model for Leishmania virulence. Their moc@ based on the
classification of parasite factors into invasive/ev % determinants and
pathoantigenic determinants ( Chang and Mc G @002 ; Chang et al.,
2003 ). Invasive / evasive determinants of %%am’a are crucial for

host, whereas Leishmania
t high titres and thus host
e clinical symptoms (Chang

infection, but they produce no pathology in
patho-antigenic determinants elicit antib
immunopathology is a principal caus

and McGwire, 2002). This is not to that patients with leishmaniasis

(a) Invasive/Evasive D ants

The invasive/ev%e determinants(Chang and McGwire, 2002) relate
S

to parasitic mec that are necessary to establish infection, such as:

(1) Leishmanggysdacrophage attachment .
(1) entry o shmania into macrophages.

(i11) intr ophage survival.
(iv) c@nﬁaﬁon and multiplication of Leishmania amastigotes.

@
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(b)Pathoantigenic Determinants

The second group of factors comprises Leishmania pathoantigem
determinants ( Steinkraus et al., 1993 ; Chang et al., 2003 ). This o@
(o)

includes all molecules that are capable of inducing host immunopati{oy

as the principal cause of clinical symptoms. Thus, all Leishmanja &at¥gens
eliciting antibodies at high titres and in comparison to those r against
invasive/evasive determinants can classified in this categewy. bhese patho-
antigenic determinants are all conserved structural or solyble cytoplasmic
proteins, which are often complexed with other molecu form subcell-

ular particles (Chang and McGwire, 2002; Chang et 003).
<

%nt in strains, isolated

unique 117 bp repeat,

These molecules clearly differ from those

from cutaneous leishmaniasis. For example,
encoding for a 39-amino acid peptide ( r inant products %4 rK39) in
the Leishmania kinesin - like gene, i tessed by the amastigotes of
visceralizing Leishmania species( L. vani, L. chagasi ) not by dermo-
tropic species (L. major, L. amazopgusis and L. braziliensis) (Burns et al.,
1993). Sera from VL patients é’s high titres of antibodies specific to
this 39-amino acid peptide a .\\1 called anti-rK39 ( Singh et al., 1995).

&

@ gfully, used for serodiagnosing active VL

(¢)Usefulness of %em Tools for Gene Expression and Protein

Analysis @

Many ne enetic tools are being developed for the post-genomic

This antigen has been, s

Ccascs.

analysis of ania. These include a large-scale sequence annotation
and datab ilding, microarray analysis and proteomics.These modern
tools h @een used mostly to explore differences between the develop-
ment @ges of Leishmania. But, the exploration of pathogenic diversity
al@ ter-and intra-species level has also begun (Li and Lazar, 2002).
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1.2.10 Symptoms and Signs

The symptoms of VL vary between individuals and accordingto
geographical foci. However, some of the common symptoms include@x
undulating fever often, with two or even three peaks in 24 h &nd
drenching sweats, which can easily be misdiagnosed as mala@ hills,
rigors, weight loss, fatigue, poor appetite, cough, burning &insomnia,
abdominal pain, joint pain,anorexia,epistaxis and diarrhoga.Cliifical sings
include splenomegaly, hepatomegaly and lymphadenopa Ne the main

signs of leishmaniasis (Hashim et al., 1995; WHO, 200@

Visceral leishmaniasis can be complicatgd serious secondary
bacterial infections, such as: pneumonia, dys and pulmonary tuber-
culosis, which often contributes to the high lity rate of VL patients.
Other complications, though rare, include olytic anemia, acute renal
damage and sever mucosal haemorrhage @HO expert committee report,
1991). Systemic visceral infection t dren usually begins suddenly
with vomiting, diarrhea, fever, and h. Adults usually have a fever
from 2 weeks to 2 months, algngoAwith nonspecific symptoms, such as:
fatigue,weakness, and loss of a ite. Weakness increases as the disease
gets worse (Prasad et al., 200 arkle and Makhoul, 2004 ).

1.2.11 Immunological AN e@) S

v

Leishmaniasis, liRg leprosy, are a spectrum of diseases ranging from
self - healing ca@ lesions to severe, non-healing disseminated
utaneous,

cutaneous, mu or visceral infections. To a large extent, the

clinical man; ions of the disease reflect the efficiency of the host's
immune se to the parasite. Many of the clinical manifestations of
human 1 aniasis can be mimicked experimentally and these experi-

p rs associated with these diseases (Kropf et al.,1998).

ment%ections provide valuable models to study the immunological
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During the past decade, impressive progress has been made in our
understanding of immune mechanisms involved in leishmanial infections.
T cells and the cytokines, release upon activation, play a critical e
in determining the nature of the immune response to infe t@]
L. major ( Kropf et al., 1997 ) . Cytokines form a complex n of
synergistic and antagonistic interactions, which not only ind cﬁglso
control immune responses. It is generally accepted that th¢~Rgture of the
T cell response is one of the crucial factors controlling eppmental and
human leishmaniasis ( Kropf et al., 1999 ). Naive T Tp?%ells can be

lgsets (Th1/Th2)
and polarised T helper cell responses, which are tal factors in mice

differentiated into functionally distinct effector T ce

and human leishmaniasis: Thl responses lead§ aling and immunity,
whereasTh2 responses result in nonhealing .The mechanisms that
lead to the differential expression of cytoki nd ultimately to division

of T helper cell responses are not entirely tller et al., 1997).

1.2.12 Diagnosis of Leishmaniasis ©<®

Visceral Leishmaniasis is us @’diagnosed by demonstrating the
Parasite in aspirates from spleen, liver, bone marrow and lymph
nodes, but this method 1s L@table in field settings. Quick differential

diagnosis of leishmani 1@undar et al., 2004) can be achieved with
anii

the direct agglutinatio >which is quantitative, and which uses freeze-
dried antigen, the uri gen-detection test (dipstick rK39)that is parti-
cularly useful in i %compromised patients and in evaluate treatment
efficacy (Attarey al32001; Sundar et al., 2004). For CL, parasitological
diagnosis is b n skin smears. For MCL cases,the diagnosis relies on
serologica / This 1s however, not helpful in most cases because the

@'s are too low, whereas the manifestations of cell-mediated

immu .g. Skin-test reactivity, usually develop during an active infec-
ti@ aldt, 1999).
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1.2.12.1 Parasitological Diagnosis

In VL and CL, parasites may be isolated from 80% of the sore
during approximately the first half of their natural course (Cuervo ¢ a@
2004). Tissue juice,not blood is scraped with a scalpel blade from n

The nodule is grasped firmly between the pointed finger and t to
exclude blood and an incision of a few mm long is made int dermis.
The material obtained can be used to prepare a smear that wyll be stained
with Giemsa, Wright's or Leishman's stain,or inoculate che media for
the isolation and the culture of the parasite. Biopsy sm@ may be used
for culture, inoculation into hamsters, impression Sr@r immunohisto-

logy in tissue sections (Romero ef al., 1999). Lesia ears and culture
are best in cases with cutaneous lesions and @ and hamster innocu-

lation when mucosal lesions are predominant.@

In VL splenic aspiration is the mo Qitive method (Chulay et al.,
1983). The obtained material is use inoculate culture tubes and to
make smears. The same procedure js_followed with patients with AIDS
( Delgado et al.,1998). Bone mé’
proved to be very useful as wek X mph node aspirations are, especially,
useful in routine field diagng ('Z h both human and dogs(Kaul et al.,2000).

1.2.12.2 Serological l%nosis of Leishmaniasis
a- Leishmanin (ﬁ@eﬁegro) Test

and lymph node aspirations have

The test s delayed type hypersensitivity to Leishmania antigens.
Leishmanid§$# suspension of washed promastigotes in a solution of 0.5%
phenol 1 ne.The antigen must be standardised against cases and contro-

t

lled 1 endemic area. An amount of 0.1ml solution is inoculated into
@r surface of the forearm. The area is measured from 48-72 h,
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later. The test comes out positive in over 90% of the CL and ML cases,
and less frequently in L. aethiopica infections and in ML with multiple
sites of disease. In active VL, it is negative, but within several m@
to a year after recovery, individuals elicit a positive response (Weig@éo

*o

1991).
b- Indirect Immunofluorescent Antibody Test (IFAT) %

The IFAT is one of the most sensitive tests available. lﬁt is based

%y stages of
fter cure. If the
probable relapse.

on detecting antibodies which are demonstrated in the veyy

infection and which are undetectable six to nine mon
antibodies persist in low litres, it is a good indicati
Titres above 1/20 are significant and abovel/12& agnostic (Williams,
1995). There is a possibility of across react;

however,this can be overcome by using mania amastigotes as the

th trypanosomal sera,

antigen instead of the promastigotes (Gari- int et al., 1995).

The IFAT has proven to be very s @ for the detection of reservoir
hosts of leishmaniasis like dogs, foxe@d rodents in the Mediterranean
area (Manciati ef al., 1986; Sidegi ., 1999), in Brasil (Courtenay et al.,
1996) and in Iran (Zovein et al., . In western Turkey 490 dogs, were
examined, using either IFAT AT. Anti-Leishmania antibodies were
found by at least one test 1 % (26/490) of the dogs. Infections were
confirmed by a parasit examination of polymerase chain reaction
on lymph node aspirgtesSin 65 % and 76.4 % of the seropositive dogs
tested , respectivel confirmation rate was 85 % by combining the
@croseopy ( Ozbel et al., 2000 ).

results of PCR.an
c- Enzyme, ed Immunosorbent Assay (ELISA)

In @%tbod, the antigen is being absorbed on the surface of a well
or ictotiter plate, then the patient's serum is added and the antibodies
arqboyind to the antigen forming the antibody-antigen complex. Non reac-
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ting molecules are washed away and an enzyme-linked anti-IgG is added,
followed by the substrate.The enzyme is detected by the amount of colour
produced and is relevant to the amount of antibodies present in t@
patient's serum (Mukhtar et al., 2000). Q@"

Engvall and Perlmann (1972 ) and Schnur and Zuckermgn 7)
developed the first ELISAs for antibody detection and then varia-
tions evolved from that. A modified DOT-ELISA was devetgpeds(Pappas
et al., 1984; 1985) where formalin fixed L.donovani proastigotes were
fixed on filter discs, placed in a microtiter plate. The %ivity of this
method was 98%, however, there was high cross reagtiQity with sera from
patients,who are suffering from Chagas' disease, % n trypanosomiasis
and lupus erythematosus. Adhya et al.,(1995) nti-Leishmania anti-

bodies in the blood of 23 out of 39 early VL nts, using immobilized

crude antigen of L.donovani,that captured dy in serum 1:500 (Jaffe
and McMahon-Pratt, 1987). The stand@ icro-ELISA, using intact pro-
mastogotes, obtained from in vitro ¢ as antigen, 1s in practice in

cross-sectional and longitudinal s

Q

(. dies of leishmaniasis, that give good
results, but one still cross reacting e co-endemic areas with sera from

19s1s ( El Amin and Omer, 1992).

To eliminate cross ons, different sets of chemically defined
peptides are used, whiti_are conjugated to a protein carrier, such as:
bovine serum albu%BSA ) (Hommel et al., 1997 ). Application of
different sets of

~

patients with African trypanosgh

t peptides, such as a set of five peptides, derived
from the amincagid Sequence of gp63-like protein ( Fargeas et al., 1996),

lead to lowe itivity (71%) but increase specificity (93%) in compari-
son to the antigen ELISA (80 % and 79%, respectively). The other
sets of ¢s that were used in other studies, were the fucose-mannose

ligan L) ( Palatnik-de-Sousa ef al., 1995) and a glycoprotein which

@
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was present on promastigotes and amastigotes of L. donovani. Further-

more, the C-terminal region of the 70 kilodalton ( kD) heat shocks the
protein of L. brasiliensis (Amorim et al.,1996), a 28 amino acid seq e
derived from the repetitive element of gene B protein (GBP) of @

(Jensen et al.,1999). The rK39, a recombinant product, consisting
39 amino acid repeat,which is part of 230-kD protein predomirfs
L. chagasi amastigotes ( Burns et al., 1993), was tryed as . They all
gave variable sensitivity and specificity numbers , dependent on the
Leishmania species infecting the patients, but no crosg redctivity gave
a catholic sensitivity and specificity result for all dif@l kinds of leish-

maniasis. Q%
0\

A purified 200 - kDa antigenic fracti

L. donovani axenic
LISA for detecting anti-
atients. It seemed to have a

amastigotes was, diagnostically, evaluated
body response in VL, PKDL and cont
potential prognostic significance an ay be able to differentiate
between VL and PKDL(Kaul et al., . The main problem with ELISA

is that like other serological testsyit Cannot distinguish between current,
clinical and past infection (Ho@ al., 1997).

d- Western Blotting

For western blott%rotems are originally separated by sodium-
dodecyl sulfate- poly%amlde gel electrophoresis (SDS-PAGE) and are
then transferred ®R@n)ytw-cellulose or nylon membrane. If there are anti-
bodies present@he patient sample, they react with the components of

d the antibody-antigen complex can be detected as in

the membr

ELISA (Sa@et al., 1999).
@@’

&
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e- Direct Agglutination Test (DAT)

In this test, the antigen preparation consists of all the organisms a@
a serological response (mainly IgG ) recognises surface-born antigens o N
the parasite. DAT is a relatively fast and techniqually simple, with @
sensitivity and specificity ( Meredith et al., 1995 ; Hommel g¢ 1997).
Thus, it is one of the most widely that was used immunol | tests that
has been applied in diagnostic and epidemiological studies.\/

The main disadvantages of it are cross - reacti %Hommel et al.,

1997), the persistence of the antibodies after appa S:kaulre (Zyjlstra et al.,
1991), and the thermal instability of the aqueo@gen ( Zijlstra et al.,

1998 ). An improved DAT, based on sta@rﬂ eze-dried antigen, has
been developed to be use on canine seru ples ( Dog-DAT) which
showed sensitivity of 100% and speciﬁcity@S% (Oskam et al.,1996).

f- Widal Reaction in Kala-azar Dia@s

Kala-azar usually has an inde@murse, but it can be presented as an
acute disease with fever, anor nd vomiting ( Manson - Bahr, 1987;
Koehler et al., 2002 ). Widal @ inspite of its limitations and fallacies,
is still widely used as a f enteric fever. It was found that some of

the widal positive pati id not respond to the conventional treatment
for enteric fever ( Sh&gma'et al., 1996). Later on, they were proved to be
cases of Kala -

demonstration of L. donovani bodies, in bone
spiration) and to respond to anti kala-azar treatment
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1.2.12.3 Molecular Diagnosis of Leishmaniasis

a- Polymerase Chain Reaction (PCR) @

The PCR is the amplification of a known specific nucleic acig )
uence, using oligonucleotide primers (around 20-mers),which age,SpScifi-
cally,bound to the DNA, flanking the region of interest. The ification
is achieved by using heat-stable DNA polymerase, isolated Thermus
aquaticus (Saiki ef al., 1988). The target DNA is denatur%tt 94°C and
the double strands (ds) become single strands (ss). The primers are
allowed to anneal at temperature specific for each se ewhere between
50-65°C). So, after each amplification cycle, eac le stranded DNA
molecule gives rise to two double strand@ ies of target DNA. The
PCR products are visualised after gel electro sis and Southern blotting

(Osman et al., 1997, Salotra et al., 1999). @

A variety of clinical materials @;s been used for detection of
Leishmania,like bone marrow,lymphnode aspirates and peripheral blood,

skin scrapings or sand flies. A v} of target sequences has been used

as well, but maximum sensitiydgthas been achieved by using multicopy
sequences like ribosomal R¥A genes, kinetoplast DNA , mini-exon-
derived RNA genes andRg8&emic repeats ( Mathis and Deplazes, 1995;
Pizzuto et al., 2001 ). %peciﬁcity of the PCR can be adapted to the
specific needs by th%lserved targeting or variable regions ( Piarroux et

al., 1994; Weisss@).

In perip lood, preserved in filter papers, from parasitologically
conﬁrmed atients, sensitivity was 63 % (Meredith et al., 1993), and
70% (O i et al.,1997,1998). Andresen et al.,(1996) used venous blood

and sitivity was 92.5 %. Adhya et al., (1995) found that PCR was

@
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able to detect Leishmania DNA in 77% of Indian VL patients at an early
stage of disease. Mathis and Deplazes, (1995) demonstrated Leishmania
DNA in leukocytes from the Ficoll-Plaque, in 64 % of blood sar@
from HIV/Leishmania co-infected patients, both in PCR and in cult%o

In the case of epidemiological studies, PCR has been used in$mdted
extent, but with very impressive results though. El-Hassan ,(1993),
reported the presence of Leishmania in Arvicanthis mdQtigus rodents,
a vector of L. donovani in eastern Sudan called unstiped grass mice,while
Mathis and Deplazes,(1995), using canine samples, h 0% sensitivity
in lymph node aspirates, but 38.5% in blood s s. Carreira et al.,
(1995) in Central America showed that PCR p° d a rapid diagnosis
with a sensitivity of 60% and with a degree Q ncordance of 87 % to
the different molecular techniques used. @

b-Polymerase Chain Reaction Solutioé@ridisation Enzyme-Linked
Assay (PCR-SHELA)

In the case of L. donovani®,

@ex, a 60 bp repetitive degenerate
ward et al., 1991). Qiao et al.,(1995)

ts this sequence that is combined with

sequence (Lmet2) was found
developed an assay, which
post-PCR hybridisation
coated with avidin. On e primers was labelled with digoxigenin,and
biotinylated probe W%ied for hybridisation that was binding to avidin
and to the labe ither. Substrate addition produced a colorimetric

olorimetric detection in microtiter plates,

reaction and abgngbency was measured at 405 nm after 1h using an ELISA
reader.

c- Use of Sgexi¢s Specific Primers in PCR

% R can be adapted to the specific needs by targeting conserved
o@ le regions and thus it is possible to characterise the parasite
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present in the specimen to the genus complex or species level ( Schonian
et al.,2000 ; Lachaud et al., 2001). Primers were designed to amplify

a L. donovani minicircle sequence. Cross-reactions were present wi
other Leishmania sp.(Smyth ef al.,1992). Because of the great variahilit N
within the kDNA, the use of probes is limited to the geographical g@

from which the isolate comes from ( Meredith ef al., 1993). Bhatt{&ehirya
et al., (1993), were able to detect CL species, using primers d&d from

the conserved and variable regions of a kDNA minicircles\/

d- Restriction Fragment Length Polymorphism (RF &f an Amplified
Region (Q\%
< \
Restriction enzyme digestion of PCR @ts allowed further
differentiation. Van Eys et al., (1992 ) could digttaguish L. donovani and

L. brasiliensis from the other species by

characteristic restriction
all subunit ribosomal RNA
sal and Hhal. Cupolillo et al.,
(1995) , digested the internal tr:iﬁ ed spacer ( ITS ) region with 10

patterns after digesting the PCR produc
genes ) with restriction enzymes, suc

different restriction enzymes, strating a variety of intra-and inter-

specific variations , in a nu of New World Leishmania isolates.
Espinoza et al., (1995), a the Gp63 region in 58 L. peruviana
isolates and exposed th licons EcoRl and Sall, demonstrating 19

and 16 distinct RFLP erns, respectively.

e- Arbitrarily l@% PCR (AP-PCR) and Random Amplified
A

Polymorph s (RAPDs ) as Fingerprinting Methods

Three based methods for DNAfingerprinting were developed in
@" hese include : Arbitrarily primed PCR (AP-PCR) by Welsh
and ly (7 lland (1990), random amplified polymorphic DNA (RAPD)
Williams et al., ( 1990 ) and DNA amplification fingerprinting
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(DAF) by Caetano-Anollés et al.,(1991). The common strategy that under-
lies them all is that they are all based on the use of arbitrary primers that
perform PCR amplification of random genomic DNA fragments. Ea@
primer or combination of them generates a characteristic pattern of gmp N
fication products, which is visualised by either radionuclide incorp ,
ethidium bromide or silver staining. Polymorphisms between 1 dﬁ%{;
or strains are detected as differences between the patterns M/\éQ!A frag-
ments from different DNAs using a given primer or a of primers
( Williams et al., 1990,1995). This strategy provides a ngber of advan-

tages over the classic DNAfingerprinting through RFLP@ use it permits

easy and rapid generation of polymorphic markers sip§¥# uses very small
amounts of DNA and does not require any know of the target DNA
sequence ( Fisa et al., 2002). Q

The RAPD 1s often used in moleculgesfidies ( Cuervo et al., 2004;
Indiani de Oliveira et al., 2004 ; Marti hez et al., 2004 ; De Castro
et al.,2005). The main drawbacks 0@ technique are that :-

(i) The bands of equal electrophd mobility may not be homologous.

A3

arnts of randomly amplified polymorphic

We absence of crossing data, and so it is

(ii) The recognition of allelic

DNA markers is difficult i
. : (&7
normally impossible to 4
types at specific loci wi is technique.
(iii) the technique is%very reproducible.

1.2.12.4 Speciésand Strain Identification
a- Enzymati tification (isoenzyme analysis)

Isoi@'nes are variant enzymes with identical functions. Each of

Juish homozygous from heterozygous geno-

The
elgCtrephoretical separation. A pattern is defined as a unique arrangement

mple may appear as one of the several alternative bands after
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of one or more bands displayed by one or more enzymes. The series of
bands (one per enzyme), produced by a given isolate is its enzyme profile
(Pratlong et al.,1994;Taylor et al.,1999;Veeken, 1999). Groups of 1s01a

having same isoenzyme profile are called zymodemes (Rioux et al.,1 @@

b- Southern Blotting Using DNA Probes

Van Eysetal,(1989) developed the method ﬁrsan two
recombinant probes pDK10 and pDK20 which was derivgd from nuclear
DNA. The pDK 10 probe could differentiate the Old CL-causing
species from the L. donovani complex and the pD be was able to
distinguish between all Old World Leishmania S$xies ( Van Eys et al.,
1992). Most researchers that moved to that th( targeted mainly kine-
toplast DNA (kDNA), because its molecul ist in 10 000 copies and
have variable regions that differ amon@nicircle classes in the same

network (Simpson,1987; Barker,1989). @
c- The Sequence-Confirmed Am ; Region Analysis (SCAR)
o

Genetic markers, identiﬁ@ sequence-confirmed amplified region
analysis (SCAR), have bee cessfully, applied to population genetic
studies in fungi (Taylor 999; Brisse et al.,2000; Lewin ef al.,2002).
These markers have twogdvantages:

(i) they seem to@&nt a random sample of the genetic variation in

natural pop 101S.

(ii) they caly be amplified by conventional PCR techniques, using

ly

{@xte quantities of even partially degraded DNA.
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d- Kinetoplast DNA

Leishmania kKDNA has mainly been used as a diagnostic tool to det
small amounts of parasite DNA in biological materials because @
highly repetitive character ( Barker, 1989; Wilson, 1995). kDNA is 1
target for PCR due to the abundance of minicircles. The high d of
sequence heterogeneity makes kDNA useful for taxonomi genetic
purposes. Studies have shown that kDNA, and, especially, ¢hg minicircle
sequences,have a significant degree of polymorphism toggther With some
highly conserved regions (McCann et al., 1999; Franco ,2000; Brew-
ster and Barker, 2002). Based on these properties, is also used as

a target to study genetic polymorphism at specific gadNntraspecific levels.

Two types of approach have been developed@g

(i)PCR amplification of kKDNA minicirc specific primers followed
by a cleavage of PCR fragments by fent restriction endonucleases
( RFLP ) ( Kapoor et al., 1998 ; B%rzz)%nza - Cruz et al., 2000 ; Rodriguez-

Gonzalez et al., 2006). °§\

(ii) PCR amplification of k[ \«".;,) minicircles ( Brenie® re et al., 1999).

%

e- Single Strand Con ation Polymorphism Analysis ( SSCP )

N

The SSCP @%s represents comparatively new technique (Orita
et al., 1989), which 1s easily implemented and which generates useful
markers. Th analysis 1s based upon principle that electrophoretic
mobility o e-strand DNA molecule in a non-denaturing gel is depen-
dent up@@h its size and its shape (Axton and Hanson, 1998).

<

42



1.2.12.4 Advanced Genetic Researchs of Leishmaniasis
Comparative genomics and single nucleotide polymorphism geno-
typing are two existing tools that could be applied to Leishmania resear@

a- Comparative Genomics Q@Q

The comparative genomics approach has already been teste f&her
parasites, such as Plasmodium by Carlton et al. (2002) and recently
begun to be used on the Kinetoplastida by El-Sayed et al.42005). Many
species-specific genes,especially, large surface antigen fa&ilies, occur at
non - syntenic chromosome - internal and subtelomergions. Retro-

elements,structural RNAs and gene family expansio ften associated

with syntenic discontinuities that-together with’; divergence, acquisi-

tion and loss, and rearrangement within the regions- have shaped

the genomes of each parasite (El-Sayed et al.s 5) (figure 1.8).

Evolution: 662

mutation,

selection, Species |

ATGGCTGGGCCRATA

genetic dr 7 y
ETGGCETG%C?AATA @Qmm dljlflxed
I- i i'.:l [ F S l'al'
a;lﬁinié Ivergence e

] ¥

%Emtutmn:
@ selection, Species 2

genetic drift
<@
(o

Figu @ ) Schematic Representation of the Divergence of Two Base
S qu%es after Speciation Process which showed 7 generation ago.
( EI=Sayed et al., 2005)
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The major principle of comparative genomics is very simple: the two
( or more ) genomes under examination once had a common ancestor
(Gutierrez, 2000; Carlton, 2003; McCarter, 2004). Therefore,every nucl@
tide base, present in the genome of each species, is a result of both nycl N
tide composition of the original ancestral genome and of the ac f
evolution on the genome of each species since their divergengce aki
et al.,1995; Fraser et al., 2000; Gutierrez,2000; Ozbel et al., 2@ In this
figure, evolution can be regarded as a combination of thre%?o' r forces
that independently affect and modify the compositiongof the genome
of each species:mutation, selection and genetic drift @tional Mouse

Genome Sequencing Consortium, 2002).
<

XD
b- Other Tools Q&

The example of Single Nucleotide Po hisms (SNPs) are single
nucleotides that are polymorphicin t ulation. SNPs represent the
most widespread type of sequence ion in genomes and are quite

easily characterized and genotyped As a consequence,they constitute inter-
esting genetic markers that can \\9 d for various purposes : revealing
and analyzing the evolutionagfRistory of populations (Brumfield et al.,
2003), analysing the recombu Q'Z,). rate in the genome, mapping genomes
or conducting associatioR
cular phenotypes.The SNT
position in the geno%s determined to be polymorphic in the population

ofinterest ( Marﬂ@., 999; Lindblad-Toh et al., 2000 ; Kwok, 2001).

(1) Recombi Studies

Y

The @Gre and scale of recombination rate variation are largely
unkn@or most species. Recombination allows sites to evolve indepen-
d@ nd thus may act as a diversifying force, generating new variants
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of the parasite. SNPs can help to analyse and / or reveal patterns of recom-
bination in the genome of pathogens ( Mu ef al., 2005). Different methods,
parametric and nonparametric (Awadalla, 2003), can be used to estim

the effective recombination rate within populations of pathogens. ucty
SNP - based approaches have been used in several species, inc

AN

(2) Association Studies and their Limitations \/

Plasmodium falciparum .

The SNPs can also be used to genetically map D@quences that
contribute to heritable phenotypes ( Pardi ef al., 200 ile most SNPs
are found outside genes and probably do not have’s @fect Those located
in and near genes may contribute to the g @ sis of certain pheno-
types, for example pathogenicity, virulence o stance to certain drugs.
The approach used to identify SNP a sociated with particular
phenotypes is conceptually quite straigh @ard (Wickstead et al.,2003).

c- Towards an Integrated Appro
<

As mentioned above,the @cle of Leishmania basically includes
the vector, the parasite an host, but the outcome of transmission
of infection and disease endent on the intrinsic characteristics of
these three factors. Ind% epidemiology of leishmaniasis reflects the
particular comblnatl%“ interactions among these factors, but in many
endemic areas, t role of each factor and its relation to human
infection are upkgown ( Volf et al., 1994, 2002 ; Ramalho-Ortigao ef al.,
2001; Boula t al.,2004). It is known, however, that all of them have

an impact manifestation of the disease:

(i) t@ a strong vector—parasite specificity.
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(ii) Leishmania species are, statistically, associated with certain clinical
forms and various factors have been described as associated with clinical

diversity. @

(iii) the risk of leishmaniasis is markedly increased by allelic Vé&fi@<>
specific host genetic loci. This strongly suggests that it is nege to
study all these factors in a single-focus population in order to erstand
fully the epidemiology of leishmaniasis ( Rogers et al., 200w

d- Recombinant Kinesin-Related Protein(rK39) @&

A kinesin - related protein - encoding gen° s been discovered in

Leishmania chagasi that contains repetitive sequence encoding

39 amino acid residues ( K39), conserved a C- terminal end in all of
the VL-causing isolates examined so far s et al., 1993). The recom-
binant product of K39(rK39)has prove e very sensitive and specific

antigen in an ELISA for the serodia 1s of VL from the endemic foci

<

in Brazil, China, Pakistan, and Sud@ urns et al., 1993).

N\

developed, using the cloned antigen of

Serological tests have b
39 amino acid repeats of a
of the whole Leishm arasites. Studies, using the rK39 antigen,
either in ELISA(Bada al.,1996) or dipstick form(Sundar et al.,1998),
performed well in il,India and Europe (Badaro et al.,1996;Houghton
et al., 1998). In§@n ¢ kala-azar patients, a rK39-based ELISA was
93% sensitive bt only 80% specific ( Zijlstra et al., 1998).

in like gene, found in L. chagasi, instead

1.3.13 Biostry of Leishmania Species
5@980, there has been a burst of published reports describing
th@ hemistry of various human parasites. Interest in the biochemistry

46



and molecular biology of the human parasites has increased greatly, in
part because of the growing awareness of the morbidity and mortality,
especially, in the developing countries, and because of the incrgased
support for parasite research in developing countries through p ggr@s
sponsored by governments and various foundations and phil pic
groups concerned about global health problems. @

New knowledge about enzymes, proteins, and other matgomplecules
( e.g., leishmanial excreted factor), synthesized by parasitgg in ge
important for at least three reasons. First, such informa@%nay provide
an insight about the function of these macromolecu S%;V may inform us
about which ones play some key role in the life cyg @

neral, 1s

contribute to the
infectivity of the parasite. Second, these protez ecially, if they are
if they play some impo-

essential to the organism living extracellula
rtant pathophysiologic role in the host-pargst lationship,could provide
targets for innovative therapeutic strategg ird,assays for these macro-
molecules,whether enzymologic or 1 ologic, might be useful in the
the identification of various strains
within a particular clinical form disease, thereby helping to guide

eerapy ( Mundodi et al., 2002; Salotra

diagnosis of leishmaniasis and 1

S

the selection of most approprig

et al., 2006).
@
<
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2- Materiales and Methods

2.1 Instruments

Instruments Origin Vi —
ELISA reader Italy N
Gamma counter England \/
Refrigerator Iraq &

Deep freezer India @

Votex mixer India R Q

Rotator shaker India &\

Centrifuge Germa@

Fluorescent microscope Fran@

Timer Swiss

Light microscope

Water bath

Incubator

Polymerase Chain Reaction

2\

2
many

LGermany
o\@ India

BioDoc-imaging system @ India
Microcentrifuge @ India
Laminar flow India
Gel electrophoresis % India
Thermocycler % India
uv transillumigz@ India

&
&
S
O
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2.2 Equipments

Equipment Origin @
Microtiter plate Germany \\:J-/
Plan tube China Q@
Centrifuge tube China %
Micropipette India &
Tips India \/
Slides China &
Coverslips China @
Rack England %
Syringes Turkey §
Aluminum foil China )

N

2.3 Laboratory Kits §

: o
Laboratory Kits NN Origin
ELISA kit ) | Spain
IFAT kit Italy
Serum rK39 dipstick kit @ USA
DAT kit % Spain
Primer % India
Taq DNA polyfn&@ India

%@@
&
S
O
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2.4 Reagents

Reagents Concentration @ ‘
Phosphate buffer saline 0.05% N
Bovine serum albumine 0.05%

O-phenelenediamine dihydrochloride 5% %
H2SO4 5% &
Tween-20 2% \/
Glycerol 50% &

NaCl 0.9% @

Sodium dodecyl sulphate 1% %

Sterile deionized water Variable o\@

EDTA ImM &

Tris-HCI 10mM:

(NH4)2SOs4 40

MgCl. 3

dNTP M

Agarose Gel . 7

Boric acid 9%

Ethanol ® 70%

@

2.5 The Area of the S

This study Wa%ﬂed out in clusters of villages and cities that
0

represent an end us of visceral leishmaniasis . These villages and

cities were loc in Baghdad and Wasit governorates, mid-south of Iraq.
The disease i known among people in these areas as Black fever.The
climate of udy area could be divided through the year into a hot dry
summer ~July),a warm wet autumn(August-November), a cold winter

( Dec -February ) and moderately warm spring( March-April ). The
a@ minimum / maximum temperature of the area is 28/55°C in
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summer and 0/34°C in autumn, winter and spring . This study area is
generally characterized by flat and reduced vegetation and by grass surro-
unded by large scale of lakes that are supplied by water sewage. @

IS
2.6 Clinical Cases §Q®

The total human patients involved in this study w 1vided into
seven age groups and males were represented 54.5%<%436 / 800) and
females 45.5% (364/ 800 ) in patient groups. &

2.7 Sample Collection &

Ten ml of blood was collected from a t@ 900 individuals. They
were categorised as 800 Kala-azar cases 100 controls by physians
according to clinical signs and symptoms@onﬁrmed cases of Kala-
azar had fever, hepatosplenomegaly, mia and weight loss from
hospitals and central laboratories in fent parts of Baghdad and Wasit
governorates ( Zahra'a hospital, ratory of public health and health
centers). The controls conmste& clinically healthy people.

2.8 Laboratory D1agn0s1s

Conventional and ar methods for diagnosing Kala-azar, such
as parasitological, sgrofdgical, and PCR were used in this study. The
identification of al agent of human leishmaniasis by these tests is

difficult even ell-equipped hospital and because improved tools
for this purpo needed ( Sundar ef al., 2004; da Silva et al., 2005).

2.8.1 The ‘# ction of Anti-Leishmania Antibodies

resence of anti-Leishmania antibodies in the sera and blood
s@s was determined by four different tests: serum rK39 dipstick,
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ELISA, IFAT, and DAT. All samples were tested by serum rK39 dipstick,
While only 100 of them were also carried out by ELISA, IFAT, and DAT.

2.8.1.1 Serum rK39 Dipstick 2 @
The rapid immunochromatography test kit “Dipstick rK39 Bios
International Inc., USA) was used. This rapid assay is for qualitative

determination of antibodies to the recombinant antig%/peciﬁc for
visceral leishmaniasis ( Burns et al., 1993) caused by Qamte members

of the L. donovani complex.
&
<o
Q

QLD

Principle

The Serum rK39 dipstick test for VL is a: itative membrane-based

Visceral Leishmaniasis in
ith a novel recombinant VL
antigen on the test line region, and chg anti-protein A is on the control

line region. During testing,the serupasample reacts with the dye conjugate

Q

( protein A-colloidal gold conjugasg
device. The mixture, then, miZa¥es upward on the membrane chromato-
graphically by capillary actiof

Yted line. Presence of this red line indicates
a positive result,while ri@bsence indicates a negative result. Regardless of
the presence of antil%to VL antigen, as the mixture continues to migrate
across the memb@ the immobilized chicken anti-protein A region,
a red line at théxgntrol line region will always appear. The presence of this
red line sﬁ verificating sufficient sample volume and proper flow

andasac for the reagents ( Sundar et al., 2004).

&
¢
&

membrane and it genera *x
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Storage

The sealed pouch or vial, containing the test strip, is designed t
stored at room temperature (20°C-28°C). The bottle, containing t (@
Buffer,is designed to be stored at 2°C- 8°C. Exposure to temperat ver
30°C can impact the performance of the test and should bs mm¥mized.
The strips should not be frozen.The test should be used wit&hour after

its removal from the pouch or vial to prevent exposure to hWy.

Sera Collection @

<
1- Human serum was tested with this test strip. W, lood should not be
used with this test as it may affect ones ability, ea the test line correctly

due to excessive background. Dilutions of s¢ buffer cannot be tested

directly. @
Q

2- The serum was removed from the c@f red cells as soon as possible to

avoid hemolysis. @
<
\)

3- The test was performed af@a collection. Do not leave sera at room

temperature for prolonged s. Sera can be refrigerated at 2-8°C up to

3 days. Otherwise, ser. be stored at -20 °C.

4- The sera was bri room temperature prior to testing.
Kit Contents 6

AT1K t strip's membrane is pre-coated with a recombinant VL
Antibo 39) on the test line region, and chicken anti-protein A is on

the i% line region.The Kit contains the following:
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1.Twenty-five individually pouched test strips .
2. One vial of Chase Buffer solution.

Test procedure § @

The procdures followed in this test involve the following :-

1. allowing the sera and Chase Buffer to reach room te%ure prior

to testing. %
2. removing the rK39 dipstick test for VL from the f uch or vial.

3. adding 20 pl of sera to the test strip in the area b the arrow.
4. placing the test strip into a test tube,or into a ¥ f a 96 well tissue
culture plate so that the end of the strip f: nward, as indicated by

the arrows on the strip.
S.adding 2-3 drops (150 ul) of the Chase @ solution, provided with

this test kit. ( @

6. reading the results in 10 minutgs; It is significant that the background
Is clear before reading the 6% g@cially, when samples have low titer
of anti-Leishmanial antib d only a weak band that appears in the

test region(T).The resul rpreted after1 0 minutes can be misleading.

Types of Results %

1-Positive Resut

(tive when the control line and test line appear in the test
Figure 2.1. A positive result indicates that the rK39
d antibodies to members of L. donovani complex. A faint
ered a positive result. As a guide for interpretation, the red
color, e test region will vary depending on the concentration of anti-

L@] nial antibodies present. The test line for "weakly positive" sera

The test 1s
area as sho

line 1s
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samples may show results between a weak positive red line to a faintly red,
almost white background. ("Weakly positive" samples are those with low
affinity or low titer antibodies against the recombinant test antigen.) @

Control Line(C) Test Line (T) &
NN - = N I I A

| | o
- <@
Test area - do not touch M Q

(Figure 2.1 positive result of rK39) @Q

2- Negative Result @

The test is negative when onl t;\e’ control line appears. A negative
result indicates that the rK39 di id not detect antibodies to members
of L.donovani complex. No test\Wyne is present as in Figure 2.2.

-

NoTest line is visible ntrol Line (C)

e

N

t area - do not touch

@

(F@ 2.2 Negative result of rK39)
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3- Invalid Result

No lines appear at either the control or test line areas. The test is@
invalid if no control line appears,but a test line is seen.It is recommengle N
to retest using a new K39 test for VL and fresh serum. S

¥.8.1.2 Enzyme Linked Immuno Sorbent Assay (ELISA) &

The ELISA test was performed using the standard progedufe described
earlier with modifications(Hommel et al.,1988; Srivast d Singh,1988).
The antigen was prepared from the promastigotes of novani (MHOM/
IN/80/Dd8) grown in monophasic medium(Lowry° .,1951). The protein
content of the antigen was estimated by Low od(Harith ef al.,1988).
The standardization of optimum concentrats f antigen , was done by
chequer board titration method. For coatin ells,0.3 ug of L.donovani
antigen, diluted in antigen coating buffe;@ onate-bicarbonate buffer, pH
9.6) was used and the plates were ( ated at 4°C overnight. On the
following day the wells were washed thrice with PBS (pH 7.2) containing
0.05% (V/V)Tween 20 (PBS—Tv?) and blocked with 100 uL of 0.5%

N
(w/v) BSA in PBS and incubggedMfor 2 hours at room temperature. Sera

from different categories gses and control were initially diluted to

1:100 with 0.5% (W/V) :‘ &n PBS. The sera were serially diluted in two

fold and 100 pL dilutedsgra were added to each well.

Plates were a%d at 37°C for one hour. After washing three times
with washing $nlution, 100 pL of antihuman gammaglobulin conjugated

with horseraga eroxidase reagent (HRP)(1:1000) was added to each well
and incub t 37°C for one hour. The plates were thoroughly washed
and 100 O-phenylenediamine dihydrochloride (OPD) solution(as sub-

Wi

strate added to each well. The reaction was stopped after 15 minutes
109 uL of SN- H2SO4. The results were read on an automatic ELISA
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reader using a filter of 492 nm. An optical density above 0.270 was taken
as positive for presence of antileishmanial Antibodies ( Sarkari et al., 2002).

infectious diseases,including leishmaniasis.The technique is highly ive,

ELISA has been used as a potential serodiagnostic tool for algs@

tried. The commonly used antigen is a crude soluble anti CSA). It is

prepared by repeated freezing & thawing (four to six cyclesé&f%uspension

but its specificity depends upon the antigen used.Several antigeis been

of promastigotes in phosphate — buffered saline, follov&d by cold centri-
fugation at 10,000 to 20,000 _ g. The supernatant is us soluble antigen
and is used to coat ELISA plates after estimation o in content (100 to

5,000 ng/ml). i&\

2.8.1.3 Indirect Immunofluorescent Antibest (IFAT)

The IFAT using commercial kit (Ge ) for the diagnosis of human
leishmaniasis (FIOCRUZ/BIO-MAN OS) was performed according
to the instructions of the manufactyger for detection of antibodies in serum
diluted from 1:40 up to 1:640. g&

test uses as antigen whole Leishmania

The procedure of the
promastigotes. Dried anfk slides are stored at-70°C until use. A two-
fold serial dilution of thaJest serum in phosphate buffered saline (PBS) is
placed on 12 spots slid¢s. The dilution may vary from 1:1 up to 1:1040 or
further.Fluoresc gated anti-human IgG at optimal dilution 1s added

to each spot. 1@1 es are considered to be positive when more than 50%

of the para@
@@

S

@

w complete peripheral flourescence (pappas et al., 1985).
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Test procedure ( WHO, 2001)
1. The frozen antigen-coated slides were washed in PBS and allowed to

dry at room temperature. @
2. The sera were inactivated for 30 minutes in water bath at 56 C.

S
3.The amount of 30 ul of diluted serum were distributed on each @
circle and incubated for 30 minutes at 37 C.

4. The serum were removed by vigorous washing in PBS.

5. An amount of 30 pl of diluted fluorescein-conjugated angi-hpman IgG
were distributed on each slide circle and incubated for 3Qgmnintites at 37 C.
6.A cover slip was mounted in a few drops of PBS/glyc 0% v/v each).
7. The slide was read under fluorescent microscop highest dilution

show fluorescent promastigote was taken as antibgggiter.

2.8.1.4 Direct Agglutination Test (DAT) @2

The DAT is a highly specific and s /e test. It 1s cheap and simple
to perform making it ideal for both fi d laboratory use. The antigen is
prepared from promastigotes of L. dowgvani and test can be carried out on
plasma, serum, blood spots and @e blood. Serum titres of 1:3200 are
considered positive ( El—Masw@Evans 1995).

The direct agglutinatio ?‘7 was performed basically as described by
Harith et al.(1988) an dith et al. (1995). In brief, the serum samples
were diluted in physiglogical saline (0.9% NaCl) containing 0.78%-merca-

ptoethanol and b icrotiter plates. Two - fold dilution series of

the sera were_madg, starting at a dilution of 1:100 (stepl) and going up
to a maximu m dilution of 1:6400 ( step 11). Well 12 was used as
a negative (@01. Fifty uL of DAT antigen (concentration of 5 x 10?2
parasites was added to each microtitre plates with V-shaped wells
containg 0 uL of diluted serum. After completion of test, microtitre

pl S& fe shaken on a plane surface and were incubated at 22°C over-
ni fter wrapping it with aluminum foil. The results were recorded in
titres.

58



2.8.2 Molecular Tests
Polymerase Chain Reaction

In Baghdad and Wasit governorates, Centeral health laboratori@‘
Iraq, are a reference center for diagnosis of VL, receiving patie@%m
various cities of Iraq for diagnostic confirmation or exclusion.

Hundred blood samples from the governorate of Baghdad™»nd Wasit,
admitted for diagnosis of VL from January 2008 to A‘M 2008 were
studied by using PCR. Diagnosis of VL was based o 45.; gestive clinical
presentation, associated with a positive DAT test. %

<

Procedure of PCR §

Materials @
1- BioDoc-ItTM imaging system (Bangalenie, India)

2- Microcentrifuge (India) @
3- Laminar flow (India)

4- Gel Electrophoresis (San Leon@ CA)
5- Thermocycler (India) . @

6- pipette ®

7- Lysis Buffer /50 cc @

8- Londing buffer
9- Tris base, Boric act TA [ TBE(50%)]
10- NaCl

11- NaOH
Protocol for PC
1-DNA Extra (Maniatis et al., 1982)

1. The bl mple was homogenized by using vortex.
2. An nt of 100ul of the sample was added to 200 ul of lyses buffer.
3. unt of 20 ul of Protease K was added to the above prepared

f and shake well for 5 second.
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4. The sample was centrifuged at 8,000 rpm for a short period of time
then transferred to 56 °C water bath and keep it for 1 hour.

5. 300 ul of Phenol + Chloroform was added (Phenol: Chloroform; @
6. The prepared sample was centrifuged at 5,000 rpm for 5 mim@o d
3 phases were formed.

7. The top phase was separated in a new tube which contain Dﬁ%
8. The same volume of Chloroform was added to the s&ted DNA
and shake well. \/

9. The tube was centrifuged at 5,000 rpm for 5 minute

10. The top phase was separated in a new tube Whicl@%ains DNA.

11. The same volume of Isopropanol was added separated DNA.
12. An amount of 0.1 sodium acetate was addeg : pH=5.2),and mix.
13. The tube was transferred to -20 °C fre @ 10 minutes.

14. The tube was centrifuged at 12,000 rprd¥ 15 minutes.

15. The supernatant was discarded an e pellet ( the tube was put
upside down on a piece of paper).

16. The same volume of 70% Ethaas added to the tube.

17. The tube was centrifuged at@f) rpm for 5 minutes.

18. The supernatant was ed and dry the pellet again (the tube

was put upside down on a
19. An amount of 20-5

20- The tube was stor%

Lysis Buffer %
Tris-HCL @ 10 mM ; pH=8
EDTA 6 1 mM ; pH=8
Tween 2(@ 2%

SDS 1 %

NaC @y 100 mM
&

of paper).
distilled water was added and mix it.
220 °C until being used.
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2-PCR Primers

- Forward Primer: 5' TCGCAGAACGCCCCTACC 3'  (Indiagen, India)
-Reverse Primer: 5' AGGGGTTGGTGTAAAATAGG 3' (Indiagen, Ind@
-DNA

o
- Mastermix (Indiagen, India) g@

- Diethyl pyrocarbonate treated water (DEPC).

PCR Reagent for One Sample &

REAGENT VOLUME FINA
ADDED CONGENTRATION

DEPC water 9.5 ul M@\)

-Mastermix: 12.5 pl NZ

150mM Tris-HCI PH 8/5, °<\©

40mM (NH,),SO., Q N

3mM MgCl,’ @

2% Tween 20 @

- dNTP’s @ 0/4mM

- Taq DNA Polymerase 6 0/05 u/pl

- Loading buffer

- DEPC water R@

Forward Primer p=>

Reverse Primer /(77W ul

DNA N1l

Final volume A\ 25l

1. All the reagen %hawed from ice.

2. The DNA te@ ates were thawed at room temperature,and vortex lightly
before use
3. The P(é%xx was prepared according to the above table and distributed
into 0. or each tube.

reaction was performed according to the following cycling

p@n and disabled the heated lid:
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No. | Temperature | Time Cycles
1 95°C 5 sec Initial
Denaturatio
2 94°C 30 sec Cycle Dyt
Denatur@
3 |60°C 45 sec 31 Primer<>
An&ng
4 72°C 1 min i
xtension
5 72°C 5 min @@ﬁ'bstrate
R (&7Clearance
6 4°C 00 &\\ Storage

L
3-Electrophoresis

Purpose: To determine the presence asence of PCR products and

quantify the size (length of the DNA o@ e) of the product.
Materials Needed: Agarose %

TBE Buffer

<
DNA ladder staagtard
Electrophogssis’chamber

Gel castye¥£i
DNASNE

Recipes:TBE Bu

Tris base 1 g/1(0.89 M)
EDTA% 2/1(0.02 M)
2 Boric 55.0 g/L (0.89 M); added Tris base to ~900 ml H,O, then
ad oric acid and EDTA to solution and mixed. The mixture was
@d into 1L graduated cylinder and added H,O to total volume of 1L.
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Agarose Gel Electrophoresis Protocol (Ogden and Adams, 1987)
Preparing the Agarose Gel (1%)

* 0.35 g of agarose powder was added into 500 ml flask. @
* An amount of 35 ml TBE Buffer was added to the flask ( the @%el
volume well vary depending on the size of the casting tray)

* The agarose was melted in a microwave or hot water bath y#til the solu-
tion becomes clear.

* The solution was let at cool temp. (50-55°C), then th M was swirl
occasionally to cool evenly. &

* The ends of the casting tray was sealed with two lay®
* The combs was placed in the gel casting tray. ¢

* The melted agarose solution was poured in %asting tray and added
Iul Ethidium Bromide and let cool until is solid (20-40 min) ( it
appeared milky white). @

* The combs was pulled out and remove pe.

* The gel was placed in the electropho hamber.

* The enough TBE Buffer was adde&=so that there is about 2-3 mm of
buffer over the gel. o

Loading the Gel ®

* An amount of 1 ul of each s&iple/Sample Loading Buffer mixture was

added into separate well 1@ gel.
* An amount of 4 ul d% DNA ladder standard was added into at least

one well of each row Qg the gel.

Running the Ge %

* The power was turned on to about 100 volts(80 volts,40 Mili
9!' .Maximum allowed voltage will vary depending on the

frophoresis chamber —it should not exceed 5 volts / cm
* The cu@@?is running was check in the correct direction by observed
the m, @ent of the blue loading dye (run in same direction of DNA).

. @%1 was placed on a UV transilluminator for nucleic acid visuali-
za and analysis.
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2.9 Statistical Analysis
The suitable statistical methods were used in order to analyze and
assess the results (Sorlie, 1995 ), they include the followings: @

1- Descriptive Statistics N
A) Statistical tables including observed frequencies with their per@&
S

B) Summary statistic of the readings distribution (mean > SEM,
minimum and maximum). &
2 — Inferential Statistics

These were used to accept or reject the statistic hypotheses they
include the followings:

A) Chi-square (¢°), B) Binomial test(Z), C) @tmg the validity
of the tests.

Note: The comparison of significant (P—V i'n any test were:

S= Significant difference (P<0.05).
HS= Highly Significant difference P@)l).
NS= Non Significant difference (P 5).

3-Computer and Programs o @

All the statistical analy$
through the SPSS progras

vere done by using Pentium-4 computer
&érsion-10) and Excel application.
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3- Results and Discussion

3.1 Results

3.1.1 Distribution of Kala-azar Patients According to the District @
S
A comparison between Baghdad and Wasit governorates show gher
infection in Wasit than Baghdad governorate. Therefore, the &orﬁon of
Kala-azar infection in Baghdad andWasit governorates revealed 237(32.1%)
and 460 (57.5%) were positive results respectively ( table { ure 3.1).

Table (3.1) Distribution of Kala-azar according to/\ strict

Kala azar patientg(\@ Total
Baghdad it

province @ovénce
O\

S K-39 | Positive > VY
erum itiv 257 @} 460
dipstick Negative 2@:9 £ AY

Total W oun A
N

CS
Highly
Sig.
(P<0.01)

I@er ] O Positive

® Negative
N o
@? 1 2

@ Baghdad Wasit

igure (3.1) Distribution of Kala-azar according to the District
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3.1.2 Distribution of Kala-azar Patients According to the Age

The total human patients involved in this study was divided@
seven age groups ( Table and figure 3.2). Kala-azar infection_fo

o
among children under one year old of the patient groups 560(70 is
higher rate than the other age groups which was began t rease
reaching to(1%) in age more than 50 years of age groups, in control
groups there were no infection was recorded ( 0.00 ) i%llyage groups

(Table and figure 3.2). &

Table(3.Y)Distribution and percentage of Kala-az@ccording to the

=

Age groups / Year Studied groups JQRPBotal
ge group group \b
ya
Kala- Appa
azar health
patients c@r
Gl1(<1) N 560 :@3\\\/‘“ 594
% (70 X 66.0%
G2=1-10 N 115 NP6 141
% | 140X |26 15.7%
G3=1120 |N [RY |4 67
% 6D 14 7.4%
G4=2130 | N_(7g8 8 46
RZEX 8 5.1%
G5=31-40_INY~ | 15 8 23
. Y 1.9 8 2.6%
G6=41:50\ | N 11 5 16
)| % |14 5 1.8%
& | N 8 5 13
(@) % 1 5 1.4%
et N [800 100 900
el % 100.0% | 100.0% 100.0%
@ P-value | C.S
& Highly
(§ 2) .000 Sig.
(P<0.01)
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Figure (3.Y) Distribution acentage of Kala-azar according to age

@

3.1.3 Prevalence of -azar in Relation to Gender

Males were l‘m@ % fected 54.5% (436/800) than females 45.5% (364/
800) in patientgroups, while no infection for both sexes in control groups
(Table and fi .3). Therefore, the ratio of male/ female was 1.2/ 1.

@b
&
@
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Table (3.3) Gender distribution of Kala-azar

Gender Total
Age groups / Year @
Male Female @0
<1 N 294 266 560 %
% 674% | 73.1% | 70.0%
1-10 N 68 47 115 &
% 156% | 129% | 144%
1120 | N 3 20 53 N
% 7.3% 5.8% 6.6% S
21-30 N 20 18 38,
% 4.6% 4.9% 4R
31-40 N 9 6 %@g"
% 2.1% 1.6%~S\9%
41-50 N 7 4 &k// 11
% 1.6% 1&W 1.4%
>50 N 6 GNAE
% 14% AR 1.0%
Total N 436 }\\:é’64 800
% 100.0%{ 100.0% | 100.0%
NN
P-vafeYC-S
/\%' Non
@@ Sig.

8 45.5%

<

§ ‘I:IMaIe m Female

O 54.5%

Figure (3.3) Gender distribution of Kala-azar
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3.1.4 Signs and Symptoms of Kala-azar cases

All case-patients were investigated by physian had fever 300 (@
83),

(100 %) , splenomegaly 290/300 (96.

7 %) , hepatomegaly 250 (

weight loss 155 (51.7),anemia 150 (50 %), paleness 106 (35.3), di%oea
66(22%), leukopenia 50(16.7) and abdominal pain 46(15.3% ble 3.4).

Table (3.4) Signs and Symptoms of kala-aza&ases

M
N
Signs and Symptoms No.(}(%\% patients / 300
Fever &) 300 (100)
Splenomegaly (\\& 290 (96.7)
Hepatomegaly ((7}\/-/ 250 (83.3)
Anemia N 150 (50
| <>@ (50)
Leukopenia @ 50 (16.7)
Weight loss N 155 (51.7)
Diarrhoea V\\U 66 (22)
Paleness @? 106 (35.3)
Abdominal pain 46 (15.3)
Y
X | P- C.S
& value
4@@) .000 Highly
an Sig.
é%ymptoms (P<0.01)

<
Lo
§
@
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3.1.° Prevalence of Kala-azar According to the School Age

The infection was higher among below school age patients 67.
(538/800)than unknown and school age patients 16.8% (134/800),
(128/800) respectively (Table 3.5).

Age N | % of Totak%@
>

N < d
ol
Below 538 | 67. 2%\ |
school age Q
BN ~
School age 128 @
>
Unknown P6'8%
A
Total o&@o 100.0%

g‘\w

@y P-value | C.S
sa@\”/ Highly
NN
AN 000 | Sig.
\ (P<0.01)

R
Q
&
Y
@
@}@
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3.1.6 Prevalence of Kala-azar in Relation to the Kind of Living

conditions 63.6 % (509/800) than in good condition 36.4 % (291 /
(Figure 3.6).

The higher infection was appeared in population who lived in pg%@

O Good condition B Poor condition

/;7

H 63.60% %
)

NY%

Figure (3.6) preval%of Kala-azar according to the kind of living
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3.1.7 Prevalence of Kala-azar According to the Presence or Absence of
Domestic Animals @

S
The Kala - azar infection was higher among patients witl;g@
contact of domestic animals 61.8%(494/800) than others 38.3% ( 00)

(Figure 3.7). &
Y%

OYesmNO O\Q\\y

N
S

m 38.30%

0 61.80%

Figuréy3;7) Comparison between the presence or the absence of
domestic animals in Kala-azar cases
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3.1.8 Prevalence of Kala-azar in Relation to the Residence

The higher infection was seen among rural population 56.8 00@
(454 /800 ) than in urban 43.3 % (346 /800 ) (Figure 3.8 ). S

AN
Y%

AN

o >

§
S

o Urban m Rural

043.30%

| 56.80%

&
§

)
Figure(3:8) prevalence of Kala-azar according to the residency

@
<
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3.1.9 Monthly Diagnosis Rates of Kala-azar Infection

2008 (20.6 %), while the lowest were during July 2008 (6.1%
3.9).

The highest infection rate of Kala-azar were appeared during Jan @
ure

@ Jan 69@\?/[1 Mar o Apr @ May @ Jun m Jul oAug

PN

(v

@ Figure (3.9) Monthly distribution of Kala-azar

N
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3.1.10 Dignosis of Kala-azar by Serum rK39 Dipstick @
©"
Out of 800 patients, 717(89.6%) were found to be positive by m
rK39 dipstick test and 83 (10.4 %) were negative (Table 3/4)), giving a

sensitivity for rK39 dipstick of 89.6% and specificity of % ;

Table (3.10)Distribution of Kala-azar cases and con@b according to
Serum rK39 dipstick %

01\
Cases Q\’ Total
78)
Kala azar arently
patients$ healthy
(Positi { :ﬁ control
@ (Negative)

DN
Serum rK-39 | Positive @

A \ARY
dipstick Negative AY Yoo | VAT
N Jox
Total \) Ao Yoo Qv
A\
D
| P-value | C.S
K- Highly
tick 000 Sig.
(P<0.01)

.
&
O

@ alidity tests %
@ Sensitivity 89.625
@ Specificity 100

& PPV 100
@ NPV 54.64
90.77

Accuracy
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3.1.11 Distribution of Kala-azar cases according to IFAT @

Q
Out of the 100 patients, 69(69 %)were positive for IFAT and 3 E@)
were negative (Table 3.12), giving a sensitivity for the I[FAT 0.5 %

and specificity of 100 % (Table 3.13).
according to

Table (3.11)Distribution of Kala-azar cases and co@

IFAT %
&

Cases O\ Total
Kala azar QE%’VGHHY
patients @ ealthy
(Posi iV@) control
& ((Negative

IFAT Positive ~H V.
o P2
Negative w Y. Y. £
Total gg Yoo R
)

e

(P<0.01)
Q7
S
@W‘a’fidity tests %
R Sensitivity 70
@ Specificity 100
@ PPV 100
& NPV 25
@ Accuracy 72.72
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3.1.12 Dignosis of Kala-azar by ELISA @

S
Out of 100 confirmed Kala-azar cases, 88(88 %) were appeare @3
positive by ELISA and 12 (12 %) were negative ( Table K, bving a

VY

sensitivity 88 % and specificity of 100 % .

Cases
Kala azar @éﬁ'rently
patients healthy
(Posifix ) control
@ ((Negative

ELISA Positive AA AA
‘k\@
Negativeb\‘\ VY Y. YY
Total @ Yoo Vo Y.
\§/ P-value | C.S
SA Highly
éx .000 Sig.
@ % (P<0.01)
S
@ Validity tests %
@ Sensitivity 88
& Specificity 100
@ PPV 100
NPV 45.45
Accuracy 89.09
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3.1.13 Dignosis of Kala-azar by DAT

o
Out of 100 patients, 95 (95 %) were appeared to be positivzﬁz@T
test and 5 (5%) were negative(Table 3.13), giving a sensitivity fi

of 95 % and specificity of 100 %.

Table (3.13)Distribution of Kala-azar cases and co

Q

DAT

VY

according to

DAT R
S
Cases Q& Total
Kala azar @’Eenﬂy
patien ) healthy
(Posi control
§ ((Negative
DAT Positive | @ﬂi at
N
Negative_ \\7 1 Y. 1
Total @9 Yoo Yo Yy
N
\§/ P-value | C.S
T Highly
éx .000 Sig.
@ % (P<0.01)
@ alidity tests %
@ " Sensitivity 95
Specificity 100
PPV 100
NPV 66.66
Accuracy 95.45
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3.1.14 Dignosis of Kala-azar by PCR

Hundred of the selected serologically positive clinical sampl

es,
were collected from the field work were also positive in 95 (95%)&@;
PCR and 5(5%) were negative (Table 3.14), giving a sensit}

specificity of

100% .

PCR N

Positive | 95

C
o

Negativeo(\m 5%

Total QW

100.0%

<=
@

(7?/ P-value | C.S
SR

Highly
000 | Sig.

4
AN (P<0.01)
P

<§(\%ﬁdity tests %
‘::S’ensitivity 4o
@ " Specificity 100
@ PPV 100

& NPV 90
@ Accuracy 95

9

95 % and
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3.1.15 PCR amplification @

o
The following figure ( 3.10 ) was appeared that the size OZ@CR
product was consistent within each species. Whole minicirclzs DNA

were amplified, the PCR products therefore reflected the s f the mini-
circles in L.donovani (600 bp) from lane 1 to lane 10, andwive control
was used, containing DNA from a healthy donor for@c experiment

(lane 11).
Z

<

Description of 1 Kb Ladder from Gibco BRL: §

The 1 Kb DNA Ladder ( USA) is suita,
stranded DNA fragments from 500 bp to
each contain from 1 to 12 repeats of a p DNA fragment. In addition
to these 12 bands, the ladder contain@ tor DNA fragments that range
from 75 to 1636 bp. The 1636-bp band=Contains 10% of the mass applied
to the gel ( figure 3.10). o

for sizing linear double-
. The bands of the ladder

3054 bp

1036 bp @

517 bp A — 600 bp
‘O
Figu @( 3.10 ) Results of PCR

a@cation of L. donovani DNA analyzed on agarose gel. Lane M, 1
kb
PCR and lane 11 represents the negative result as control.

adder(Gibco BRL); lane 1-10 represent the positive results of



3.1.16 PCR in relationship to age and gender groups

80

Q

S
The following table shown the positive clinical samples w@«ere
dignosed by PCR distributed according to age and gender groups.

Table (3.16) PCR in relationship to age and g@ groups

aN
Age PCR Gender 9 \\Fzgm
groups / &§
Year @
Male FeRal®y
Positive
<1 N 22 A\MJ 33
% 22 %)1% 33%
1-10 N @ 18 18
% R 18% 18%
11-20 N "<Qy 11
% /\%‘gi% 1%
21-30 N @ 11 11
prN
0 119 119
G| g
41-50 ‘:E 11 11 22
AL 1% 1% 22%
To/t\ N 55 40 95
ONL
NV % 55% 40% 95%
P-value | C.S
Non
0.370 | Sig.
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3.1.17 Serum rK39 Dipstick in relationship to age and gender grou@

The summarized results for rK39 in relation to age and ge
presented in (Table 3.17) showed that 717 (89.6%

were found positive.

Table (3.17) Serum rK39 dipstick in relatio

age and gender groups

l@@f
) of confirme & azar

(&m to

0.795 | Sig.

aN
Age Serum | Gender v @al
groups | rK-39 &§
| Year dipstick @
Male FefQl®
Positive
<1 N 268 4 512
AN
% 37.%)4.0% 71.4%
1-10 N 60 @ 42 102
% 4% 5.9% 14.2%
11-20 3 18 45
N @
% A\%yﬁ% 2.5% 6.3%
21-30 N (/] 16 15 31
0 O\ 2.2% 21% 4.3%
31-40 ‘:E 6 5 11
NS 8% 7% 1.5%
a1- 5 a4 9
N 6—1\”% N
NV 7% 7% 6% 1.3%
x50 N 5 2 7
G \\./ % 7% 3% 1.0%
3’7\? Total N 387 330 717
@ % 54.0% | 46.0% | 100.0%
& P-value | C.S
Non

5
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3.1.18 ELISA in relationship to age and gender groups @

S
The following table shown the positive clinical samples w@«ere
dignosed by PCR distributed according to age and gender groK

Table (3.18) ELISA in relationship t
age and gender groups

¢

Age ELISA | Gender “d

groups /
Year @

i /8

Positive Male Fgﬁ;@\r&
<1 N 24 N
PaY

% 27.3% &% | 47.7%
1-10 N 10 X\j 18

% 11.4 9.1% 20.5%
20 N L&y ¢ 10

% N 4.5% 11.4%
21-30 N //77% 3 9

%/w 6.8% 3.4% 10.2%

1-4 \Z 2
30<M 3 5

§=%‘-7 3.4% 2.3% 5.7%

41-50Q X 2 1 3
@ % 2.3% 1.1% 3.4%
Y N 1 1

\\ % 1.1% 1.1%

Fl’”otm N 52 36 88
59.1% | 40.9% | 100.0%

Q
U,

P-value | C.S

@} Non
0.980 | Sig.
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3.1.19 IFAT in relationship to age and gender groups @

Table ( 3.19 ) showed non significant differences ( p > 0.05) 1 @-
azar patients were dignosed by IFAT in relation to age and ge@ups.

Table (3.19) IFAT in relationship to

age and gender groups &

M
Age IFAT Gender @9
groups / )
4
Year \

Male Fe h
Positive N

<1 N 13 1@} 24

% 18.8% ,@% 34.8%
1-10 N 8 && 13

% 11.} 7.2% 18.8%
11-20 N 6= 5 11

% 9% ‘8@ 7.2% 15.9%
21-30 Q\ " 3 8

% Q@ 7.2% 4.3% 11.6%

31-40 ‘\1\(@ 3 2 5
RN

4.3% 2.9% 7.2%

S
41-50 N 4 1 5
% 5.8% 1.4% 7.2%
o\,
w N 2 1 3
EN MEREA 2.9% 1.4% 4.3%
NThtal N 41 28 69

% 59.4% 40.6% 100.0%

@
@@y P-value | C.S
S
@

Non
0.967 Sig.
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3.1.20 DAT in relationship to age and gender groups @

S
The following table shown the positive clinical samples w@«ere
dignosed by DAT distributed according to age and gender grou&s.

Table (3.20) DAT in relationship to \/
age and gender groups

S

o~
Age DAT Gender @&9
groups / )
Q
Year \
N

Male Fe h
Positive N

<1 N 25 R |45

/=7
% 26.3% P@% 47 4%
1-10 N 12 && 18
% 12.} 6.3% 18.9%
11-20 N 5 5 13
% °<@ 5.3% 13.7%
21-30 N6 2 8

N
% @ 6.3% 2.1% 8.4%
0 3% A% 4%

31-40 \\1\(%) 4 1 5
RN

4.2% 1.1% 5.3%

S
41-50‘\ N 3 2 5
% 3.2% 2.1% 5.3%
o\
%(Q) N 1 1
EN" % 1.1% 1.1%
NPbtal N 59 36 95

A

% 62.1% 37.9% 100.0%

@
@@y P-value | C.S
S
@

Non
0.828 Sig.
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Table (3.21) Comparison between PCR and Serum rK39 dipstic@

PCR

Total

Positive

Negative

Serum rK-39

dipstick

Positive | 89

Negative | 11

Total

100

Validity tests

Sensitivity

Specificity

PPV

NPV

Accuracy

@%// PCR Total
% Positive | Negative
EL% Positive AN 0 AA
4\\{® Negative VY 0 VY
Tam \ . \ .
$;
" Validity tests %
Sensitivity 88.88
Specificity 100
PPV 100
NPV 50
Accuracy 920




Table (3.23) Comparison between PCR and DAT

86

@Q
S
A

PCR Total
Positive | Negative
DAT Positive q0 . q0
Negative o o
q .
Total o o ) /§§
S
-
Validity tests % & N
Sensitivity v O
Specificity 100 %
PPV 100 Y
\)
NPV W
Accuracy L
\U)

@

<
Table (3.24) Com@n between PCR and IFAT

@
@W/ PCR Total
% Positive | Negative
'\
IF Positive 69 14
‘@ Negative 26 A\
C>\Tot\£1| o0 Yoo
@
Validity tests %
Sensitivity 100
Specificity 100
PPV 100
NPV 100
Accuracy 100
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Table (3.25) Comparison between DAT and Serum rK39 dipstic@

DAT Total Q@O
Positive | Negative %
A
Serum rk-39 | Positive A A
. . O\,
dipstick Negative V¢ 1 ?\\:/
Total q¢ 1 '
AN
N
o
0 ~
Validity tests % ﬂ\
Sensitivity 84.21 x
Specificity 100 a@
PPV 1008
NPV IS Y)
Accuracy @
o \éz F
Table (3.26) Com n between DAT and ELISA
7>
) DAT Total
% Positive | Negative
\
@ Positive AN AN
Negative ! ! VY
E)}Sotal ¢ 1 Yoo
@ Validity tests %
@ Sensitivity 92.63
( p Specificity 100
PPV 100
NPV 41.66




‘ Accuracy | 93 |

88
Table (3.27) Comparison between DAT and IFAT @
S

S

Total
DAT
Positive | Negative \/

Positive "1 ¢ {
N

o A
&
Negative YA Q%'
AN\
Total A M TV

IFAT

Yo

Validity tests R @;%
Sensitivity 'Q\ 70.52
Specificity [9% 40
PPV P 95.71
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3.2 Discussion N

Kala-azar or visceral leishmaniasis, is a serious health hazayd opi-
cal and subtropical countries, has plagued mankind since a ity. The
main problem to control the VL is to establish a definiteciagposis. Till
date the demonstration of the parasite in splenic / bone parroWw aspirates
is considered to be gold standard ( Bain, 2001; Wemec@ [.,2002), but
these invasive procedures have their own draw@hese tests may

sometimes be found to be false negative, if the§ ite density is low.

Hence, there is aneed for an alternative app for diagnosis of VL.
In the present study, ELISA showed a sensiti f 88% and specificity
of 100% by using the sonicated soluble at a cut off OD value of

0.270. @

Edrissian and Darabian, (199 a@ﬂrech et al., (2000) showed the
sensitivity of ELISA 91% wit °£@ciﬁcity of 91.6% . Hommel et al.,
(1988), Srivastava and Singh, ) showed the sensitivity of ELISA in
the range of 97-100%. Our showed a sensitivity and specificity of
88%, 89.6%, 100%, and for ELISA and rK39 respectively. These
results well corrobora the results of others ( Singla ef al., 1993;
Garcez et al., 1996 w%laert etal., 1999 ; Aoun et al., 2000 ; Singh and
Sivakumar, 2005 howed a sensitivity and specificity in the range

of 95-100 %. 6

The svity of ELISA using these concentrations of CSA is
reported ange from 80 to 100% , but cross-reactions with sera from
patie @ith trypanosomiasis, tuberculosis, and toxoplasmosis have been
re@ (Bray et al.,1973; Smrkovski and Larson, 1977 ; Choudhry et al.,



1990 ; Singh ef al., 1995 ; Kumar ef al., 2001). On the other hand, when
various selective antigenic masses (116 kDa, 72 kDa, and 66 kDa ) were
used, a specificity of 100 % could be achieved, but only at the cos@

90 Q@Q
sensitivity, which went down to as low as 37.5% (Vinayak et g/.} 4; De
Colmenares et al.,1995). Its use in ELISA has been found to It in 100%
sensitivity and 96 % specificity ( Palatnik- de - Souza e”Rgl., 4995 ). In a
recent study, it was found that the sensitivity and specifigity 0f ELISA in
diagnosing VL could also be increased by the use @ luble antigens

derived from promastigotes cultivated in a protein edium.
<

Q)

hdad and Wasit gover-
P <0.01). Therefore, the
as 257 ( 32.1 %) is lower
may be due to many reasons,

In the present study, A comparison betwe,
norates showed a highly significant differe
proportion of Kala-azar infection in Bag
than Wasit governorate 460 ( 57.5 % )

the living standard, way of living, resence of reservoir or domestic

animals, and above all the viability of infected sandfly due to suitable
environmental conditions (Yass1§§ 4).

An rK39 showed a hi
comparison to ELISA.

ensitivity, specificity, PPV and NPV in
1agnostic accuracy (DA) of rK39 was also
higher. In addition, r 1d not show any cross reactivity with other
diseases like malari%ire as many cases of malaria were found positive
by ELISA. Sriv d Singh, (1998), Edrissian and Darabian, (1999)
observed similggross reactivity between VL and malarial fever patients.
A K39 faile tect antileishmanial antibodies in four parasitologically

confirmed of VL while ELISA failed to detect in seven parasitologi-

prior ent of the patients. The other reasons could be advanced stage
0 isease, which may lead to a state of anergy ( Kala-azar is known
to produce immune suppression). Hence these patients may be considered

cally COE@%d cases, the negative reaction in these cases may be due to



as low responders so far as antibody production is concerned,These results
well corroborate with the results of others ( Sinha and Sehgal, 1994;

Basu and Ray, 2005). @
©
o1 A\
The clinically suspected persons who showed positive tions by

rK39 and ELISA may indicate low parasitaemia in these p%?s which
could not be detected by parasitological examination of thQir splenic/bone

marrow aspirates. One of the endemic control / contact 39 and two
by ELISA showed positivity for Kala-azar. This ity in endemic
healthy individuals is explained by constant eXPg of individuals to

sand fly bite resulting in latent or subclinical @ n. Alternatively, the
patients might be in the incubation period yet ow sign and symptoms
of disease. From our study,it appears that s a sensitive and specific
test with high diagnostic accuracy. It is effective test, as it does not
require any sophisticated equipment@ also a simple test and can be
carried out as well as interpreted gxgn by unskilled paramedical staff.
Considering the merits of K395 %
%&es of Kala-azar. The high sensitivity
he dipstick test (rK39) very suitable for

ct has already been documented by ( Singh

opinion, it is an ideal test for diag-
nosis and seroepidemiologica

and ease of performance
surveillance surveys, TRy
et al., 2005 ; Sivakum NG
the test compared t T may result in some cases being misdiagnosed

al., 2006 ). However, the lower specificity of

as false positive@r ore, the diagnosis of Kala-azar must be made on
the basis of theXgutcome of the diagnostic test in combination with clinical

and epidemi al information.
All lected DAT positive clinical samples, which were collected
from 1d work were also positive in PCR. All negative controls were

nggatiye® ; 1.e. no contamination or inhibition was detected. The PCR
provtdes a useful tool for the typing of parasites while diagnosis is being

performed on clinical samples. Such a tool is necessary to complement



diagnostic assays since most of them do not furnish the taxonomic informa-
tion about the parasite required to determine the appropriate therapeutic
and control measures.Early detection and typing would enable impleme@

' o

tion of specific treatment. The test has other potential valugsya detecting
and typing parasites in vectors for epidemiological surWnd in retro-
spective studies (Saltora et al., 2001). &

QNK was used in our

X
study, and it could detect the parasite in highly segS§i{ve manner in clinical

an amount that represents

The PCR assay that is specific for L. donovani K

samples from Iraqi patients with Kla-azar. T y could detect as little

as fragment of parasite DNA from L. donov
the equivalent of approximately 0.1 parasi As from several parasite
obtained from patients with Kala-azar
sensitivity (Grimaldi and Tesh, 1993)

capable of detecting a single parasite 1

found to amplified with high
efore, the assay is theoretically
10logical sample. The high sensi-
tivity of our detection was evi its ability to amplify parasite DNA
from peripheral blood of patie th Kala-azar patients in large majority
of cases. A total of 100 clini@amples from patients with Kala-azar were
examined,and 95% teste ftive by PCR.Our PCR described in this work
yielded a unique prod pproximately 600 bp,and specific side product
appeared on the gel. K\had the advantage that results were easily interpreted
upon analysis of gels. The high level of sensitivity was reflected by
the ability of assay™¥o detect parasite DNA in peripheral blood of patients
with Kla-azar 95% sensitivity in the cases examined. Use of peripheral
blood is ad&g geous because the collection procedure is less invasive and
safer tha@e splenic or bone marrow biopsy specimen collection(Adhya et
al., 19 one marrow 1s known to have a high load of parasites, while in
p@i’%@al blood the parasites are relatively scarce. Studies reporting PCRs

w tection sensitivities comparable to ours did obtained sensitivities as



same as that of our assay when using blood samples of patients with Kala-
azar (Lachaud et al., 2001).

The sensitivity of PCR assay may be affected by several factors su@
accessibility of the DNA in parasite-containing biopsy samples@ e
conditions used in PCR amplification. In our study, The phenol—c@ orm

93 &

extraction was used. It was very efficient and thorough purMon method,
which is comparatively hazardous and time consuming. y steps of lysis,
digestion, extraction and washing require much operfy d closing of the
1.5 ml tubes,implying an increased risk of sample G@con‘[amination. The
phenol-chloroform extraction is highly effici @removing inhibiting
factors, such as hemoglobin. It therefore proveédfo be reliable also for samp-

les with a higher blood content. Proteinas 1gestion with subsequent
phenol-chloroform extraction is the best classical extraction method,
which was successfully employed als§ipiany previous studies on clinical

samples ( Smyth et al., 1992 ; Ashfor al., 1995 ; Andresen et al., 1996 ;
Osman et al.,1997; Mimori et al,, @ Campino et al., 2000; Singh, 2003).
The advantage of the Proteinasg ethod is that it did not lost any DNA,as

the whole procedure is acconfpished in the same tube. One disadvantage in
using the Proteinase K is thi@at may have DNA inhibitors. Inhibition of the
PCR reaction in blood es however is a rare phenomenon(1%) (Cascio
etal.,2002).

In this study) %gical surveys using DAT analysis showed high
sensitivity and cificity of the population in the study areas, our results
were in acc Ce to the observation of researcher ( Schallig et al., 2002 ).
A numbe% seropositive cases were found among children with no
previo tory of Kala-azar. Examination of the history of Kala-azar
patie ‘@mwed that Kala-azar cases are much more frequent in childrens,
a@s‘[ seropositive cases were found among children under one years,
The results are similar to other studies carried out ( Cascio et al., 2002;
Nuwayri-Salti ef al.,2000). The peak number of cases was in children under



one years old and the seropositive rate decreased with increasing of age
of the individuals. Prior studies in the world have shown a seropositive rate
more than 50% in age group under one year and decreased with incregs

of age ( Belhadj et al., 2000; Sunder ef al., 2004). One important c rz@f
istic of visceral leishmaniasis is that the greater the incidence of the se,

94 &

the greater the risk to the youngest children. This fact hasx#fready been
im et al., 1995),
t population has

documented in Iraq ( Korzeniewski, 2004 ), Sudan (

and Brazil, where the disease's preference for the
remained constant over the years ( Carreira ef af,

al., 2005), &\
Q elow the age of 3 years;

this suggests that small children are at higli@rg1sk probably because of low

; Campos-Ponce et

It was found that the majority of cases

immunity. The results are similar to othe 1es carried out in Iraq(Sukkar,

1985; Bray et al., 1985),and in other ries (Navin ef al., 1995 ; Tanner,

1996; Takai, 2002). A large numb cases (56.8%) were from rural, the
o

REQ
disease is not limited to certain & . The rural areas provided suitable

conditions for the vector angd
studies in Babylon and Thi
There had been a prolonXy
cases resulting in si nt complications, this could be due to poor
education of the ge population, failure on the side of general practitio-
ners in early dete%@a d diagnosis of Kala-azar.

&

The mong@tgdistribution of cases showed that the highest cases regis-
tered dur inter mainly January due to the growth and propagation of
vector clined in July. These results are consistent with other previous
studi& e in Iraq, the peak incidence of cases was during December and

Jatuagy ' (Sukkar, 1985; Korzeniewski, 2004), and in other countries (Maggi



About 54% of seropositive individuals were males and 46 % females.

No statistically significant difference ( P < 0.05) was observed between
them. Cross-sectional IFA and DAT serological surveys of VLin enc@
t

foci of the Iraq showed that males are exposed and become infected at X
@éﬁs n

as much as females. In most rural areas the rate of active Kala-aza
males may be higher than females ( Bora, 1999 ; Sreeniva@%m.

Y

95

Therefore,it does seem that VL affects males more than les. It has been
suggested that there may be a hormonal factor linked m\ﬁ der (Costa et al.,
1999). It was found that male: female ratio was 1 N); this may indicate

that both males and females are equally expose %}e risk of transmission
of the disease. These results are consistent other studies done in Iraq
(Sukkar, 1985; Al-Kassar, 2005), and in otkgryegions out side ( Edrissian

and Darabian, 1999 ). Although one stud (c,-

ne in Pakistan (Zijlstra et al.,

diarrhoea ( 22%), leukopenia ), and abdominal pain (15.3%) ; these
\ srsultation. Fever, splenomegaly and hepato-
megaly were the predomRaY; 2 linical features. These signs and symptoms

2004; Al-Kassar,20 and in other countries (Delgado ef al.,1998; Maggi

et al., 2004). @
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Recommendations _
@o
S
A

Conclusions and Recommendations @
Conclusions o Q
NS

1-The PCR assay has high sensitivity and@emﬁcity by capability of
detecting low levels of parasitemia from th@apheral blood.

2- The comparison between serologicgal ods was showed that DAT had
higher sensitivity than rK39 dipstick, A and IFAT, respectively.

3-The rK39 is a sensitive and sﬁ@ test with high diagnostic accuracy. It
is a cost effective test, as it do t require any sophisticated equipments.

It is also a simple test and ca carried out as well as interpreted even by

unskilled paramedical sta '

4- The PCR assay hz&g r diagnostic accuracy than serological tests.
f %@d

5- Kala-azar is fe isease affecting childrens particularly those less than

a

one year of =®5 aghdad and Wasit governorates.

6- The Ka ‘a‘ infection was higher in Wasit than Baghdad governorates.

5
¢
&



kS
S
Recommendations &
Z

1- The molecular approach of this study can be@r other parts of the
country to predict and map VL. Q

2-Should closely monitor all information @rding ecological and clinical
studies of L. donovani being condu @ Iraq.Therefore, the researchers
should be queried concerning any 2@)

further identifying L. donovani. @

ces in diagnostic techniques for

3-Appropriate laboratory stu f interactions between L. donovani and
L. tropica should be condu

4- The severity of 1n€%‘ may lead to the presence of different strains,
and later needs furthe nvestlgatlons of DNA of sandfly by PCR method.

5- Adaptation @te change is vital for increasing the adaptive capacity
of sandfly VCC%

6-The poteH or long-term survival of Leishmania in the sandyfly vector
and in hu@? host should be conducted.

@}@
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