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INTRCDUCTION

The genus Ledshmania  couprise different species all of whieh arec

obligate -intracellular carasites of the wmononuclear phagocytlic cells
of vertbrates., About 14 specles and subspecles of the genué arc known
to infect man and cause a spectrum of discase states collectlvely
known as lelshmaniasis (Molyneux and Ashford, 1983). Transmission of
the parasite 1s accomplished by sandfly vectors and almost always
Involve rescrvolr hosts. Man is geunerally considered as an accldental

host (Marinkelle, 19380).

Leishmaniasis has been reported from more than 80 countries 1n  the
world with an estimated 400,000 new cases per year (Marinkelle, 1980;
WHO, 1984). The dlscase stands ‘as “ne of the major health problems of
the world and In many countries 1t poses silgnificant barricrs to
cconomlic development (ﬁainson and Shaw, 1978; WHO, 1984), Clinically
the disease 1s classificd into three saroups:  visweral lelshmanlasis
(VL), cutancous leishmanlasis (CL) and mucocutancous leishmaniasis
(MCL) ., Viscural lelshmaniasis attacks the visceral organs - spleen,
liver and bone marrow and Is often fatal if untreated, Cutancous
ledishmaniasls 1s characterized by ulcerative skin leslons and 1s
rarely fatal, but can causc¢ serious disflgurment: thls is especially
so for diffuse CL of both the 0ld Werld and the New World, South-~
American wmucocutaneous lelshmaniasis is highly multilating by destroy
the nasal and pharyngeal tissucs and causes sever mutilacion (Chullay
and Manson-Bahr, 1284),

Visceral ledshmaniasis bhoth, In the 0ld World and New World is ca
cllents and control groups. 450




the complexes of E; EEﬂzilens£§ and L. mexlcana (Lainson and Shaw

1978; WHO, 1984). Old Woxld CL 1s causcd by three differxrent specles:

L. major, L. tropica and L. agthlopica. Whereas L. wmajor and L,
tropica often cause sclf healing localized leslons commonly known as

orlental sore, L., aethioplca cause two clinically different types of

CL: the 1localized self healing CL (LCL) and diffuse CL (DCL)
(Marinkelle, 1980). At present whether this differences in clinical
manifestation 1is a result of different strains of parasites or due to
differences In host response to the same parasite 1s not <clear

(Mengistu and Fehniger, unpublished data; Bryceson, 1980).

The QLelshmanla parasites alternate befween two developmental stages:
the flagellated promastigote form in the insect vector gut, and the
aflagelated amastigote form found intrac;llularly in vetebrate -hosts
(Chullay and Manson-Bahr, 1984), Infection Is transmitted following
inoculation of promastipgotes by the sandfly vector. during a blood
meal., | The promastigotes then enter macrophages and start to multiply

Inside the phago-lysosome (Mauel, 1984; HMauel and Behin, 1982).

Research on leishmaniasls has been greately facllitated by the abllity
to culture the parasite in vitro. Nevertheless, to date only the
promastigote stage, the stage found in the-insect vector gut, has been
successfully grown in culture, Recently there have been sSome reports
on the mass cultivation of amastlgotes using different monocyte cell
lines as hosts. (Monjour et al., 1984; 1986; Chang; 1980; Looker ct

al.,, 1986).




Identification and Classification of Lelshmania

The ddentificakfion and classiflcation of Lclshmania 1Is controversdal,
To date there 1s no a single agreed upon criteria for the fdenfitica-

tion and classification of the different specles of Lelshmania

assoclated with the various clinlcal manifestations of the diseasec
(WHO, 1984). Until now the identification of the different specles of

Leishmania is based larxgely on;

1. clinical manifestations of the discase and 1ts geographlcal

distribution;

2. direct mlicroscoplec 1dontiflcation of parasites from tissue

asplrates ; and

3. culture of parasites from tissue asplrates and/or passage
into experimental animals (Garxdner, 1977 Chullay and Man-
sonBahr, 1984), Imwmunodlagnostic tests has been applied to
a limited extent (Zuckerman, 1975; Matosslan-Rogers et al.,

1976).

Identificatlon and classification based on clinical manifestatlions s
not acceptable since host related factors may be involved in determin-
ing the outcome of the disease (Brycecsoun, 1980). The same paraslte
zan cause different clinical manifestations in different patients,
For c¢xample, L. donovani normally a viseralizing species in the Sudan
was found to cause rkyplcal cutaneous leishmaniasis (Hoogstral and
Heyneman, 1969; Abdella, 1982). Identification based on geographical
distributlon 1s also unreliable in areas where there 1s an averlap of

the different spelces of Lelshmania (Gardnér, 1977). Direct




microscopic identification of parasitcs from infeceted tissue samples

is extremely difflcult for the diffoxent speeics of Leishmania are

morphologiually indistinguisghable ¢ven at the electronwicroscople
level (Bray, 1980)., Moreover, this method 1is tedious and time
consuming and requires the scervice of tralned laboratory personnel
{Lobel and Kagan, 1978). Culture of parasltes from tissue aspirates
or passage in experimental animals is an unreliable way of ldentifing

since some 1solates of Lelshmania do not grow well in culture norxr in

experimental animals and in addition thils method generally regulres a

Jong time to get results {(Chullay and Manson=Bahr, 1980),

Immunodiagnosis of Leishmanlasis

Immunodiagnosis of Jleishmanlasis is based on measuring the antibody
response (secrodiagnosis) or cellular immune response (Lelishmanin skin
test)., Infection with leishmania pavasites elleit both humoral and
cellular 1mmune Tresponses. Originally non-seclfiec serologle tfests
like the formol test and complement fixation test have been used for
diagnosis of lelishmaniasis (Zuckerman, 1975). However these methods
are wunreliable because of the very high false positive results with
other diseases, such as malaria, leprosy, syphills ete. (Bray, 1980).
The indireect Imnunoflorcscence assay (IFA) and recently the enzyme
linked immunosorbent assay (ELISA) have been developed for the diagno-
sls of cutaneous and viseral lecishmaniasis using crude lelishmania
;ntigen (Zuckerman, 1975; Hommel, 1976; Hommel et al., 1978). These
assays, too, although can glve accurate results under optimal condi-
tions, arxre still seriously affected by cross reaction with other

co-endemic diseases (Mauel and Lehin, 1982).
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Another immunodiagnostic test dinvolve the laeishmanin skin test using

crude  leishmania ancigen. Although this tesrt 1s velatively fast and
simple to perform for larpge scale studies, it is only genus specific
and shows a high decgree of cross rcaction with othar diseases
(Carvalho et al,, 1578). Perhaps the other major limitation of this

technique 1s that 1t can nof distinguilsh betwecen past and present

gxposures Lo the parasite.

lecenkly new blochemical and molecular blology techniques have been
used for accurate d1dentiflcation of Leishmanla parasites to the
spceles and subspecles level based on thefr dntrinsie characterstic,
These techniques are isoenzyme analysils (Kreutzexr et al., 1980). DNA
boyant density analysis (Chance et al., 1974;) DHA hybridization

Barker et al,.,  1986; TLawrie et al

Lo

, 1885) and Karyotype analysis

(Giannini ck al

, J986). Although these methods can pive accurate and

reliable identification of the different specilies of Leishmania, they

all require the uwuse of sophisticarted and expensive equipments and
reagents and some of these techniqgues involve complicated procedures
making their routine usc impractical (Wirth ¢t al., 1986). This
becomes even more lmporcaut when we consldex the fact that the discase

1s common 1n many developing countries, Thus other reliable, simple

and cheap methods of diagnosls should be sought.

Perhaps the best method for rellable, fast, and cheap way of dlagnoslis
both for routdne clinical use and for large scale eplidemlologlcecal
studies of leishmaniasis would b¢ to usc an immunodliagnostic tests,
The major limitation of these technlgques, as outlined above, are the
prescnce of cross reacktlon with other discases and among the different

specles of Lelshmania (Bray, 1930; Mauel and Rehin, 1982), These
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problems arise from lack of wel) characterizgd parasite antigens,
Molecular, biochemical and Immunological charactexization of
Eﬁiﬁﬂmﬂﬂiﬂ antlgens would, Lherofore, beAimportaut for the dovelopment
of reliable and cheap immunodiagnostic tests (Hitchell et al., 1982),

Recent developments in  hybridona technology have led to the
identification of different stage specific, strain specific, species
speclfic and cross reactive Leishmania antigens (Handman and Hockding,
1982; Jaffe et al., 1984; Jaffe and Heifahon=-Pratt, 1983; Williams et

al., 1986), - Sixteen monoclonal antibodics produced by Jaffe et al,,
(1984) against L. donovani, for example, were found to react only with
L. donovani with no Cross reaction with othor Parasites nor with other
speeles of the genus. Some of these monoelonal antibodies were found
Lo be useful for specles Jdentification. A number of Investigators
have suggested that monoeclonal antibodics to deflned Leishmania anti-

gens  may  be useful in the development of a serologle assay for the

clinical diagnosis and epidemiological studles of ledshmaniasis.

Recently sodium dodecyl sulfatewpolyacrylamide gel electrophoresis
(8DS~PAGE) and Western blottlng have been developed and usced in the
study of parasite antigens (Zingales, 1934; Blackwell et al., 198s6).
Using these techniques many lnvestigators have demonstrated the anti-

gen pfofilo of different strains and specles of Leishmania (Lepay,

1983; Sadik and Raff, 1985; Jammandas, et al., 1983; Colomer-Gould et

al., 1985), Gardiner et al., (1984) tdentified about 12 cross reactive

antigens and many other speciles specific surface antigens from several

Leishmania species by I labeling and Immunoprecipitation followed

by SDS—PAGE. Similar findings have been reported by otherxr

investigators for different Ledishmania speceles (Lepay et al., 1983,




Sadick and Rolff, 1935), One major protedn reported by almost all
investlgators from all specles Investigated 1s a protedin with
wolecular welpht of 63 kilodanton (kD) called P63, It has be<n Tound
both on promastigotes and amastigotes (Colomer-Gould et al., 1986).
The P63 1is found to cover a large fraction of the promastigotes

accounting about 1% of the frotal cellular prxotedn (3ouvier et al,,

1985). Ltages et al., (1985) showed that P63 from 3 different 014d

Horld Leishmania species are structurally similar perhaps suggesting

some functionsl simllardity, too, and that It may be conserved in the

course of cvolution for an Iimportant function.

Reed et gl

Loy

(1987) 1identified L, donovani antigens that rcact with
patlent sera by Western blok technique. When a fraction of one of
these molecules (dn the molecular welght range of 55-62kD) was
eluted and wused In ELISA, 4t was found to be highly sensitive with a
100% specificity. Crude antigen preparation In the same test gave a
high degree of cross reaction wlth other dilseascs, This strongly sug-
gest the potentlal uscfulness of speelfic, well characterized Leishma=-

nla antigens to develop sensitlive and specific Immunodlagnostic tests,

Immune Response to Lelshmania Infection and the Potential for Vacelnc

Development

Besides their potentlial usc for the development of Immunodiagnostic
tests, ddentification and characterization of Leidshmania antigens
would be important In the secarch for candlidate vacclnes to be used In
the control of lelshmanlasis (Anders et al., 1582), Self cure dn
leishmaniasls 1s believed to be duce to the immune vesponse It evokes

{floward and Liew, 1984). In some parts of the world, notably In the
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Middle DYXast and some parts of USSR deliberate “Vacednation'" of sub-
jecte with llve stralns of L. troplea at a cosmetlecally hidden site
has bhecen practiced to fnducce protective immunity (Zuckerman, 1975;
Bryceson, 1980). Lesions  developed from sueh lelshmanfzatlion could

last for wmonths, sometimes cven yecars.

Indirect evidence for the development of host protective acquired
Immunity has been obtained from experiments on model animals
(Bryeceson, 1980). Balb/c mice immunized with irradiated promastigotas
of L. major were [found to develop marked rcesistance to challenge
Infection with virulcent strains of the same species decreasing
mortality from 100% in control groups toe 0-20% in {Immunized pgroups
(Howard & Licw, 1984). Other investigators also showed development of
protective lmmunity in different animel models Immunized with
different specles of Leishmania with diffcrent antigen preparations

(Holbrook ot al., 1981; Dennis et al,, 1986; Liew et al,, 1985;

Alexander and Phillips, 1%78).

In some specles of Lelshmania ecross protection has been obscrved
(Alexander and Phillips, 1978; Howard and Llew, 1984). These experi-
menks on  andimal models strongly suggest that vaccines could be pre=-
pared from fragments oxr extracts of parasites 1f we could spceifically
ldentify which parasite molecules are responsible for dnducing host

protective Ilmmune rgsponse.

Surface antigens of leishmania have become the focus of attention din
the search for host protective parasites antipens, for they are the
first to come in contact with the immune response | {Anders, 1982).

Many investipators ldentificd surface antigens on different Leishmania
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strains using monoclonal antibodies and Westurn blot analysls (Handman
and Curtis, 1982; Chang and Chang, 1986). The role of somc of these
molecules in dnducing host protective fmmunlty are belnp investipated,
Lelsbmania being an intracellulac parasite of macrophages requlres a
mechanism to enter to targek hest cells and once Inside 1t must Dbe
able to protect ltself from the harmful effect of enzymes and toxic
metabolites of the host macrophape cells (tiauel, 1984; Moulder, 1986).
The dinitlal interaction between the parasite and the host macrophapes
is believed to Involve a "receptor-ligand" interaction that Involves
molecules on the surface of parasites and macrophages (Chang and
Duyer, 1978; Blackwell ¢t al., 1%235). This has been experimentally
shown Lo be true (Klemper zt al., 1983). Macrophage plasma membrane
vesicles specificaily bind to promastigotes sugaeskinthhu presence of
intrinsie determinants both on macrophages and promastigote surfaces.,
At a molecular level two promastigote surface molecules has been
implicated in the initlal arkttachment events: the maior surface
protein, P63 (Rlackwell et al., 1986) and a leishwanla 1lipopolysac-—
chride molecule (L-LPS) (Handman et al., 1985). Afinity purified P63
of L. major has been shown to Inhiblt macrophage-promastigote binding
up to 50% (Chang and Chang, 1%86). Handman and Mitchel (1985) used
purifled L-LPS to immunize mice and Found significant 1resistance to
challenge dnfection with virulent L. major., This sugpest the
ﬁossibility of using such molecules as candidate vacecines, However,
later work by Mltchel and Mandman (1966) showed that whereas some
portion of the L-LPS molcecule has a protective role some portion of it
induces suppression and promctes diseases. Further dnvestlgations
mlght Jlead Lo the identificarion of some hithoerto unidentified

parasites surface molecules dimportant for paraslie ontry.
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Once the parvasite Is inside its target ccll it must protect itself
from harmful enzymes and metaboliles released by kargef cells. Since
macraophares are Lhe very cells whose madn function 1s to destroy any
invading microorganisms, they produce hydrolytic enzymes and toxie
metabolites (Mauel, 1984)., The wechanisms of Intracellular survival
for leishmaniasis are noft clearly known. Several possibllitics have
been proposed, éll of which are not necessarlily mutually exclusive

{(rtoulder, 1986). The first possibllity 1is that Leishmania spp. may

secret some enzyme Inhibltors or inactivators, like the carbohydrate
rich excretory factovs (El-On et. al., 1980) or produce ammonia in

excess and Interfere with the actlivity of enzymes by ralsing the pH

{(Coombs and Shanderson 1%85). A second possibility Is that Leishmania

spp. may have c¢volved an e¢nzyme reslstant cell surface (Chaug and
Dwyer, 1978). Chang and Fong (Citcd In Moulder, 1%85) suggested that
surface glycoproteins play crucial role In this type of adaptation,
Some isolated surxface molecules of lelshmania were found to be resis-
tant Lo protecases (Handman et al., 1981). However, the in vivo role
of these molecules forxr ledshmania intracellular survival is not  yet

determined. Recently @tges t al. (1986) found that the major surface

protein, P63, of L. major Is a proteasc, They postulated that the
enzyme <¢ould funection in probtecting the parasite from microbiecidal
enzymes In the insect gut or during futracellular establishment in the
macrophages. However, much 1s to be done to establish the role of

this surface molecule for {intracellular suxvival,

Other parasite antigens consideored fmportant in modulating host
immune response are those expressced on the surface of infected

macrophages (Berman and Puyor, 1231 ‘#Handman and Hockung, 1982).
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Because of an obligatury intracellular location of Lelshmania,
molecules exprcssed on tLhe surface of dnfected macrophages may be
important for the development of host proteectlive  immunity. Several

mechanisms for the orpin of such molecules have been proposed: first

incorporation of Leishmania antigen with the phapo~lysosomes with sub-

sequent translocation to macrophage plasma membranes oxr antipens
excreted to the extracellular fluld may bind to the maerophages

(Anders et al., 1982). Characterizaiton of such moleculues. detailed

studies on their origin, thelr role Iin the immune response of the host
has to be investigated in a greater detail in order to rstablish a

possible 1link betweean the development of host protective dmmunity to

these molecules.

In Ethiopia both CL and VL have b¢en reportad 1in several regions of

the country. While L. domnovani is the causative agent of VL in the

lowlands, L. aethiopica Is considered to be the main causative agent
of CL in the highlands., L, major is also suspcetecd to cause CL in the
lowlands, The discase affaets the most productive sector  of the
population in the age range of 14-40 ycars (Ayele, 1982) and mostly
occurs In fertilce agriecultural development arcas. It can thus pose
serdious publie health and economle problems. To date very lictle 1is
known about the g¢pldewmiclogy of the discase, 1ts host parasite
relationship and the range of parasite spucies fnvelved. Such infor-
mation is highly required inorder to devise control strategies for the
discase in areas of agricultuwral development and In  new settlement

Arcas ..

The objecetive of this study was to {dentify species specific,

subspecies specific and cross recacting antigens in four species of
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belshmania: L. acthdiopica, L, major,

L. tropica

using ledshmaniasis patloent scra and rabbit immune
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paper by the technique  of Western bl
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MATERIALS AVD METHODS

Parasltes:

Lelshmanla acthiopica (MHOM/ET/72/L100) eriginally Isolatcd from a DCL

patient and L. Etrioplca (MHOM/SU/74/K27) were obtalined from the WHO
Leistmanla Refercnce Straln Center, the London School of Tropical
Medicine and Hyglene, U.K, L, major (LV~39) was obtained from Dr.
David P. Humber, Department of Bilology, originally isolated from

animals and was a glift of the Dassel Instltute, Swizerland., L. dono-

vani originally isolated from Ethiopia, and L. d. infantuym (LEM-235)
were a gift of Pr, J. flackwell, London School of Tropilcal Hedicine
and Hygiene. L. aethiopica (1467/85) was isolated froum a localized

cutaneous ledshmaniasis patient at the Armaucr Hansen Heszarch Insti-

tute (AHRI) in 1985 and characterized as L. aethiopica.

Parasites werc cultured at room tomperaturce In a medium of EPMI 1640
(Flow Laboratories) contalning 10% heat inactivated (56 ¢, 30 min)
foetal calf scerum, 100 ufml penicilin and 100 wup/ml streptomycin.
Stationary phase parasites were harvested by centrifugation and washed
5 times with Tris-Saline (T8) buffer (50mM Tris and 0.15M Nacl pH 7.4)
contailning 1.2 mM phenylmethyl sulfinylflouride (PHMSF) and 2060 U/ml
trysol. Parasites were vresuspended in TS-PMSF-=Trysocl . buffer and

stoxed at =70 wuntll useoed.

Rabbit Immunization

Stationary phase parasites were harvested and washed & times with
noxrmal saline (pH 7.4) and fixed with 0.1% 1~-Ethyl=-3- (3~

dimethylanmopropyl) carbodianide hydrochloride (Sigma) for 1 hour and




washed 2 times with 0.1 M glycine and three times with normal saline,
Rabbits wexe dmmunized lntramuscularly with the fixed and washed
parasites (G.5 mg total proteln) in complete Fruend’s complete  Adju-
vant., Two wceks later booster Injections were glven Intramusculaxly
with 0.5 mg protefn in Incomplete Frucnd’s Adjuvant., Four wceks after
the first booster injection, rabbits were re-boosted by 5 intravenoué
Injeection at 3 day Intervals starting with 50 up protein in the first
injeetlon and increasihg the proteln concentration to 100, 150, 250
and 500 wug protein respectively for the 2nd, 3rd, 4th and Sth
injections., Rabbhits were blecd 2,3 and 6 weeks after the last booster
injection. Antibody tirker was mecasurcd by the technique of dot blot

(Pappas, 1983) and scra werc stored at ~20 € until used.

Human Serum

L. aethiopica (both LCL and DCL) and leprosy patient sera were

obtained from the Serum Bank of AMRI. Viseseral leishmaniasis patient
sexa were collected from patients clinically diagnosed as visceral
leishmaniasis at the Army Hospital, Addis Ababa, and weré kindly
provided by Dr. Yohannus Negesse, Army Hospital. Visceral leishmania-
sis endemlic area normal human sera wvere collected from apparently
healthy dindividuals at Aba Roba Kebele, Gamu Gofa Administrative
Reglon and were a gift of Ato Tesfaye Getachew, Institufe of Pathoblo-
logy, Addis Ababa University, Schlstomlasis patlent scra were

collected from confirmed cases of Schistosoma mansoni Infected

patients at the Institute of Pathobiology and werc a gift of Ato

Astrat Hailu and Ato Hailu Birre, Instltute of Pathobiology.
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SDS~-Polyacrylamide gel electrophoresls (SDS-PAGE)

Washed promastigotes were mlxed with an cqual volume of final sample
buffer (consisting of 0.2% glycerol, 0.1% mercaptovthanol, 0.04 SDS
and 50 mM Trils buffer, pH 6.8 plus bromophenol blue) (Lammell, 1970),

boiled for 7 min. and centrifuged at 14000 RPM for 5 min. 1In an

Eppendorf Centrifuge 5415, The supernatant was electrophoresed in
O.75mm thick slab gel, Throughout the experxrimenk 11%Z separating gels
and 4% stacking pels were used. Proteins of known molecular wedght

were run on a parallel lane to the sanmple to serve as muvlecular weight
(mol., wt) markers. The relative mol. wt. of Leishmania antigens were

extyapolated based on the migration of these mol., wt. markers,

Western Blotting

Following SDS-PAGE, the separated proteins were clectrotransferred
onto nitrocellulose papper using the method of (Towbin et al., 1979)
at 420V for 45 min. dn Tris-glycine buffer (30mM Tris and 250mM
glycine, pHB8.3). Lanes contalnlng molecular welght markers were cut
and stained with Amido Schwartz Stain (0.001%7 w/v dmido Schwarte

0.3% v/v mecthanol and 0.1% v/v acztic acid).

Nitrocellulose sheets were cut into strips (0.6 cm wide) and blocked
for 1 hr. with 0,05% Brlj in TS buffer (pH 7.4) and fucubated
overnight with 1/40 difutions of human scra (diluted in 0.057% Brij) or
1/20 dilutdion of 1rabbilt immune sexa (diluted with 10% foetal calf
serum and 0.05% Brlj in T8 buffer). Strips were washed three times
with 0.05% Brij cach 10 min., and incubated with 1/100 dilution (din
0.05% brij) of peroxidase conjugated rabblt anti-human immunoglobulins

for 2 hrs. (for strips initlally Incubated with human serum) or with

21




1/150 dilution of peroxidase counjugated swine anti-rabhbit
immunoglobulines fexr 3 Thirs, (for strips {vitially incubatecd with
rabbit  scrum). At the c¢nd of incubation strips were washed three
times with 0.05% brij and incubated with 1/150 dilution of percxidase
conjugated swine antili-rabblt for 1 hour (for strips initially dincu-
bated with human sera)., Strips were washed 3 times with brij and
once with delonilzed water (5-10 min.). Colox was developed by Incuba-
tiﬁg strips with 0.01% 4-cholo~l- naphthol (prepared from a stock
solution of 5 mg/m) 4~chloro-~l-naphtal in DMSO) and 0.24% H O in TS
buffer (pH 7.4) with vigrous shaking, The rcactlon was srtopped by

i
washing strips with tap water.




RESULTS

Lefshmanida donovani Anktipgens Recognlzed by Patient Sera

Uhole cell lysates of L. donovanl promastlgotes were <lectrophoresed
by SDS~PAGE and electrotransferred onte nitrocellulose paper. Nitro-
cellulose bound antigens werxre reacted with parnienc sera. Major

antipens of wmol. wt, 74, 54, 25, 18 and 15 kD and other weakly
reactive antigens of 67, 64, 62, 46, 31 and 28 kD were recognized by

human viseral leishmaniasis (VL) patient sera (Fig. 1 lane a).

Sera from L, aethiopica patients (LCL and DCL) wccognized most of the
antigens reactive with VL patient secra (Fig. 1, lanes B and C). One
antigen of mol., wt. 18 kD is not reactive with LCL and DCL patient
sera Indicating that this molecule 1s specles speclfie to L, donovani.
The 31 and 28 kD antjgens are reactive only with VL and DCL patients

sera.

The same antigenic profile was demonstrated when L. donovani Iinfantum

blots veact with VL, LCL and DCL patient ssra (Fig, 2),. The 18 kD

antigen Is not reactive with L. aethiopica patient sera.

Leishmania aethiopica antigens recognized by patlent sera

When 8SDS-PAGE separated L, acthiopica (1467/85), an LCL parasirte,
reacted with an LCL patlent sera, major antigens of 74, 67, b4, 62, 54
and 53 kD and weakly reactive antigens of mol, wt. 58, 45, 43, 36, 33,
26 and 15 kD are fdentiflied (Fig. 3 Lanc A). DCL and VL patients scra
recognized most of the antigens recactive with LCL serum (lane B and

c). The 45 kD antigen is uniquely recopnized by LCL and DCL patient

sera while the 43 and 24 kD antipgens axe recognlzed only by an LCL
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sera. The 15 kD antigen of L. acthioplea (2467/85) 1s stronply reac-

tive with VL sera but react very weakly with LCL and DCL  parcient

Sara.

A gimilar antigenice prefile was observed when DCL parasite antigans
were reacted the same way as above (Flg. 4), The 45 kb antlgen 1is
recactive only with LCL and DCL patient sera. One antipen of mel. wt.

27 kD 4is recognized only by DCL pationt sera suggesting that Lt is

specific for DCL patients.

Antigens of L. major and L. tropica recopnized by L. aethiopica and L.

donovanl patient sera.

Antigens of L.

,.,
o

ice and L. major recactive with VL, LCL and DCL

patient sera are displayed on Figures 5 and 6 respectlively. 1t appears
that most of the common antigens shared between L. aethiopica and L.
donovani are also shared with L, tropica and L. major. The 33 kD

antigens of L. tropica and L, major is reactive only with DCL patient

S5Cra.

The 54 kD antigen 1s recognized by all types of patlent scra and it is

the major antigen of all the spceccles.

Leishmania Antigens Recognized by Rabbit Immune Sera

Blots of the different Leishmania speciecs were reacted wlith rabbit

immune sera ralsed against the promastigotes of the different species.
Figure 7 shows antigens of L. donovani reactive with different rabbit
immune sera (lanc A-E). Sera from L. donovani promastipote immunized

rabblts recognized major antigens of mol. wt. 93, 68, 47, 40, 35, 26
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and 22 kD and other weakly reactive bande (Fig. 7, lane 4A), Four
antigens of L. donovanil recognized by immunc rabbit scrum, wore not

recognized by patlient sera. Two 0f the Ledlshmania donovanid antigens

recognized by L. donovand rabblt immune sera (mel. wt, 47 and 27)

apcarcd ko be speeies specific antigens. The 40 kD antigen is
reactive with L. major, L. rtropica and L. donovani immunized rabbit

s¢ra but not with L. aethiopica (LCL and DCL) promastigotc immunized

rabbilt secra.

L. aecthiopica (1467/85) an LCL parasite, immunized rabbits scra recog-

nlzed two antigens of molecular wedpght 70 and 60 that axe not  rcceog-
nized by any othex rabblt sexa (Flg. 8 lane D). Three antigens
reactive with rabbit immunce scra are not reactive with patient scra.
The 32kD antigen is strongly reactive with DCL  parvasdite dmmunized

rabbit sera and weakly rcactive with LCL immunized rabbit scra. Sera

from other rabblts do not react with this band.

L. aethipica (1467/85) and L. donovani immunizcd rabblt recognized a

strongly reactive but diffuse band mol, wt. of arcund 15-33 kD,

Antigens of L. acthiopica (MHOM/ET/72/L100) - a LCL isolate - reactive

with the diffcrent rabbit immune sera 1is shown in Fig. ©&. A 32 kD
antigen 1s strongly rxeactlve with DCL immunized rabblts and weakly
reactive with 1467/85 immunized rabbit sera. This antlgen 1s not
cross reactive with sera from other rabbits. Antother weakly rcactive
antigen (mol. wt. 27) hppears to be unique to DCL parasites. The 70 kD
antlgen is specifically reactive with LCL and DCL vabbir fimmune secra,

supggesting thart the two antipens are specific for L. aethiopica.
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1

Almost all antipens of L. major recognizod by L. major rabbit d1mmune
sera (Filg. 10 ianu ) are cross roacting other rabblt imwune sera
(Fig. 10, Lanes A-D). The 40 kD antlgen was conslstently a common
antigen among L. donovani, L. major and L. tropieca but not shared

by L. aethiopica (both LCL and NCL).

L. tropica immunized rabbits recognized cne unique antigen mol. wt. 38
kD which is not shared with other laishmania species (Fig., 11, 1lanec
D). The rest of the aatipens were common Lo all species, A
consistant finding from all the leishmania species is that the 54 kD
antigen 1is not immunogenic in rabbilts.

Cross reaction of Leishmania antigens with leprosy and schistosomiasis

£a

patient sera

Sera from leprosy and schistosomiasis patients did not cross react
with L. donovani (Fig. 12, lanc B) or with le¢prosy paticent sera
although an antigen (mol. wt, ©67) is reccopgnized by all patients and
nermal Iindi~viduals. The same roesult was found for L. iﬁﬁﬂiﬂkiﬁﬁ.(DCL
isolate, data not shown).

Reactivity of Visceral Leishmanioaosis Endemiec Arca Noxmal Human Sexa to

Leishmania doncevani Antigens

Te check for the possibility of subeclinical infectlon by the presence
of antibody produetion we have‘tested the reactivity of 10 sera
colleceted from apparently normal individuals living in VL endemic area
was tested on 3DS-PACE separated L. donovani antigens. Hone of the
scra showed any speclfle reaction with L. donovanl antlgens (Fig, 12,
lane D and E, the results of the other & scra not shown)., The patterns
wexre all similar to normal human serum from a non-visceral leishmania-

sis cndemle area (Lane B},
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TABLE 1 Ledshmania antigen recopnizod by different leishmaniasis

patient sexra and rabblt immune scra on Western blots

Antigen Ledshmandia speeles expressing antipens
(kD) .
L. aethipica L. aethipica L. donnvanl L. major L. tropica
T(LCLY — “(ocLy — T T

93 + ' + + +
74 + + + + +
70 + + - - -
68 -+ + + ! -+
67 + -+ + -+ +
64 + + -+ 4 +
62 + + + 4 +
60 + - - - -
58 + + + 4 +
54 + + 4 + +
53 + + + + +
47 - - A + - -
46 1 + + + +
45 + + - - -
43 + + + + +
40 - - + F +
38 - - - - +
36 + + -+ + +
35 + + + + +
33 - + - - -
32 + -+ + r
31 + + - - -
28 - + ' + - -
27 - - + - -
26 -+ + - 1 + -+
24 + ,

22 -+ -+ + + +
18 - - + - -
15 + + + + +
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TABLE 2

Cross reactive antigens found on L. acthiopica,

L. d9n93321¢

L. major and L. kropica

Reackive with human Reactive with rabbit
patient sera# antisera#®®
74 93
67 68
64 58
62 53
58 36
54 26
53 22
43
31
15

*  Reactlve with serum [rom patients infected with either L. donovani

or L. aethiopica,

#% Bhowed reactivity with ali rabbit anti-sera against either L.

aethiolca, L. donovani, L. major ov L. trouvica.
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DISCUSSION

The lack of well characterized Lelshmania antigens has greatly limited
rcscarch  on ledishmanlasis and the rotential to contrel the diseasc,
One of the major preblems is the lack of a relfable, simple and cheap
method for identification of the different speclcs and subspecies of

Leishmania associated with the different clinical manlifestations of

the disease. The other limitation is the difficulty to l1nvestigate
for parasite molecules that could induce host protective dimmune

FESPONSQ2.

The result of this study demonstrated that 01id Woxrld Lelshmania

specics express common and specles specifie antigens that are recog-

nized by patient sera and rabblt immunce sera (Table 1 & 2y, L.

donovani express a spucles speeific antipen of 13 kD which is detected

using patient scera. Thils same antligen was also detected 1In L. d.

infanptum, suggest-ing that the antigen 1s specles specific.

The 45 kD antipen of L. aethlopica is recognized only by L. aethiopica

(LCL & DCL) patlcent sera indlcating that 1t is species speclfic, LCL
parasitesrexpressed two uniquse antlgens, 43 and 24 kD) while DCL
parasites cxpress one unlque antigen of mol. wt. 27 kD. The question
of whether these antipgens are straln specific or represent possible
inherent diffevences between DCL and LCL  parasites wilill require

further study.

These unique antipens of L. donovani and L. acthioplca were shown not
to be shared with L, troplea and L, major as VL, DCL, and LCL patient

sera Jid not recognize thesc antigens frem the two speoeices., Species

specific molecules might play crucisl vroles in  determining species
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specific parasite behaviors, and the identification of such molecules
could be duportant in developing an understanding of the wmolecular

basis of discase pathogenesis.

A Jarge part of Ledlshmania antigens didentifiable by patient sara are
common antigens shared among all the 4 specics of Lelshmanla. A& major
antigen of Intercst, reported by many workcrs, 1s a glycoprxotedn of
mol, wt., 63 kD (Etges; et al,, 1985, Lepay et al,, 1984; Bourdler el
al., 1986). This antigen was shown to be universally present in all
le¢lshmania specdes and was found to be surface located hy surface
fodination experiments. In this study a major antidgen shared by all
leishmania specles and reéognized hy all patient sera was found around
a mol. wt, of 54 kD, Preliminary results of AHRI (Mengistu,
unpublished observatlions) have indicated that L. igghiogigg does not

express a 63 kD antigen, In contrast to all other species which have
been exmalned. The 54 kD common antigen has been ldentified as  the

alpha and beta tubulin proteins which are found in the plasma membrane

of the organisms.

The 15 kD antigen was found In all the specics studied. However, 1t
1s highly reactive with VL patient sera, less recartive with DCL
sabient sera and alwmost unreactive with LCL patient sera, both for the
homologus and the¢ heteroloegous antigen, This antigen may be expressed

in grcater amounts Iin L. donovani than in L. aehtiopica aud may thus

initlate the producticn of high titer antibodles. Aunother possibility
is that the antigen is ypresenk In a2ll the specles but may be
stearically inaccessible to  the hosts dimmunce rxesponse during L,

aebthloplea infection.
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The common antigens of Leishmania mipght be 1nvolved in determing
cemmon parasite hehaviours, such as entry inte host target cells,
intracellular survival cte. (Moulder, 1986: Maucl, 1984). We can thus

assume that many of the common antigens to be consetrved 1n the course

of evolution. Etges et al., (1985) showcd that gp 63, a common antigen

of leishmania specles, has a basic structural similarity In three 01d
World leiahmania specics, indlecating that the molecule is conserved in
all the 3 specles. Other investlgators (Russel, ct Ei;’ 1986; Chang
and Chang, 1986; Blackwell, <t al., 1986) showed thatr the gpb3 1s
involved 1In the initial attachment of the parasite to wmacrophages.
The wuse  of such moleculcs as candidate vaccines has been suggested

based on the obsexvation that wvaccination of mice with macrophage

receptors doces Induce protective immunity (Handman et al., 1985).

Experiments using animal mwodels (Howard & Liew, 1384; Alcexander,
1982) and on human subjects (Convit et al., 1987; Green et al., 1983;
Bryceson, 1980a2) clecarly showed that ;rotective lmmune responses could

be Initiated using Fragments, or extracts of Leishmania promastigotes,

“

Tdentification and charactcrizatlion of common and specics speclfic
antigens of lelshmanla parasites could, therefore, allow the deter=-
mination of those antlgens that stimulate proteckive immune responses.,
Some of the common antlgens identificd in this study wmight prove

useful for Immunsosnvophylaxis ox for immunotherapy.

Rabbit sera raised against the promastipote stage of the different
leishmania recognized cuommon and specles specifile antigens some of
which are not reacitlve with paktient sera, Since rabbit immune sera
are wproduced against the promastipgote stage those antigens reactive

only with rabbilt scra might represent stage svecific molecules, for
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the patient sera are directed agalnst the amastigote stage determin-

ants which may or may not he shared with the »romastigote stage.

L. donovanl fmmunized rabblt sera recognlzed two specles specifle

antipens 47 and 25 kD, One antigen of mol. wit, 40 kD 1s cross
reactive among L. donovani, L. major and L. Etropica but not reactive

with L. aethiocpica (both LCL and DCL) suggesting that there are

probably common antigens Ethat may not be present in some specles.

Two antigens of L. aethiopica (mol, wt, 70 and 32kD) were found to.be

specles speelfic and the 70 and 60 kD antigens of 1467/85 and the 27
kD antigen DCL parasites were shown to be straln speeific antipgens,
Similarly L. triopica immunized rabbits recognized one species speci-
fic antlgen of mel. wt., 38kD Other antigens recognized by dimmune
rabbit sera are common antigens shared bf all leishmania specles, ‘The
54 kD antigen 1rccognized by patient sera was not immunogenic in
rabbiks using flxed organlsms, To date there arc no published data
showing any corrclation between immunogenicity in rabbits and in human
subjects, However, the spceeles scclfic leishmania antigens could be

used as lmmunodiagnostic antigens.

Cross reactlon between leishmania and other diseases both at the
antibody and eellular immune response have been well documented

(Zuckerman, 1985; Bray, 1980; Carvalaho et al., 1987}, In this study,

sera collected from schistosomliasis and laprosy patlents did not react
wicth SDS=-PAGE separated leishmania antigens. This 1s highly encourag-

ing sinec¢ L. aethloplca DCL patienkts arc often confused with leprosy

(Sarojini, et. al. 1984). Perhays the very high positivity of leprosy

scra forx ledshmania antligens revnovted by other workers might be due to
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misdliagnosis of DCL paticnts for Leprosy or may be because of the
tresence of double infection Ly leprosy and leishmaniasis. Barneston
and Brycesen (1978) revorted about 8 cascs of leprosy and  leishmania-

sis concomitant infections In Ethiopla.

There have been reports suggesting that in lelshmaniasis endemic areas
there 1s a very high subelinical Infection rate which may be as high
as 9 times the clinical rate (Sukker et al,, 1986)., If this 1s cor-
rect then 1t might be expectéd that individuals 1living in endemic

areas would have signiflcant immune response to leilshmanla antipgens,

However, in  this study 10 sera colleocted from aparently normal
individuals 1iving 4in VL endemic area and tested for reactivity on

5DS~PAGE separated L. done

vanl antlgens showed no evidence of speclfic

reactivity to leishmania antlgens.,
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CONCLUDING FTEMARKS

This study has ideniified a numbecr of common and  spceelas specifie

antipens  in 4 0ld World Leishmania suecedlcs using leishmaniasis
B /=

patient sera and rabbit fmmunce scera (Table 1 & 2). Analysls of common
and specles speclifle antlgens of lelshmandla are required to  Jldentlfy
antigens that would be of value for 1mmunodiagnosls, wvaccination,
analysis of Immuncopathology and the analysis of various, Immune res-
ponses In Jtnfceted and vaccinaited subjects (Anders, ¢k al., 1982;

Handman et al., 1981). Speeles specific antipgens or antibodies prn-

duced against these antigens could be used as paraslie typlng

reagents,

Most of the pathology of lclshmanlasis Is known to be a result of the
interaction of parasite antigens with hest immune system, Although it
1s imposslble to asslign specifle functlions to the antigens defined In
this study, some of the antigens Identified may be useful in
fmmuncdiapgnesls and further wuaderstanding of the speclflec role of
these molecules in the disease process mlght enable the ldentification
of host protecetive antigens, Recent developments in recombipnant DNA
technology would then allow the large scale production of deslred

antligens.
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