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Department of Botany and Microbiology, UER of Pharmacy. University of Clermont-Ferrand I.
POB 38, Clermont-Ferrand Cedex. France

Identification and taxonomy of human and animal leishmanias
by lectin-mediated agglutination

J. GueugNoT, J. GuiLLoT, M. DaMEZ, M. COULET

Summary

The surface polysaccharides of two strains of lizard leishmanias, of the
guinea pig parasite L. enrietti and of nine strains of human leishmanias belong-
ing to the groups mexicana, donovani and tropica were studied by lectin-mediat-
ed agglutination. Twenty-three lectins prepared from seeds or from higher
fungi carpophores were used. They revealed the presence of L-fucose, N-N'-di-
acetylchitobiose, a-D-glucose, a-D-mannose, f-D-galactose, N-acetyl-D-galac-
tosamine and lactose. We noted a range in the number and variety of lectin
receptor sites detectable on the surface of the leishmanias, with the reptiles
strains having the fewest sites and the tropica group having the most sites. We
were unable to find specific group lectins, but it seems possible to identify a
strain within each group by a lectin-binding pattern.

Key words: Leishmania; identification; taxonomy; lectin.

Introduction

Research is still being done on the genus Leishmania, partly because of the
great morphological similarities found in the promastigote and amastigote
stages. Also. the clinical characteristics and the geographical distribution used
for genus classification have proven insufficient because identical clinical pic-
tures are encountered in widely distant geographical areas. For this reason a
large number of studies have been carried out to find other criteria for the
identification of strains and for the definition of species and sub-species.

The main methods used have been the study of ultrastructural morpholog-
ical (Lewis. 1975; Shaw and Lainson, 1976; Gardener et al.. 1977) or biochemi-
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cal characteristics with kinetoplastic and nuclear DNA buo¥ant densities
(Chance et al.. 1974; Barker and Arnot, 1981; Arnot and Barker, 1981). the
electrophoretic variation of different enzymes (Ebert, 1973; Gardener et al.,
1974; Kilgour et al., 1974; Al-Taqui and Evans, 1978; Chance et al., 1978;
Rassam et al., 1979; Kreutzer and Christensen, 1980), the comparison of hi-
stones (Icekson and Schnur, 1980), and radiorespirometry (Decker et al., 1977).
Immunological techniques utilizing determination of serotypes specific to ex-
creted elements (EF, Excreted Factor) (Schnur et al., 1972;.Schnur and Zucker-
man. 1977). immunoelectrophoretic analysis (Matossian-Rogers et al., 1976
Kohanteb et al., 1980: Le Ray and Afchain, 1980), and use of monoclonal
antibodies (MacMahon Pratt and David, 1981) have produced further informa-
tion. More recently, lectins have been used to explore membrane structures;
these vegetable proteins link with surface sugar residues (Lis and Sharon, 1977;
Goldstein and Hayes, 1978; Goldstein et al., 1980) and can be used to separate
and identify strains of protozoa (Bretting and Schottelius, 1978; Pétavy et al.,
1978: Gueugnot et al., 1980; Gueugnot, 1980; Araujo et al., 1980) including the
leishmanias (Jacobson et al., 1982; Schottelius and Gongalves da Costa, 1982;
Schottelius, 1982).

In the present work, 13 strains of human or animal origin were studied
using 23 lectins original in the majority of cases.

Materials and methods

Strains
The strains used in this study were as follows:
Peripylaria Section (Lainson and Shaw. 1979):

— Leishmania adleri LRC-L123: a strain isolated in Kenya from a lizard Lastatia longicauda revoili
by Heisch in 1954. Injected into hamsters by Adler. this strain was again isolated in 1956 from the
spleen of one of these rodents. It was given to the Institute of Tropical Medicine of Anvers
(ITMA) by the London School of Tropical Medicine and Hygiene.

— Leishmania tarentolae senegalensis G.10: a strain isolated by Ranque in Senegal from a Taren-
tolae annularis in 1967,

Suprapylaria Section (Lainson and Shaw. 1979):

— Leishmania mexicana mexicana London L11: a strain isolated in the Honduras from a human
case.

— Leishmania mexicana amazonensis LRC-L259 (= LVI60 = M2269): a strain isolated in Brazil
from a human cutaneous lesion.

— Leishmania sp. (L.sp.): a strain isolated in 1960 from a human cutaneous lesion in Salvador de
Bahia (Brazil). It was given to the ITMA in 1963.

— Leishmania enrietti: a strain isolated in Brazil from a guinea pig (genus Cavia) then maintained at
the Institut Pasteur in Paris. It was received by the ITMA in 1963.

— Leishmania donovani ITMAP K263: a strain isolated in Brussels in 1967 by the seeding on blood
agar of the sample from a sternal puncture carried out on a Moroccan child,

— Leishmania donovani Tunis: a strain isolated in Tunisia from a human case, which was received
by the ITMA in 1965.

— Leishmania donovani LRC-1133: a strain isolated in Ethiopia from a human Kala-azar case.
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— Leishmania aethiopica LV1: a strain isolated from a human cutaneous lesion, sent by Bray to
Liverpool and numbered L8&6 in the London collection of Leishmania.

— Leishmania tropica LV556 (= LRC-L36): a strain isolated from a cutaneous lesion acquired in
[raq.

— Leishmania tropica LRC-132: a strain isolated at Jerusalem in 1965 from an Iraqi immigrant, who
was a typical case of leishmaniasis recidivans,

— Leishmania tropica LRC-L223: a strain isolated in Israel from a simple cutaneous leishmaniasis.

The parasites were cultivated in a Brain-Heart Infusion Medium (Difco) with the addition of

3% defibrinated rabbit blood at a temperature of 27-28°. The promastigotes were collected by

centrifugation (1200 x g, 5 min) after a period of cultivation of 96 hours and washed twice in a

phosphate buffer pH 7.2 (PBS). They were then resuspended in the same buffer at 1.5 % 10° promas-

tigotes-ml~%,

Lectins

Twenty-three lectins were used for this study. They were purified in the laboratory, using
different affinity chromatography techniques, from seeds or from higher fungi carpophores, except
for fractions of Ricinus communis RCA ,; and RCA,  (IBF). These lectins are grouped together in
Table 1. For each lectin the following data are given:

1. the haemagglutinating activity obtained by serial 2-fold dilution with a suspension of red blood
cells from blood group A (4% in PBS);

2. the main inhibiting polysaccharide(s) obtained by tests on the inhibition of agglutination of red
blood cells of blood group A and of various Trypanosomatidae (Gueugnot. 1980);

3. purification reference.

All the lectins were used in a phosphate buffer (PBS) at 500 ug-ml-'; for fluorescence tests the
lectins were linked with fluorescein using Goldman’s method (Goldman, 1968).

Agglutination

The agglutination tests were carried out in microtiter plates by mixing 0.1 ml of promastigote
suspension (1.5 x 10°-ml-1) with 0.1 ml of lectin solution (500 xg-ml=1). After one hour of contact at
room temperature, agglutination was read under the microscope ( x 100), estimated at 0 to 4 + and
compared with a control sample where lectin was replaced by PBS. The shape and the size of the
agglutinates as well as any possible toxic effects were observed at the same time ( x 400).

Inhibition of agglutination

The sugars used for the inhibition of agglutination are those shown in Table 1 and have the
following concentrations: 0.1 M for the lactose and the N-N'-diacetylchitobiose, 0.2 M for the other
sugars. These experiments were also carried out in microtiter plates. ¥, ml of sugar solution and
0.1 ml of lectin solution were incubated for 30 minutes at room temperature before addition of the
promastigotes. The agglutination reading was made after an hour of contact under the conditions
given above.

Fluorescence tests

The binding sites were visualised by the use of fluorescent lectins. A drop of fluorescent lectin
solution was added to one drop of protozoa suspension placed between two slides on the side of the
cover slide. One examination was made immediately and another after half an hour of contact.

Results

The results of the agglutination tests are summarized in Table 1. All the
experiments have been repeated three times at least. The lectin-mediated ag-
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Table 1. List of lectins used and results of experiments of agglutination of animal and human leishmanias

L.tar.

Lectins TH Inhibiting sugars Ref. L.adl.
Ulex europaeus 1 /64 L-fucose Bétail et al., 1975 0 0
Laccaria amethystina F . .. 1/64 L-fucose Gueugnot. 1980 0 U
Datura stramonium . .. .. .. L7512 N-N'-diacetylchitobiose Bétail et al.. 1975 0 0
Ulex europaeus 11 .. ... ... 17256 N-N'-diacetylchitobiose Gueugnot, 1980 0 0
Lathyrus odoratus . . .. 17128 u-D-glucose Bétail et al.. 1969 -
Pisum sativum . ........ .. 17128 a-D-glucose Bétail et al.. 1969 - +
Lens esculenta ... ... ... 17128 a-D-glucose Bétail et al.. 1969 -+ .
Canavalia ensiformis ... . .. 1/512 o-D-methyl-mannoside Bétail et al.. 1969 e
Boletus edulis ... .. .. /1028 f-D-galactose Gueugnot. 1980 % 0
Sarothamnus scoparius . . .. 171028 JB-D-galaclose lactose Bétail et al.. 1975 + =+ + SE -
Boletus subtomentosus 1/64 f-D-galactose lactose Guceugnot, 1980 0
Pholiota squarrosa . ... . .. 1/1028 { [)’-D~galz-1c‘tose lactose ; Bétail et al., 1975 + + o
+ N-acetyl-D-galactosamine
Soja hispida . ... ... ... ... 1/8 } Pilgaloetoss lastoses Bétail et al.. 1975 e o &
l +N-acetyl-D-galactosamine
Clitocyvbe nebularis 1/512 J Egprleniass lutae ; Gueugnot. 1980 I i
. \ +N-acetyl-D-galactosamine =
Ricinus communis 60 1/64 N-acetyl-D-galactosamine IBF e
Ricinus communis 120 1/4048 Lactose IBF -
Sophora japonica .. .. ... 1/256 Lactose Bétail et al.. 1973 - - -
Polyporus sulfureus .. ... .. =1/4000 Lactose Gucugnot., 1980 -+ +
Inocybe fastigiata .. .. .. 1/1028 Lactose Gueugnot. 1980 + + -
Laccaria amethystina L ... >1/4000 Lactose Gueugnot, 1980 0 0
Boletus chrysenteron . . . . .. 17128 Lactose Gueugnot. 1980 + 4+ + 4
Cytisus albus ... ... .. 17128 Lactose D-salicine Bétail et al . 1975 0 4
Phaseolus vulgaris . ... ... = 1/4000 N-acetyl-D-galactosamine Bétail et al.. 1975 + ]

Lizard leishmanias: L. adleri: L.adl. — L. tarentolae: L.tar. *Guinea pig leishmania: L. enrierti: L.enr.
mexicana group: L. m. amazonensis LRC-L259: L.259 — L. m. mexicana London L11: L.11 — L.sp. from a
cutaneous lesion (Brazil)

donovani group: L. donovani Tunis: L.Tu. — L. donovani LRC-L133: L.133 — L. donovani ITMAP K263:
L.K263

tropica group: L. aethiopica LVI: LV1 — L. tropica LCR-L223: L.223 - L. tropica LV556: LV.556 — L. tropica
LRC-L.32: L.32

glutination was estimated and compared with a control sample, when a weak
auto-agglutination occurred. it was taken into account.

With the wide range of lectins, L-fucose, f-D-galactose, N-acetyl-D-galac-
tosamine, lactose, a-D-glucose, a-methyl-D-mannoside., and N-N’-diacetyl-
chitobiose sites were determined. Lectins of Ricinus communis RCA ,,,, Cana-
valia ensiformis and Boletus chrysenteron agglutinate all strains. Datura stramo-
nium, on the other hand, a lectin inhibited in a specific manner by N-acetyl-D-
glucosamine and its oligomers (Crowley and Goldstein, 1981) has practically no
agglutinating effect on any of the strains. Ulex europaeus 11 however, which has
the same specificity (Goldstein and Hayes, 1978), binds to several strains. Dif-
ferent types of agglutination were observed: cell body-cell body, cell body-
flagellum, flagellum-flagellum.
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by 23 lectins purified from seeds or from high fungi carpophores

L.enr. 1..259 L.11 L.sp. L.Tu. L.133 L.K263 LVI L..223 LvV.556  L.32
0 0 0 + V] + 4 0 0 . I
- 0 0 0 0 0 + 4+ + 0] 8] + et
0 + 0 0 I 0 0 0 0 ] ]
) 0 b 0 | ( - 0 -+ + + + fired
1 g + 0] t b = + u
et *+ 4 + + foort i o = t et ot
0 S i e + - t H + +
+ KRS i Bl Sotb G bk G v
+ + = 0 - - - == f
-+ 0 e e — -+ ! ——
0 + 0 + + (V] t+ i -+ + t =
4] 0 0 0 -+ = A & okt o
+ 0 ] -+ o+ + t t £k ek A ottt B S
4 - 0 0 + + -+ + + o+ - 4 I | + + -
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i e i et e e o B + + t t r t et = et
| 7 F S . s
+ 0 & A el b T sin B -
0 -+ che el e — ——
= bt 0 8] + = 4 - U + - =
o i P -+ + o bt e + o+ -+ - -+ e
+ + 0 + + 0 0 U -+ U + =+ + + ~+
ot 0 0 -+ 8] -+ Q ¥ U J: o ==

In most cases it was possible to inhibit agglutination by the addition of
specific sugar(s) in the reaction mixture. The use of non-specific sugars pro-
duced no notable effect.

The results of fluorescence tests agreed with those of agglutination. We
were able to observe differences in the localisation of lectin-binding sites. Some
bind in a uniform manner with the whole parasite (cellular body. flagellar
pocket, flagellum) while others recognise sites only on the cell body.

Discussion

Mammalian leishmanias

On the whole, isolated mammal strains offer a great variety of receptor
sites for the lectins used.

We can relate L. enrietti, 1solated from a laboratory guinea pig. by its
behaviour towards lectins. to leishmanias of the mexicana group and in particu-
lar to Leishmania sp. A striking difference however. 1s the presence in L. enrietti
of binding sites for the Laccaria amethystina lectin inhibited by L-fucose. Lain-
son and Shaw (1972) had also noted that despite the greater size of the amasti-

139



gote stage, L. enrietti could be related to leishmanias of the mexicana group by
its growth characteristics in NNN medium and by its pathogenic behaviour
towards the guinea pig. What is more, the same authors include L. enriettiin the
mexicana complex of the Suprapylaria section of their most recent classification
(Lainson and Shaw, 1979).

The Pholiota squarrosa lectin which is consistently active on the Suprapy-
laria leishmanias of the Old World, although to different degrees. 1s inactive on
strains of the mexicana complex. Mexicana strains are agglutinated by the other
lectins in a non-identical fashion. L. m. mexicana and L. m. amazonensis can be
differentiated by seven lectins which have in common a sensitivity to f-D-
galactose (Boletus edulis, Sarothamnus scoparius, RCAg,, Polyporus sulfureus,
Inocybe fastigiata, Laccaria amethystina lactose, and Cytisus albus).

Moreover L. m. amazonensis appears to have appreciably more sites of
type a-D-glucose but fewer sites of type ff-D-galactose. It is also interesting to
note that, on the one hand, L. m. amazonensis is the only strain of leishmania
studied which is not agglutinated by the lectins RCA,, and Sarothamnus sco-
parius, and on the other hand that L. m. mexicana 1s not agglutinated by the
lectin of Boletus edulis, unlike the other mammalian strains. The non charac-
terized strain, Leishmania sp., isolated in Brazil, possesses an appreciably high-
er number of receptor sites and also has agglutination reactions specific to it. We
found the same activity as Jacobson et al. (1982) and Schottelius (1982) for
Ricin RCA |,, and for concanavalin A on L. m. mexicana. Using a range of 12
lectins, Schottelius (1982) was able to determine two groups within the sub-
species L. m. amazonensis and noted the similar behaviour of a strain of L. m.
pifanoi with one of these two groups.

The leishmanias which react with the greatest number of lectins belong to
the complex of the Old World of the section Suprapylaria. the tropica complex
being the most easily agglutinated.

For the donovani species, as well as for the mexicana complex, we noted a
behavioural inconsistency within the species since the three strains can be
separated by use of 9 lectins (Laccaria amethystina fucose, Ulex europaeus | and
I1, Boletus subtomentosus, Pholiota squarrosa, Sophora japonica, Laccaria ame-
thystina lactose, Cytisus albus, Phaseolus vulgaris). Strain LRC-L133, which
belongs to the serotype of Excreted Factor B,, reacts with Soja and Phaseolus
vulgaris: Jacobson et al. (1982) however noted the absence of reactivity to these
lectins by this and other strains of the same serotype. This discrepancy may be
due to the difference in concentration of the lectins used.

In the rropica complex, L. aethiopica shows a behaviour which allows it to
be easily separated from other members of the complex that we have studied.
Polyporus sulfureus, Cytisus albus and Laccaria amethystina specific for lactose,
as well as Ulex europaeus 11 specific for N-N'-diacetylchitobiose do not aggluti-
nate this strain. Schottelius (1982) also noticed the lesser density of sugar resi-
dues on its surface membrane. In support of these results, results based on ultra-
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structural study and on kinetoplastic and nuclear DNA buoyant densities show
that L. aethiopica had a separate place in the complex (Barker and Arnot, 1981;
Arnot and Barker, 1981). The other strains are closely related. However strain
LRC-1223 differs from LV556 and LRC-L32 by the absence of L-fucose resi-
dues. LRC-L32 possesses no sites for Lathyrus odoratus lectin. For this strain of
serotype of Excreted Factor A,, our results are in agreement with those pro-
duced by Jacobson et al. (1982).

Lizard leishmanias

The lizard leishmanias L. tarentolae and L. adleri show a clear difference
from the other strains studied, whether they be of human origin or isolated in
the guinea pig, by the relatively weak density of the detectable receptor sites.
We found no L-fucose residue on their surface; there is little reactivity for the
D-glucose specific lectins nor for D-mannose sites, with the exception of conca-
navalin A. However, a higher density of receptor sites for lectins with a sensitivi-
ty to D-galactose was found. Four lectins in particular have a strong agglutinat-
ing action on them (Sarothamnus scoparius, Clitocybe nebularis, RCA®® and
RCA129), Thus the reaction pattern of lizard leishmanias is not superimposable
on any of the others. This seems to be confirmed by morphological (Gardener et
al., 1977) and immunological studies (Saf’janova and Avakjan, 1973), which
have already shown that there are great differences between the lizard leishma-
nias and leishmanias isolated from man. Adler (1964), Gardener et al. (1977)
and Saf’janova and Avakjan (1973) have put forward the hypothesis that
L. adleri might represent an evolutionary link between reptile and mammal
species. The similar reactivity of L. adleri and L. tarentolae does not allow us
here to confirm this hypothesis since only one lectin Pholiota squarrosa enables
us to differentiate them clearly.

Within the limit of the strains studied, examination of the results of agglu-
tination by the lectins used here shows an increasing density of surface receptor
sites from the lizard leishmanias to leishmanias of the rropica complex.
Moreover, this result emphasises the complexity of the genus Leishmania, since
we were unable to determine the existence of lectins specific to each group; on
the contrary, there was a behavioural inconsistency within each group. These
results are supported by the observations of Lainson and Shaw who feel that
there is no clear division between the leishmanias of the Old and New World on
the one hand, or between the leishmanias responsible for cutaneous affections
and those responsible for visceral affections (Lainson and Shaw, 1979). As
Gardener et al. (1974) stress in connection with the treatment of the data
concerning the biochemical and immunological characteristics, we seem to be
leading towards an identity card of the strain rather than towards a taxonomy as
it is understood by botanists and zoologists.

141



Acknowledgments

We gratefully acknowledge the cooperation of Professor D. Le Ray (Anvers). Drs L. Schnur
(Jerusalem) and M. Chance (Liverpool) who sent us the strains and of Miss L. Murray and Mr
J. Watts for the English translation. We are particularly grateful to Miss M. Dusser for her technical
assistance.

Adler S.: Leishmania. In: Advances 1n parasitology. ed. by B. Dawes. Vol. IL. p. 35-96. Academic
Press. New York/London 1964,

Al-Taqui M.. Evans D. A.: Characterization of Leishmania sp. from Kuwait by isoenzyme electro-
phoresis. Trans. roy. Soc. trop. Med. Hyg. 72, 56-65 (1978).

Araujo F. G.. Handman E.. Remington J. S.: Binding of lectins to the cell surface of Trypanosoma
cruzi. 1. Protozool. 27, 397-400 (1980).

Arnot D. E.. Barker D. C.: Biochemical identification of cutancous leishmanias by analysis of
kinetoplast DNA. II. Sequence homologies in Leishmania KDNA. Mol. Biochem. Parasit. 3, 47
56 (1981).

Barker D. C.. Arnot D. E.: Biochemical identification of cutancous leishmanias by analvsis of
kinetoplast DNA. I. Ultrastructural and buovant density analysis. Mol. Biochem. Parasit. 3, 33-46
(1981).

Bétail G.. GuillotJ.. Coulet M.: Essai de séparation de I'hémagglutinine de Pisum sativum L. sur gel
de dextran. C.R. Soc. Biol, (Paris) /63, 150-152 (1969).

Bétail G.. Coulet M.. Genaud L., Guillot J.. Scandariato M.: Les stromas érythrocytaires inclus en
gel de polyacrylamide. Applications a la chromatographie d’affinit¢. C.R. Soc. Biol. (Paris) 169,
561-564 (1975).

Bretting H.. Schottelius J.: Immunofluoreszenzmikroskopische Unterscheidung zwischen T cruzi,
T cruzi-like-Stimmen. 7. conorhini und T. rangeli mit dem Protektin des Schwammes Aaptos pa-
pillata. Z. Parasitenk. 57, 213-219 (1978).

Chance M. L.. Peters W.. Shchory L.: Biochemical taxonomy of Leishmania. 1. Observations on
DNA. Ann. trop. Med. Parasit. 68, 307-316 (1974).

Chance M. L.. Schnur L. F.. Thomas S. C., Peters W.: The biochemical and serological taxonomy of
Leishmania from the Acthiopian zoogeographical region of Africa. Ann. trop. Med. Parasit. 72,
533-542 (1978).

Crowley J. F., Goldstein 1. J.: Datura stramonium lectin: isolation and characterisation of the
homogeneous lectin. Febs Lett. 730, 149-152 (1981).

Decker J. E., Schrott J. R.. Levin G. V.: Identification of Leishmania spp. by radiorespirometry.
J. Protozool. 24, 463-470 (1977).

Ebert F.: Electrophoretic differentiation of various Leishmania strains. In: Progress in Protozoolo-
gv. Proc. 3rd Int. Congr. Protozoology, Clermont-Ferrand 1973,

Gardener P. J.. Chance M. L.. Peters W.: Biochemical taxonomy of Leisfumania. 11. Electrophoretic
variation of malate dehydrogenase. Ann. trop. Med. Parasit. 68, 317-325 (1974).

Gardener P. J.. Shchory L.. Chance M. L.: Species differentiation of the genus Leishmania by
morphometric studies with the electron microscope. Ann. trop. Med. Parasit. 7/, 147155 (1977).

Goldman M.: Fluorescent antibody methods. Academic Press. New York 1968.

Goldstein I. J.. Hayes C. E.: The lectins: carbohydrate-binding proteins of plants and animals.
Advanc. Carbohvd. Chem. Biochem. 35, 127-339 (1978).

Goldstein 1. J.. Hughes R. C.. Monsigny M., Osawa T.. Sharon N.: What should be called a lectin?
Nature (Lond.) 285, 66 (1980).

Gueugnot J.: Recherches sur la valeur des lectines dans '¢tude taxonomique de Trypanosomatidae
des genres Crithidia, Blastocrithidia, Leishmania, Trypanosoma. Doctoral Thesis. University of
Clermont-Ferrand I (1980).

Gueugnot J., Pétavy A. F.. Guillot J.. Damez M., Coulet M.: Etude comparative de la fixation de
lectines sur les membranes de quatre especes de Crithidia. Protistologica 16, 33-38 (1980).

142



Icekson 1., Schnur L. F.: A search for histones in leishmanial promastigotes. J. Protozool. 27, 199,
65A (1980).

Jacobson R. L., Slutzky G. M., Greenblatt C. L., Schnur L. F.: Surface reaction of Leishmania. I
Lectin mediated agglutination. Ann. trop. Med. Parasit. 76, 45-52 (1982).

Kilgour V., Gardener P. J., Godfrey D. G., Peters W.: Demonstration of electrophoretic variation of
two amino transferases in Leishmania. Ann. trop. Med. Parasit. 68, 245-247 (1974).

Kohanteb J., Ardehali S., Rezai H. R.: Studies on antigenic relationships of Leishmania promasti-
gotes by electroimmunodiffusion and crossed electroimmunodiffusion tests. Trans. roy. Soc. trop.
Med. Hyg. 74, 582-584 (1980).

Kreutzer R. D., Christensen H. A.: Characterization of Leishmania spp. by isozyme electrophoresis.
Amer. J. trop. Med. Hyg. 29, 199-208 (1980).

Lainson R., Shaw J. J.: Leishmaniasis in the New World. Taxonomic problems. Brit. med. Bull. 28,
44-48 (1972).

Lainson R., Shaw I. J.: The role of animals in the epidemiology of South American Leishmaniasis.
In: Biology of the kinetoplastida, ed. by W. H. R. Lumsden and D. A. Evans, Vol. 2, p. 1-116.
Academic Press. London 1979.

Le Ray D.. Afchain D.: Immunotaxonomie du genre Leishmania. 1. Protozool. 27, 261, 84A (1980).

Lewis D. H.: Ultrastructure study of promastigotes of Leishmania from reptiles. J. Protozool. 23,
344-352 (1975).

Lis H., Sharon N.: Lectins: their chemistry and application to immunology. In: The antigens, ed. by
M. Sela, Vol. IV. p. 429-529. Academic Press, New York/London 1977.

Matossian-Rogers A., Lumsden W. H. R.. Dumonde D. C.: Numerical immunotaxonomy of
Leishmania. Differentiation of four strains of Leishmania by serological tests. Immunology 3/, 1-
16 (1976).

MacMahon Pratt D., David J. R.: Monoclonal antibodies that distinguish between New World
species of Leishmania. Nature (Lond.) 291, 581-583 (1981).

Pétavy A. F., Gueugnot J., Guillot I., Damez M., Coulet M.: Fixation des lectines sur Leishmania
tropica et Crithidia luciliae. Protistologica 14, 103-108 (1978).

Rassam M. B., Al-Mudhaffar S. A., Chance M. L.: Isoenzyme characterization of Leishmania
species from Iraq. Ann. trop. Med. Parasit. 73, 527-534 (1979).

Saf’janova V. M., Avakjan A. A.: Use of ferritin labelled antibodies for differentiating Leishmania
species and other Trypanosomatidae. WHO Bull. 43, 289-297 (1973).

Schnur L. F., Zuckerman A.: Leishmanial excreted factor (EF) serotypes in Sudan, Kenya and
Ethiopia. Ann. trop. Med. Parasit. 71, 273-294 (1977).

Schnur L. F.. Zuckerman A., Greenblatt C. L.: Leishmanial serotypes as distinguished by the gel
diffusion of factors excreted in vivo and in vitro, Israel J. med. Sci. 8, 932-942 (1972).

Schottelius J.: Lectin typing of Leishmania-strains from the New and Old World. In: Lectins-
biology. biochemistry. clinical biochemistry. ed. by T. C. Bog-Hansen, Vol. 1L, p. 531-541. Walter
de Gruyter & Co.. Berlin/New York 1982,

Schottelius J.. Gongalves da Costa S. C.: Studies on the relationship between lectin binding carbo-
hydrates and different strains of Leishmania from the New World. Mem. Inst. Osw. Cruz 77, 19—
27 (1982).

Shaw J. J., Lainson R.: Leishmaniasis in Brazil. XI. Observations on the morphology of Leishmania
of the brasiliensis and mexicana complexes. J. trop. Med. Hyg. 76, 913 (1976).

143






	Identification and taxonomy of human and animal leishmanias by lectin-mediated agglutination

