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Forty-one LeisRnzania peruviana isolates were selected along a north-south transect which crossed areas 
endemic for uta in three different biogeographical regions in the Peruvian Andes. The isolates were analysed 
by molecular karyotyping and hybridization with three chromosome-derived DNA probes. All the isolates 
could be distinguished from L. brudiensis by their pLb-134 hybridization patterns. However, the patterns 
with the other probes (pLb-168 and -22) could be used to cluster the Peruvian isolates in discrete groups 
(karyodemes) which varied in their level of similarity with L. bradiemis. The geographical distribution of 
these líaryodenies supports the hypothesis that eco-geographical isolation has contributed to the hetero- 
geneity of L. perirviana. 

Leishmania (liiannia) peruvima, the causative 
agent of Andean cutaneous leishmaniasis, 
known also as uta, is found on the western 
slopes of the Andes and in the inter-Andean 
valleys, 1300-2800 metres above sea level 
(m.a.s.l.), at latitudes of 5-13" south (Herrer, 
1962; Lumbreras and Guerra, 1985; Llanos- 
Cuentas, 1991). Although the small cutaneous 
lesion that characterizes this disease resembles 
the onset of the sylvatic leishmaniasis found in 
the Amazonian basin (Romero et al., 1987), 
metastatic mucosal lesions do not develop from 
it as they do from the Amazonian lesions 
(Walton, 1987; Campos, 1990). The parasites 

causing the Andean and Amazonian diseases 
were therefore presumed to differ and were 
given specific status, as L. peruviana and 
L. hraziliensis, respectively (Lumbreras and 
Guerra, 1985; Lainson and Shaw, 1987). Bio- 
chemical discrimination of these parasites, by 
comparison of their mannose phosphate 
isomerase and malate dehydrogenase iso- 
enzymes (Arana et al., 1990), only became 
possible a few years ago. Very recently, mol- 
ecular karyotyping and hybridization with 
chromosome-derived DNA has also permitted 
consistent discrimination between L. peruviana 
and L. bradiemis (Dujardin et al., 1993). 
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Molecular karyotyping and other high res- 
olution techniques indicate that Leiskinania 
heterogeneity goes far beyond the species 
level; isoenzyme analysis has been used to 
cluster large numbers of isolates collected 
from widespread endemic areas, of several 
Leishtnania spp., into zymodeme groups 
(Saravia et al., 1985; Maazoun et al., 1986; 
Moreno et al., 1986; Pratlong et al., 1986; 
Guerrini, 1993) and other techniques, such 
as use of monoclonal antibodies and restric- 
tion fragment length polymorphism (Pacheco 
et al., 1986; Grimaldi et al., 1987), have 
indicated similar heterogeneity. 

Environmental and geographical isolation 
are among the factors directly or indirectly 
involved in genetic variability (Lainson and 
Shaw, 1987). The present study is an exten- 
sive genetic characterization of L. peruviana 
isolates to see if eco-geographical variation 
contributes to karyotype variation. The areas 
where uta is endemic vary ecologically and 
are often separated by rivers, deserts and 
other natural barriers. The  endemic areas 
studied here were allocated to one of three 
different biogeographical units (BGU), based 
on those used by Lamas (1982) in his studies 
of butterflies of the region. The factors 
responsible for the variability of the local 
butterfly populations may also be responsible 
for that of the leishmanial populations and 
their vectors. 

Molecular karyotyping by OFAGE (Carle 
and Olson, 1984), used here to compare differ- 
ent geographical populations of L. peruviana, 
can reveal small genetic differences (Bishop 
and Miles, 1987; Saravia et al., 1990; Lighthall 
and Giannini, 1992), and has already proved 
efficient at demonstrating variations within 
parasite species (Bishop and Miles, 19S7; Pagès 
et al., 1989; Saravia et al., 1990). 

MATERIALS AND METHODS 

Parasites 
Thirty-nine Leishmania isolates from Andean 
patients, all having cutaneous lesions compat- 
ible with uta, and two isolates from Lutzomnyia 
aymuchensis caught in Surco South (see 

below) were studied by molecular karyotyping 
(Table 1). All 41 isolates were identified as 
L. perilviaiin by isoenzyme analysis using the 
methods of Arana et al. (1990). Promastigotes 
of each isolate, which had been subcultured 
less than 20 times following isolation, were 
cultured in blood agar medium (Tobie et al., 
1950) and harvested at late log phase. Two 
strains of L. (Y.) brudiensis (one from Peru), 
and one strain each of L. (L.) mexicana, L. 
(L.) amaconensis (from Peru) and L. (L.) 
inajor were used as reference material. 

Study Areas 
Peruvian isolates originated from six foci 
belonging to three biogeographical units pre- 
viously defined by the presence of endemic 
monotypic species or subspecies of butterflies 
(Lamas, 1982) (Table 1; Fig. 1). These three 
BGU, which are limited by large rivers or 
deserts, are named, from north to south: 
Huancabamba (HB; 4"-5"48'S), Porculla (PO; 
4"-8"4S'S) and Surco (SU; S054'-15"18'S). 
The  Surco BGU was further divided (G. 
Lamas, unpubl. obs.) into three subunits, 
based on the prediction that slight variation 
in any of the subunits would lead to isolation 
of a parasite-host cycle. The three subunits 
were Surco North (SUN), which includes 
Huayllacayan, the most studied leishmaniasis 
focus in Peru (Herrer, 1962; Romero et al., 
1987; Perez et al., 1991), Surco Center 
(SUC), which includes two foci, and Surco 
South (SUS); the subunits are delimited by 
the Rio Fortaleza and the Ica desert (Fig. 1). 
Ecologically (Lamas, 1982), HB is a forested 
area (upper montane forest 1500-3500 m.a.s.1.) 
contiguous with the Amazonian forest, and the 
lowest pass in the Peruvian Andes. The other 
two BGU, PO and SU, are non-forested, 
xerophytic areas (open lower montane 1000- 
2700 m.a.s.1.). All the isolates except LH78 
(coded 25) were obtained within 25 km of a 
leishmaniasis focus. 

Reagents 
All reagents used were purchased from Merck 
(Darmstadt, Germany) unless specified other- 
wise. 



DIVERSIFICATION OF LEISHMANIA (VIANNIA) PER UVIANA 337 

TABLE 1 
Biogeograplircal origin aiid designation of the Leishmania strains 

Designation Origin Code nimber 

REFERENCE STRAINS 
Leislinzania itiexicana 

L. anzazoneizsis 

L. nzajor 

L. braziliensis 

MNYC/BZ/62/M379 

MHOM/PE/89/LH6S7 

MHOM/SU/73/5ASKH 

MHOM/BR/75 /M2903 
MHOM/PE/90/LH852 

UTA ISOLATES FROM PERU 
Huancabamba BGU 

MHOM/PE/90/HB22 
MHOM/PE/90/?333 1 
MHOM/PE/90/HB39 
MHOM/PE/90/HB44 
MHOM/PE/90/HB55 
MHOM/PE/90/HB56 
MHOM/PEj90/HB67 
MHOM/PE/90/HBS3 
MHOM/PE/90/HB86 
MHOM/PE/S9/LC900 

MHOM/PE/91/LC1446 
MHOM/PE/91 /LC1447 
MHOM/PE/ 9 1 /LC 1448 

MHOM/PE/90/LC443 
MHOM/PE/8S/LC292 
MHOM/PE/90/LC468 
MHOM/PE/90/LC447 
MHOM/PE/S4/LH115 
MHOM/PE/84/LC26 

MHOM/PE/S4/LH7S 
MHOM/PE/89/LH691 
MHOM/PE/S9/LH696 
MHOM/PE/89/LH760 
MHOM/PE/90/LH827 
MHOM/PE/90/LH925 
MHOM/PE/9 1 /LCl O1 5 
MHOM/PE/76/SL2" 
MHOM/PE/OO/LC106 
MHOM/PE/76/D8" 
MHOM/PE/76/SL5" 
MHOM/PE/76/SL3" 

Porculla BGU 

Surco North BGU 

Surco Center BGU 

Belize 1 

La Convencion, Cuzco, Peru 2 

Turkmenskaya, Askhabad 3 

Carajas, Para, Brazil 4 
Echarate, La Convencion, 5 
Peru 

Huancabamba, Huancabamba 
Huancabamba, Huancabamba 
Sondorillo, Huancabamba 
Sondorillo, Huancabamba 
Sondor, Huancabamba 
Sondor, Huancabamba 
Sondor, Huancabamba 
Canchaque, Huancabamba 
Faique, Huancabamba 
Sondorillo, Huancabamba 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Salas, Lambayeque 
Salas, Lambayeque 
Salas, Lambayeque 

Huayllacayan, Bolognesi 
Huayllacayan, Bolognesi 
Huayllacayan, Bolognesi 
Raquia, Bolognesi 
Pararin, Recuay 
Huayllacayan, Bolognesi 

Caraz, Huaylas 
Canta, Canta 
Sunvilca, Huaral 
Atavillosbajo, Canta 
Lampiane, Canta 
Sanbuenaventura, Canta 
Cachaqui, Canta 
Santa Eulalia, Huarochiri 
Santa Eulalia, Huarochiri 
Santa Eulalia, Huarochiri 
Santa Eulalia, Huarochiri 
Santa Eulalia, Huarochiri 

16 
17 
1s 

19 
20 
21 
22 
23 
24 

25 
26 
27 
2s 
29 
30 
31 
32 
33 
34 
35 
36 
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TABLE 1 
Colttilltied 

Designation 

UTA ISOLATES FROM PERU contiwed 

MHOM/PE/90/LCAO 1 
MHOM/PE/90/LCA04 
MHOM/PE/90/LCA05 
MHOM/PE/90/LCA06 
MHOM/PE/90/LCA08 
MHOM/PE/90/LCA09 
MHOM/PE/90/LCAI 1 
MHOM/PE/90/LH249 

Surco South BGU 
Sancos, Lucanas 
Sancos, Lucanas 
Sancos, Lucanas 
Sancos, Lucanas 
Sancos, Lucanas 
Sancos, Lucanas 
Sancos, Lucanas 
Sancos, Lucanas 

SANDFLY ISOLATES FROM SURCO SOUTH BGU, PERU 
IAITA/PE/90/La36 Pullo, Parinacochas 
IAYA/PE/90/La78 Pullo, Parinacochas 

37 
38 
39 
40 
41 
42 
43 
44 

45 
46 

*Donated by Dr. M. Chance. 
BGU, Biogeographical unit (Lamas, 1982). 

Molecular Karyotyping 
Agarose plugs containing leishmanial chromo- 
somes were prepared for OFAGE as described 
by Van Der Ploeg et al. (1984) and stored at 
4°C. The electrophoresis equipment and con- 
ditions were as described by Dujardin er al. 
(1987). Resolution of the whole karyotype was 
achieved by three distinct OFAGE runs using 
4 5 ,  65- or 115s  pulses. 

DNA Hybridization 
Chromosomal bands resolved by OFAGE 
were transferred to nylon filters (Hybond N, 
Amersham), and then depurinated by acid 
treatment, denatured and neutralized accord- 
ing to the manufacturer’s instructions. Probes 
were derived from a genomic library of L. 
bradiemis MHOM/BR/75/M2904, con- 
structed by cloning DNA in the PstI site of 
pUC18. Three recombinants were selected 
after their strong hybridization with probes 
made up from chromosomal bands of L. 
braailieizsis M2904 and L. peruviam SL2 (i.e. 
bands giving polymorphic hybridization pat- 
terns in the karyotypes of the different species 
in the L. braziliensis complex). The recombi- 
nants were pLb-134 (2.4 kb), pLb-168 (4.8 kb) 

and pLb-22 (2.8 kb). In L. braziliensis M2903, 
the probes recognized two chromosomes of 760 
and 700 kb (pLb-134), one chromosome of 
640 kb (pLb-168) and one chromosome of 
1300 kb (pLb-22). Each probe was labelled 
independently with 32P dCTP by random 
prime labelling. Hybridization was at 42°C) in a 
solution containing formamide, according to 
the manufacturer’s (Amersham’s) instructions. 
Last washings after hybridization were per- 
formed at high stringency (0.1 x SSC, 65°C). 
When different probes were to be hybridized 
successively onto the same filter, the first one 
was washed out of the filter by an alkali treat- 
ment, again according to Amersham’s instruc- 
tions. Elimination of the probe was checked by 
autoradiography, before subsequent hybridiz- 
ation was performed. 

Chromosomal  Band Size 
The karyotype of the reference strain L. 
bradiemis M2903 (sized by comparison with 
the karyotype of Saccharonyes cerevisìae 
YPH80; Biolabs) was used to estimate the size 
of the chromosomal bands produced from the 
isolates. DNA from the reference strain was 
loaded in three tracks of the gel (left, .centre, 

. .” . - - 1- . .  . 
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Fig. 1. Map of Peru, showing the origins of the 
Leishmn~iia peruviana isolates (A) and the main 
mountain ranges (-). The areas endemic for uta 
(U) and sylvatic cutaneous leishmaniasis (O) 
(Guerra, 1988) are shaded. The limits of the three 
main biogeographical units studied [Huancabamba 
(HB); Porculla (PO); and Surco-North (SUN), 
South (SUS) and Center (SUC)] are also indicated 
\$thin Peru. The arrows indicate the north-south 
limits of the three Surco subunits. 

right) for each OFAGE run. 'Size-conserved' 
chromosomes were those with limited size 
variation (coefficient of variation <S0/o) be- 
tween isolates (Giannini et al., 1990; Lighthall 
and Giannini, 1992). The size distribution of 
hybridizing chromosomes was compared with a 
normal distribution by x2 tests. When the dis- 
tribution appeared bi-modal, a cut-off value 
was chosen dividing the sample into two such 
that the standard-deviation within each sub- 
sample was minimal, and the two means were 
then compared by a z-test. 

Principal Component  Analysis 
Factorial analysis can make a powerful contri- 
bution to the numerical processing of genetic 

1 46 45 3 2 41 39 4 

- 405 
- 290 

350- 

Fig. 2. Identification of the buaziliertsis complex by 
molecular karyotyping using 45-s pulses. The sizes 
of the marker bands of the braziliemis complex 
(arrowheads) are given in kb and the 350 kb marker 
bands of rhe mexicana (ma) and major (mr) com- 
plexes are also indicated (arrows). SUS, Isolates 
from Surco South; br, Leishrznnia buaziliensis 
reference strain. 

characters in Leiskinania (Serres and Roux, 
1986). In the present study, a normalized-bjr- 
columns principal component analysis (PCA) 
of the sizes of the chromosomes hybridizing 
with the three probes was performed, using 
ADE software, version 3.1 (Chessel and 
Dolédec, 1992). 

RESULTS 

Karyotype Markers  for t h e  Leishmania 
braziliensis Complex a r e  Present in the 
Andean Isolates 
After OFAGE and ethidium bromide staining, 
290- and 405-kb size-conserved chromosomal 
bands were observed in all 41 Andean isolates 
and the L. ( E )  braciliei~sis M2903 reference 
strain (Fig. 2, arrowhead). These two bands are 
specific to the bruciliensis complex (Dujardin 
et al., 1987, 1993). None of the isolates 
presented the 350-kb markers typical of the 
L. nzexicana (Dujardin et al., 1987, 1993) or 
L. major complexes (Giannini et al., 1990) 
(Fig. 2, arrow), although parasites in each of 
these complexes have been isolated from uta- 
like lesions in Ecuador (Hashiguchi et al., 
1991). 

i ,  
'f , ' 
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Isolate code and (PA karyodeme) 

Fig. 3. Diagram of karyotypical patterns following hybridization with probes pLb-22 (A), pLb-134 
(B; -) and pLb-168 (B; ...... ...). The isolates are ordered geographically north to south, in terms of 
their point of origin. Codes 4 and 5 refer to Leishiizaizia braziliemis reference strains (see Table 1). 

Karyotype Differences between 
Leidamataia peruviaita and L. bradiemis  
At least two hybridizing chromosomes were 
observed in all the Andean isolates when the 
pLb-134 probe was used [Figs 3(b) and 41. 
Their size was variable: 784 f 37 kb (95% of 
the size distribution) for the larger one and 
622 f 59 kb for the smaller. Although two 
hybridizing chromosomes were also observed 
using this probe and L. bradiemis strains 
LH852 (from the Amazonian jungle of Peru; 
coded 5) or M2903 (coded 4), these were of 
760 and 700 kb and therefore of different sizes 

4 45 5 4 42 43 44 4 

Jllk 620 - 

Fig. 4. Karyotypical discrimination of Leisltiizania 
peruviana isolated in Surco South (coded 42, 43, 44 
and 45) from L. braziliemis (coded 4 and 5), using 
probe pLb-134 and 65-s pulses. Band sizes are given 
in kb. 

F i g s  3(b) and 41. Comparison with other 
isolates of L. bracilieiisis showed that the lower 
pLb-134 hybridizing band produced from 
L. peruviana isolates was always significantly 
smaller (P<0.05) than the equivalent one in 
L. braciliemis, which had a mean f S.D. size of 
700 f 20 kb (Dujardin et al., 1993). 

Karyotype Polymorphism in Leislanaaiaia 
peruviaria 
A single band was usually recognized in the 
Andean isolates by pLb-22 [Figs 3(a) and 51, 
and this band had a bimodal size distribution 
(P<0.05) [Fig. 7(a)]; most isolates presented 
one band at 1369 f 156 [upper size category; 
Fig. 5(a)] or 1146 f 78 kb [lower size category; 
Fig. 5(c)]. Of the seven isolates giving two 
bands with this probe, three showed bands in 
both size categories [Fig. 3(a); Fig. 5(b), isolate 
281, and four gave two bands within one of 
these size categories. The  upper size category 
was characteristic of L. braziliemis [Fig. 5(c), 
strains 4 and 5; Dujardin et al., 19931. 

Results with the pLb-168 probe were simi- 
lar; in tests of most isolates the probe hybrid- 
ized with a single band [Figs 3(b) and 61 which 
had a bimodal size distribution [P<O.O5; Fig. 
7(b)]. This single band was either of 634 f 29 
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Fig. 5. Karyotype polymorphism within Leish- 
inmin isolates detected using probe pLb-22 and 
115-s pulses. Two strains (coded 4 and 5) are L. 
brncilieizsis reference strains. All other strains were 
L. pernviaizn isolates from (A) Huancabamba, (B) 
Surco Center or (C) Surco South. Band sizes are 
given in kb. 

(Al 
4 6 7 4 8 9 10 4 

(B) 
4 26 27 4 28 29 30 4 

loo-, 
640- 

(Cl 
4 4 5 5  4 4 2 4 3 4 4 4  

Fig. 6. Karyotype polymorphism for the strains 
shown in Fig. 5, using probe pLb-168 and 65-s 
pulses. Two strains (coded 4 and 5) are Leishrnnnia 
brnziliemis reference strains. All other strains were 
L. peruvima isolates from (A) Huancabmba, (B) 
Surco Center or (C) Surco South. Band sizes are 
given in kb. 

[lower size categorp; Fig. 6(a)] or 690 * 23 kb 
[upper size category; Fig. 6(c)]. Of the four Fig. 6(b), isolate 281, and the two others gave 
isolates x+h double hybridizing bands, two two bands within one of these size categories. 
presented bands in both size categories [e.g. The  lower size category was characteristic of 
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Size (kb) 
Fig. 7. Frequency distribution according to size of 
chromosomes hybridizing with (A) pLb-22, divided 
into 50-kb classes, and (B) pLb-168, divided into 
15-kb classes. Each class includes sizes less than the 
upper limit and greater than or equal to the lower 
limit. The arrows indicate the cut-off values used to 
subdivide the populations. 

pLb-16s-hybridizing chromosomes of L. bra- 
ailiemis [Fig. 6(c), strains 4 and 5; Dujardin 
et al., 19931. 

When the results of the tests with the 
pLb-22 and pLb-168 probes were combined, 
seven karyotype populations, or karyodemes, 
became apparent in the isolates from the 
Peruvian Andes (PA; Table 2). These karyo- 
demes represented seven of the nine possible 
combinations of the different characters (Table 
2) and were indicative of various degrees of 
similarity with L. bradiemis. The two com- 
monest karyodemes were PA4 (34% of iso- 
lates) and PA2 (41%). PA4 was the karyodeme 
most similar to L. bmailiensis, in both pLb-22 
and -168 hybridization patterns, and PA2 
the most different from L. braziliensis in 
both patterns. Intermediate karyodemes were 
observed, where dissimilarity was limited to 
the single pLb-168 (PAI) or pLb-22 (PA5) 
hybridizing band. Finally there were 'mixed' 
karyodemes, which gave double bands with 
one or both probes; one of each doublet 
belonging to the same size category as that of 
L. bradiemis, and one differing from it (PA3, 
PA6, PA7, PA8 and PA9). 

Biogeography of the  Leishmania 
peruviana Karyodemes 
The PA karyodemes were not randomly dis- 
tributed along the transect studied (Fig. 3). 
In northern Peru (KB and PO BGU), for 

TABLE 2 
Characteristics of the nine possible kaiyodemes of Leishmania peruviana based on the size raiiges of chromosoiires 

hybridizing mith each of tmo probes" 
~ 

S i ze  range of cliroiiiosonzes RybridiziiiK mith pLb-22 (kb) 

1369 aiid I146 1369 f. I65 1146 =k 78 

SIZE RANGE OF CHROMOSOMES HYBRIDIZING WITH PLB-168 (KB) 
690 f 23 PAI PA2 

634 & 29 

690 and 634 

*The nine karyodemes were designated PA1 to PA9 as shown. Values in parentheses are the number of isolates of each 
karyodeme (N=41). 
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is 

Fig. 8. Principal component analysis for the sizes of 
chromosomes hybridizing with probes pLb-134, 
pLb-22 and pLh-168. The main ases are respon- 
sible for 55.696 (I) and 23.30/6 (II) of the total 
variability. 

example, all isolates belonged to PA4. At the 
other end of the transect, in the SUS BGU, all 
isolates belonged to PA2. Intermediate or 
mixed karyodemes were observed only in SUN 
and SUC, areas where PA2 was dominant 
(39%) and PA4 uncommon (5%). Further 
processing of our data confirmed a very strong 
geographical bias. A x2 homogeneity test on 
the frequencies of the major karyodemes PA2 
and PA4 in each BGU revealed a strong 
deviation from those expected if the karyo- 
demes' distribution were uniform (P<0.005). 
The first two axes in the PCA (Fig. 8) ac- 
counted for 80%0/o of the total variability and 
grouped all the isolates according to their 
BGU of origin, except for two isolates (coded 
26 and 29) from SUC. 

DISCUSSION 
Environmental and geographical isolation as 
promoters of genetic variation (Lainson and 
Shaw, 19S7) form an attractive hypothesis. A 
formal assessment of the effect of geography on 
New World Leislznia~ziii heterogeneity requires 

the comparison of isolates of a single parasite 
species collected from geographically isolated 
areas. Leishmanin peruviaiia is an obvious can- 
didate for any such study, as this species is 
restricted to Andean valleys (Lumbreras and 
Guerra, 1985; Guerra, 1988) separated by 
natural barriers that vertebrate or invertebrate 
hosts may seldom, if ever, cross. Furthermore, 
the biogeography of the area endemic for uta 
has already been well documented as part of a 
study on butterflies (Lamas, 1982). Our work- 
ing hypothesis was that the geographical fac- 
tors responsible for the variation in the local 
butterfly populations were also responsible for 
the variation in the L. peruviaira populations 
(and their vectors). 

We have now extended a preliminary study 
on leishmaniasis in one BGU (Arana et al., 
1990; Dujardin et al., 1993) to include 41 
isolates from five areas in three BGU (Fig. 1). 
These areas represent mosr of the Peruvian 
territory where uta has been described. All the 
isolates have been isoenzymatically identified 
as L. (J:) perimialza (Guerrini, 1993). 

Karyotype analysis after ethidium bromide 
staining revealed that all the isolates presented 
markers typical of the had iens i s  complex (see 
Dujardin et al., 1987), confirming previous 
results on the nature of the complex circulating 
in the Andes (Lopez et al., 1988). Hybridiz- 
ation patterns with pLb-134 confirmed that 
the Andean isolates were L. peruviana, proved 
that the parasites causing uta are genetically 
distinct from L. brazilieiisis (see Arana et al., 
1990; Dujardin et al., 1993), and thereby 
strengthened L. periiviana as a separate taxon. 
A second observation of epidemiological sig- 
nificance was the demonstration, in Surco 
South, of a L. peruviicna infection in Lu. 
ayaciichensis (see Caceres et al., 1991, unpubl. 
obs.); Herrer (1982) and Perez et al. (1991) 
found infections only in Lu.  periieizsis (in Surco 
North). 

The genetic heterogeneity of parasites caus- 
ing uta (Ebert, 1987; Walton, 1987; Reiner 
et al., 1989) was confirmed by the heterogen- 
eity observed when pLb-22 and pLb-168 
DNA probes were used on OFAGE karyo- 
types. pLb-22 recognized a chromosome of 
about 1369 kb and/or one of about 1146 kb. 

I 
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pLb-168, in contrast, recognized a chromo- 
some of about 690kb and/or one of about 
634 kb. Of the nine possible combinations of 
these banding patterns (karyodemes, Table 2), 
seven were observed. Karyodemes PA2 
(1 146 kb/690 kb)’ and PA4 (1369 kb/634 kb) 
were predominant, whereas PA6 and PA7 
could not be found, either because they do 
not occur in the region or are relatively un- 
common. Note that our classification should 
not be considered definitive; analysis of other 
chromosomes with additional probes will 
improve the resolution. 

The  finding of ‘mixed’ karyodemes (with 
doublets constituted by chromosomes simi- 
lar to and others different from those of L. 
braziliensis) raises the question whether this is 
a result of the ‘mosaic’ structure (Bastien et al., 
1990) of these uncloned populations, of gen- 
etic exchange behveen parasites (Evans ed al., 
1987; Kelly et al., 1991), or of chromosomal 
rearrangement (Bishop and Miles, 1987; 
Iovannisci and Beverley, 1989; Pagès et al., 
1989; Bastien et al., 1990; Blaineau et al., 1991, 
1992). Preliminary work seems to exclude the 
‘mosaic’ hypothesis for at least some of the 
parasites belonging to the mixed karyodemes. 
When LH78 (PA9) was cloned by the micro- 
drop method (Van Meirvenne et al., 1975), it 
kept the same karyotype as the parental line 
(data not shown). Furthermore, when the 
isolates studied here were characterized by 
isoenzyme analysis (Guerrini, 1993), two dif- 
ferent nucleoside hydrolase electromorphs 
were observed in karyodemes PA4 and PA2; 
the ‘mixed’ karyodemes showed one of these 
two variants, never both. 

Association of the karyodemes with the 
BGU where they were isolated led to three 
important conclusions. First, the distribution 
of each karyodeme varied from north to 
south, and from one BGU to another; there 
is thus strong geographical structuring of the 
L. peruviana populations. Second, karyodeme 
similarity with L. braziliensis decreases from 
north to south. Third, although all the 
Andean isolates were L. peruvaana, the PA4 
karyodeme (from the north) was karyotypi- 
cally closer to L. braziliensis than to L. 
peruviaiia PA2; PA4 shared two characters 

(the sizes of the pLb-168 and -22 hybridiz- 
ing chromosomes) out of three with L. 
braziliemis, and only one out of three (the size 
of pLb-134 hybridizing chromosome) with 
PA2. The  Peruvian Andean parasites may 
differ in virulence, host-specificity and clinical 
manifestations and the PA karyodemes are 
therefore of epidemiological importance. 

How are such genetically different Leisk- 
nzaniu populations generated? Relatively rapid 
genetic drift or selection (Dobzhansky, 1955) 
probably occurs in the Peruvian Andes. The  
BGU are separated by natural barriers which 
appear relatively difficult to pass and each has 
a distinctive ecology (Lamas, 1982). These 
facts, plus the low rate of inter-valley human 
migration, must represent near-optimal con- 
ditions for genetic drift and selection in the 
parasites (and their hosts) (Lainson and Shaw, 
1987). The  possible contribution of selection 
is strengthened by the existence of different 
Lutzonz~iia species in a least two of the areas 
investigated in the present study (Herrer, 
1982; Caceres et al., 1991; Perez et al., 1991; A. 
Caceres, unpubl. obs.). These results show the 
necessity of multidisciplinary studies of the 
parasites and their hosts in the future. Intra- 
specific variability in the vector populations 
should be analysed, as geographical variation is 
not uncommon within sandfly species (Lane, 
19S8). 

Parasite reproduction may be the third 
mechanism involved in the observed genetic 
variation. A clonal structure has been claimed 
for leishmanial populations in general 
(Tibayrenc et al., 1990), but genetic exchange, 
however rare an event (Kelly et al., 1991), may 
be an additional cause of variability. In the 
valleys of Surco North and Center, genetic 
exchange could have produced the inter- 
mediate karyodemes that were found. The  
situation might be similar to that described in 
one geographically isolated Pyrrenean valley 
(Blaineau et al., 1992). Studies on the associ- 
ation equilibrium between these intermedi- 
ate forms are necessary to test for evidence 
of genetic exchange and further sympatric 
sampling is required. 

Another interesting speculation concerns 
the observed karyotypical dissimilarity of L: 

_ _ “  .-. 
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pemviana and L. braziliensis; the further from 
the Amazonian forest, the less the parasites 
resemble L. brnziliensis. The isolates from the 
Huancabamba BGU, which is the closest to 
the Amazonian basin and the lowest in alti- 
tude of those sampled, were most like L. 
bmziliensis. This BGU is possibly where 
Leishinaiaia disseminated from the forest to 
the coast or vice versa; sampling of iso- 
lates from the north of Huancabamba (i.e. 
Ecuador) and along a transect, similar to the 
present one, in the Peruvian forest, should 
permit this hypothesis to be tested. 

Some of the genetic heterogeneity in the 
New World Leishnaaizia spp. has now been 
quantified and the variability within other 
species of the brudiensis complex should now 
be studied. Preliminary studies on Bolivian, 
Brazilian and Peruvian isolates of L. braziliensis 
(Dujardin et al., 1993, unpubl. obs.) indicate 
a lower level of heterogeneity within that 
species than in L. peruviai?n. Comparison of 

our results with those of other studies on the 
braziliensis complex (Saravia e t  al., 1990; 
Tavares et al., 1992) may be difficult because 
of the different experimental conditions used. 
Use of a common reference standard (we 
propose L. (l?) bvaniliensis M2903) would 
make future comparisons easier. 

ACKNOWLEDGEMENTS. We are most grateful to 
Dr. G. Lamas for sharing his experience of the 
biogeographical diversity of Peru and for his 
advice on the selection of the areas of study. 
We would also like to thank Drs. D. Evans and 
M. Chance for reference strains, Drs. M. 
Tibayrenc and G. Van Eys for reviewing this 
manuscript, and L. Paz and N.  Roncal for their 
help in the transfer of isolates. This investiga- 
tion received financial support from the EEC 
(Contracts TS2-CT90-0315 and TS3-CT92- 
0129), and FGWO (Nationale Loterij, Grants 
346/1990 and 9.0024.90). 

REFERENCES 
ARANA, M., EVANS, D. A., ZOLESSI, A., LLANOS-CUENTAS, A. & AREVALO, J. (1990). Biochemical 

characterization of Leishmania (I/ïaniiia) bracilieiists and Leishnzaiiia (Vianuia) peruviaiia by isoenzyme 
electrophoresis. Tramactkm of the Royal Society of  Tropical htedicine and HjFiene, 84, 526-529. 

BASTIEN, P., BLAINEAU, C., TAMINH, M., RIOUX, J. A., ROIZES, G. & PAGÈS, M. (1990). Interclonal variations 
in molecular karyotype in Leislimanin iifniztum imply a L'mosaic'' strain structure. Molecrilar aiid 
Biocheniical Parasitology, 40, 53-62. 

BISHOP, R. P. & MILES, M. A. (1987). Chromosome size polymorphism in Leishrizania donovani. Molecular 
aiid Biochemical Parasitology, 24, 263-272. 

BLAINEAU, C., BASTIEN, P. & PAGÈS, M. (1992). Multiple forms of chromosome I, II and V in a restricted 
population of Lei.hizania iifautunz contrasting with monomorphism in individual strains suggest 
haploidy or automixy. Molecular aiid Biocheiizical Parasitology, 50, 197-204. 

BLAINEAU, C., BASTIEN, P., houx, J. A., ROIZES, G. & PAGÈS, M. (1991). Long-range restriction maps 
of size-variable homologous chromosomes in Leishmania rifantunz. Molecular aud Biochemical 
Parasitology, 46, 293-302. 

CACERES, A., VILLASECA, P., INGA, R., LOPEZ, M., AREVALO, J. & LLANOS-CUENTAS, A. (1991). Lritzoiityia 
ayacuchemis (Diptera: Psychodidae, Phlebotominae), probable vector de la leishmaniasis cutanea 
Andina (uta) en Lucanas y Parinacochas (Ayacucho: Peru). In Fi fh  Panamerican Coizgress of Ir2fectiorts 
Diseases, Lima, Peru, p. 11-2. 

CAMPOS, M. (1990). Developiizeut of itzucosal lesions among cases of leishmaniasis iti the Soictheast of P e w  a 
case-control stz4d'i f o r  ide?z@iug risk factors aitd estiiizatiug the preventive e$icagi of  treatment. PhD thesis, 
London School of Tropical Medicine and Hygiene, U.K. 

CARLE, G. F. & OLSON, M, V. (1984). Separation of chromosomal DNA molecules from yeast by 
orthogonal-field-alternation gel electrophoresis. Nucleic Acids Research, 12, 5647-5664. 

CHESSEL, D. & DOLÉDEC, S. (1992). H2,percard Stacks arid Quick Basic Microsoft Progranme Library f i r  
AmlJ,sis of Euviroumental Data. Lyon: Laboratoire d'Ecologie des Eaux Douces et des Grands Fleuves, 
Université de Lyon. 

DOBZHANSKY, T. (1955). Evolution, Geizetics a i d  Man. New York 8: London: %Viley. 



346 DUJARDIN ET AL. 

DUJARDIN, J. C., GAJENDRAN, N., AREVALO, J., LLANOS-CUENTAS, A., GUERRA, H., GOMEZ, J., ARROYO, J., 
DE DONCKER, S., JACQUET, D., HAMERS, R. & LE RAY, D. (1993). Karyotype polymorphism and 
conserved characters in the Leislzmania (I/iaiznia) braziliensis complex explored with chromosome- 
derived probes. Amales  de la Société Belge de Médicihe Tropicale, 73, 101-118. 

DUJARDIN, J. C., GAJENDRAN, N., HAMERS, R., MATHIJSEN, G., URJEL, R., RECACOECHEA, M., VILLAROEL, G., 
BERMUDEZ, H., DESJEUX, P., DE DONCKER, S. & LE RAS, D. (1987). Leishmaniasis in the lowlands of 
Bolivia. VII. Characterization and identification of Bolivian isolates by PFG karyotyping. In 
Leislzazaiziasis: the First Ceizteiiay (1885-1 985). N e m  Strategies for  Control, NATO AS1 series A, 
Vol. 163, ed. Hart, D. pp. 137-148. New York: Plenum Press. 

EBERT, F. (1987). Isoenzyme studies on Leishiiiairia stocks from Peru by ultrathin-layer isoelectrofocusing. 
Tropical Medìcilre and Parasitology, 38, 37-40. 

EVANS, D. A., KENNEDY, W. P. K., ELBMARI, S., CHAPMAN, C. J., SMITH, V. & PETERS, W. (1987). Hybrid 
formation within the genus Leislmania? Parassitologia, 29, 165-173. 

GIANNINI, S. H., CURRY, S., TESH, R. & VAN DER PLOEG, L. H. T. (1990). Size-conserved chromosomes 
and stability of molecular karyotype in cloned stocks of Leislimania major. Molecular aiid Bioclzeiitical 
Parasitology, 39, 9-22. 

GRIMALDI, G., DAVID, J. R. & MCMAHON-PRATT, D. (1987). Identification and distribution of New World 
Leisltriiaizia species characterized by serodeme analysis using monoclonal antibodies. Airzericaii 30~rrnal 
of Tropical Medicine aid Hygiene, 36, 270-287. 

GUERRA, H. (1988). Distribution of Leishiizaizia in Peru. In Research ori Control Strategies .fir the 
Leishiiianiases, IDRC-MR 184e, eds. Walton, B. C., Wijeyaratne, P. M. & Modabber, F. pp. 135-145. 
Ottawa: IDRC. 

GUERRINI, F. (1993). Ghzétique des populatioris et plzjdogéiiie des Leishmania du Nouveau-Moiide. Thèse de 
Doctorat, Université des Sciences et Techniques du Languedoc, Montpellier, France. 

HASHIGUCHI, Y., GOMEZ, E. A., DE CORONEL, V. V., MIMORI, T., KAWABATA, M., FURUYA, M., NONAKA, 
S., TAKAOU, H., ALEXA~ER,  J. B., QUIZHPE, A. M., GRIMALDI, G., KREUTZER, R. D. gi TESH, R. B. 
(1991). Andean leishmaniasis in Ecuador caused by infection with Leishnzania mexicana and L. 
major-like parasites. Ailtericati Journal of Tropical Medicilie aiid Hjlgieiie, 44, 205-217. 

HERRER, A. (1962). The incidence of uta (cutaneous leishmaniasis) among the child population of Peru. 
Scientific Reports of Istituto Superiore di  Sav i t i ,  2, 131-137. 

HERRER, A. (1982). Lutzoiqiia pertiensis Shannon, 1929, posible vector natural de la uta (Leishmaniasis 

IOVANNISCI, D. M. & BEVERLEY, S. M. (1989). Structural alterations of chromosome 2 in Leishnzaiiin major 
as evidence for diploidy, including spontaneous amplification of the mini-exon array. Molecular aiid 
Biochemical Parasitologji, 34, 177-188. 

KELLY, J. M., LAW, J. M., CHAPMAN, C., VAN EYS, G. J. J. M. & EVANS, D. A. (1991). Evidence of genetic 
recombination in Leishmania. Molecular aiid Bioclieniical Parasitology, 46, 253-264. 

LAINSON, R. & SHAW, J. J. (1987). Evolution, classification and geographical distribution. In The 
Leishiizaiziases iii bio log^' aiid Medicifie, Vol. 1, eds. Peters, W. & Killick-Kendrick, R. pp. 2-104. 
London: Academic Press. 

LAMAS, G. (1982). A preliminary zoogeographical division of Peru, based on butterfly distributions 
(Lepidoptera, Papilionoidea). In Biological Diversifcation in the Tropics, ed. Prance, T. P. pp. 336-357. 
New York Columbia University, Press. 

LANE, R. P. (1988). Geographic variation in Old World phlebotomine sandflies. In Biogtstcinatics o f  
Haeiiiatophagozis Iiisects, ed. Service, M. W. pp. 77-90. Oxford: Clarendon Press. 

LIGHTHALL, G. K. & GIANNINI, S. H. (1992). The chromosomes of Leislznzania. Parasitology Today, 8, 
192-199. 

LLANOS-CUENTAS, E. A. (1991). Tratarnietzto de leishatiinsis  nuc cosa: analisis de los factores asociados coil la 
repuesta terapeutica a los aiztiiizoiiiales pentavalentes. Tesis de Doctorado, Universidad Peruana Cayetano 
Heredia, Lima, Peru. 

LOPEZ, M., MONTOYA, I., ARANA, M., CRUZALEGUI, F., BRAGA, J., LLANOS-CUENTAS, A., ROMERO, G. & 
AREVALO, J. (1988). The use of nonradioactive DNA probes for the characterization of Leish~itaiiia 
isolates from Peru. American Jotirizal o f  Tropical Mediciize firid Hygiene, 38, 308-3 14. 

LUMBRERAS, H. & GUERRA, H. (1985). Leishmaniasis in Peru. In Leislznimiiasis, Vol. 1, eds. Chang, K. P. & 
Bray, R. pp. 297-311. New York: Elsevier. 

I tegumentaria). Revista do Iiistituto de Medicina Tropical de Sao Paztlo, 24, 168-172. 



! 
. -  

DIVERSIFICATION OF L E I S H M A N I A  (VIAA’A’IA) P E R  UVIANA 347 I 

MAAZOUN, R., PRATLONG, F., LANOTTE, G. & houx, J. A. (1986). Le complexe Leislziitaiiia major. A propos 
de l’analyse numérique de 35 souches identifiées par la méthode numérique. In Inteixational 
Sjwzposiziki on T a x o n ~ h ~ ~  and Plgilogeny of Leishmania, ed. Rioux, J. A. pp. 119-128. Montpellier: 
IMEEE. 

MORENO, G., houx, J. A., LANOTTE, G., PRATLONG, F. & SERRES, E. (1986). Le complexe Leislzinania 
donovani s.1. Analyse enzymatique et traitement numérique. Individualisation du complexe Leishnzania 
iifantunz. Corollaires biogéographiques et phylétiques. A propos de 146 souches originaires de l’Ancien 
et du Nouveau Monde. In International Sytizposiiini on Taronoiiiji and Plgdogeny of Leishmania, ed. 
Rioux, J. A. pp. 105-117. Montpellier: IMEEE. 

PAMECO, R. S., LOPES, U. G., MOREL, C. M., GRIMALDI, G. & MOMEN, H. (1986). Schizodeme analysis 
of Leishmania isolates and comparison with some phenotypic techniques. In International Synzposiziiit 
on  taxonom^^ and Plzylogeiry of Leishmania, ed. Rioux, J. A. pp. 57-65. Montpellier: IMEEE. 

PAGÈS, M., BASTIEN, P., VEAS, F., ROSSI, V., BELLIS, M., WINCKER, P., houx, J. A. & ROIZÈS, G. (1989). 
Chromosome size and number polymorphisms in Leislrnia?zia infantzini suggest amplification/deletion 
and possible genetic exchange. Molecular and Biochemical Parasitology, 36, 161-168. 

PEREZ, J. E., VILLASECA, P., CACERES, A., LOPEZ, M., ZOLESSI, A., CAMPOS, M., GUERRA, H. & 
LLANOS-CUENTAS, A. (1991). Leislznzania (T’ianiiia) peruviana isolated from the sandfly LirtzonzJiia 
perueiisis (Diptera: Psychodidae) and a sentinel hamster in the Huayllacayan Valley, Ancash, Peru. 
Transactions of the Royal Society of Tropical Medicine and Hygiene, 85, 60. 

PRATLONG, F., LANOTTE, G., ASHFORD, R. W. & houx, J. A. (1986). Le complexe Leishmania tropica. A 
propos de l’analyse numérique de 29 souches identifiées par la méthode enzymatique. In International 
.Syinjosizrm on Taxonoiiz~i and Plzylogeny of Leishmania, ed. Rioux, J. A. pp. 129-137. Montpellier: 
IMEEE. 

REINER, N. E., Lo, R., LLANOS-CUENTAS, A., GUERRA, H., BUTTON, L. & MCMASTER, W. R. (1989). Genetic 
heteroseneity in Peruvian .Leishniania isolates. Ainevicati 3bzrrnal of Tropical Medicine and Hygiene, 41, 
416-411. 

ROMERO, G. G., ARANA, M., LOPEZ, M., MONTOYA, I., BOHL, R., CAMPOS, M., AREVALO, J. & LLANOS, A. 
(1987). Characterization of Leishmania species from Peru. Transactions of the Rqyal Society of Tropical 
Medicine and Hjyieiie, 81, 14-24. 

leishmaniasis in Colombia: Leishmania brazilieiisis subspecies diversity. American 3021nial of Tropical 
Medicine atid Hygiene, 34, 714-720. 

SARAVIA, N. G., WEIGLE, K., GIANNINI, S. H., PACHECO, R., LABRADA, L. A. & GONCALVES, A. (1990). 
Recurrent lesions in human Leislziiiania braziliensis infection-reactivation or reinfection? Lancet, 336, 
398-402. 

SERRES, E. & Roux, M. (1986). Pratique de la classification automatique. L’exemple des Leishnzania. In 
International Synpos i im  on Tarononz~i and PhJ~lOgenJi of Leishmania, ed. Rioux, J. A. pp. 27-40. 
Montpellier: IMEEE. 

TAVARES, C. C., GRIMALDI, G. & TRAUB-CSEKO, Y. M. (1992). Molecular karyotype analysis and mapping 
of housekeeping genes to chromosomes of selected species complexes of Leishiizania. Memorias do 
Iiistitnto Osmaldo C ~ Z I E ,  87, 477-486. 

TIBAYRENC, M., KJELLEBERG, F. & AYALA, F. J. (1990). A clonal theory of parasitic protozoa: The 
population structures of Entamoeba, Giardia, Leishntania, Naegleria, Plasniodiitm, Trichoiiioizas, and 
Tiypanosonia and their medical and taxonomical consequences. Proceedings of the National Acadenzy of 
Sciences of the United States of America, 87, 2414-2418. 

TOBIE, E. J., VON BRAND, T. & MEHLMAN, B. (1950). Cultural and physiological observations on 
Trj~anosontn rlzodesiense and Trypanosonin ganzbieiise. Jozirizal of Parasitology, 36, 48-54. 

VAN DER PLOEG, L. H. T., CORNELISSEN, W. W. C. A., MICHELS, P. A. M. & BORST, P. (1984). 
Chromosome rearrangements in Trj@anosonza brncei. Cell, 32, 213-221. 

VAN MEIRVENNE, N., JANSSENS, P. G. & MAGNUS, E. (1975). Antigenic variation in syringe passaged 
populations of Tr~,panosoiiia (T~J@U~OZOOU) brucei. I. Rationalization of the experimental approach. 
Annales de la Societe‘ Belge de Médecine Tropicale, 55, 1-23. 

WALTON, B. C. (1987). American cutaneous and mucocutaneous leishmaniasis. In The Leisltnianiases in 
Biology aizd Medicine, Vol. 2, eds. Peters, W. & Killick-Kendrick, R. pp. 637-664. London: Academic 
Press. 

SARAVIA, N. G., HOLGUIN, A. F., MCMAHON-PRATT, D. & D’ALESSANDRO, A. (1985). Mucocutaneous 


