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Abstract. Molecular karyotypes of Leishmania isolates from patients with cutaneous
leishmaniasis in Ecuador were analyzed by pulsed-field gel electrophoresis (PFGE) and
Southern blot hybridization. The DNA karyotypes of L. major-like parasites were similar
between two human isolates from a lowland coastal and a highland Andean region, but
were apparently different from those of eleven World Health Organization reference strains
including L. major. The smallest chromosome of 240 kilobases in L. major-like parasites
was found to belong to the 715-class of small linear chromosomal DNAs, which have been
shown to appear in some lines of Leishmania. Chromosome banding patterns of L. mex-
icana isolates exhibited a novel, ordered, chromosomal ladder, and were identical among
four human isolates and one canine isolate from a restricted geographic region in the Andes.
On the other hand, minor chromosome size polymorphisms were observed among three
L. panamensis isolates from different endemic regions near the Pacific Coast. Chromosomal
locations of dihydrofolate reductase-thymidylate synthetase and P-glycoprotein genes re-
vealed further differences in chromosomal organizations among these Leishmania species
in Ecuador. These results indicate that karyotype analysis by PFGE is useful for epide-
miologic studies of leishmaniasis in Ecuador.

Leishmaniasis is widespread and is a consid-
erable public health problem in Ecuador. We have
carried out epidemiologic studies of leishmani-
asisin Ecuador since 1982 and have found a large
number of cutaneous cases and a small number
of mucocutaneous ones.' In tropical and sub-
tropical lowland areas near the Pacific Coast, we
have isolated Leishmania panamensis from pa-
tients with cutaneous lesions.? Recently, we dis-
covered a new endemic area of cutaneous leish-
maniasis (Paute) in the Andes (Figure 1).> By
zymodeme, schizodeme, and serodeme analyses,
the causative species were determined to be as
L. mexicana and an unusual parasite closely re-
lated to L. major.?

The advent of pulsed-field gel electrophoresis
(PFGE) has enabled us to study chromosomal
organizations of protozoa including Leishmania.
This technique has distinguished karyotypes
among Leishmania species, subspecies, and
strains.*-# Despite this variability, the molecular
karyotype analysis can be used for grouping
closely related species and for identification of

new isolates in epidemiologic studies.®~'!' To fur-
ther characterize Leishmania isolates from Ec-
uador, we have extended our preliminary study!?
by analyzing their molecular karyotypes using
pulsed-field gradient gel electrophoresis in com-
bination with Southern blot hybridization.

MATERIALS AND METHODS
Parasites

Ten Leishmania isolates from Ecuador and
eleven World Health Organization reference
strains of the same genus were used in the present
study (Table 1). The Ecuadorian isolates have
been classified as L. panamensis, L. mexicana,
and L. major-like parasites by isoenzyme elec-
trophoresis, kinetoplast DNA. fingerprints, and
reactivity against monoclonal antibodies.>3 13
The geographic distribution of these isolates is
shown in Figure 1.
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TABLE |
Leishmania isolates used in the present study

Species Designation*

Geographic origin Abbreviation

Ecuadorian isolates

L. panamensis
(Lp)

MHOM/EC/87/G-05
MHOM/EC/87/G-06
MHOM/EC/87/G-07

L. mexicana MHOM/EC/88/Pautel
(Lm) MHOM/EC/88/Paute27
MHOM/EC/88/Paute29
MHOM/EC/88/Paute103
MCAN/EC/88/Pautelnu2

L. major-like MHOM/EC/87/G-09
(Lml) MHOM/EC/88/Pautel 15

World Health Organization reference strains

. panamensis G5
. panamensis G6
panamensis G7
. mexicana P1
mexicana P27
mexicana P29

. mexicana P103
. mexicana PInu2

. major-like G9
major-like P115

Quininde, Esmeraldas
Z. Grande, Esmeraldas
S. Domingo, Pichincha
Paute, Azuay

Paute, Azuay

Paute, Azuay

Paute, Azuay

Paute, Azuay

Quininde, Esmeraldas
Paute, Azuay

B N

L. aethiopica MHOM/ET/72/1L.100 Wollo, Ethiopia L. aethiopica L100

L. tropica MHOM/SU/58/StrainOD Azerbaijan, USSR L. tropica StrainOD
L. major MHOM/SU/73/5-ASKH Turkmen, USSR L. major S-ASKH

L. baziliensis MHOM/BR/75/M2903 Para, Brazil L. braziliensis M2903
L. pifanoi MHOM/VE/57/LL1 Venezuela L. pifanoi LLI

L. panamensis MHOM/PA/71/LS94 Canal Zone, Panama L. panamensis LS94
L. guyanensis MHOM/BR/75/M4147 Para, Brazil L. guyanensis M4147
L. mexicana MHOM/BZ/82/BEL21 Belize L. mexicana BEL21
L. amazonensis MHOM/BR/73/M2269 Para, Brazil L. amazonensis M2269
L. garnhami MHOM/VE/T6/]JAP78 Venezuela L. garnhami JAP78
L. aristidesi MORY/PA/68/GML3 Darien, Panama L. aristidesi GML3

* Designation code: host (M = Mammalia; CAN = Canis familiaris, ORY = Oryzomys capito).

Pulsed-field gradient gel electrophoresis

Agarose blocks for PFGE were prepared as
previously described.!>!'* Promastigotes were
grown in Schneider’s Drosophila medium (Gib-
co, Grand Island, NY) with 20% heat-inactivated
fetal calf serum at 25°C. The log-phase promas-
tigotes were washed twice with Medium 199
(Gibco) and resuspended in the same medium at
a concentration of 5 X 108/ml. The cell suspen-
sion was warmed to 37°C, and mixed with an
equal volume of 1% agarose with a low-gelling
temperature (Sea Plaque; FMC Bioproducts,
Rockland, ME) in 75 mM phosphate buffer, pH
8.0 containing 65 mM NaCl and 1% glucose.
Forty microliters of the mixture containing 1 x
107 organisms were solidified into 5 x 5 x 1.5-
mm blocks. The agarose blocks were treated with
1% sarcosyl (Sigma, St. Louis, MO) and 2 mg/
ml of proteinase K (Sigma) in 0.5 M EDTA, pH
8.0 at 50°C for two days. Samples were washed
with 1x TBE (90 mM Tris, 90 mM boric acid,
and 2 mM EDTA, pH 8.0) and stored in 0.5 M
EDTA at 4°C until used. Electrophoresis was per-
formed in 1.5% agarose at 180 V in 0.5x TBE
at 10°C with a pulse interval of 60~100 sec for
35-38 hr using a turn-table type pulsed-field gel

electrophoresis apparatus (Cross Field Gel Elec-
trophoresis; ATTO Corp., Tokyo, Japan).'2 This
apparatus was designed to make a 20-cm circular
gel plate rotate at an angle of 110° alternately
with a defined pulse time. After electrophoresis,
the gel was stained with 0.1 pg/ml of ethidium
bromide in 0.5 x TBE for 45 min, destained with
0.5x TBE for 1 hr, and photographed. Chro-
mosomal DNAs of Saccharomyces cerevisiae
(FMC Bioproducts) were used as the molecular
standard.

Southern blot hybridization

The gels used in PFGE were treated with 0.25
N HCI for 30 min and with 0.4 N NaOH plus
0.6 M NaCl for 30 min, followed by transfer to
nylon membranes in the presence of 20x SSC
(Ix S8C = 150 mM NaCl, 15 mM sodium ci-
trate, pH 7.4). Transferred DNA on the mem-
brane was fixed by ultraviolet cross-linking. The
probes used in the present study were pRRv20,
which contained the complete dihydrofolate re-
ductase-thymidylate synthetase (DHFR-TS)
coding region of L. major,'s p7R50-P19, which
contained a 1.9-kilobase (kb) Pst I fragment from
the small linear chromosomal DNAs (sIDNA)
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present in the 7-R50 line of L. major,'® pK25,
which contained a 2.5-kb Kpn 1 fragment from
the H region P-glycoprotein of L. tarentolae
(ItpgpA),'” and pCD-1-B8§, which contained a 3.5-
kb Bam HI fragment of LD1.'¥ The DNA probes
were labeled by random primer labeling method
(Amersham, Arlington Heights, IL). Blots were
hybridized with DNA probes overnight at 66°C
in 6 x SSC, 0.5% sodium dodecyl sulfate (SDS),
5 x Denhardt’s solution (1 x Denhardt’s solution
= 0.02% Ficoll, 0.02% bovine serum albumin,
0.02% polyvinylpyrrolidone), and 100 ug/ml of
denatured salmon sperm DNA, and washed with
0.1x SSC and 0.1% SDS at 65°C for 1 hr before
autoradiography at —70°C using intensifying
screens. Some blots were rehybridized with dif-
ferent probes after removing the previous probe
by washing the blot in 0.4 N NaOH at 42°C for
30 min followed by 0.2 M Tris-HCl, pH 7.4
containing 0.6 M NaCl at 42°C for 30 min.

RESULTS
Molecular karyotype of L. major-like parasites

Resolution of leishmanial chromosomal DNAs
by PFGE was dependent on a pulse-time interval.
Chromosomes less than 900 kb could be clearly
separated with pulse intervals of 60--80 sec, and
chromosomes from 900 kb to 1,100 kb were re-
solved at a 100-sec pulse time. Two clinical iso-
lates of L. major-like parasites, L. major-like G9
from Quininde near the Pacific Coast and L. ma-
jor-like P115 from Paute in the Andes, were an-
alyzed (Table 1 and Figure 1). A minimum of 14
chromosomes in a range of 240-850 kb were re-
solved at a 60-sec pulse frequency (Figure 2A,
lanes 6 and 7; Figure 2B, lanes 3 and 4; Figure 3,
lanes 1 and 2). The chromosomal DNA banding
patterns of these two isolates were very similar
but not completely identical. A 240-kb chromo-
somal band with strong intensity was observed in
strain P115, while two smaller chromosomes of
240 kb and 260 kb were seen in strain G9 (Figure
2B, lanes 3 and 4 and Figure 4).

The karyotype of L. major-like parasites was
apparently different from those of three reference
strains for Old World cutaneous leishmaniasis:
L. aethiopica L100, L. tropica strain OD, and L.
major 5-ASKH (Figure 2A, lanes [, 4 and §,
respectively), and from eight reference strains for
American leishmaniasis: L. garnhami JAP78, L.
aristidesi GML3 (Figure 2A, lanes 2 and 3), L.
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FiGure 1. Geographic location of Leishmania iso-
lates from Ecuador used in this study. Lp = L. pana-
mensis; Lm = L. mexicana; Lml = L. major-like. The
dotted area on map indicates the Andean highland
region more than 1,000 meters above sea level.

braziliensis M2903, L. pifanoi LL1 (Figure 2B,
lanes 1 and 2), L. guyanensis M4147, L. pana-
mensis 1.894, L. amazonensis M2269, and L.
mexicana BEL21 (Figure 3A, lanes 3, 4, 9 and
10, respectively).

The DHFR-TS gene was located on a single
chromosome of approximately 450 kb in both
the L. major-like parasites G9 and P115 (Figures
3B and 4), as well as in the L. major 5-ASKH
reference strain. The p7R50-P19 probe from the
sIDNAs of the 715-class in L. major hybridized
with a chromosome of 240 kb in both L. major—
like strains (Figures 3C and 4). The s1IDNA probe
was shown to hybridize with a 200-kb chro-
mosomal DNA in L. braziliensis M2903, which
has been previously shown to contain amplified
715-class DNA sequences'¢ related to LDI se-
quences.'8 The pCD-1-B8§ probe from LD1 also
hybridized with the corresponding chromo-
somes of the L. major-like isolates and L. bra-
ziliensis M2903. The pk25 probe from P-gly-
coprotein gene of L. tarentolae hybridized with
a single chromosome of approximately 690 kb
in both isolates of L. major-like parasites (Fig-
ures 3D and 4).

Molecular karyotype of L. mexicana isolates

A minimum of 19 DNA bands in a range of
220-1,090 kb were recognized in L. mexicana
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FiGURE2. Separation of chromosomal DNAs of Leishmania promastigotes by pulsed-field gel electrophoresis.

This technique was performed using 1.5% agarose gels run at 180 V with a 60-sec pulse time for 36 hr (A) or
35 hr (B). A, lane 1, L. aethiopica L100; lane 2, L. garnhami JAP78; lane 3, L. aristidesi GML3; lane 4, L.
tropica strain OD; lane 5, L. major 5-ASKH; lane 6, L. major-like G9; lane 7, L. major-like P115; lane 8§,
Saccharomyces cerevisiae. B, lane 1, L. braziliensis M2903; lane 2, L. pifanoi LL1; lane 3, L. major-like P115;
lane 4, L. major-like G9; lane 5, S. cerevisiae; lane 6, L. panamensis GS5; lane 7, L. panamensis G6; lane 8, L.
panamensis G7; lane 9, L. mexicana P27; lane 10, L. mexicana P29; lane 11, L. mexicana PInu2; lane 12, L.

mexicana P103. kb = kilobases.

isolates. The karyotype was highly conserved
among four human isolates (L. mexicana P},
P27, P29, and P103) and one canine isolate (L.
mexicana PInu2) from Paute. It is notable that
four smaller chromosomal bands of 220, 250,
280, and 325 kb appear to form a chromosome
ladder (Figure 2B, lanes 9~12; Figure 3A, lanes
11-15; Figure 4).

Southern blot hybridization analysis revealed
that the DHFR-TS gene was located on a chro-
mosome of approximately 450 kb in all L. mex-
icana strains (Figure 3B). The p7R50-P19 probe
hybridized with none of chromosomes < 1,100
kb in the isolates (Figure 3C). However, the pk25
probe from the P-glycoprotein gene recognized
broad DNA bands ranging from 700 kb to 750
kb in these strains (Figures 3D and 4).

Molecular karyotype of L. panamensis isolates

Three human isolates of L. panamensis, G35,
G6, and G7 from three different geographic

regions near the Pacific Coast, were analyzed
(Figure 1). Chromosome size polymorphisms
were seen among these isolates, especially with
respect to chromosome 1 and chromosomes be-
tween 500 kb and 750 kb in size, although chro-
mosomes > 800 kb were similar to each other.
For example, two chromosomes of approxi-
mately 240 kb and 260 kb were seen in strains
G5 and G7, while a single DNA band of 240 kb
was observed in strains G6, L. panamensis 1.S94,
and L. guyanensis M4147 (Figure 2B, lanes 6-8
and Figure 4).

The DHFR-TS gene was located on a single
chromosome of approximately 480 kb in three
Ecuadorian L. panamensis isolates, as well as in
the L. guyanensis M4147 and L. panamensis
L1894 reference strains (Figure 3B, lanes 3-7).
The probe from sIDNAs did not hybridize with
chromosomes < 1,100 kb (Figure 3C). The probe
from the P-glycoprotein gene hybridized with a
single chromosomal DNA, which was approxi-
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Southern blot hybridization analysis of Leishmania isolates from Ecuador. Pulsed-field gel elec-

trophoresis was performed using 1.5% agarose gels run at 180 V with a 70-sec pulse time for 38 hr and stained
with ethidium bromide (EtBr) (A). The blot was hybridized with probe pRRv20 from the dihydrofolate reductase-
thymidylate synthetase (DHFR-TS) gene (B), probe p7R50-P19 from the small linear chromosomal DNA
(SLDNA) (C), or probe pK25 from the P-glycoprotein A gene (pgpA) (D). Lane 1, L. major-like P115; lane 2,
L. major-like G9; lane 3, L. guyanensis M4147; lane 4, L. panamensis 1L.894; lane 5, L. panamensis GS; lane
6, L. panamensis G6; lane 7, L. panamensis G7; lane 8, Saccharomyces cerevisiae; lane 9, L. amazonensis
M2269; lane 10, L. mexicana BEL21;1ane 11, L. mexicana P27; lane 12, L. mexicana P29; lane 13, L. mexicana
PInu2; lane 14, L. mexicana P103; lane 15, L. mexicana P1. kb = kilobases.

mately 690 kb in the Ecuadorian isolates, but
was approximately 750 kb in the reference strains
M4147 and LS94 (Figure 3D, lanes 3-7 and Fig-
ure 4).

DISCUSSION

In the present study, we report the molecular
karyotype characteristics of three different Leish-
mania species, L. panamensis, L. mexicana, and
L. major-like parasites, that are known to be the
causative agents of cutaneous leishmaniasis in
Ecuador. The karyotype analysis indicates the

complexity and diversity of L. panamensis in the
Pacific coastal regions but relatively simple ep-
idemiologic feature of L. mexicana and L. ma-
Jjor-like infections in the Andes.

Leishmania major-like parasites were initially
designated as Brazilian Leishmania because they
were indistinguishable from L. major reference
strains by zymodeme and serodeme analyses.!?
‘We have isolated L. major-like parasites from
patients at two geographically different regions
in Ecuador, one from Quininde in the Pacific

lowland region and the other from Paute, which

is 2,300-2,500 meters above sea level in the An- :
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FiGure4. Summary of DNA karyotypes and chro-
mosomal locations of specific DNA sequences in Ec-
uadorian Leishmania isolates. Areas with transverse
lines indicate broadly stained zones that may contain
more than two chromosomal DNAs. Hybridization
with the dihydrofolate reductase-thymidylate synthe-
tase probe of L. major, the 715-class small linear
chromosomal DNAs of L. major, and the H region
P-glycoprotein A gene of L. tarentolae is indicated by
DHFR-TS (#), SLDNA (+), and pgpA (*), respectively.
kb = kilobases.

des Mountains (Figure 1).3 Karyotype similarity
of the two isolates (Figures 2 and 4) suggests that
this strain of L. major-like parasite might be
widely distributed in Ecuador. Determination of
DNA karyotypes of L. major-like strains in Bra-
zil is required for further defining the epidemi-
ologic features of this novel parasite.

The present study using PFGE revealed that
the DNA karyotype of Ecuadorian L. major-like
parasites was totally different from that of the L.
major 5-ASKH reference strain (Figure 2A, lanes
5-7) and from those reported for five other L.
major stocks (MRHO/SU/59/P, MHOM/IL/67/
Jericho II, strain D-1, strain WR300, and strain
Bokkara).?® For example, the size of the smallest
chromosome in these reference strains was ap-
proximately 350 kb, whereas it was 240 kb in
the Ecuadorian L. major-like parasite. It has been
also reported that schizodeme profiles of L. ma-
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jor-like from Brazil and Ecuador were different
from those of L. major reference stains including
MHOM/SU/73/5-ASKH, MHOM/IL/79/
LCR-L251, MHCM/SN/IL/00/LRC-223, and
MHOM/SN/00/DK99 .2 19 Taken together, it is
suggested that the L. major-like parasites in the
New World differ from the L. major in the Old
World in terms of both kinetoplast DNA (kDNA)
and genomic DNA organization.

Furthermore, it was demonstrated that the L.
major-like isolates contained the 715-class or
LDI1 DNA sequences in the smallest chromo-
some of 240 kb (Figure 3C), while the L. major
reference strain 5-ASKH did not contain the 715-
class DNA sequences in the low molecular weight
chromosomes. The 715-class sSIDNAs were des-
ignated to new chromosomal DNAs that ap-
peared de novo in several lines derived from the
LT252 isolate of L. major.'* The sIDNA was
present in multiple copies, stably maintained,
linear, related to LD1 DNA sequences, and had
a size range of 180-220 kb. The LD1 was found
to be a 27.5-kb DNA molecule and was present
within large chromosomes of 1.5-2 megabases
in all Leishmania stocks examined.'® The LD1
is also present in smaller (< 550 kb) chromo-
somes in some stocks including L. donovani, L.
chagasi, L. braziliensis, L. amazonensis, and L.
mexicana, or it forms circular molecules desig-
nated CD1.'%2%22 It is also suggested that the
SIDNA and LD1/CD! may arise from an evo-
lutionarily conserved large chromosome by
chromosomal rearrangement,'® '8 23 although the
functions of these DNA sequences are unknown.
Thus, the present study provides new evidence
that the L. major-like stocks in Ecuador con-
tained LD1 sequences in the 240-kb chromo-
some.

In our previous paper, we reported that schi-
zodeme profiles of L. mexicana from Paute were
identical with eight human isolates (MHOM/EC/
88/Pautel, 6, 7, 23, 25, 27, 29, and 103), the
canine strain (MCAN/EC/88/Pautelnu2), and the
sand fly isolate JAYA/EC/89/PAT1).3 This study
revealed identical karyotypes among four human
isolates MHOM/EC/88/Pautel, 27, 29, and 103)
and the canine isolate (MCAN/EC/88/Paute-
Inu2) (Figures 2B and 3A). These similarities in
kDNA fingerprints and genomic DNA karyo-
types further suggest that the L. mexicana strains
from Paute may belong to a homologous popu-
lation and that dogs may play a role as reservoir
hosts in the endemic region.
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In addition to Paute, we found patients with
cutaneous leishmaniasis in Alausi (elevation
2,300 meters), which is located approximately
80 km north of Paute. Since one of the human
isolates from Alausi (MHOM/EC/89/AL1) was
found to be very similar to the strains of L. mex-
icana from Paute in terms of schizodeme, ser-
odeme, and zymodeme, this strain was deter-
mined to be L. mexicana.’ Thus, the karyotype
of the isolate from Alausi is probably identical
to that from Paute. In addition, we recently found
cutaneous leishmaniasis patients in Huigra (el-
evation 1,300 meters) located approximately 20
km southwest of Alausi, and two human isolates
showed DNA karyotypes similar to the L. mex-
icana stains from Paute (unpublished data). Iso-
lation of L. mexicana was also reported from
patients with cutaneous leishmaniasis in Alausi
by other investigators?* and in the western An-
dean cordillera of Colombia at an elevation of
1,500 meters.?’

Interestingly, the clinical aspects of leishman-
iasis in Paute, Alausi, and Huigra resemble uta
caused by L. peruviana infections in the Peruvian
Andes.* 22627 The DNA karyotype of the Ec-
uadorian L. mexicana is characterized by the
presence of four low molecular weight chromo-
somes of 220, 250, 280 and 325 kb, in which
chromosomes 1 and 4 showed strong ethidium
bromide staining intensities (Figure 2B, lanes 9—
12). A similar chromosomal ladder was seen in
the rodent isolate in Belize (MNYC/BZ/62/
WRS592),'° but not in other strains of the L. mex-
icana complex.® ' 1! Thus, the DNA karyotyp-
ing of leishmanial isolates is definitely useful for
identification of new isolates in epidemiologic
studies and in the clinical diagnosis of the An-
dean cutaneous leishmaniasis.

Another unique karyotype profile of the L.
mexicana was the chromosomal loci of genes
homologous to the P-glycoprotein. The probe
from ItpgpA hybridized with several DNA bands
ofall Ecuadorian L. mexicanaisolates examined.
The same probe recognized only the single chro-
mosome of approximately 700 kb in other strains
including L. amazonensis M2269 and L. mexi-
cana BEL21 (Figure 3D). It is possible that P-gly-
coprotein genes are dispersed in different chro-
mosomes in the Ecuadorian L. mexicana. Atleast
three P-glycoprotein genes have been reported
in L. tarentolae, but they appear to be located
on a single chromosome.?®

The DNA karyotypes of the L. braziliensis
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complex have been analyzed in more detail. % % 1!
The chromosomal DNA patterns of L. guyanen-
sis, L. panamensis, and L. braziliensis were es-
sentially identical above 900 kb, but were dis-
tinct for each isolate below 900 kb.5 Karyotypes
of three Ecuadorian L. panamensis isolates (G35,
G6, and G7) were closely related to each other
and indistinguishable above 800 kb, but showed
size polymorphisms below 730 kb (Figure 2B).
Since consensus chromosomes have been re-
ported in L. panamensis,®>'' at least the chro-
mosomes of 240, 340, 480, and 690 kb appear
to be conserved in the Ecuadorian isolates. Fur-
thermore, the DNA Kkaryotype of strain G6
showed stable characteristics after in vitro pas-
sages for eight months (unpublished data).

Leishmania panamensis is the most common-
ly isolated Leishmania species in Colombia, rep-
resenting 54% of the total isolates.?® Some Co-
lombian strains of L. panamensis with identical
isoenzyme phenotypes differed genotypically in
schizodeme profiles/or molecular karyotypes.®
Isoenzyme electrophoresis profiles of three Ec-
uadorian L. panamensis isolates were similar to
those of the L. panamensis 1.594 strain except
for phosphogluconate dehydrogenase.? On the
other hand, schizodeme profiles and molecular
karyotypes of these three isolates were different,
although they are closely related to each isolate.!?
This genotypic variation among L. panamensis
isolates from Ecuador and Colombia may reflect
a great diversity of mammalian reservoir hosts
and sand fly vectors in the Pacific coastal low-
lands of Central and South America. Indeed,
leishmanial parasites have been isolated from
four mammalian species that serve as reservoir
hosts from the coastal regions in Ecuador.' In
addition, more than 50 Lutzomyia species have
been identified in Ecuador and we found that at
least three of them (Lu. trapidoi, Lu. hartmanni
and Lu. gomezi) were probable vectors for leish-
maniasis in the lowlands.! This is in sharp con-
trast to the Andean highlands in Ecuador, in
which only one sand fly species (Lu. ayacuchen-
sis) was identified as the vector for L. mexi-
cana.'-? Since a relatively small, restricted, geo-
graphic area can be endemic with a great diversity
of Leishmania infections,’ careful epidemiologic
studies are required to elucidate the transmission
mechanisms of cutaneous leishmaniasis in Ec-
uador.
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