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Abstract

Background Cutaneous Leishmaniasis (CL) affects up to 5.000 people in Ecuador each year. L. guyanensis and L.
braziliensis are the most common of the eight Cl-causing Leishmania species. Earlier CL research concentrated on the
easily accessible Pacific region. This study aims to describe the Leishmania species in Pacific and Amazon ecoregions,
to analyze regional differences in CL patient clinical presentation, and to identify determinants of health-seeking
delay.

Methods All cases in this cross-sectional study were diagnosed using smear slide microscopy, PCR, or both.
Cytochrome B gene sequencing was used to identify the causative Leishmania species in qPCR-positive samples.

Results This study included 245 patients, with 154 (63%) infected in the Pacific region and 91 (37%) infected in the
Amazon. Causative Leishmania species were identified in 135 patients (73% of qPCR positives). L. guyanensis was
identified in 76% (102/135) of the samples and L. braziliensis in 19% (26/135). The Pacific region had a low prevalence
of 6% (5/89) of L. braziliensis. For the first time, we report L. guyanensis from the central Amazon, L. braziliensis from

the northern Pacific, and L. lainsoni from both the central Amazon and northern Pacific. Amazon cases had a longer
median health-seeking delay in months (2.0, IQR 3.0) than Pacific cases (1.0, IQR 1.5). Prolonged health-seeking delay
was associated with older age, Amerindian ethnicity, infection at lower altitudes, non-ulcerative lesions, and lesions on
the lower limbs.

Conclusions In the Pacific region, health-seeking delay is relatively short and L. braziliensis prevalence remains low. Limited
access to health care and stigma might explain the prolonged health-seeking delay in the Amazon. We recommend larger
studies on the distribution of Leishmania species in Amazon CL cases and additional regional research into diagnostic test
accuracy. Furthermore, the determinants of health-seeking delay in Ecuador should be investigated further.
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Introduction Most of the Pacific region’s population belongs to the
Background Mestizo group (descendants from Europeans mixed

Leishmaniasis is a vector-transmitted parasitic disease
that leads to visceral (VL), cutaneous (CL), or muco-
sal (ML) lesions [1]. CL could cause ulcers and nodular
lesions of the skin that heal spontaneously with scarring
over months to years. VL affects the reticuloendothelial
system and is lethal if left untreated. ML ulcerates and
deforms mucous membranes, does not heal spontane-
ously, and may be lethal [2]. The World Health Organi-
zation (WHO) classifies Leishmaniasis as a Neglected
Tropical Disease (NTD) because it disproportionally
affects poor and vulnerable populations, lacks funding,
and requires research to improve understanding, diag-
nosis, treatment, and prevention (e.g. vaccines and vec-
tor control) of the disease [3, 4]. Twenty-two Leishmania
species are pathogenic to humans with each primarily
causing one or two of the disease manifestations CL, VL,
or ML [5]. Their distribution is limited geographically
depending on the interaction between the parasite, ani-
mal reservoir, and sand fly vector (Phlebotomus and Lut-
zomyia) [2, 6]. Every year, leishmaniasis affects 700.000
to 1 million people worldwide including an estimated
58.000 in South America of which 5.000 in Ecuador [7,
8]. The Andean Mountain range divides the Ecuadorian
mainland into three regions: The Pacific on the west, the
Highlands in the middle, and the Amazon on the east
(Fig. 1).

No VL cases have been reported in Ecuador [10]. CL
is endemic (1.7-46.4/1.000 inhabitants yearly) in 12 can-
tons in the Pacific region with a total surface of 11.000
Km? and an estimated 749.000 inhabitants but ML is
uncommon. Leishmaniasis is not endemic in the High-
land region. In the Amazon, CL, and ML are endemic
(1.7-21.2/1.000 inhabitants yearly) in all the cantons with
a total surface of 120.000 Km? and an estimated 957.000
inhabitants [8, 11-13]. Leishmania guyanensis and L.
braziliensis are dominant among eight recorded species.
L. guyanensis is only found in CL patients but L. brazil-
iensis in both CL and ML patients. Studies on Leishmania
species in Ecuador have primarily focused on the acces-
sible Pacific region and included only a few patients from
the remote Amazon [14, 15]. They reported a predomi-
nance of L. guyanensis in the Pacific and L. braziliensis in
the Amazon. Kato et al. reported an increase in L. brazil-
iensis cases in the Pacific in 2016, possibly increasing the
risk of ML [14]. Because this study was not followed up
on, the need for active surveillance of ML cases remains
unclear. In Ecuador, the reservoirs and vectors of L. guya-
nensis and L. braziliensis are unknown.

with Amerindians), with intermediate levels of poverty,
relatively low rates of analphabetism, and relatively high
accessibility via public transportation. The Amazon pop-
ulation auto-identifies for almost 50% as Amerindian, has
high levels of poverty, high rates of analphabetism, and
low accessibility via public transportation [16—18]. The
Amerindian population is marginalized and lives par-
tially in the lowland rainforest with only air travel access
[19-21]. Regional differences in Leishmania species
and human population characteristics might influence
clinical characteristics (e.g., age, gender, lesion location,
lesion types, health-seeking delay), and response to treat-
ment [22, 23]. Nevertheless, no studies have compared
the presentation of CL cases in the Pacific and Amazon
regions hampering surveillance, prevention, timely diag-
nosis, and subsequent treatment.

Objectives

The objectives of this paper are to describe the Leishma-
nia species in Pacific and Amazon ecoregions, to analyze
regional differences in CL patient clinical presentation,
and to identify determinants of health-seeking delay.

Methods

Participants

Patients were included in private and public primary
health care centers and hospitals from the subtropical
Pacific region of the Pichincha province and the Amazon
Napo, Pastaza, and Morona Santiago provinces. Patients
were included from January 2019 through June 2021.
All participants or their legal representatives provided
written informed consent. The research protocol was
approved by the ethical committee of the "Universidad
Internacional del Ecuador’ registration number: UIDE-
FCM-EDM-COM-18-0069, and the Ecuadorian Minis-
try of Health, registration number: MSPCURI000284-3,
prior to its initiation. All the methods were carried out in
agreement with the guidelines of the Ministry of Health
of Ecuador and in accordance with the declaration of
Helsinki. The participating centers (public and private)
provided free leishmaniasis care including consultation,
laboratory testing, and treatment (intramuscular meglu-
mine antimoniate) in accordance with the national proto-
col of the Ecuadorian Ministry of Health [24].

Cases were recruited for the current study if they
matched the following inclusion criteria: one or more
CL-suspected skin lesions, age range 0-90, and signed
informed permission. All patients (regardless of ethnic-
ity, place of residence, or pregnancy status) sent to the
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Fig. 1 Altitude map of Ecuador with the coastal Pacific, Highland, and Amazon regions. The image is adapted from Wikipedia by the authors and is avail-
able under the Creative Commons CCO 1.0 Universal Public Domain Dedication [9].

collaborating facilities for a microscopic smear slide
evaluation of a skin lesion suggestive of CL were eligible.
Patients were included by the doctor, nurse, or labora-
tory technician during normal workflow before lesion
sampling. Patients were excluded from the study if they
did not meet the inclusion criteria or the Leishmania

infection could not be confirmed either by Polymerase
Chain Reaction (PCR) or microscopy.

Laboratory tests

An experienced laboratory technician took a skin scrap-
ing from the inner border of the lesions to perform a
smear slide. In the participating health centers, smear
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slides were Giemsa stained according to the proto-
col of the Ecuadorian Ministry of Health and read with
light microscopy [25, 26]. The result of microscopy was
reported as “positive” when Leishmania amastigotes
were identified. A quality check was performed on all
positive samples. Immediately after the skin scraping for
smear slide, a filter paper, 903 Protein Saver Card (What-
man, Newton Center, MA), was pressed three times on
the scraping site and dried at room temperature. Filter
papers were processed at the ‘Universidad de las Ameri-
cas’ research laboratory in Quito, Ecuador. DNA was
extracted from a 2X2mm piece that was cut from each
filter paper and transferred to a 1.5mL tube containing
200puL of 10% (wt/vol) Chelex 100 (Sigma-Aldrich, USA)
[27] and 10pL of Proteinase K (Invitrogen, USA). Sam-
ples were strongly vortexed for 5 min and subsequently
incubated at 56°C for 60 min and 96°C for 20 min in an
Eppendorf ThermoMixer C. The supernatant containing
the DNA was separated from the Chelex resin and trans-
ferred to a new 1.5 mL tube. The presence of Leishmania
DNA in the extracted samples was evaluated by probe-
based real-time PCR (qPCR) following the protocol
described by Bezemer et al. [28]. Identification of samples
that showed amplification of Leishmania 185 rDNA by
qPCR was subsequently performed by nested PCR and
sequencing of the cytochrome B (Cyt B). The first PCR
reaction, using outer primers L.cyt-AS (5-GCG GAG
AGR ARG AAA AGG C-3’) and L.cyt-AR (5-CCA CTC
ATA AAT ATA CTA TA-3’), was prepared in a total vol-
ume of 15puL containing: 0.06U/uL of Platinum Taq DNA
Polymerase (Invitrogen, USA), 0.5uM of each primer,
2.5mM of MgCl,, 0.3mM of ANTP mix, and 2puL of DNA
sample. The following thermal cycler protocol was used:
1 cycle at 94 °C for 2 min; 35 cycles at 95 °C for 30 s,
55 °C for 30 s, 72 °C for 1 min; 1 cycle at 72 °C for 5 min.
Then, 1pL of the product of the first PCR was reampli-
fied in the second PCR using primers L.cyt-S (5-GGT
GTA GGT TTT AGT YTA GG-3) and L.cyt-R (5-CTA
CAA TAA ACA AAT CAT AAT ATR CAA TT-3) fol-
lowing the same protocol [14]. Differentiation between L.
braziliensis and L. peruviana was performed by sequenc-
ing the Mannose Phosphate Isomerase (MPI) gene using
MPI-S (5-GCT CTT CCT GTC GGA CAG CGA GC-3)
and MPI-R (5-TCA CTC TCG AAG GGA GTT CG-3)
primers [29, 30]. The sequencing reaction was prepared
using BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, USA) and capillary electrophore-
sis were run in a 3500 Genetic Analyzer (Applied Bio-
systems, USA). The resulting sequences were compared
with the NCBI database by applying the Basic Local
Alignment for species determination [31]. Additionally, a
phylogenetic tree was obtained using the Geneious R11
software and the Tamura-Nei model. The following spe-
cies’ reference sequences described by Kato et al. [29]
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were included in the tree: L. braziliensis (GenBank acces-
sion number AB095966), L. guyanensis (AB095969), L.
lainsoni (AB433280), L. naiffi (AB433279), L. panamen-
sis (AB095968), L. shawi (AB433281) and L. peruviana
(AB433282) [32]. In addition to the qPCR, an endpoint
PCR was performed that differentiated between the
Viannia and Leishmania subgenus, having a sensitivity
of only 50% as published elsewhere [33]. The endpoint
PCR was discontinued after the first 100 samples due to
human resources problems as a result of the COVID-19
pandemic.

Study variables

The following demographic data of study participants
were recorded: Age in years, gender (male or female),
ethnicity as recognized by the Ecuadorian government
[34], presumed place of infection, health-seeking delay
in months (defined as the time since onset of symptoms
to inclusion in the study and based on recall), lesion type
(ulcer, nodular, or other), number of skin lesions, and the
location of lesion(s) (indicated with pencil on a person
image by the health professional). GPS coordinates of the
presumed place of infection were estimated with Google
Maps [35]. Altitude in meters was defined as the alti-
tude of the airstrip as reported by the general director-
ate of civil aviation for hinterland villages [35]. Altitudes
of other places were estimated with topographic-map.
com [36]. We compared the clinical characteristics of
CL patients and Leishmania species prevalence between
the Pacific and Amazon regions as these regions are geo-
graphically separated. Patient ethnicity was grouped
into Mestizo and Amazon Amerindian to allow analysis.
Lesion location was categorized into four major groups
for analysis: Head, Trunk, Upper limbs, and Lower limbs.
The sample size was a convenience sample calculated
using the average annual number of CL tests performed
by the participating centers in the five years preced-
ing the start of the study. With a 24-months inclusion
period, the sample size was 600 (50% of the expected
cases). When the first nationwide COVID-19 quaran-
tine started, the number of inclusions fell dramatically as
patients feared to visit healthcare centers, leaving lesions
unattended that may have been cured spontaneously, or
to give informed consent. The research team had fund-
ing and personnel to prolong the inclusion period from
24 months to 29 months until obtaining more than half of
the expected number of inclusions and had to stop then.

Analysis

Two independent investigators entered collected data
into an electronic data capture system and the data
were computer validated [37]. Allocation to the Pacific
or Amazon group was based on the infection region.
All calculations were done in SPSS Statistics version 28,
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considering P<0.05 as statistically significant [38]. To
address the second objective, associations of CL patient
clinical characteristics with the region of infection were
tested with the independent samples T-test in normally
distributed continuous variables, the proportions (Wald)
or Fishers exact (when proportions<1) test in dichoto-
mous or categorical variables, and the Mann-Whitney U
test in non-parametric continuous variables. The patient
was excluded from a particular comparison if data were
missing for that comparison. The continuous variable
‘Health-seeking delay’ was transformed into a binary
variable ‘Health-seeking delay >one month’ for analysis of
its determinants. The one-month cut was chosen because
bacterial lesions, which are the most common differen-
tial diagnosis, mostly heal in two weeks, leaving 14 days
for early health-seeking. To address the third objective,
associations of CL patient clinical characteristics with
‘Health-seeking delay>one month’ (prolonged health-
seeking delay) were tested as for region of infection.

Confounders of prolonged health-seeking delay in the
Amazon

Blockwise addition of the variable ‘Infected in the Ama-
zon’ to a multivariable binary logistic regression model
of ‘Health-seeking delay>one month’ was used to test
if non-included confounders in the Amazon influence
prolonged health-seeking delay. Therefore, the follow-
ing determinants of health-seeking delay were included
in Block 1 of a multivariable binary logistic regression
model: Age (years), Male gender, Amerindian ethnicity,

324 patients provide written informed
consent
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Altitude of the place of infection (hectometers), Num-
ber of lesions, and Lesion location head and neck. Age
was included because it influences illness knowledge and
attitudes [39, 40]. Gender because it may influence the
moment of health-seeking as well as the decision-making
process [41]. Amerindian ethnicity because cultural val-
ues and practices as well as language barriers may influ-
ence the moment of health-seeking [42]. Altitude because
it determines the distance to referral centers [17]. Num-
ber of lesions because they may increase the perceived
severity. Lesion location head and neck because there
it’s difficult to hide lesions and differences might indicate
stigma [43]. The variable ‘Infected in the Amazon’ was
added to Block 2. The Omnibus Tests of Model Coeffi-
cients was applied to assess if ‘infected in the Amazon’
improved this model indicating that non-included con-
founders in that region influence health-seeking delay.
Lesion types (ulcer, nodular, or other) were not included
in this model because of sparse results in at least one cell
in the cross-tabulations. This article was written by the
STROBE checklist for cross-sectional studies [44].

Results
The presence of Leishmania parasites was confirmed
with PCR and/or microscopy in 245 patients who were
included in this study (Fig. 2). 179 (73%) patients were
included by a public and 66 (27%) by a private healthcare
center.

Infecting Leishmania species could be determined in
135 (73%) of the qPCR-positive samples. PCR of Cyt B

»{ 4 patients without cutaneous lesion

v

320 eligible patients

75 patients without parasitological
| confirmation of leishmaniasis

4

245 participants included in the study
(microscopy positive and/or (qQ)PCR
positive)

Fig. 2 Flow diagram of participants

(microscopy negative and (q)PCR
negative)
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did not amplify in the remaining samples and sequenc-
ing was impossible. In the Pacific region, Pichincha
accounted for 93% of the cases, of which 94% were
caused by L. guyanensis. In the Amazon region, there
was a similar distribution of cases between L. braziliensis
(41%) and L. guyanensis (46%). In the Amazon region, the
province of Pastaza accounted for 72% of the cases. All
L. braziliensis samples belonged to a single clade in the
phylogenetic tree of the Cyt B sequences that included L.
peruviana. The L. guyanensis samples were divided into
a subclade with 76 (99%) Pacific samples and a subclade

Table 1 Clinical characteristics and species determination in 245
cutaneous leishmaniasis patients from the Pacific and Amazon
regions

Patient characteristic (N Pacific Amazon Two- Total
missing for variable) sided
Pa
Number of Patients (%) 154 (63) 91 (37) 245
(100)
General characteristics
Mean age in years (SD) 224(174) 308(204) <001° 255
(19.0)
Males (%) 83 (54) 57 (63) 0.18 140
(57)
Mestizo (%) 154 (100) 25(27) 179
(73)
Amazon Amerindian (%) 0(0) 66 (73) <0.01b 66
(27)
Median altitude of place of 55 (5.0 3.8(3.2) 0.03P 46

infection in hectometers (IQR) (4.6)
Clinical presentation (1)

Median health-seeking delay 1.0 (1.5) 203.0) <001° 10
in months (IQR) (1.5)
Lesion type: ulcer (%) 143(93)  87(96) 0.39 230
94)
Median number of lesions 1(1) 1(0) 048 1(1)
(IQR)
Body location of the lesion®
Head and neck (%) 45(27) 10(10) <001® 55
@M
Trunk (%) 18 (11) 15(15) 031 33
(12)
Upper limbs (%) 67 (39) 43 (43) 057 110
A1)
Lower limbs (%) 39(23) 31(32) 0.15 70
(26)
Leishmaniaspecies (110)
L. guyanensis 83 (93) 19 (41) <001 102
(76)
L. braziliensis 5(6) 21 (46) <001° 26
(19)
L. lainsoni 1(1) 6(13) <001° 7(5

N=Number, P=Probability, SD=Standard Deviation, IQR=Interquartile Range

@ Comparing Pacific to Amazon with the Independent samples T, Wald, Fishers
exact, or Mann-Whitney U test

b Statistically significant
¢ Patients with lesions on different body regions were counted more than once
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with 18 (72%) Amazon samples (see Table 1, Additional
files 1 and 2, Fig. 3, and sequences submitted to GenBank
with accession numbers: 0Q608467-OQ608601).

The MPI gene could be sequenced in 18/26 (69%) L.
braziliensis samples and comparison of the resulting
sequences excluded the presence of L. peruviana (see
Additional file 3 and sequences submitted to GenBank
with accession numbers OQ608603-0Q608620 [32]).

Determinants of health-seeking delay

The duration of health-seeking delay was known for
244 of 245 confirmed patients. Patients with health-
seeking delay=one month were significantly older (27.7
compared to 21.9), more often had Amerindian ethnic-
ity (34% compared to 14%), were infected in the Ama-
zon (45% compared to 14%), presented with no ulcer
(92% compared to 98%), were less often infected on the
head or neck (15% compared to 32%) and more often on
the lower limbs (32% compared to 15%) (Table 2). The
multivariable binary logistic model of ‘health-seeking
delay>one month’ did not improve significantly after the
addition of the determinant ‘Infected in the Amazon’ to
‘age; ‘gender;, ‘Amerindian ethnicity, ‘altitude of place of
infection, and ‘lesion on the head or neck’ (Table 3).

Discussion

This study describes the infecting Leishmania species in
135 Ecuadorian CL cases. Additionally, the clinical pre-
sentation and determinants of health-seeking delay of
over 240 confirmed CL cases were compared between
the Pacific and Amazon regions. For the first time, we
report L. guyanensis in the provinces of Napo, Pastaza,
and Morona Santiago, L. braziliensis in the province of
Imbabura, and L. lainsoni in the provinces of Pichincha,
Napo, Pastaza, and Morona Santiago. Amazon cases had
a twice as long median health-seeking delay as Pacific
cases. Prolonged health-seeking delay (=one month) was
associated with older age, Amerindian ethnicity, infec-
tion at lower altitudes, non-ulcerative lesions, and lesions
on the lower limbs.

This is the first study to report the causative Leishma-
nia species in over 130 Ecuadorian CL patients, includ-
ing a representative group from the Amazon region [10].
Former studies on a limited number of CL samples from
the northern Ecuadorian Amazon provinces Sucumbios
and Orellana reported the mixed presence of L. guyanen-
sis, L. braziliensis, and L. lainsoni whilst suggesting that
L. braziliensis was the only causing species in the south
[14, 15]. Our study, however, discovered that non-L. bra-
ziliensis species cause lesions in approximately half of the
CL patients infected in the southern Amazon provinces.
In Ecuador, L. braziliensis is the only species associated
with a high risk of ML [45, 46]. To further identify high-
risk parishes, cantons, or regions (e.g. depending on the
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Fig. 3 Phylogenetic tree of a Cytochrome B gene fragment from 135 Ecuadorian CL patient samples

altitude), the number of patients with species determina-
tion is insufficient. Therefore, we recommend a study on
Leishmania species distribution including more Ama-
zon-infected CL patients.

We report only a couple of L. braziliensis-caused CL
cases from the Pacific region and do not confirm an
increase as suggested by Kato et al. In the Pacific region,
the health-seeking delay was relatively short, allowing
rather prompt initiation of treatment and a subsequent
decrease in the risk of ML [47]. Thus, a sustained low L.
braziliensis prevalence combined with prompt initiation

of CL treatment possibly explains why ML is rare in the
Pacific region and we do not recommend routine follow-
up of CL cases for ML [45, 48].

L. braziliensis was indistinguishable from L. peruviana
during the comparison of a Cyt B gene fragment with the
NCBI database and in the obtained phylogenetic tree. This
has been reported before in Peruvian samples, but not in
Ecuador [29]. To differentiate L. braziliensis from L. peruvi-
ana, we used a single nucleotide polymorphism of the MPI
gene as described by Tsukayama et al. The reliability of Tsu-
kayama’s method has been questioned as the strains might
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Table 2 Patient characteristics and prolonged health-seeking
delay (=one month) in 244 confirmed cutaneous leishmaniasis
patients in Ecuador

Patient characteristic (N Health-  Health- Two- All
missing for variable) seeking seeking sided patients
delay<1 delay=1 P?
month month
Number of Patients (%) 88 (36) 156 (64) 244 (100)
General characteristics
Mean age in years (SD) 219(17.1) 277 (19.7) 0.02° 256
(18.9)
Males (%) 52 (59) 87 (56) 0.62 139 (57)
Mestizo (%) 76 (86) 103 (66) 179 (73)
Amazon Amerindian (%) 12 (14) 53 (34) <001° 65 27)
Characteristics of the
area of infection
Pacific region (%) 69 (78) 85 (55) 154 (63)
Amazon region (%) 19 (22) 71 (45) <001® 90(37)
Median altitude of place 6.3 (6.0) 3.7 (3.5) <001° 4.7 (46)
of infection in hectome-
ters (IQR)
Clinical presentation
Lesion type: ulcer (%) 87 (98) 142 (92) 0.01° 229 (93)
Lesion type: nodule (%) 2(2) 7 (4) 0.50 9(4)
Lesion type: other (%) 0(0) 7 (4) 0.05 7(3)
Median number of lesions 1 (0) 1(1) 0.11 1(1)
(IQR)
Body location of the
lesion®
Head and neck (%) 30(32) 25(15) <001° 55(21)
Trunk (%) 14 (15) 18 (10) 0.33 32(12)
Upper limbs (%) 36 (38) 74 (43) 033 110 (41)
Lower limbs (%) 14 (15) 56 (32) <001 70 (26)

N=Number, P=Probability, SD=Standard Deviation, IQR=Interquartile Range

2 Comparing Health-seeking delay<1 month and >1 month with the
independent samples T, Wald, Fishers exact, or Mann-Whitney U test

b Statistically significant

¢ Patients with lesions on different body regions were counted more than once

lack diversity and some species diagnostic polymorphisms
might be present in other species [30, 49]. None of the MPI
sequences obtained in this study contained the L. peruvi-
ana-specific allele at the position described by Tsukayama
et al. and therefore we suppose that L. braziliensis was
indeed the infecting species [30]. Nevertheless, for future
species determination studies in Ecuador, we recommend
the use of heat shock protein 70 gene fragment sequencing
because it avoids an additional PCR and sequencing step
[50, 51]. The phylogenetic tree divided L. guyanensis sam-
ples into a Pacific and Amazon predominant subclade. This
suggests that a region-specific mutational development has
taken place and is in agreement with Calvopiiia et al. who
reported region-specific zymodeme variations in Ecuador
that seemed to be associated with the clinical presentation
of patients [52]. Such variations underscore the importance
of a regional analysis of CL case presentation, as done in
this paper, as well as diagnostic test accuracy. Follow-up of
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Table 3 Blockwise addition of the variable ‘infected in the
Amazon’ to a multivariable model of health-seeking delay > one
month in 244 confirmed cutaneous leishmaniasis patients in
Ecuador

Block 1 Block 2 p?
Overall significance <0.01 <0.01
Nagelkerke R 27.3% 28.1%
Percentage correctly classified 63.9% 74.6%
Variable Odds ratios Odds ratios
(95% Cl) (95% Cl)

Age in years 1.02(1.00-1.03) 1.01

(1.00-1.03)
Male gender 0.83 (046-1.51) 0.80

(0.44-147)
Amerindian ethnicity 1.85(0.87-3.92) 1.00

(0.30-3.32)
Altitude of place of infection  0.77 (0.69-0.85)  0.76
in hectometers (0.69-0.85)
Number of lesions 1.26(0.94-1.68) 1.26

(0.93-1.70)
Lesion location: Head and 044 (0.22-0.90) 047
neck (0.23-0.95)
Infected in the Amazon 2.04 0.18

(0.70-5.92)

Cl=Confidence Interval, NA=Not Applicable
20mnibus Tests of Model Coefficients comparing Block 1 to Block 2

patients in a prospective study would disclose the develop-
ment of treatment resistance, illness recurrence, and the
risk of ML, which cannot be assessed in this cross-sectional
investigation.

Five L. braziliensis samples showed at least one “A”
allele at location 1082 of the MPI gene [30]. This muta-
tion has not been described before and seems to be Ecua-
dorian. Genetically complex Leishmania strains have
been described in Ecuador before and show the impor-
tance of continuously validating and updating species
determination methods [53].

This study compares a low (Pacific) with a high (Ama-
zon) L. braziliensis endemic area. Younger age and a
higher percentage of lesions on the head of patients
infected in the Pacific are in agreement with former
studies [54, 55]. This might be explained by different
reservoirs and transmitting vectors in the Pacific region
compared to the Amazon, but evidence on both is absent.
The current hypothesis is that Leishmania transmission
is peri-domestic in the Pacific region and occupational
(agriculture, military, and hunting amongst others) in the
Amazon [10, 15, 25]. The vectors, who tend to fly low to
the ground, might bite children at younger ages during
peri-domestic transmission in the Pacific region with a
higher risk of bites on the head [56, 57].

A longer health-seeking delay for Amazon CL patients
is a new finding though not unexpected as the geographi-
cal distances and physical barriers to travel to health
centers in the Amazon are higher compared to the
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Pacific region. In the Amazon, the road network starts
in the highlands and descends into the rainforest low-
lands until 700 to 250m above sea level in the provinces
that included patients for this study. This results in lim-
ited access to health care in the lowlands and might be
an explanation for prolonged health-seeking delay [17].
Older age, Amerindian ethnicity, infection at lower alti-
tudes, and lesions more often on the lower limbs (that
are easier to cover than lesions on the head) are sig-
nificantly associated with the Amazon region and may
all contribute to the prolonged health-seeking delay in
the Amazon. These findings might be triggered by the
stigma expressions towards Amazon CL patients that
were found by our team during qualitative interviews
and observations that are being published separately
[58, 59]. Other determinants of health-seeking delay are
occupation, educational level, income, marital status,
time to the nearest health center, visit to a traditional
healer, and possible doctors delay. They may influence
health-seeking delay, but do not appear to be related to
the longer health-seeking delay in the Amazon, as add-
ing ‘infected in the Amazon’ did not improve the binary
multivariable model [60]. Non-ulcerative lesions are not
associated with the Amazon region and the association
with prolonged health-seeking delay might be explained
by a decreased recognition by the patient population as
well as by health professionals which should be clarified
in a future study. Health-seeking delay was self-reported
in this study, which could have resulted in under- or
overestimations. We recommend a future study on CL
health-seeking delay in the Amazon that includes more
determinants and applies methods (e.g. relating to life
events) to improve reliability [61].

Former studies have shown that parasite load is inversely
related to the duration of the lesion [62-64]. Lesion para-
site paucity lowers the possibility of finding amastigotes
in smear slides (currently the gold standard in Ecuador).
Therefore, the longer health-seeking delay in the Amazon
might influence CL test accuracy and we recommend the
evaluation of smear slide microscopy in the Amazon. In
addition to the lesion type, number, and body location of
skin lesions, this study might have included the diameter,
the aspect (wet or dry), and smell which could have differed
per region and or impacted health-seeking delay.

As this study included patients without restrictions
from both private and public health centers from main
Ecuadorian CL clusters providing free CL treatment, we
consider that the results may be generalizable for the
CL patient population of included areas and in a lower
degree for the entire country.
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Conclusion

Our study on 245 confirmed Ecuadorian CL patients,
including the causative species determination in 135 sam-
ples, shows a sustained low prevalence of L. braziliensis in
the Pacific region. Additionally, it discovers the presence of
L. guyanensis in the Napo, Pastaza, and Morona Santiago
provinces, L. braziliensis in the Imbabura province, and
L. lainsoni in the Pichincha, Napo, Pastaza, and Morona
Santiago provinces. The longer health-seeking delay and a
genetically different L. guyanensis subclade in the Amazon
compared to the Pacific region reveal the need for region-
specific analysis of CL test accuracy. Prolonged health-
seeking delay was associated with older age, Amerindian
ethnicity, infection at lower altitudes, non-ulcerative lesions,
and lesions on the lower limbs which possibly result from
limited access to health care and stigma. We recommend
larger studies on the distribution of Leishmania species in
Amazon CL cases and regional studies of determinants of
health-seeking delay.
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