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Chapter 1

Global leishmaniasis

Every year, up to one million new people are infected with the Leishmania parasite around the
world [1]. Leishmaniasis is endemic in 99 tropical and subtropical countries [2]. This protozoan
infects humans through the bite of female Lutzomyia or Phlebotomus sandflies (divided into more
than 90 species). The sandfly species responsible for transmission differ depending on geographic
region, reservoir host, and Leishmania species transmitted [3]. Leishmania infects the sandfly
during blood meals on an infected host, multiplies in the midgut, and is transmitted to another host
during a subsequent blood meal [4]. In most areas, Leishmania transmission is zoonotic (from
animal to human) and involves domestic (e.g. dogs and cats), commensal (e.g. rats and foxes), and
wild animals (e.g. rock hyraxes and forest rodents). Anthroponotic transmission (from human to
human) occurs in Africa and Asia with the L. tropica and L. donovani species [5]. Leishmania causes
three major diseases, depending on the interaction between the involved species and the host:
visceral leishmaniasis (VL), which affects between 50.000 and 90.000 people annually, cutaneous
leishmaniasis (CL) which affects between 600.000 and 1 million, and mucosal leishmaniasis (ML),
whose global incidence is unknown [1, 6]. VL affects internal organs and is usually fatal if left
untreated. More than 85% of reported cases originate in Asia (India), Africa (Eritrea, Ethiopia,
Kenya, Somalia, South Sudan, and Sudan), and South America (Brazil) [2]. CL is endemic in 90
countries and primarily causes skin ulcers and nodules. More than 90% of the cases are reported
from South and Central America, the Mediterranean, the Middle East, and Central Asia [2]. ML
causes mucosal inflammation and ulceration of the nose, mouth, and throat [7]. The World Health
Organization (WHO) estimates that more than 90% of ML cases are from South America (Bolivia,
Brazil, and Peru) and Africa (Ethiopia) [2, 8]. ML, unlike CL, does not heal spontaneously, is difficult
to diagnose due to parasite scarcity, and is more resistant to treatments [9, 10]. It can cause severe
disease, including facial deformation, laryngeal obstruction, and death, if not treated promptly [11,
12]. In a CL patient infected with a high-risk species, the risk of developing ML is approximately 5%
[13]. L. braziliensis is the main ML-causing species, followed by L. guyanensis, L. panamentsis, L.
aethiopica, and L. amazonensis [11, 14]. It is also associated with the male gender, older age,
malnutrition, previous CL duration, and immunodeficiency [15-17]. The global burden of
leishmaniasis is rising due to a number of factors, including climate change, socioeconomic
vulnerability, and poverty [18]. The WHO has classified leishmaniasis as a Neglected Tropical
Disease (NTD) [19]. In comparison to common diseases of the wealthy like diabetes, cancer, and
cardiovascular diseases, NTDs are underrepresented on the global health agenda and receive
almost no funding. This results from the fact that NTD-related scientific research is not profitable
for businesses due to the poverty of the beneficiaries [20]. Lack of understanding of the
epidemiology and disease characteristics, as well as a lack of adequate diagnostics, drugs, vaccines,
and vector control strategies are the results [21].

Leishmania species distribution

The three human pathogenic subgenera that comprise the genus Leishmania are Leishmania,
Viannia, and Mundinia [22]. Viannia is only found in South and Central America, but Leishmania and
Mundinia are distributed all over the world [23]. The WHO recognizes 22 human pathogenic species
within these three subgenera, 15 of which cause disease in the Americas [24]. Each Leishmania
species is found in geographically defined areas and is associated with one or two of the three
major diseases (VL, CL, and ML) [25]. Numerous animal reservoirs and sandfly vectors are involved
in the transmission cycle, but many details remain unknown [26, 27].
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General introduction

Leishmania species determination

Leishmania species determination is important for the choice of treatment, the possible risk of
mucosal leishmaniasis, and the comparison of research outcomes [9, 28]. It requires reference
laboratories and cannot be accomplished with a microscope at the primary healthcare level [29].
For many years, culture followed by multilocus enzyme electrophoresis (MLEE) has been the gold
standard but it is difficult, expensive, time-consuming, and unstandardized [8]. In 2015, van der
Auwera and Dujardin reviewed the alternatives to MLEE: Monoclonal antibodies and mass
spectrometry lack validation and, like MLEE, require culture to generate enough parasites.
Polymerase chain reactions (PCR) constitute the foundation of current reliable methods. PCR
detects a species or group of species directly in the sample or detects Leishmania in general and
requires a second PCR to differentiate the species. After amplifying species DNA, it can be visualized
with fluorescence detection or gel analysis. Gel-based analysis allows the comparison of the
obtained amplicon size with reference samples. Additionally, gel can be used to visualize and
compare fragment length polymorphisms (RFLP). RFLP applies enzymes to digest a PCR product at
distinct (species-dependent) sites producing DNA fragments of varying lengths. RFLP is
straightforward and may be done in any lab with PCR facilities. Sequencing the PCR product allows
for polymorphism comparison at single nucleotide level, but requires additional equipment and
training. Another technique is to analyze the melting curve (the temperature at which the strands
separate) of DNA fragments, but this method lacks validation. Worldwide, hsp70 and cytochrome b
gene sequencing may differentiate most species and are relatively well-validated [30].

Pathophysiology and clinical presentation of cutaneous and mucosal leishmaniasis

The Leishmania parasite has two natural forms: the flagellated promastigote stage within the sand
fly vector gut and the amastigote mammalian host stage [31]. Human leishmaniasis commences
with the inoculation of promastigotes into the dermis via a vector bite. Macrophages phagocytize
but do not eliminate all promastigotes [32]. Intracellularly, promastigotes transform into
amastigotes, replicate, and are released when the host cell dies [33]. Amastigotes remain at the
inoculation site and can spread to nearby tissues or other body parts via hematogenous or
lymphatic dislocation [34]. The incubation period is asymptomatic and lasts two to eight weeks
after the bite, though the infection can remain subclinical for decades before developing into ML
[35, 36]. The first clinical signs of the disease are nodules and pustules, which are occasionally
accompanied by lymphadenopathy. These typically develop into ulcers or granulomas, which,
except for ML, heal without therapy in months to years and leave visible scars [37]. The immune
system generates specific T lymphocytes that produce Interferon-Gamma (IFNy) and Tumor
Necrosis Factor (TNF) in response to the amastigotes [38]. These stimulate macrophage intracellular
parasite killing but may cause collateral tissue damage [39, 40]. The interaction between the
parasite and the host immune system leads to the clinical spectrum of CL: Most cutaneous lesions
are characterized by a moderately IFNy-dominant response, an intermediate parasite burden, and
limited localized tissue damage. Mucosal lesions are characterized by a strong IFNy response, a low
parasite burden, and extensive tissue damage [33].
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PO L A oy N \'-‘
Figure 1. A) A typical ulcerative cutaneous leishmaniasis lesion on the right knee, with raised
borders and a depressed center. B) Yellow crusts in the right nostril of a patient with nasal

leishmaniasis. Copyright © 2023 JM Bezemer, All rights reserved.

Diagnosis of cutaneous and mucosal leishmaniasis

The diagnosis of CL and ML requires laboratory confirmation of the parasite [6, 10]. To obtain a
sample from a suspected lesion, skin biopsies are frequently used, although they can cause pain,
bleeding, infection, and scarring. Scrapings, fine needle aspirations, smears, and filter paper
imprints cause less discomfort. The accuracy of tests using less invasive sampling methods is
comparable, if not better in some cases. This is critical for patient well-being and adherence to
research protocols [41, 42]. One of the non-invasive sampling methods, filter paper, absorbs liquid
discharges when pressed against a lesion and, after drying at room temperature, reliably stores
DNA for 12 months or longer [43]. A small piece of filter paper containing sample may yield material
for PCR analysis after DNA extraction. This allows for the detection of Leishmania as well as species
identification [44, 45]. The WHO generally recommends skin scrapings with smear slide microscopy:
the border of a new lesion is cleaned with an antiseptic solution, scraped with a lancet, and the
appearing lymphatic discharge is applied to a glass slide. A technician uses Giemsa to stain the slide
and then examines it under a light microscope for the presence of Leishmania amastigotes [46]. The
procedure is inexpensive and takes approximately an hour [47]. The WHO regularly trains public
health technologists in the use of microscopy. This point-of-care testing in rural health clinics
dictates treatment. The sensitivity of smear slide microscopy is affected by factors such as sample
parasite load, lesion type, and technician experience [48, 49]. The overall detection rate of smear
slide microscopy was reported to be 52% in a systematic review and meta-analysis of American CL
and ML diagnostics that was published in 2020, leaving almost half of the patients undiagnosed.
The aforementioned systematic review and meta-analysis reported on a couple of alternatives to
smear slide microscopy, including culture, histopathology, immunohistochemistry, a rapid
diagnostic test, Montenegro’s intradermal reaction, Polymerase Chain Reaction (PCR), and indirect
immunofluorescence reaction (IFR). The rapid diagnostic test detected the peroxidoxin antigen of
Leishmania from a suspected ulcer with an immunochromatographic assay. Compared to
microscopy, it showed very poor sensitivity (37%) [50]. From the remaining tests, only culture and
PCR demonstrated sensitivity and specificity of >80% and >90%, respectively, making them suitable
for clinical use [51]. Leishmania culture requires four weeks, a medium (Novy-MacNeal-Nicolle),
and refrigeration. Apart from the lack of a regular cold chain for sample transportation in rural
settings, the waiting time renders culture unsuitable for clinical practice [52]. PCR is limited to
advanced laboratories due to the need for a consistent power supply, expensive equipment such as
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a thermocycler, and advanced personnel training [8]. Nonetheless, methods that can be applied in
remote settings have been developed: Loop-mediated amplification (LAMP) uses an intricate set of
primers and a strand-displacing enzyme to form loops of DNA strands and continue amplifying
target DNA at a constant temperature until the sample turns turbid and can be confirmed by the
naked eye [53-55]. Recombinase Polymerase Amplification (RPA) applies three enzymes at a
constant temperature to insert a forward and reverse primer followed by stabilization and
displacement of strands, and amplification of target DNA or RNA. This process is repeated until
exponential amounts of amplified product are generated which may be detected using gel
electrophoresis and other techniques [56]. RPA for the detection of leishmaniasis is still in its early
stages, and the number of studies is limited [57]. For LAMP, on the contrary, numerous studies
have reported high sensitivity and specificity [50, 58]. Nonetheless, it has not been used in clinical
practice in rural health clinics, possibly because it is too expensive; the cost of the kit, DNA
extraction reagents, the incubator, and the labor required for one sample is much higher than the
cost of microscopy. It could be useful for reference centers that process multiple samples at the
same time [59].

Microscopy remains the gold standard for leishmaniasis diagnosis because of its high specificity, but
its low sensitivity complicates the evaluation of alternative tests [60]. To resolve this, researchers
use composite reference standards [61]. They assume that the combined tests have perfect
specificity and that positive samples from any of the included tests can be added together. This may
be appropriate for individual patients in clinical practice and is even recommended in guidelines,
but it is insufficient for research [25]. Even if the specificity was previously reported to be 100%,
false positives can occur with any diagnostic test. Adding the potential false positives of several
tests increases the risk of errors in alternative tests’ accuracy estimates [62]. Even worse is the
assumption that combining several tests with imperfect sensitivities will result in perfect sensitivity.
Low lesion parasite density, for example, increases the risk of false negative microscopy, culture,
PCR, and histopathology results, and combining these tests is unlikely to result in 100% parasite
detection. PCR could serve as a reference standard, but it has yet to be standardized [63]. The
Latent Class Analysis (LCA) statistical method provides a solution for the lack of a gold standard. To
calculate accuracy, the analysis takes into account the imperfect nature of each test. LCA is an
important tool for improving the quality of CL and ML diagnostic test evaluations if applied with the
correct assumptions [64, 65].

Obtaining parasite confirmation in CL and ML is so difficult that we may reconsider its utility.
Syndromic diagnostic algorithms (SDA) are being used to make treatment decisions for infectious
diseases such as tuberculosis and sexually transmitted infections [66, 67]. SDAs rely on clinical
parameters that are readily available rather than pathogen confirmation in a laboratory. SDAs have
been evaluated for CL in Colombia, yielding sensitivities above 90% but low specificities [68, 69]. No
studies have been published on SDA for ML. The differential diagnosis of CL includes bacterial (e.g.,
furuncle, ecthyma, lepra, and tuberculosis), fungal (e.g., sporotrichosis and
paracoccidioidomycosis), algal (e.g., protothecosis), viral (e.g., condyloma acuminata), and
ectoparasitic (e.g., myiasis and tungiasis) infectious diseases. Some neoplastic diseases (e.g., basal
cell carcinoma, squamous cell carcinoma, and lymphoma) as well as some autoinflammatory
diseases (e.g., sarcoidosis and pyoderma gangrenosum) may also resemble CL [70]. The differential
diagnosis of ML is similar but includes additional diseases such as bacterial (e.g., syphilis and
actinomycosis), fungal (e.g., histoplasmosis, rhinosporidiosis, and aspergillosis), and viral (e.g.,
influenza) infections, autoinflammatory diseases (e.g., Wegener’s granulomatosis), allergic (e.g.,
chronic rhinitis), trauma (e.g., self-induced, medical, or chemical), and neoplastic diseases (e.g.,
sarcoma) [12, 71]. The specificity of clinical parameters for CL and ML diagnosis may vary
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depending on the regional prevalence of the aforementioned differential diagnoses. Low specificity
is concerning because it may lead to unnecessary, costly, and toxic treatments [72]. Nevertheless,
given the high percentage of patients missed by current first-line diagnostics and the potential of
highly sensitive SDAs, adaptations per endemic regions should be considered, followed by
implementation studies.

Cutaneous and Mucosal Leishmaniasis treatment

Health professionals in South America mostly treat CL and ML with intra-muscular injections of
meglumine antimoniate (Glucantime) for 20-30 consecutive days, according to a 2019 WHO
guideline [73]. The majority of patients experience generalized muscle pains, headaches, and
gastrointestinal symptoms, among other side effects. Furthermore, it is hepatotoxic, nephrotoxic,
cardiotoxic, and pancreas toxic in 7-39% of patients, and may cause sudden death [74, 75]. To avoid
complications such as therapy failure and ML development, leishmaniasis therapy should ideally be
started early in the course of the disease [17, 76]. Meglumine antimoniate resistance affects
approximately 25% of CL and ML patients [77]. Alternatives include oral miltefosine and
amphotericin B, which are either expensive or unavailable at the primary healthcare level [78]. The
Pan American Health Organization’s 2022 guideline recommends intralesional injections for CL
lesions less than 3 cm in diameter if the total number is less than four [9]. Intralesional therapy
requires smaller total volumes of meglumine antimoniate, but it can have similar side effects as
systemic therapy [79].

Health-related quality of life

Healthcare professionals, including researchers, promote health, which the WHO defined in 1946 as
“a state of complete physical, mental, and social well-being and not merely the absence of disease
or infirmity” [80, 81]. More than 100 traditional healers from southern Ecuador added the value of
“mental, emotional, physical, and spiritual balance” as well as “peacefulness and harmony with the
community, nature, and oneself” to the WHO definition [82]. Both definitions advocate for non-
biomedical outcomes to be included in research. In response to that, researchers developed the
concept of Quality of Life (QolL), defined by Theofilou in 2013 as “how an individual measures the
goodness of multiple aspects of their life”[83]. This well-being is measured subjectively by oneself
[84]. QoL is comprised of pleasant and unpleasant affects (e.g., joy, pride, sadness, and anger), life
satisfaction (e.g., satisfaction with current life), and domain satisfaction (e.g., work, family, and
health). Researchers have developed more than a thousand instruments to quantify QoL for
research or care purposes [83]. The Health-Related Quality of Life (HRQL) instruments assess the
specific impact of illness on QolL, whether generic (for general use) or disease-specific (for example,
prostate cancer-specific). The majority of QoL tools allow for the numerical quantification of results
and subsequent statistical analysis [85]. QoL varies depending on one’s language, culture, and social
background, and this should be considered when interpreting. Furthermore, measurement
instruments should be studied for validity and reliability before being used in clinical practice or
research [86]. The lack of explanatory information on outcomes is a limitation of HRQL
quantification, and interpretation is dependent on qualitative information (e.g., open questions or
observations) to clarify causes [87]. There are no leishmaniasis-specific QoL questionnaires.
Researchers often use dermatology-specific instruments (such as the Dermatology Life Quality
Index or Skindex-29) or generic tools [88, 89]. QoL studies are mostly limited to CL, and they show
poor HRQL in Asian and African patients [90]. Hu reported significant HRQL impairment in patients
with lower limb lesions in one of the few South American studies [91].
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Leishmaniasis related stigma

Depending on the social and cultural context, leishmaniasis may result in stigma, social
marginalization, and a subsequent decrease in quality of life [90]. The term “stigma” is derived from
Greek and means “mark” [92]. Stigma occurs within a society when a sub-group is viewed
negatively based on shared characteristics (stigmata or marks) [93]. Because of their visibility, skin
diseases can easily provoke stigma [94]. Leprosy is a classic stigma-provoking skin disease that was
recognized in the biblical law of Moses more than three thousand years ago [95]. When a person
experiences social isolation, name-calling, or other forms of discrimination as a result of his
condition, this is referred to as external or enacted stigma. Self-stigma or internal stigma occurs
when a person anticipates external stigma or is ashamed of a particular characteristic [96, 97]. The
latter, while hidden, may be the worst and is difficult to determine [98]. Oval infiltrative CL lesions
and destructive ML lesions may resemble leprosy, and CL and ML are even referred to as “mountain
leprosy” in some countries [99, 100]. As a result, we can anticipate the existence of leishmaniasis-
related stigma. Several studies have found that this occurs in Asian and African countries, resulting
in severely impaired HRQL [101, 102]. Surprisingly, during qualitative interviews with 205 CL
patients in Surinam, anthropologist Ramdas found no stigma. Instead, the HRQL impairment was
linked to physical discomfort caused by lesions [91, 103]. In a Colombian study, only 26% of CL
patients reported stigma using the Explanatory Model Interview Catalogue, which was significantly
lower than the 68% reported by leprosy patients [104]. After the peace agreement between the
Colombian government and the Revolutionary Armed Forces of Colombia, Pinto Garcia interviewed
soldiers, officers, guerrilla members, civilians, and healthcare professionals, among others. He
describes the government’s active stigmatization of leishmaniasis patients as “guerrilla members”
emphasizing the importance of ongoing and region-specific stigma assessment [105]. This
assessment is consistent with the WHQO’s emphasis on integrated approaches to reducing stigma
associated with Neglected Tropical Skin Diseases (NTDs) [106].

Leishmaniasis in Ecuador

Ecuador is a small South American country with a population of 18 million people [107]. The Andes,
an uninterrupted highland range, divides the Ecuadorian mainland from north to south in the
Pacific (coastal), Highland, and Amazon regions (Figure 1) [99].
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Figure 2. Altitude map of Ecuador with the coastal Pific, Highland, and Amazon regions.
Copyright: The image is adapted from Wikipedia by the author and is available under the Creative Commons
CCO 1.0 Universal Public Domain Dedication [108]

Leishmaniasis is uncommon above 1500 meters in the cold and dry climate of the highlands. CL is
endemic in both the Pacific and Amazon regions, but ML is exclusively endemic in the Amazon [109,
110]. Spatial CL clusters occur in the subtropical northern Pacific region and throughout the tropical
Amazon [111]. Even though leishmaniasis is a compulsorily notifiable disease, there is a three- to
fivefold underreporting [1]. The estimated yearly incidence is between 30 and 49 per 100,000
people [78, 111]. CL is caused by eight species, principally L. guyanensis and L. braziliensis [99, 112].
L. braziliensis is the only species found in ML patients [7, 78]. Kato et al. applied the sequencing of a
cytochrome B gene fragment for species differentiation. This method successfully distinguished all
Ecuadorian species [112, 113]. Only a few Amazon patients have had the causative species
identified, and it is not done routinely, even in the Pacific region [114]. In a 2016 study, L.
braziliensis was found in 12% of 101 cases from the Pacific region; this finding suggests that this
species is becoming more common, increasing the risk of ML [112]. Nevertheless, no follow-up was
done on this study. The lack of current knowledge of the distribution of Leishmania species
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complicates the surveillance of ML cases [115]. This is of special importance as the new guideline
recommends local CL treatments that might increase the risk of ML [9, 116]. The Pacific region has
better accessibility via roads and public transportation compared to the Amazon region [117]. Both
the poverty level and analphabetism rate are relatively low [118]. More than 90% of its population
is of Mestizo ethnic origin, who descend from European, Amerindian, and African ancestors [119].
Kichwa, Shuar, Achuar, Waorani, Sapara, Shiwiar, Andwa, Quijos, Siekopai, Siona, and Ai’Cofan are
the 11 Amerindian ethnic groups that claim territory in the Amazon [120]. They have their
languages and speak Spanish as a second or third tongue. Mestizos, who make up more than half of
the Amazon population, discriminate against them [121]. Aside from overt discrimination, language
barriers, cultural differences, and poverty, all impede access to health care [122, 123]. On top of
that, public healthcare services in the majority of the Amazon are only accessible through expensive
and time-consuming travel by plane, canoe, or foot [117]. Leishmaniasis research has been focused
on the better-accessible Pacific region leaving a knowledge gap regarding the vulnerable Amazon
population [78]. The diagnosis of leishmaniasis is based on smear slide microscopy, which has a
sensitivity of 85-90% in patients who present within four months, according to the current guideline
of the Ecuadorian Ministry of Health [46]. Diagnostic accuracy studies on smear slide microscopy
reported lower sensitivities but had a high risk of bias [51]. Thus, high-quality methodological
studies are urgently needed to assess the accuracy of current methods for CL confirmation [63].
Medical professionals in Ecuador treat leishmaniasis almost exclusively with meglumine
antimoniate which has numerous and severe side effects. Moreover, the market price of
meglumine antimoniate is 5-15 US dollars per day, there are frequent countrywide shortages, and
the injections, containing 5-15 milliliters of the drug, are painful [78, 124]. As a result, if treatment
is initiated, most patients do not complete it [125, 126]. Therefore, CL and ML patients urgently
require effective, safe, oral, and readily available treatments. Weigel studied the HRQL of CL
patients in Ecuador’s Pacific region using a non-standardized questionnaire and found a negative
effect [125]. This study has not been followed up and no studies were conducted in the Ecuadorian
Amazon. The existence of a possible leishmaniasis-related stigma has never been investigated in
Ecuador.

Aim of the thesis

In this thesis, | describe studies done in Ecuador with the following aims: To update and clarify
knowledge on the distribution of Leishmania species in the Pacific and Amazon regions. To analyze
regional differences in CL patient presentation and to identify determinants of health-seeking
delay. Implement qPCR on DNA extracted from filter paper and estimate the diagnostic accuracy of
both gPCR and smear slide microscopy for CL diagnosis. Assess the predictive values of
demographic and clinical criteria for CL diagnosis. Explore the impact of CL-suspected lesions on the
quality of life of patients in the subtropical Pacific and Amazon regions and the determinants of
health-related quality of life. And understand the perceptions leading to CL and ML-related stigma
expressions. In the broader South American context | describe a study that aims to explore the ML
detection rates of clinical criteria, and in the worldwide context, a study that aims to assess the
efficacy and safety of allylamines in CL and ML treatment and to define priorities for future
research.

Outline of the thesis
The knowledge of the Leishmania species distribution and clinical presentation of CL patients in the
Ecuadorian Pacific and Amazon regions is outdated and incomplete. Therefore, we describe the
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identification of Leishmania species across the Pacific and Amazon regions, the clinical presentation
of CL patients, and determinants of health-seeking delay in Chapter 2. Each year, the microscopy-
based test and treat management of CL-suspected patients potentially leaves thousands without
treatment; thus, in Chapter 3, we analyze the accuracy of smear slide microscopy and a qPCR on
DNA extracted from filter paper. Because parasitological confirmation of Leishmania parasites is so
complicated, in Chapter 3 we assess the predictive values of demographic and clinical variables for
CL diagnosis in suspected CL patients from Ecuador, and in Chapter 4 we assess the detection rates
of clinical criteria for ML diagnosis in South American patients reported in the literature. In Chapter
5, we conduct a systematic review of the worldwide literature to establish the safety and efficacy of
allylamines as an oral or topical treatment for CL and ML, in response to the urgent need for
therapeutic alternatives. In Chapter 6, we present the findings of a study on the Health-Related
Quiality of Life (HRQL) of suspected CL patients, which had not before been studied systematically in
Ecuador. The stigma associated with leishmaniasis has never been studied in Ecuador. Therefore,
we conduct a qualitative study to examine the perceptions that lead to leishmaniasis stigma and
describe the findings in Chapter 7.

Study locations

The Shell Hospital of the Ecuadorian charity Fundacion Misidn Cristiana de Salud and 15 health
centers from the Ministerio de Salud Publica (Ecuadorian Ministry of Health) recruited the patients
for the studies described in Chapter 2, 3, 6, and 7. The research laboratory of the Universidad de las
Americas in Quito Ecuador did all the molecular analyses (Figures 3, and 4). The Infectious Diseases
Program of the Amsterdam Institute for infection and Immunity, and the Department of
Epidemiology and Data Science of the Amsterdam UMC location University of Amsterdam the
Netherlands, the OneHealth Research Group from the school of medicine at the Universidad de las
Americas in Quito Ecuador, the Hospital Shell of the Fundacién Misién Cristiana de Salud in Shell
Ecuador, the School of Public Health of the College of Health Sciences of the Universidad de San
Francisco de Quito Ecuador, the Department of Epidemiology, Biostatistics and Occupational Health
of the McGill University in Montreal Canada, and the Department of Social and Cultural
Anthropology of the Katholieke Universiteit Leuven Belgium collaborated with the planning,
execution, and/or analysis of these studies.
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Figure 3. Ecuador altitude map with geographic regions and participating centers. Major cities
are represented by black dots. Locations of participating health centers are indicated by red dots:
In the Pacific region: 1: Puerto Quito, 2: Pedro Vicente Maldonado, 3: San Miguel de Los Bancos,
and in the Amazon: 4: Tena Hospital, 5: Paushiyaku, 6: Satelital Tena, 7: Puerto Napo, 8:
Misahualli, 9: Chontapunta, 10: Arosemena Tola, 11: Shell hospital, 12: Puyo hospital, 13:
Tuutinentza, 14: Ipiak, 15: Wasakentsa, 16: Wachirpas. Copyright: The image is adapted from

Wikipedia by the author and is available under the Creative Commons CCO 1.0 Universal Public Domain
Dedication [108].
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Figure 4. A) Shell hospital included the majority of the participants from the Amazon. B) The
sequencer used to differentiate Leishmania species at the research laboratory of the Universidad
de Las Americas in Quito. C) The thermocyclers used for qPCR to detect Leishmania DNA from
samples dried on filter paper at the research laboratory of the Universidad de las Americas in
Quito. Image A: Copyright © 2022 Hospital Shell, All rights reserved., Image B and C: Copyright © 2023
Manuel Calvopiria, All rights reserved. All images were used with the permission of the copyright holders.

Collaborations between the Infectious Diseases Program of the Amsterdam Institute for infection
and Immunity, the Medical Library, and the Department of Epidemiology and Data Science of the
Amsterdam UMC location University of Amsterdam the Netherlands, the OneHealth Research
Group from the school of medicine at the Universidad de las Americas in Quito Ecuador, the
Hospital Shell of the Fundacion Misidn Cristiana de Salud in Shell Ecuador, the Hospital San Miguel
of the Fundacién Quina Care in Puerto el Carmen Ecuador, the Servico the Imunologia of the
Hospital Universitario Prof. Edgar Santos of the Universidade Federal da Bahia Brazil, and the
Department of Pediatrics of the Division of Infectious Diseases of the University of British Columbia
in Vancouver Canada resulted in the literature reviews described in Chapter 4 and 5.
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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 determine the distribution
of Leishmania species in Pacific (Pichincha province) and Amazon (Napo, Pastaza, and Morona
Santiago provinces) spatial CL clusters, compare CL patient presentation, and identify determinants
of health-seeking delay.

Methods

All cases in this prospective 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 gPCR-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 gPCR
positives). The most common species was L. guyanensis (102/135, 76%), followed by L. braziliensis
(26/135, 19%). The Pacific region had a low prevalence of L. braziliensis (5/89, 6%). For the first
time, we report L. guyanensis from the provinces of Napo, Pastaza, and Morona Santiago, L.
braziliensis from the province of Imbabura, and L. lainsoni from the provinces of Pichincha, Napo,
Pastaza, and Morona Santiago. Amazon cases had a longer median health-seeking delay in months
(2.0, 1QR 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, a sustained low prevalence of L. braziliensis and relatively short health-seeking
delay might explain why mucosal leishmaniasis remains uncommon. Limited access to health care
and stigma might explain the prolonged health-seeking delay in the Amazon. We recommend
routine species determination in Amazon CL cases, and additional regional research into diagnostic
test accuracy. Furthermore, the determinants of health-seeking delay in Ecuador, as well as
regional patient characteristics in neighboring countries Peru and Colombia should be investigated
further.

Keywords

Leishmaniasis, cutaneous; Leishmaniasis, epidemiology; Phylogeny; Time-to-treatment; Ecuador
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Introduction

Background

Leishmaniasis is a vector-transmitted parasitic disease that leads to either cutaneous (CL), visceral
(VL), or mucosal (ML) lesions [1]. CL causes ulcers and nodular lesions of the skin that heal
spontaneously with scarring over months to years. VL affects internal organs and is lethal if left
untreated. ML ulcerates and deforms mucous membranes, does not heal spontaneously, and may
be lethal [2]. The World Health Organization (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, diagnosis, treatment, and prevention (e.g.
vaccines and vector 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,
animal reservoir, and sand fly vector (Phlebotomus and Lutzomyia) [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
(Figure 1).
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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 available under the Creative Commons CCO 1.0 Universal
Public Domain Dedication [9].

No VL cases have been reported in Ecuador [10]. CL is endemic (1.7-46.4/1.000 inhabitants yearly)
in 12 cantons 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 Highland 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. braziliensis in both CL and ML patients. Studies on Leishmania species in Ecuador
have primarily focused on the accessible Pacific region and included only a few patients from the
remote Amazon [14, 15]. They reported a predominance of L. guyanensis in the Pacific and L.
braziliensis in the Amazon. Kato et al. reported an increase in L. braziliensis cases in the Pacific in
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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.
guyanensis and L. braziliensis are unknown.

Most of the Pacific region’s population belongs to the Mestizo group (descendants from Europeans
mixed with Amerindians), with intermediate levels of poverty, relatively low rates of
analphabetism, and relatively high accessibility via public transportation. The Amazon population
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 partially 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 treatment [22, 23]. Nevertheless, no studies have compared the presentation of CL cases in the
Pacific and Amazon regions hampering surveillance, prevention, timely diagnosis, and subsequent
treatment.

Objectives

The objectives of this paper are to elucidate the distribution of Leishmania species in Pacific
(Pichincha province) and Amazon (Napo, Pastaza, and Morona Santiago provinces) spatial CL
clusters. To analyze regional differences in CL patient presentation and to identify determinants of
health-seeking delay. The first objective was specified in the research protocol. The emergence of
regional differences in the clinical and laboratory characteristics during data analysis led to the
conception of the second and third objectives.

Methods

Participants

This study was part of a prospective cross-sectional project in CL patients that included diagnostic
test evaluations, a quantitative health-related quality of life questionnaire, qualitative interviews,
and species determination. 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 Ministry 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 provided free leishmaniasis treatment
(intramuscular meglumine antimoniate) in accordance with the national protocol of the Ecuadorian
Ministry of Health [24].

All patients sent for a microscopic smear slide examination of a skin lesion suspected of CL in the
participating centers were eligible. Patients were included by the doctor, nurse, or laboratory
technician during normal workflow before lesion sampling. Patients were excluded from the study if
the Leishmania infection could not be confirmed either by Polymerase Chain Reaction (PCR) or
microscopy.
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Laboratory tests

An experienced laboratory technician took a skin scraping from the inner border of the lesions to
perform a smear slide. In the participating health centers, smear slides were Giemsa stained
according to the protocol 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 (Whatman, 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 Americas’ research laboratory in Quito, Ecuador. DNA was
extracted from the filter paper using Chelex 100 (Sigma-Aldrich, USA) [27]. A 2x2mm piece was cut
from each paper and transferred to a 1.5mL tube containing 200puL of 10% (wt/vol) Chelex and 10uL
of Proteinase K (Invitrogen, USA). Samples 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 transferred 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 18S rDNA by gPCR was subsequently performed by nested PCR
and sequencing of the cytochrome B (Cyt B) The first PCR reaction, using outer primers L.cyt-AS and
L.cyt-AR (Table 1), was prepared in a total volume of 15uL containing: 0.06U/uL of Platinum Taq
DNA Polymerase (Invitrogen, USA), 0.5uM of each primer, 2.5mM of MgCl,, 0.3mM of dNTP mikx,
and 2uL 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 sec, 55°C for 30 sec, 72°C for 1 min; 1 cycle at 72°C for 5 min. Then, 1uL of
the product of the first PCR was reamplified in the second PCR using primers L.cyt-S and L.cyt-R
following the same protocol [14]. Differentiation between L. braziliensis and L. peruviana was
performed by sequencing the Mannose Phosphate Isomerase (MPI) gene using MPI-S and MPI-R
primers [29, 30]. The sequencing reaction was prepared using BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, USA) and capillary electrophoresis were run in a 3500 Genetic
Analyzer (Applied Biosystems, 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 species' reference sequences described by Kato et al. [29] were included in the tree: L.
braziliensis (GenBank accession number AB095966), L. guyanensis (AB095969), L. lainsoni
(AB433280), L. naiffi (AB433279), L. panamensis (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.
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Table 1. Primers used for Leishmania identification.

Target Primer Sequence
Cytb L.cyt-AS 5-GCG GAG AGR ARG AAA AGG C-3’
L.cyt-AR 5’-CCA CTC ATA AAT ATA CTATA-3’
L.cyt-S 5’-GGT GTA GGT TTT AGT YTA GG-3’
L.cyt-R 5’-CTA CAA TAA ACA AAT CAT AAT ATR CAATT-3’
MPI MPI-S 5’-GCT CTT CCT GTC GGA CAG CGA GC-3’
MPI-R 5’-TCA CTC TCG AAG GGA GTT CG-3’

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 altitude of the airstrip as reported by the general directorate of civil
aviation for hinterland villages [36]. Altitudes of other places were estimated with topographic-
map.com [37]. We compared the clinical characteristics of CL patients and Leishmania species
prevalence between the Pacific and Amazon regions as these regions are geographically 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 calculated using the average annual number of CL tests performed by
the participating centers in the five years preceding the start of the study. With a 24-months
inclusion period, the study was expected to include 600 (50%) cases to achieve the maximum
number of Leishmania species determinations. When the first nationwide COVID-19 quarantine
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 funding 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 [38]. Allocation to the Pacific or Amazon group was based on the
infection region. All calculations were done in SPSS Statistics version 28, considering P <0.05 as
statistically significant [39]. Associations of CL patient clinical characteristics with the region of
infection were tested with the independent samples T, proportions (Wald), Fishers exact (when
proportions <1), or Mann-Whitney U test. 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 differential diagnosis, mostly heal in two weeks, leaving 14 days for early health-seeking.
The following determinants of health-seeking delay were deemed independent and included in
Block 1 of a multivariate binary logistic regression model: Age (years), Male gender, Amerindian
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ethnicity, Altitude of the place of infection (hectometers), Number of lesions, and Lesion location
head and neck. Age was included because it influences iliness knowledge and attitudes [40, 41].
Gender because it may influence the moment of health-seeking as well as the decision-making
process [42]. Amerindian ethnicity because cultural values and practices as well as language
barriers may influence the moment of health-seeking [43]. Altitude because it determines the
distance to referral centers [17]. Number 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 [44]. The variable 'Infected in the Amazon' was added to Block 2. The
Omnibus Tests of Model Coefficients was applied to assess if 'infected in the Amazon' improved this
model indicating that non-included confounders 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 [45].

Results

Leishmania species distribution

Informed consent was signed by 324 cases but four had no cutaneous lesions and were therefore
excluded from further examination in the context of the present study whilst other adequate
medical care was provided. The presence of Leishmania parasites was confirmed with PCR and/or
microscopy in 245 patients who were included in this study. Infecting Leishmania species could be
determined in 135 (73%) of the qPCR-positive samples. The mean age of patients with species
determination was 23.2 years and 84 (62%) were male. 102 (76%) patients were from the Mestizo
ethnic group and 33 (24%) Amerindian. 20 (77%) of the L. braziliensis infected patients were
Amazon Amerindian compared to 9 (9%) of the L. guyanensis infected patients. More than three-
quarters of the L. braziliensis infected lesions (24/28, 86%) were on the upper or lower limbs
compared to two-thirds (67/115, 58%) of the L. guyanensis infected lesions. In the Pacific region, L.
guyanensis, L. braziliensis, and L. lainsoni were determined in 83 (93%), five (6%), and one (1%)
patient respectively. In the Amazon, L. braziliensis, L. guyanensis, and L. lainsoni were determined
in 21 (46%), 19 (41%), and six (13%) patients respectively. 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 with
18 (72%) Amazon samples, see Tables 2 and 3, Additional file 1, and Figure 2. The MPI gene could
be sequenced in 18/26 (69%) L. braziliensis samples. The presence of L. peruviana in the group of
samples analyzed was ruled out since the "G" allele, characteristic of L. peruviana, was not found at
location 1082 in the MPI gene. However, in addition to the "C" allele of L. braziliensis, the novel
C1082A polymorphism was identified in several samples. The frequencies of the genotypes
identified at position 1082 in the MPI gene were: "CC" N=13 (72%), "CA" N=4 (22%), and "AA" N=1
(6%).
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Table 2. Baseline characteristics of 135 CL patients with confirmed Leishmania species.

Patient characteristic L. guyanensis L. braziliensis L. lainsoni Total
Number of Patients (%) 102 (76) 26 (19) 7 (5) 135 (100)
General characteristics

Mean age in years (SD) 21.5(15.8) 25.6 (16.4) 38.1(10.2) 23.2 (16.0)
Males (%) 63 (62) 18 (69) 3(43) 84 (62)
Mestizo (%) 93 (91) 6 (23) 3 (43) 102 (76)
Amazon Amerindian (%) 9(9) 20(77) 4 (57) 33 (24)
Median altitude of place of infection in hectometers (IQR) 5.5(3.9) 3.2(1.3) 5.2 (1.5) 5.1(3.7)
Clinical presentation

Median health-seeking delay in months (IQR) 1(2) 2 (4) 1(2) 1(1)
Lesion type: ulcer (%) 99 (97) 26 (100) 7 (100) 132 (98)
Median number of lesions (IQR) 1(1) 1(1) 1(0) 1(1)
Body location of the lesion®

Total number of body locations with lesions 115 (100) 28 (100) 8 (100) 151 (100)
Head and neck (%) 35 (31) 2(7) 0(0) 37 (25)
Trunk (%) 13 (11) 2(7) 2 (25) 17 (11)
Upper limbs (%) 44 (38) 15 (54) 4 (50) 63 (42)
Lower limbs (%) 23 (20) 9(32) 2 (25) 34 (22)

SD = Standard Deviation, IQR = Interquartile Range

2Patients with lesions on different body regions were counted more than once.

Table 3. Provincial distribution of infecting Leishmania species in 135 patients with cutaneous
lesions from the Ecuadorian subtropical Pacific and Amazon regions. Total (%)

L. guyanensis L. braziliensis L. lainsoni Total
Pacific provinces 83 (93) 5(6) 1(1) 89 (100)
Pichincha 78 (94) 4 (5) 1(1) 83 (100)
Imbabura 1(50) 1 (50) 0(0) 2 (100)
Santo Domingo 2 (100) 0(0) 0(0) 2 (100)
Manabi 1 (100) 0(0) 0(0) 1(100)
Guayas 1(100) 0(0) 0(0) 1(100)
Amazon Provinces 19 (41) 21 (46) 6 (13) 46 (100)
Sucumbios 2 (100) 0(0) 0(0) 2 (100)
Napo 1(25) 0(0) 3(75) 4 (100)
Orellana 1(50) 1(50) 0(0) 2 (100)
Pastaza 13 (39) 18 (55) 2(6) 33(100)
Morona Santiago 2 (40) 2 (40) 1(20) 5(100)
Total 102 (76) 26 (19) 7(5) 135 (100)
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Fig 2. Phylogenetic tree of a cytochrome B gene fragment from 135 Ecuadorian CL patient
samples.

Regional comparison of clinical characteristics

Of the 245 confirmed cases, 154 (63%) were infected in the subtropical Pacific region and 91 (37%)
in the Amazon. The mean age was 25,5 years and patients infected in the Pacific were an average of
8.4 years younger (P<0.01) than in the Amazon. Most of the patients were male (57%). Overall,
most included patients were mestizos (73%) but in the Amazon, the majority were Amazon
Amerindian (73%). The median altitude of the place of infection was significantly higher in the
Pacific region (5.5 hectometers) than in the Amazon (3.8 hectometers). The median health-seeking
delay was significantly lower in the Pacific region (1 month) compared to the Amazon (2 months).
Patients from the Pacific had significantly more often lesions on the head and neck (29%) compared
to the Amazon (11%), see Table 4 and Additional file 1.
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Table 4. Clinical characteristics of 245 cutaneous leishmaniasis patients from the Pacific and
Amazon regions.

Patient characteristic (N missing for variable) Pacific Amazon Two-sided P? Total
Number of Patients (%) 154 (63) 91 (37) 245 (100)
General characteristics

Mean age in years (SD) 22.4 (17.4) 30.8 (20.4) <0.01° 25.5(19.0)
Males (%) 83 (54) 57 (63) 0.18 140 (57)
Mestizo (%) 154 (100) 25 (27) 179 (73)
Amazon Amerindian (%) 0(0) 66 (73) <0.01° 66 (27)
Median altitude of place of infection in hectometers (IQR) 5.5(5.0) 3.8(3.2) 0.03° 4.6 (4.6)
Clinical presentation (1)

Median health-seeking delay in months (IQR) 1.0(1.5) 2.0(3.0) <0.01° 1.0(1.5)
Lesion type: ulcer (%) 143 (93) 87 (96) 0.39 230 (94)
Median number of lesions (IQR) 1(1) 1(0) 0.48 1(1)
Body location of the lesion®

Total number of body locations with lesions 169 (100) 99 (100) 268 (100)
Head and neck (%) 45 (27) 10 (10) <0.01b 55 (21)
Trunk (%) 18 (11) 15 (15) 0.31 33(12)
Upper limbs (%) 67 (39) 43 (43) 0.57 110 (41)
Lower limbs (%) 39 (23) 31(32) 0.15 70 (26)

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.

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 ethnicity (34% compared to 14%), were infected in the Amazon (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 5).
The multivariate 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 6).

39



Chapter 2

Table 5. Patient characteristics and prolonged health-seeking delay (2 one month) in 244
confirmed cutaneous leishmaniasis patients in Ecuador.

Health-seeking

Health-seeking

Patient characteristic (N missing for variable) delay <1 month  delay 21 month Two-sided P? All patients
Number of Patients (%) 88 (36) 156 (64) 244 (100)
General characteristics

Mean age in years (SD) 21.9(17.1) 27.7 (19.7) 0.02° 25.6(18.9)
Males (%) 52 (59) 87 (56) 0.62 139 (57)
Mestizo (%) 76 (86) 103 (66) 179 (73)
Amazon Amerindian (%) 12 (14) 53 (34) <0.01° 65 (27)
Characteristics of the area of infection

Pacific region (%) 69 (78) 85 (55) 154 (63)
Amazon region (%) 19 (22) 71 (45) <0.01° 90 (37)
Median altitude of place of infection in hectometers (IQR) 6.3 (6.0) 3.7 (3.5) <0.01° 4.7 (4.6)
Clinical presentation

Total number of lesion types presented (%) 89 (100) 156 (100) 245 (100)
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 (IQR) 1(0) 1(1) 0.11 1(1)
Body location of the lesion®

Total number of body locations with lesions 94 (100) 173 (100) 267 (100)
Head and neck (%) 30 (32) 25 (15) <0.01° 55(21)
Trunk (%) 14 (15) 18 (10) 0.33 32(12)
Upper limbs (%) 36 (38) 74 (43) 0.33 110 (41)
Lower limbs (%) 14 (15) 56 (32) <0.01° 70 (26)

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

@ 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.

40



Leishmania species and clinical characteristics of Pacific and Amazon cutaneous...

Table 6. Blockwise addition of the variable ‘infected in the Amazon’ to a multivariate 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 (95% CI)  Odds ratios (95% Cl)
Age in years 1.02 (1.00-1.03) 1.01 (1.00-1.03)
Male gender 0.83 (0.46-1.51) 0.80 (0.44-1.47)

Amerindian ethnicity

Altitude of place of infection in hectometers
Number of lesions

Lesion location: Head and neck

1.85 (0.87-3.92)
0.77 (0.69-0.85)
1.26 (0.94-1.68)
0.44 (0.22-0.90)

1.00 (0.30-3.32)
0.76 (0.69-0.85)
1.26 (0.93-1.70)
0.47 (0.23-0.95)

Infected in the Amazon 2.04 (0.70-5.92) 0.18

Cl = Confidence Interval, NA = Not Applicable

20mnibus Tests of Model Coefficients comparing Block 1 to Block 2

Discussion

This study reports the infecting Leishmania species in 135 Ecuadorian CL cases. Additionally, the
clinical presentation 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, infection at lower altitudes, non-
ulcerative lesions, and lesions on the lower limbs.

This is the first study to report the causative Leishmania species in over 130 Ecuadorian CL patients,
including 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. guyanensis, 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. braziliensis species cause lesions in approximately half of the CL patients infected in the
southern Amazon provinces. Therefore, we recommend Leishmania species determination for all
Amazon-infected CL patients to allow long-term follow-up of the L. braziliensis cases for the
development of mucosal lesions. Early detection of ML would allow timely treatment preventing
destructive malformations and resistance to treatment [46, 47]. This is of special importance as the
new guideline of the Pan American Health Organization recommends non-systemic treatments for
most American CL lesions which might increase the risk of ML [48, 49].

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 that region, the health-seeking delay was
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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 mucosal leishmaniasis is rare in the Pacific region and we do not
recommend routine follow-up of CL cases for ML [50, 51].

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]. Therefore, we recommend that the Cyt B
sequencing for species determination in Ecuador, as proposed by Kato et al., should be
complemented with the sequencing of an MPI gene fragment [14]. The phylogenetic tree divided L.
guyanensis samples into a Pacific and Amazon predominant subclade. This suggests that a region-
specific mutational development has taken place and is in agreement with Calvopifia 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,
resistance to treatment, and the risk of ML.

Five L. braziliensis samples showed at least one "A" allele at location 1082 of the MPI gene [30]. This
mutation has not been described before and seems to be Ecuadorian. Genetically complex
Leishmania strains have been described in Ecuador before and show the importance of
continuously validating and updating species determination methods [53].

This study compares a low (Pacific) with a high (Amazon) 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 geographical distances and physical barriers to travel to health centers in the Amazon are
higher compared to the Pacific region. In the Amazon, the road network starts in the highlands and
descends into the rainforest lowlands until 700 to 250m above sea level in the provinces that
included patients for this study. This results in limited 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 altitudes, and lesions more often on the lower limbs (that are easier to cover
than lesions on the head) are significantly 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] as well as
determinants not included in this study such as occupation, educational level, income, marital
status, time to the nearest health center, visit to a traditional healer, and possible doctors delay
[60]. We recommend a future study on CL health-seeking delay in the Amazon that includes those
additional factors. 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.
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Former studies have shown that parasite load is inversely related to the duration of the lesion [61-
63]. Lesion parasite 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.

Conclusion

Our study on 245 confirmed Ecuadorian CL patients, including the causative species determination
in 135 samples, 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 routine
species determination in Amazon CL cases, regional studies of determinants of health-seeking delay
in Ecuador, and regional studies of patient characteristics in neighboring countries Peru and
Colombia.
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Abstract

Background
Clinical and laboratory diagnosis of cutaneous leishmaniasis (CL) is hampered by under-
ascertainment of direct microscopy.

Methods

This study compared the diagnostic accuracy of qPCR on DNA extracted from filter paper to the
accuracy of direct smear slide microscopy in patients presenting with a cutaneous lesion suspected
of leishmaniasis to 16 rural healthcare centers in the Ecuadorian Amazon and Pacific regions, from
January 2019 to June 2021. We used Bayesian latent class analysis to estimate test sensitivity,
specificity, likelihood ratios (LR), and predictive values (PV) with their 95% credible intervals
(95%Crl) and assessed the diagnostic yield of using either or both tests. The impact of
sociodemographic and clinical characteristics on predictive value was assessed as a secondary
objective.

Results

Of 320 participants, paired test results were available for 129 from the Amazon and 185 from the
Pacific region. We estimated sensitivity of 68% (95%Crl 49% to 82%) and 73% (95%Crl 73% to 83%)
for qPCR, and 51% (95%Crl 36% to 66%) and 76% (95%Crl 65% to 86%) for microscopy in the
Amazon and Pacific region, respectively. Health-seeking delay did not explain the regional
difference in microscopy sensitivity. In the Amazon, with an estimated disease prevalence among
participants of 73%, negative PV for qPCR was 54% (95%Crl 5% to 77%) and 44% (95%Crl 4% to
65%) for microscopy. In the Pacific, (prevalence 88%) the negative PV was 34% (95%Crl 3% to 58%)
and 37% (95%Crl 3% to 63%). The addition of qPCR parallel to microscopy in the Amazon increases
the observed prevalence from 38% to 64% (+26 (95%Crl 19 to 34) percentage points).

Conclusion

The accuracy of either gPCR on DNA extracted from filter paper or microscopy for CL diagnosis as a
stand-alone test is unsatisfactory and region-dependent. The incremental diagnostic yield due to
gPCR is clinically relevant.
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Author Summary

Cutaneous leishmaniasis is caused by the parasite Leishmania and is treated when a microscopy
test confirms the presence of the parasite in a sample of the lesion. This test, however, is known to
miss patients with cutaneous leishmaniasis. DNA diagnostic tests (like PCR) that detect the
parasite’s genetic material in the lesion, have been proposed to improve diagnosis. Filter paper
preserves DNA at room temperature and allows samples to be transported from remote health
centers to the PCR laboratory. The ability of microscopic and DNA testing to recognize leishmaniasis
patients in real-life, rural situations in two Ecuadorian regions — the Amazon and the Pacific —is
complex to evaluate. We compared the performance of both tests using a statistical method that
can evaluate both tests simultaneously without assuming that either test works perfectly. We
found that PCR will be positive around 70% of the time in a patient with leishmaniasis in both
Ecuadorian regions. In the Amazon, microscopy detects one out of every two cases, while it does in
three out of every four cases in the Pacific. The addition of the PCR test can improve the number of
patients with a diagnosis of leishmaniasis, mostly in the Amazon region.

Keywords

Cutaneous leishmaniasis, Latent class analysis, Diagnostic accuracy, Polymerase chain reaction,
Microscopy, Ecuador
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Introduction

Background

Protozoan parasites of the genus Leishmania are the causative agent of cutaneous, mucosal, and
visceral human leishmaniasis. The mainstay method for leishmaniasis confirmation is the
combination of clinical characteristics and microscopy [1, 2]. Worldwide, cutaneous leishmaniasis
(CL) is the most common clinical manifestation of leishmaniasis affecting 600.000 to 1 million
patients annually [3]. Ecuadorian CL manifests mainly as localized skin ulcers and nodules and has
an estimated prevalence of 3905-6415 cases or 30-49 per 100.000 inhabitants per year. It leads to
an estimated health loss of 0.32 Disability Adjusted Live Years (DALY) per 100.000 people per year
in the country and affects poor and indigenous populations disproportionally, probably as a result,
among others, of CL-related stigmatization [4, 5].

According to the Ecuadorian Ministry of Health (MoH), direct microscopy observation of the
parasite (smear or biopsy) is the “gold standard” to diagnose CL in Ecuador. Culture, immunological
and molecular tests are not available at public health centres as in most endemic regions [6]. The
diagnostic accuracy of smear slide microscopy provided in Ecuador has however not been
systematically evaluated. The existing small, limited number of peer-reviewed studies (of 14 to 90
patients) show low sensitivities ranging from 14% to 51% and specificities of near 100%, however
based on a comparison to composite reference standards [7-11] which might give a biased result.
Patients are nevertheless provided anti-leishmanial treatment for free by the MoH, conditional on
having received a positive microscopy diagnosis [12]. Given the aforementioned estimated low
sensitivity of the diagnostic test, this might leave several thousands of patients without treatment
every year.

Molecular methods are promising for CL diagnosis because of their reported high diagnostic
accuracy compared to microscopy [13]. Centralization of molecular tests would save costs, but
transportation generally requires a cold chain that is not available. Hashiguchi et al. proposed filter
paper imprints of CL lesions as a solution for the transport challenges [12]. Filter paper allows
prolonged sample DNA conservation without the need for a cold chain [14]. An alternative
approach to improve the diagnostic yield is the use of epidemiological, demographic, and clinical
characteristics in the diagnostic process [6, 15]. Weigle et al. reported high sensitivity of the use of
a clinical diagnostic algorithm for Colombian CL, but the estimated specificity was low. A
corresponding algorithm, however, has to be adapted and validated regionally before its
implementation [16]. Of special clinical interest is the predictive value of the tests in use to evaluate
the likelihood the patient has or does not have the disease after including the test result [17].

The lack of a reliable reference standard test or thus the absence of a true “gold standard” for CL
diagnosis makes it challenging to assess the accuracy of any new diagnostic method and to
investigate the true accuracy of the tests in use [18]. Two commonly proposed solutions to this
problem are the use of 1) a composite reference standard, and 2) Bayesian Latent Class Analysis
(LCA). Diagnostic test accuracy estimates based on a composite reference standard may be biased
because combining multiple imperfect tests does not make one perfect reference standard [19],
nor can the accuracy of the tests in the composite be evaluated. LCA, in comparison, applies a
statistical model that simultaneously analyzes the results of the different tests observed while
taking the imperfect nature of each test into account. Provided the assumptions of the model are
correct, LCA allows unbiased estimation of the test accuracies, without depending on a perfect
reference test [20, 21].

In this prospective cross-sectional study, we used Bayesian LCA to estimate the diagnostic accuracy
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(sensitivity and specificity) of gPCR on DNA extracted from filter paper and microscopy for the
diagnosis of CL in Ecuador. As a secondary objective, we assessed the predictive values of a specific
set of demographic and clinical criteria.

Methods

Ethical considerations

This prospective study was approved by the ethical committee of the “Universidad Internacional del
Ecuador’ (registration number: UIDE-FCM-EDM-COM-18-0069) and by the Ecuadorian MoH
(registration number: MSPCURI000284-3). All participants signed a written consent and received
free treatment for leishmaniasis according to the Ecuadorian MoH guidelines. The full study
protocol can be accessed upon reasonable request to the corresponding author.

Participants, data source, and data collection

This is a cross-sectional study of patients suspected of CL. Any case with a suspected cutaneous
lesion for whom a physician practicing at a participating health center ordered CL testing was
eligible for inclusion. Participants were included at three public primary health care centers in the
Pacific subtropical region of the Pichincha province and from public and private primary health care
centers and hospitals in the Napo, Pastaza, and Morona Santiago provinces in the Amazon (Total
N=16, See S1 Fig). Patients were identified and enrolled consecutively between the 1% of January
2019 and the 30" of June 2021 at the centers, and during community visits, by the physician, nurse,
or laboratory technician, just before routine sampling for CL. The sample size was determined by
convenience. All centers had the laboratory capacity to perform smear slide microscopy and
offered free treatment for CL-confirmed patients (intramuscular meglumine antimoniate for 20
consecutive days) or treatment for alternative diagnoses. The demographics of participants and
clinical characteristics of cutaneous lesions were recorded before sampling. Age was recorded in
years, ethnicity according to the classifications described in the Ecuadorian law [22], gender as
binary (male/female), health-seeking delay was defined as the time since lesion onset as mentioned
by the patient, number of lesions was counted by the professional as the number of lesions
separated by healthy skin, and body location was drawn on a person figure by the health
professional. The geographical location of the patient was recorded to estimate the altitude of the
place of infection in meters from the altitude of the airstrip of the nearest village
(http://www.ais.aviacioncivil.gob.ec/) or with topographic-map.com (https://es-ec.topographic-
map.com/maps/6ogw/Ecuador/) and was dichotomized as well in the Amazon and the Pacific
region. All the study data were collected on paper forms and entered into an electronic data
capture system (https://www.castoredc.com/). Data entry was done in duplicate by two
independent investigators and computer validated. We used the STARD-BLCM guidelines for the
reporting of the study [23].

Sample collection and diagnostic tests

The sample for microscopy was collected by scraping the inner border of the cutaneous lesion. The
resulting material was collocated on a glass slide and Giemsa stained following the Ecuadorian MoH
guidelines [24]. Smear slide microscopy was performed by WHO-trained and experienced
microscopists at the local center and sequentially at the central facility for all primary positive
smears for diagnosis confirmation. The final results are reported as positive or negative (binary)
because Ecuadorian laboratory technicians are not trained in grading parasite density [24]. A
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positive microscopy test meant it had been read positive on two occasions (on-site and at the
central laboratory). Technicians were aware of the clinical characteristics of the patients but
unaware of the results of qPCR testing. To collect the sample for gPCR, the local laboratory
technician pressed a filter paper (903 Protein Saver Card (Whatman, Newton Center, MA)) three
times, for at least one second each, on the inner border of the suspected lesion, immediately after
scraping for the smear slide. Filter papers were dried and sent under uncontrolled conditions to the
research laboratory of the "Universidad de las Americas’ in Quito by canoe, plane, bus, private car,
and/or postal service. They were stored at room temperature in the including centers, during
transport, and in the research laboratory in Quito. DNA was extracted from the filter paper
according to a Chelex and Proteinase K based protocol [25] that is non-time consuming and cheap
and therefore preferable for resource-restricted settings [26, 27]. A piece of 2*2mm with visible
material was separated from the filter paper and placed in a sterile 1.5mL tube containing 200pL of
10% (wt/vol) Chelex 100 (Sigma-Aldrich, USA) and 10uL (>4 units) of Proteinase K (Invitrogen, USA).
Samples were vortexed for 5 min, incubated at 56°C for 60 min, and then at 96°C for 20 min. Finally,
samples were centrifuged at 10,000 g (earth’s gravitational force) for 5 min, and the supernatant
containing extracted DNA (approximately 150uL) was removed to another sterile tube. Extracted
DNA was quantified with the NanoDrop 2000 Spectrophotometer (Thermo Scientific, USA).
Leishmania DNA was detected by duplex real-time PCR (qPCR) of the Leishmania 18S ribosomal
(rDNA) gene, which was validated for South American Leishmania species [28] and the human
Tumor Necrosis Factor (hTNF) gene as internal control [29]. Leishmania rDNA and hTNF probes
were labeled with FAM and HEX as reporters, respectively. The gPCR reaction was prepared with
2ul of extracted DNA and 13pL of master mix containing: 1X TagMan Universal PCR Master Mix
(Applied Biosystems, USA), 500nM of each primer, 250nM of each probe, and nuclease-free water
to complete a final volume of 15uL. The reaction was run in a CFX96 Dx Thermal Cycler (Bio-Rad,
USA) following this protocol: 95°C for 10 min; 40 cycles of 95°C for 15 sec and 58°C for 60 sec
(detection). The last step was optimized with an alighment/extension temperature gradient
maintaining the temperature with the highest fluorescence and lowest Ct values. Other conditions
were according to the manufacturer’s recommendations. The detection limit of the gPCR reaction
was determined directly on a 10-fold dilution series of a 441bp synthetic DNA fragment (IDT, USA)
containing the Leishmania rDNA and hTNF target sequences and did not include DNA extraction.
The DNA extraction and gqPCR were repeated once when the hTNF Ct value was >32 or negative.
Results were considered invalid if the hTNF probe did not amplify. Detection of amplified
Leishmania rDNA resulted in defining the sample positive, except for Ct values >40, which were
classified as negative. The technicians that performed the qPCR in Quito were unaware of the
clinical characteristics of patients and the microscopy results. Species determination was done by
sequencing cytochrome B and MPI (to differentiate L. braziliensis from L. peruviana gene fragment)
as described elsewhere [30, 31].

Data analysis

Descriptive statistics (proportions, means, and medians, as appropriate) were used to describe the
study population. We drew a directed acyclic graph (DAG) to illustrate the relation between the
diagnostic tests that were used (i.e., smear slide microscopy and gPCR), the quantity of the
pathogen itself, i.e. the amastigotes, or their genetic material (DNA) in the samples, and the target
condition, being CL (S2 Fig). Based on this, we reasoned that the available data could be used to
construct a two-class latent model with the two classes being “presence of CL” and “absence of CL”.
We used Bayesian latent class models, adjusted for conditional dependence, to estimate the
sensitivity and specificity of gPCR and microscopy for the diagnosis of CL. We also estimated the
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likelihood ratios, the prevalence of CL in the study population correcting for their diagnostic
accuracy and comparing to the observed prevalence, and the predictive values (negative and
positive) with their 95% credible intervals (95%Crl). We used an informative prior for the specificity
of microscopy in (Beta (99,1) distribution with median of 99% (95%Crl 96%, 100%)) based on the
known high specificity of the microscopy results. We also used an informative prior for gPCR
specificity (Beta (97,3) with median of 97% (95%Crl 93%, 99%)) based on available evidence [13].
We present the sensitivity and specificity for both tests separately by region, the Amazon, and the
Pacific (Model 1), after noticing the significant difference in sensitivity values between the two
regions, not reflected in the pooled estimates (S1 Table). Sequentially, and as part of our secondary
aim, we assessed the impact on diagnostic accuracy of pre-defined covariates or thus within
prespecified subgroups, i.e., defined by the socio-demographic and clinical variables. More
specifically we investigated if the covariate health-seeking delay (cut-off 4 weeks) was an effect
measure modifier versus confounder for the accuracy between the regions. We, therefore, allowed
the model to estimate the sensitivity by covariate level (Model 2), while allowing for conditional
dependence among CL positive subjects, in the subpopulations and the pooled sample test
specificities. We further assessed the impact on diagnostic performance within prespecified
subgroups, i.e., defined by age (cut-off 20 years of age), gender, altitude of infection (cut-off 500m),
body location of lesion (head and neck versus other location), assessing the predictive values in the
subgroups. It was hypothesized that sensitivity for a single test would be clinically insufficient
(threshold set at 80%) and that the NPV, which is dependent on the prevalence, would differ by 20
percentage points between the two regions. For all statistics, medians and 95% Crls were reported.
Statistical significance was determined by a Crl of differences not including 0. To conclude and as a
comparison, the accuracy of gPCR (and its 95% confidence interval (Cl)) was estimated using
microscopy as the reference standard from a two-by-two contingency table by region. We used R
version 4.0 (R Foundation for Statistical Computing, Vienna, Austria, 2020), more specifically for
carrying out Bayesian inference on the latent class model we used the rjags package.

Results

Participants

Participating centers enrolled 324 (50%) out of 646 eligible patients in the study (Fig 1). Four
initially included patients were excluded because they had no cutaneous lesions. A total of 188
(59%) patients from the Pacific and 132 (41%) patients from the Amazon region were analyzed
(Table 1). The mean age of the included patients was 26.8 years (range 0.1-88 years) and was higher
in the Amazon (31.2 years) compared to the Pacific (23.7 years) region. A total of 100/188 (53%)
patients included from the Pacific region were male compared to 85/132 (64%) from the Amazon.
No Amerindian patients were included from the Pacific region compared to 87 (66%) patients from
the Amazon. Median health-seeking delay in the Amazon was one month longer than in the Pacific
(median 1 month). Two hundred ninety-three (91%) lesions were ulcerated. The median altitude of
the presumed place of infection was 455m, which was similar in the Pacific and Amazon regions. CL
suspected lesions were most frequently on the upper limbs (36%) and lower limbs (30%). Amazon
patients had fewer lesions on the head and neck (13%) compared to Pacific patients (25%). None of
the participants had initiated anti-leishmanial treatment prior to the sampling.
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646 eligible patients? presented to the health care centers

> 322 missing written informed consent
W
324 patients who provided written informed
consent
> 4 patients without cutaneous lesion
A4

320 (132 from the Amazon and 188 from the
Pacific) participants included in the study

> 5 missing qPCR results (3 from the Amazon and 2
L from the Pacific)

1 missing microscopy result (from the Pacific)

314 (129 from the Amazon and 185 from the
Pacific) participants included in the diagnostic
accuracy assessment

Fig 1. Flow chart of the study population
9An eligible participant was defined as an individual presenting to one of the 16 participating healthcare
posts with a cutaneous lesion instructed to sample for the diagnosis of cutaneous leishmaniasis.
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Table 1. Baseline characteristics of 320 suspected cutaneous leishmaniasis patients from the
Ecuadorian Pacific and Amazon regions. Total number (%).

Patient characteristic (N missing for variables) Pacific Amazon Total
Number of Cases (%) 188 (59) 132 (41) 320 (100)
General characteristics (1)

Mean age in years (SD) 23.7 (18.8) 31.2(20.1) 26.8 (19.7)
Male (%) 100 (53) 85 (64) 185 (58)
Mestizo (%) 188 (100) 45 (34) 233 (73)
Amerindian (%) 0(0) 87 (66) 87 (27)
Clinical presentation (3)

Median health-seeking delay in months (IQR) 1.0 (0.5-2.0) 2.0 (0.9-4.0) 1.0 (0.5-2.0)
Total number of lesion types presented (%)? 189 (59) 133 (41) 322 (100)
Ulcer (%) 170 (90) 123 (92) 293 (91)
Nodule (%) 9(5) 10 (8) 19 (6)
Other (%) 10 (5) 0(0) 10 (3)
Median number of lesions (IQR) 1(1-2) 1(1-1) 1(1-2)

Median altitude of suspected place of infection in

meters above sea level (IQR)
Body location of the lesion®

Total number of body locations with lesions (%)

Head and neck (%)
Trunk (%)

Upper limbs (%)
Lower limbs (%)

532 (219-779)

204 (59)
51(25)
22 (11)
77 (38)
54 (26)

396 (278-647)

144 (41)
18 (13)
25(17)
49 (34)
52 (36)

455 (274-739)

348 (100)
69 (20)
47 (14)
126 (36)
106 (30)

N = Number, SD = Standard Deviation, IQR = Inter Quartile Range
*The denominator is lesion types, patients with several lesion types were counted more than once
The denominator is body locations, patients with lesions on different body regions were counted more than

once

Laboratory results and species identification
A total of 186/320 (58%) qPCR samples tested positive (49% in the Amazon and 64% in the Pacific),
and 5 samples had an invalid hTNF internal test control, compared to 176/320 (55%) microscopy
positive samples, with one invalid microscopy test. No adverse events took place during or after the
sampling of the specimens. Ct values by region and microscopy result are presented in S2 Table.
The paired test results of 314 patients are included in the further description and following
diagnostic accuracy analysis. Discordant results, microscopy positive while gPCR negative, were
present in 14% and 17% of the cases in the Amazon and the Pacific; microscopy negative while
gPCR positive results were present in 26% and 15% in the same regions. The qPCR detected 1x10°

% ng/uL of synthetic DNA, which is equivalent to 4 copies of DNA in each 15ul reaction (S1 File). In
135/185 (73%) of the gPCR positive samples (71% Amazon, 74% Pacific) the causative Leishmania
species could be determined, or in 46 (36%) and 89 (48%) of the total number of paired samples
investigated. Table 2 provides information on the species distribution by region, the sample internal
control Ct values, and Ct values by species. Microscopy positivity varied by species, with 84% of L.
guyanensis positive and only 42% of L. braziliensis positive.
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Table 2. Laboratory results in 135 cases with Leishmania species determination

L. guyanensis L. braziliensis L. lainsoni All samples
(N=102) (N=26) (N=7)? (N=135)
Median hTNF Ct (IQR)® 29,4 (27,3-31,0)  27,1(25,7-28,9) 30,6 (29,9) 29,0 (26,8-30,8)

Median Leishmania rDNA Ct (IQR)® 29,7 (27,7-32,5) 31,7 (29,8-35,2) 34,4 (27,7-35,3) 30,3 (27,8-33,3)

Pacific (%) 83 (81) 5(19) 1(14) 89 (66)

Microscopy positive (%)

Total 86 (84) 11 (42) 6 (86) 103 (76)
Amazon 13 (68) 7(33) 5(83) 25 (54)
Pacific 73 (88) 4 (80) 1 (100) 78 (88)

hTNF: human Tumor Necrosis Factor, Ct: Cycle Threshold, IQR: Interquartile Range

@ Leishmania species was determined in Leishmania 18SrDNA positive samples by sequencing a gene
fragment that codes for the Leishmania Cytochrome B enzyme.

PhTNF was applied as internal control for sample taking and DNA extraction in a duplex gPCR together with
Leishmania rDNA. Ct values have a logarithmic relationship with DNA concentrations and lower Cts indicate
more sample DNA.

Diagnostic accuracy estimates of PCR on DNA extracted from filter paper and

microscopy

Applying our model (Model 1) to the population of the Amazon region, we found a sensitivity of
gPCR of 68% (95%Crl 49;82) with a specificity of 97% (95%Crl 93;99), and a sensitivity of 51%
(95%Crl 36;66) with a specificity of 99% (95%Crl 96;100) for microscopy. In the Pacific region, gPCR
sensitivity and specificity were 73% (95%Crl 63;83) and 97% (95%Crl 93;99), respectively.
Microscopy sensitivity was 76% (95%Crl 65;86) with a specificity of 99% (95%Crl 96;100) (Table 3).
Microscopy sensitivity was statistically significantly lower in the Amazon compared to the Pacific (-
24.9 percentage points (95%Crl -43.5; -6.7). Differences between qPCR and microscopy sensitivity
were also largest in the Amazon (-16 percentage points (95%Crl -31;-2) and statistically significant.
Estimating the diagnostic accuracy of gPCR and microscopy by health-seeking delay (Model 2)
separately for the two regions, there is no evidence of an effect in the Amazon on qPCR or
microscopy and a non-statistically significant effect on the microscopy in the Pacific region, with 8.1
percentage points (95%Cr -26.9;10.2) lower sensitivity in cases presenting more than 4 weeks after
reported lesion appearance (Table 4). Using microscopy as the perfect reference standard, we
estimated a sensitivity of 48% (95% confidence Interval (Cl) 35;61) and specificity of 72% (95% Cl
59;82) for qPCR in the Amazon and a sensitivity of 78% (95%Cl 69;85) and specificity of 52% (95% ClI
39;64) in the Pacific (Table 3).
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Table 3: Model 1: Diagnostic accuracy estimates with their 95% credible interval for qPCR and
microscopy using latent class analysis and two-by-two table calculation (95% confidence interval)

Model 1% in Model 1% in two-by-two-table two-by-two-table
subpopulation of subpopulation of the in subpopulation  in subpopulation
the Amazon Pacific of the Amazon® of the Pacific*
Sensitivity gPCR 68.0% (49.1;82.4) 73.4% (62.7;82.7) 63.3% (48.3;76.6) 75.2% (66.7;82.5)

Sensitivity Microscopy  51.2% (35.9;65.5)  76.4% (65.0;85.6)

Difference sensitivity® -16.0 (-31.4;-1.7) 2.9(-6.5;12.2)

Specificity qPCR 97.2% (92.6;99.4)  97.2% (92.8;99.4) 57.5% (45.9;68.5)  55.0% (41.6;67.9)
Specificity Microscopy  99.3% (96.1;100)  99.3% (96.1;100)

Difference specificity? 1.8 (-1.7;6.6) 1.8(-1.7;6.4)

LR+ gPCR 24(9;107) 27 (10;113) 1.5(1.1;2.2) 1.7 (1.2;2.3)
LR+ Microscopy 71 (13;1852) 105 (19;2400)

LR- qPCR 0.3 (0.2;0.5) 0.3 (0.2;0.4) 0.6 (0.4;1) 0.5(0.3;0.7)
LR- Microscopy 0.5(0.3;0.6) 0.2 (0.1;0.4)

LR+: Positive Likelihood Ratio: true-positive proportion/false-positive proportion; LR-: false-negative
proportion/true-negative proportion. A test with a LR+ of >10 is considered useful to rule in a diagnosis
when a test is positive, while a test with a LR- <0.1 is considered useful to exclude a diagnosis when a test is
negative.

2Latent class analysis with two latent classes, using the data of one joint population and informative prior for
specificity microscopy with a beta distribution (99,1) and informative prior for specificity qPCR with a beta
distribution (97,3). The model allows for conditional dependency between the two tests’ sensitivities and
specificities.

bTwo-by-two contingency table of samples from the Amazon region, using microscopy as the reference
standard: true positives N=31; false positives N=34, false negatives N=18, and true negatives N=46.
‘Two-by-two contingency table of samples from the Pacific region, using microscopy as the reference
standard: true positives N=94; false positives N=27, false negatives N=31 and true negatives N=33.
dDifference between the estimate for gPCR and microscopy in percentage points
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Table 4: Model 2: Diagnostic accuracy estimates by delay in presentation for qPCR and
microscopy using latent class analysis and two-by-two table calculation

LR+: Positive Likelihood Ratio: true-positive proportion/false-positive proportion; LR-: false-negative
proportion/true-negative proportion. A test with a LR+ of >10 is considered useful to rule in a diagnosis
when a test is positive, while a test with a LR- <0.1 is considered useful to exclude a diagnosis when a test is
negative.

2Latent class analysis with two latent classes, using the data of two subpopulations, i.e., the binary variable
delay in presentation, allowing for differing sensitivities by stratum, and informative prior for specificity
microscopy with a beta distribution (99,1) and informative prior for specificity gPCR with a beta distribution
(97,3). The model allows for conditional dependency between the two tests sensitivities and between the

subpopulation sensitivities, and two tests specificities.

Sensitivity gPCR
Difference between
delay and no delay
Sensitivity Microscopy
Difference between
delay and no delay
Difference sensitivity”
Specificity qPCR
Specificity Microscopy
Difference specificity”
LR+ gPCR

LR+ Microscopy

LR- qPCR

LR- Microscopy

Model 22 in subpopulation of the
Amazon, by delay in presentation

Model 22 in subpopulation of the
Pacific, by delay in presentation

Delay

(lesion present >4
weeks)

66.7% (47.8;82.4)
-3.0(-30.0; 26.7)

54.7% (38.2;71.2)
7.2 (-18.5;32.0)

-11.6 (-30.1; 7.5)
97.2% (92.7; 99.4)
99.3% (96.1; 100)
1.9(-1.9;6.5)

24 (8;106)

73 (14; 2309)

0.3 (0.2; 0.5)

0.5 (0.3; 0.6)

No delay
(lesion present up
to 4 weeks)

69.5% (45.6;87.8)

47.3% (29.1;66.9)

-21.2 (-45; 2.5)

24 (8;110)

63 (11; 1971)
0.3 (0.1; 0.6)
0.5(0.3;0.7)

Delay

(lesion present >4
weeks)

74.2% (59;86.7)
1.5(-17.2; 19.0)

70.7% (55.5;84.2)
-8.1(-26.9;10.2)

-3.4(-19.6;13.2)
97.2% (92.5;99.4)
99.3% (96.4;100)
1.9(-1.6;6.7)

26 (10;113)

97 (18; 2724)
0.3(0.1; 0.4)
0.3(0.2; 0.4)

No delay
(lesion present up
to 4 weeks)

72.7% (61.0;82.8)

79.0% (66.8; 88.9)

6.2(-5.2;17.6)

26 (10;112)
110 (21; 3057)
0.3(0.2; 0.4)
0.2 (0.1; 0.3)

bDifference between the estimate for qPCR and microscopy in percentage points

Prevalence estimation, PPV, NPV, and effect of demographic and clinical
characteristics on diagnostic performance

The prevalence of CL in the sampled cases was 73% (95%Crl 58;97) in the Amazon region and 88%
(95%Crl 78;99) in the Pacific region using Model 1, correcting for test accuracy. In the Amazon, the
addition of gPCR test positive cases to those identified by microscopy (observed prevalence
microscopy positives: 38.0%) can increase the observed prevalence with 26.4 (95%Crl 19.3;34.4)
percentage points. In the Pacific, the prevalence increases 14.6 (95%Crl 10.1;20.2) percentage
points, also improving the diagnostic yield (Table 5). PPV and NPV are presented by region and by
the different covariates age, altitude of infection, and lesion body location in with their estimates in
the S3 Table, together with the estimates of covariate stratified sensitivities and specificities by
region. NPV in the Amazon region was overall 54% (95%Crl 5;77) and 44% (95%Crl 4,65) for gPCR
and microscopy respectively while being 34% (95%Crl 3;58) and 37 (95%Crl 3;63) in the Pacific
region.
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Table 5: Prevalence estimates in the sampled population correcting for the diagnostic accuracy of
gPCR and microscopy (true prevalence); prevalence observed using qPCR and microscopy
separately and the potential additional prevalence detected by adding qPCR positive cases to
microscopy negative cases, by region.

Amazon Pacific
Estimated true prevalence (Model 1)° 72.6% (57.9; 97.3) 87.7% (78.1;99.1)
Observed prevalence of microscopy positive 38.0% (30.0;46.6) 67.6% (60.6;74.0)
Observed prevalence of gPCR positive 50.4% (41.8;58.9) 65.4% (58.4;72.0)
Observed prevalence of either microscopy or qPCR positive® 64.3% (55.8;72.2) 82.3% (76.2;87.2)
Additional prevalence (in percentage points) diagnosed by adding 26.4 (19.3;34.4) 14.6 (10.1;20.2)
qPCR to microscopy prevalence (microscopy negatives, qPCR
positives)

*The prevalence is estimated taking both test results and their imperfect accuracy into account and provides
the estimated true prevalence in the study sample.

bThe sum is lower than the true prevalence estimates, given this is a prevalence based on observed positives
and not corrected for imperfect accuracy. In this scenario, both false positive microscopy cases and false
positive gPCR cases contribute to the prevalence and cases with positive gPCR and microscopy agreement
are not double counted.

Discussion

In this diagnostic accuracy study, using latent class analysis in patients presenting with suspected CL
diagnosis in two regions in Ecuador, we found that the sensitivity of gPCR on DNA extracted from
filter paper and more profoundly, of smear slide microscopy is considerably lower in the Amazon
region than in the Pacific region. This difference could not be explained by differences in health-
seeking delay. In addition, different patients were diagnosed with either test. The specificity point
estimates were 97% for qPCR and 99% for microscopy, using informative priors. The NPV reached
its highest value in the lower prevalence region of the Amazon (prevalence 73%) both for qPCR and
microscopy with a point estimate of 54% and 44% respectively, still lower than needed to
confidentially consider the negative test as the proof of absence of CL in the patient. Adding the
gPCR test and including qPCR positive cases as confirmed cases of CL would however increase the
detection of cases with 15 to 26 percentage points, depending on the region. Other socio-
demographic or clinical characteristics did not provide evidence to change the posterior probability
of disease, more particularly, disease absence.

This study has several limitations. First, recruitment and thus the sample size suffered from the
study being performed during the COVID-19 pandemic. During the COVID-19 pandemic, treatment
supply at national level was interrupted temporarily and therefore the care for suspected CL
patients was postponed in an unknown percentage of the patients. Additionally, individuals might
have been afraid or had competing interests leading to lower participation rates than anticipated.
We do not assume that participation was differential to gPCR or microscopy results, however.
Because of the heterogeneous effect by region, the stratified sample sizes are relatively small,
resulting in wider Crl. Secondly, with only two tests performed, we cannot further refine our model
or assess the underlying mechanisms of the disagreement between the microscopy tests and qPCR.
Third, the study population assessed might not be transportable to other environments, most
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specifically concerning their distribution of covariates. Additionally, the distribution of the
covariates in the study population is conditional on the testing strategies that are in use in the
different zones in Ecuador, which can lead to selection bias. Prevalence distributions can shift when
the pre-test probabilities change over time or by center, alike the probability that an individual
presenting with a lesion has an alternative diagnosis compared to CL. Fourth, the microscopic
observations were made by different lab technicians leading possibly to a bias in the results, with
most likely introduction of more false negatives, thereby decreasing the sensitivity of microscopy.
We found heterogeneity in the sensitivity of microscopy by region. Ecuador’s mainland is divided
from north to south by the Andean highlands where, at its heights, CL is rare. CL clusters occur in
the northwestern (Pacific) and the entire eastern (Amazon) region [4]. The probable reservoir,
vector, and infecting Leishmania species differ by these regions. L. guyanensis is the prevalent
species in patients from the Pacific region and a mix of L. guyanensis, L. braziliensis, L. lainsoni, and
L. naiffi species is prevalent in the Amazon [4, 12, 31]. Detailed surveillance data by region are
however not available. Additionally, patient presentation (age, health-seeking delay, and body
location of lesions) and quality of life of CL-suspected patients are region dependent [5, 12].
Patients from the Pacific region were included in the three cantons with Ecuador’s highest burden
of CL (212-464 cases per 10.000 inhabitants). The Amazon patients were included from cantons
with lower CL burden (17-212 cases per 10.000 inhabitants) [4]. The differences in patient
presentation (lower age, shorter health-seeking delay, and more lesions on the head and neck in
the Pacific region) and estimated CL prevalence as found in this study are in agreement with former
publications [32, 33]. However, this is the first publication to reflect on the diagnostic accuracy of
both tests by region. The diagnostic program for leishmaniasis is Ecuador wide with uniform
training procedures for microscopy technicians, as was the training of technicians involved in the
filter paper sampling for this study [6]. Nevertheless, the lower prevalence of leishmaniasis in the
Amazon may have resulted in fewer samples per technician, less experience, and, as a result, a
lower sensitivity of smear slide microscopy [4]. Additional information about the lesions (diameter,
wetness, infected or not) was not collected in this study, which could have helped to explain
differences [34]. The causative Leishmania species, a prolonged period of health-seeking delay,
and/or patient variables such as lesion location and age could all have influenced test performance
[35]. This study’s strength is that it relied on existing diagnostic structures and thus reflects actual
clinical practice. This has the limitation of not allowing us to draw conclusions about the
determinants of test accuracies which should be addressed in future research. Because CL is more
prevalent in the Pacific than in the Amazon, professionals in the Pacific (more experienced) may
have sent fewer non-CL patients for Leishmania testing, resulting in a higher true prevalence. The
differences in NPV depend on both test accuracy and estimated true prevalence and they remained
below 80% in both the Amazon and Pacific, making it impossible to exclude CL after receiving a
negative test from a suspected case.

In this study, we aimed at answering a diagnostic question relevant to the diagnosis of CL where no
good reference standard is available and where there remains a vacuum of functional diagnostic
tools for its diagnosis. The use of the LCA allowed the estimation of the sensitivity and specificity for
gPCR and microscopy in the same data set, therefore estimating the accuracy of the test in use and
the potential alternative or add-on test. By using an LCA we did not assume that microscopy has
perfect sensitivity or specificity. We used priors for the specificity of both tests. While single
microscopy tests can suffer from artifacts being recognized as amastigotes, the results, as in the
current practice, are only positive when the presence of amastigotes is confirmed by the central
laboratory, through second reading.

When compared to several other studies assessing the accuracy of PCR on DNA extracted from
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filter paper, our study found a lower sensitivity and lower positive agreement with microscopy [27,
36]. Our findings, on the other hand, are consistent with a study of >700 Palestinian CL suspects
that found a limited sensitivity of PCR on DNA extracted from filter paper and disagreement with
smear slide microscopy [37]. Such a disagreement may be caused by a number of issues: First,
because amastigotes are distributed unevenly across skin layers, the sample Leishmania DNA
concentration may be affected by the sampling technique [38]. In our study, the sample for
microscopy was obtained by scraping and the sample for qPCR by imprinting the lesion on filter
paper. In other studies, lesion imprints on filter paper followed by PCR have shown better accuracy
in comparison to scrapings followed by microscopy, however, also failed to detect Leishmania DNA
in 8-17% of the proven microscopy positive samples [39-41]. A direct comparison of lesion imprints
and scrapings on filter paper could reveal whether the sampling technique resulted in false
negatives. Second, the sampling site may cause heterogeneity, but in this study, both the filter
paper imprints and scrapings were taken from the lesion’s inner border [42]. Third, the handling
and transport of the filter papers in remote tropical forest areas under uncontrolled conditions may
still have affected the DNA quality. Fourth, when compared to other methods, the in our study used
chelex-based DNA extraction can result in more DNA extracted [43]. This may help detect
Leishmania DNA, but abundant non-Leishmania DNA and contamination may also interfere with
amplification [36, 43]. Chelex has been applied in a limited number of studies to extract DNA from
filter paper for the detection of CL, so an optimization study is recommended. Fifth, the Leishmania
18S qPCR used in this study has been validated in South American CL samples and is expected to
detect the Ecuadorian endemic species [44]. Nonetheless, because the qPCR lacks a reverse
transcriptase step, it does not amplify RNA, which may be more abundant in the samples than DNA.
We recommend that in the future, the qPCR includes a reverse transcriptase step, as described by
van der Meide et al. [28]. Finally, grading of the parasite density of Leishmania positive microscopy
slides might have clarified an association between parasitemia and gPCR false negativity in our
study and is recommended for future studies.

The use of socio-demographic and clinical characteristics and their integration in the diagnostic
pathway has been suggested, given this information is easily available also in very remote regions,
is known on presentation, and does not require costly funding. Assessing the sensitivity and
specificity of these characteristics, however, does not inform us how to interpret a positive or
negative result of a gPCR or microscopy test and make a more informed treatment decision.
Estimating the predictive values and likelihood ratios does allow their use in clinical decision-
making. We showed that the sociodemographic and clinical characteristics as assessed do not
improve the posterior probability to exclude the diagnosis of CL. While, for example, exposure to
the vector, i.e., in Ecuador the sandfly of the subfamily Phlebotominae genus Lutzomyia, has
historically been defined by sex and/or gender, we did not see a difference in the prevalence of CL
cases in males versus females who were tested for CL. As an additional remark, the covariates were
dichotomized, which will result in information loss and might obscure real differences if we had
chosen different cut-offs or had used the continuous variable.

Lessons learned from the results of this study for clinical practice and use of the diagnostic tests
gPCR and microscopy are the following: First, a larger study is necessary to be able to decrease the
uncertainty around the estimates. Second, data on the first microscopy and agreement with the
confirmative reading will provide additional information. Our analysis can only be part of the
general approaches to assess the true accuracy of tests used in the clinical diagnosis of CL. The
addition and inclusion of direct PCR sampling and different sampling procedures can however
optimize the specimen for PCR and its diagnostic yield, as is also the recommended diagnostic
strategy as published in the IDSA guidelines [45]. Using microscopy solely for diagnosis maintains
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the status quo of under ascertainment and thus under treatment of patients with CL.

Conclusions

The accuracy of the diagnostic tests evaluated for the diagnosis of CL is unsatisfactory. Smear slide
microscopy suffers from being insufficiently sensitive and being region dependent while having
good specificity. None of the investigated tests, gPCR nor microscopy alone, has a sufficient
performance to confidently rule out CL in the presenting patients. This leads inevitably to increased
morbidity and a sustained burden of DALY’s related to CL, due to patients who remained without a
diagnosis and therefore untreated. An additional diagnostic test, either microscopy or gPCR, seems
necessary to improve the overall sensitivity of the diagnostic strategy.
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Supporting Information
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S1 Fig. Altitude map of Ecuador with geographic regions and participating health centers (N=16). Black
dots indicate major cities. Red dots indicate participating health center locations in the Pacific region: 1:
Puerto Quito, 2: Pedro Vicente Maldonado, 3: San Miguel de Los Bancos, and in the Amazon region: 4: Tena
Hospital, 5: Paushiyaku, 6: Satelital Tena, 7: Puerto Napo, 8: Misahualli, 9: Chontapunta, 10: Arosemena Tola,
11: Shell hospital, 12: Puyo hospital, 13: Tuutinentza, 14: Ipiak, 15: Wasakentsa, 16: Wachirpas. Copyright:
The image is adapted from Wikipedia by the authors and is available under the Creative Commons CCO 1.0
Universal Public Domain Dedication [46].
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Amastigote
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S2 Fig. Directed acyclic graph (DAG) - Graphical representation of the study question.

The target condition under study is cutaneous leishmaniasis. Amastigotes or their genetic material (DNA) in
the wound under suspicion are the measurands. The tests under evaluation are gPCR on DNA extracted from
filter paper and direct microscopy after staining of a sample taken by wound scraping. The figure represents
a DAG of the study question. We define two latent classes in this accuracy question, being (i) cutaneous
leishmaniasis disease positive and (ii) disease status negative. Covariates potentially associated with a
difference in prevalence of disease were assessed. Geographical region (Amazon versus Pacific region) was
found an important factor. Other covariates were investigated separately by geographical region. Altitude of
infection (500 m cut-off), body location of the lesion (head or neck versus elsewhere), health-seeking delay
(cut-off 4 weeks) and age (younger or older than 20 years old) were only minimally different. Disease was
equally distributed among both sexes.
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S1 Table. Diagnostic accuracy estimates for gPCR and microscopy using latent class analysis using
region pooled data.

Model 32
Sensitivity qPCR 71.6% (58.5;81.3)
Sensitivity Microscopy 67.2% (54.6;77.0)
Difference sensitivity” -4.3 (-12.4;3.8)
Specificity gPCR 97.3% (92.7;99.4)
Specificity Microscopy 99.3 (96.4;100)
Difference specificity” 1.9(-1.4;6.5)
LR+ qPCR 26 (9.5;112)
LR+ Microscopy 98 (19;2624)
LR- gPCR 0.3 (0.2;0.5)
LR- Microscopy 0.3 (0.2;0.4)

LR: likelihood ratio; LR+: positive likelihood ratio; LR-: negative likelihood ratio

ILatent class analysis with two latent classes, using the data of one joint population and informative prior for
specificity microscopy with a beta distribution (99,1) and for specificity gPCR with a beta distribution (97,3).
bDifference between estimate for qPCR and for microscopy in percentage points
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Diagnostic accuracy of gPCR and microscopy for cutaneous leishmaniasis in rural Ecuador...

S1 File. Limit of detection and standard curve of the qPCR reaction.
This file can be accessed with the following link:
https://osf.io/5c6qs/?view_only=83a155666fa2407f88cc00a0253356eb
S2 File. Study data of 320 participants.

This file can be accessed with the following link:
https://osf.io/5c6qs/?view_only=83a155666fa2407f88cc00a0253356eb
S3 File. STARD BLCM checklist.

This file can be accessed with the following link:
https://osf.io/5c6qs/?view_only=83a155666fa2407f88cc00a0253356eb
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Chapter 4

Abstract

Background

Mucosal Leishmaniasis (ML), a neglected tropical disease caused by Leishmania parasites, impairs
the quality of life of under-resourced populations in South America. If not treated promptly, this
disease progresses to facial deformities and death. The low sensitivity of microscopy results and the
unavailability of other accurate tests hamper the diagnosis. As clinical criteria are readily available
in any setting, these may be combined in a syndromic algorithm, which in turn can be used as a
diagnostic tool. We explore potential clinical criteria for a syndromic diagnostic algorithm for ML in
rural healthcare settings in South America.

Methodology / Principal findings

The protocol for this systematic review was pre-registered in PROSPERO with the number:
CRD42017074148. In patients with ML, described in case series identified through a systematic
retrieval process, we explored the cumulative ML detection rates of clinical criteria. Participants: all
patients with active mucosal disease from an endemic area in South America. Any original, non-
treatment study was eligible, and case reports were excluded. PUBMED, EMBASE, Web of Science,
SCIELO, and LILACS databases were searched without restrictions. The risk of bias was assessed
with the JBI checklist for case series. We included 10 full texts describing 192 ML patients. Male
gender had the highest detection rate (88%), followed by ulcer of the nasal mucosa (77%), age >15
(69%), and symptom duration >4 months (63%).

Significance

Within this selection of patients, we found that the male gender, ulcer of the nasal mucosa, age
>15, and symptom duration >4 months lead to the highest detection rates. However, higher
detection comes -naturally- with a higher rate of false positives as well. As we only included ML
patients, this could not be verified. Therefore, the criteria that we found to be most promising
should be validated in a well-designed prospective study.
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Author Summary

Mucosal leishmaniasis, a disease caused by Leishmania parasites, is transmitted from animals to
humans by sandflies. It is a forgotten disease that affects under-resourced populations in South
America. Without treatment, this disease mutilates the face and can even be fatal. Diagnosing
mucosal leishmaniasis is challenging. The only available testing in rural areas is the use of either a
lesion smear or biopsy for light microscopy, however, this is unreliable. Many patients suffer for
years before receiving treatment. Syndromic algorithms use patient characteristics, such as age,
gender, and symptoms to identify patients for treatment. This method has been promoted to
manage infectious diseases, such as tuberculosis and sexually transmitted diseases, in low resource
settings. We explore clinical criteria for a new algorithm to diagnose mucosal leishmaniasis in
patients described in the medical literature. We searched the literature for reports written in any
language and identified 10 studies describing 192 patients with mucosal leishmaniasis. We found
that male gender, ulcer of the nasal mucosa, age >15, and symptom duration >4 months lead to
acceptable detection rates. Therefore, diagnostic algorithms might improve the detection of
patients with mucosal leishmaniasis but need prospective studies in clinical practice to prove their
true potential.

Keywords

Systematic review, Mucosal Leishmaniasis, Diagnosis, Diagnostic algorithm, Histopathology, Smear
slide, sensitivity, Resource limited settings, Clinical characteristics
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Introduction

Background

Mucosal leishmaniasis (ML), a disease caused by the Leishmania parasites, is a Neglected Tropical
Disease (NTD) that affects under-resourced populations mainly in remote, rural areas of the South
American continent [1, 2]. In most cases, ML is caused by Leishmania braziliensis and, less
commonly by L. guyanensis, L. panamensis, or L. amazonensis. The parasites are transmitted
through the bite of an infected female sandfly (genus Lutzomyia). Following a bite, most patients
develop cutaneous ulcers or nodules, referred to as cutaneous leishmaniasis (CL). ML can develop
simultaneously with CL or start months to decades after a healed skin lesion. ML is caused by the
dissemination of parasites to the oral, nasal, pharyngeal, and laryngeal mucosa. However, not all
new ML patients report a history of CL [3, 4]. Unfortunately, the spontaneous cure of ML is rare.
Furthermore, if untreated, ML may progress to nasal septum perforation and destruction, severe
facial deformities, airway obstruction, and ultimately, death [5-7]. Antimonials and amphotericin-B
are the recommended treatments for ML but both are associated with severe side effects and have
to be injected [8-10]. Miltefosine is an expensive systemic agent for oral administration, but has
limited efficacy, potentially severe side effects, and is not universally available [9, 11]. Therefore,
accurate diagnosis is essential to justify ML treatment. However, diagnosing ML is challenging on
clinical grounds alone, as there is a significant number of differential diagnoses such as common
rhinitis, chronic sinusitis, banal nasal septum perforation, midline lymphoma,
paracoccidioidomycosis, tuberculosis, rhinosporidiosis, nasal scleroma, Wegener’s granulomatosis,
histoplasmosis, sporotrichosis, Hansen’s disease, squamous cell carcinoma, and chronic nasal
cocaine use, among others [12, 13]. Given the significant harms of not treating ML, a high index of
suspicion is warranted in all patients from endemic areas with chronic nasal, oropharyngeal, or
laryngeal symptoms. Additionally, serology and the Montenegro skin test can indirectly support the
diagnosis of ML, but these are neither sensitive nor specific and often unavailable in rural settings
[2, 6, 14, 15]. Therefore, mucosal tissue smear slide or histopathology is recommended for a more
precise diagnosis. However, the diagnostic accuracy of both these testing methods is extremely
variable but usually low, even when performed in specialized centers, due to the paucity of
amastigotes in the mucosal tissue [7, 16, 17]. In addition, even molecular diagnostics, such as
polymerase chain reaction techniques, fail to confirm the diagnosis in more than a quarter of
patients and are usually unavailable in resource-limited endemic areas [18, 19].

Syndromic algorithms for the diagnosis of infectious diseases have shown effectivity, and are often
the only option in resource-limited settings [20-22]. To the best of our knowledge, little evidence
exists on the application of syndromic algorithms for ML diagnosis. However, it could increase
access to therapy in resource-limited populations. This study explores clinical criteria for syndromic
ML diagnosis in low-resource settings in South America. Before designing a prospective diagnostic
accuracy study to evaluate a syndromic algorithm, we planned to assess the accuracy of a
syndromic algorithm in the existing literature. However, this requires meticulous reporting of
patient characteristics and test results, as done in case series and diagnostic accuracy studies
(containing patients with and without ML). As no diagnostic accuracy studies of any syndromic
algorithm for ML diagnosis were available, we aimed to investigate the ML detection rates of
predefined clinical characteristics and test results. Hereto, case series of ML patients were retrieved
through a systematic literature review and the presence of predefined characteristics and test
results in these case series were recorded.
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Objective
Objective: To explore the ML detection rates of clinical criteria in participants from endemic areas
in South America.

Methods

Protocol

The protocol for this systematic review was pre-registered on August 10, 2017, in the PROSPERO
International prospective register of systematic reviews with registration number:
CRD42017074148, 2017 [23] and is available from;
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42017074148. This systematic
review followed the Preferred Reporting Items for a Systematic Review and Meta-analysis (PRISMA)
guideline [24].

General study eligibility criteria

Study eligibility criteria for inclusion in this systematic review are described in Table 1. Case series
were included without date or language limitations. Treatment studies and studies reporting on less
than five ML patients were excluded to avoid selection bias.

Table 1. General study eligibility criteria for inclusion in this systematic review.

Inclusion criteria

1. Case series with any publication date or language

2. Report on patients with a history of a stay in an ML epidemic area of South America
3. Report on patients with active nose, throat, or oral disease (e.g. obstruction, hyperemia, erosion,
ulceration, or granulomatous lesions)

4. Present clinical information at individual patient level.

Exclusion criteria:

1. Narrative reviews

2. Studies reporting on <5 ML patients

3. Treatment studies

4. Duplicate publication on the same individual patient or patient group

5. Patients without a history of a visit to South America

ML: Mucosal Leishmaniasis

General study identification

PUBMED, EMBASE, Web of Science, SCIELO, and LILACS databases were searched without
restrictions, with the last search on the 14™ of April 2022. The following search string was applied In
PUBMED: "human AND (mucocutan®* OR mucos* OR mucous OR tegument* OR nasal) AND
(leishmanias* OR leishmanios*)". The annotation of the search string was adjusted for each
literature database. In addition, reference lists of studies included for full-text analysis were
searched for additional papers.

79



Chapter 4

Study selection

Title and abstract screening were performed using the Rayyan QCR software [25]. Full texts of
included studies were either retrieved electronically or requested manually by the medical library
of the University of Amsterdam. Full texts were assessed using a predefined checklist (S1 Table) and
included if they matched the eligibility criteria (Table 1). Each step of the study selection was done
independently by JB and either KM or CN. Differences were resolved through consensus, or with
help of HdV or HS.

General data collection

All steps in data collection were individually performed by JB and either KM or CN. Disputes were
resolved through consensus. Using a pre-defined form, the following information was extracted
from individual patients in the included papers: identifiers of the patient, presence of concomitant
CL, diagnostic method(s) used, HIV status, other concomitant ilinesses, results of histopathology,
and smear slide microscopy (both defined as positive exclusively in case of amastigote
visualization), causing Leishmania species, medications used before diagnosis, stage of disease
according to Lessa et al. [6], presenting symptoms; epistaxis, dysphagia or odynophagia, voice
changes, CL-scar, ulceration of the nasal mucosa, nasal deformation, oropharyngeal lesions, and
symptom duration.

Risk of bias assessment

Risk of bias assessment was done with the JBI checklist for case series [26]. Because this study
retrieved data at the individual patient level, the question on the appropriateness of the statistical
analysis was obviated from the JBI checklist. The following question was added to assess the
possible risk of bias through the inclusion of a specific patient population: "Did the case series avoid
exclusion based on clinical characteristics?’. Risk of bias assessment was individually performed by
JB and KM. Disputes were resolved through discussion.

Data analysis

All included studies were investigated for 12 predefined binary clinical criteria that are frequently
mentioned in the literature and are easily available in clinical practice in rural settings, as our
ultimate goal is to develop an algorithm for syndromic management (See Table 2). Cumulative
detection rates were calculated per patient with Microsoft Excel 2018 software [27]. For cumulative
detection rate calculation, the criteria were arranged from the highest absolute number of patients
positive to the lowest. Non-reported criteria were interpreted as negative. Cumulative detection
rates were calculated separately for males and females to avoid gender-based selection of patients
by a diagnostic algorithm. Because of the low quality of the included studies and the exploratory
nature of this paper, a meta-analysis was not done.

80



Clinical criteria for Mucosal Leishmaniasis diagnosis in rural South America: a systematic...

Table 2. Twelve rurally available clinical criteria assessed for diagnostic accuracy in this study.

Criterion

Reason

Male

Age >15 years

Symptom duration >4 months
Ulcer of the nasal mucosa
Epistaxis

Oropharyngeal lesion
Dysphagia or odynophagia
Nasal deformation

CL scar

Concomitant CL
Histopathology

Smear slide microscopy

Risk factor for ML [28]

Risk factor for ML [28, 29]
Differentiation from acute viral syndromes [30]
Present from stage 2 of the disease [6]
Present from stage 2 of the disease [6]
Worse prognosis of the disease[31]
Sign of severe disease [6]

Sign of severe disease [6]

Risk factor for ML [4, 7]

Risk factor for ML [4, 32]

Current confirmative test [33]

Current confirmative test [14]

Results

Study selection and data obtained

After the removal of duplicates, 4377 reports were retrieved through the searches in different
databases. Of these, 10 were included that reported on a total of 192 ML patients [5, 6, 16, 34-40].
160 full texts were excluded because they reported on less than five ML patients and seven because
they presented no data at the individual patient level. The reasons for full text exclusions are

summarized in Fig 1.
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Eligibility Screening Identification

Inclusion

[

Number of studies identified through database
searching PUBMED: 2373, EMBASE: 2671, Web

Number of additional studies identified through:
contact with experts (n = 1), search of references:

of science: 797, SCIELO: 168, LILACS: 1076 (n=3)
lr 2
Number of identified studies (n = 7089) > Number of duplicates removed: (n =2712)
v
Number screened: (n = 4377) &, Number of studies excluded during title and abstract
> screening: (n = 4077)
v
Number of studies included for full text analysis: .| Number of studies excluded during full text analysis
(n=300) - with reasons (total = 290) :
e Narrative reviews (n = 3)
e  Full text could not be retrieved (n = 29)
e Double publication on patient data (n = 16)
e No ML patients described (n = 39)
e Lessthan 5 ML patients (n = 160)
e No individual patient data (n=7)
e No travel to South America (n = 23)
e No active mucosal disease (n=13)
v

Number of studies included in the systematic
review: (n=10)

Fig 1. PRISMA literature assessment flow diagram.

General study characteristics

This review included 10 case series that were all published between 1968 and 2019. Most studies
reported on patients diagnosed in Brazil (n = 6), followed by Peru (n = 2). The median number of
reported ML cases per publication was 13, ranging from 5 to 50. Most patients were diagnosed with
several methods, including PCR, Montenegro skin test, culture, and histopathology. L. braziliensis
was reported as the most common species in ML lesions. However, the species was unknown in

two (20%) of the included studies (Table 3 and S1 Table).
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Table 3. Characteristics of the 10 case series reporting on 192 ML patients included in the
systematic review.

Study characteristic

Year published (median, range) 2007 1968-2019
Number of ML patients (median, range) 13 5-50
Country of diagnosis Number of  Number of
studies patients (%)
Brazil 6 101 (53)
Peru 2 73 (38)
Ecuador 1 13(7)
United Kingdom 1 5(3)
Diagnostic method for inclusion in study?®
PCR 7 64 (33)
Montenegro skin test 8 115 (60)
Culture 4 22 (11)
Histopathology 9 51 (27)
Serology 3 27 (14)
Smear slide microscopy 1 13(7)
Cure with antimonial treatment 2 6(3)
Reported causative Leishmania species®
L. braziliensis 8 70 (36)
L. amazonensis 2 6(3)
L. viannia complex 2 12 (6)
Unknown 2 104 (54)

2The majority of studies applied several diagnostic methods to every patient
bSeveral studies reported mixed causative species and the species was unknown in a part of the
patients.

Risk of bias assessment

Assessment of the risk of bias in the 10 case series included in this systematic review, using the
modified JBI checklist for case series, revealed a high risk of bias in all the included studies. Six
studies lacked clear inclusion criteria and three studies included patients on the basis of clinical
characteristics: Boaventura et al. included patients if they had concomitant CL and Falcao et al. and
Motta et al. included patients if they had oral lesions. Four studies did not describe ML diagnostic
methods clearly. Six studies applied indirect methods (skin test, serology, or cure on antimonial
treatment) for ML diagnosis. Only two studies included patients consecutively and completely.
Patient demographics (age, gender, and duration of symptoms) were unclearly described by one
study. No study reported completely on the clinical criteria explored for ML detection rates. Follow-
up was unclear in two studies and demographic data of the study site was unclear in three. Results
of the risk of bias assessment are summarized in Fig 2.
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Findings

All of the study participants’ genders were known, with 88% of them being male. Information was
incomplete for the other criteria. The male gender resulted in the highest number of patients
positive, followed by ulcer of the nasal mucosa, age >15, and symptom duration >4 months. Results
of histopathology and smear slide microscopy were unknown for the majority of patients and were
positive in 55 and 41% of reported patients respectively (Table 4).

Table 4. Arrangement of the clinical criteria from the highest absolute number of patients
positive to the lowest.

Reportedin N N positive (% of Detection

Nr.  Criterion patients (%) reported) rate
1 Male 192 (100) 168 (88) 0,88

2 Ulcer of the nasal mucosa 159 (83) 147 (92) 0,77

3 Age>15 141 (73) 133 (94) 0,69

4 Symptom duration >4 months 148 (77) 121 (82) 0,63

5 Oropharyngeal lesion 155 (81) 88 (57) 0,46

6 Epistaxis 63 (33) 58 (92) 0,30

7 Histopathology 93 (48) 51 (55) 0,27

8 Dysphagia or odynophagia 42 (22) 40 (95) 0,21

9 CLscar 57 (30) 36 (63) 0,19

10 Concomitant CL 68 (35) 31 (46) 0,16
11 Nasal deformation 86 (45) 30 (34) 0,16
12 Smear slide microscopy 32(17) 13 (41) 0,07

N = Number

The cumulative detection rates of clinical criteria for males and females are shown in Tables 5 and
6. Two or more positives out of the three criteria "ulcer of the nasal mucosa’, “age >15’, and
‘symptom duration >4 months’ had a cumulative detection rate of 84% in males and 79% in
females. Three or more positives out of the six criteria "ulcer of the nasal mucosa’, ‘age >15,
‘symptom duration >4 months’, ‘oropharyngeal lesion’, “epistaxis’, and "histopathology positive’
had a cumulative detection rate of 75% in males and 54% in females.
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Table 5. Cumulative detection rates of clinical criteria in 168 male Mucosal Leishmaniasis (ML)
patients.

Nr. Criterion Cumulative detection rates at individual patient level
Cut-off score 21 22 23 24

2 Ulcer of the nasal mucosa (%) 139 (83) 0(0) 0(0) 0(0)
3 Age>15 (%) 160 (95) 80 (48) 0(0) 0(0)
4 Symptom duration >4 months (%) 168 (100) 141 (84) 42 (25) 0(0)
5 Oropharyngeal lesion (%) 168 (100) 162 (96) 88 (52) 14 (8)
6  Epistaxis (%) 168 (100) 163 (97) 104 (62) 40 (24)
7  Histopathology positive (%) 168 (100) 163 (97) 126 (75) 60 (36)
8 Dysphagia or odynophagia (%) 168 (100) 163 (97) 130 (77) 75 (45)
9  Cl-scar (%) 168 (100) 164 (98) 144 (86) 82 (49)
10 Concomitant CL (%) 168 (100) 165 (98) 148 (88) 88 (52)
11 Nasal deformation (%) 168 (100) 165 (98) 153 (91) 99 (59)
12 Smear slide microscopy positive (%) 168 (100) 165 (98) 153 (91) 102 (61)

Table 6. Cumulative detection rates of clinical criteria in 24 female Mucosal Leishmaniasis (ML)
patients.

Nr. Criterion Cumulative detection rates at individual patient level

Cut-off score 21 22 23 24
2 Ulcer of the nasal mucosa (%) 18 (75) 0(0) 0(0) 0(0)
3 Age>15 (%) 24 (100) 16 (67) 0(0) 0(0)
4 Symptom duration >4 months (%) 24 (100) 19 (79) 7 (29) 0(0)
5 Oropharyngeal lesion (%) 24 (100) 22 (92) 8(33) 3(13)
6 Epistaxis (%) 24 (100) 23 (96) 9 (38) 6 (25)
7  Histopathology positive (%) 24 (100) 23 (96) 13 (54) 6(25)
8 Dysphagia or odynophagia (%) 24 (100) 23 (96) 14 (58) 7 (29)
9  Cl-scar (%) 24 (100) 23 (96) 18 (75) 7(29)
10 Concomitant CL (%) 24 (100) 23 (96) 20 (83) 11 (46)
11 Nasal deformation (%) 24 (100) 23 (96) 20 (83) 11 (46)
12 Smear slide microscopy positive (%) 24 (100) 23 (96) 20 (83) 11 (46)

Discussion

The objective of this study was to explore the ML detection rates of clinical criteria combinations. In
our systematic review, we included 10 case series reporting on more than 190 ML patients in South
America.

Our main finding is the acceptable ML detection rate of clinical criteria and promising combinations
for ML diagnostic algorithms. As accurate reference tests are often unavailable in lower resource
settings, such as many centers in South America [14, 15], algorithms for syndromic diagnosis for ML
would be highly desirable to select patients for the, often toxic, treatment.

Adverse effects, such as musculoskeletal pain and gastrointestinal disturbances, are very common
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after administration of antimonials and severe complications such as arrhythmias, leucopenia,
hepatitis, and pancreatitis occur in up to 14% of treated patients. Occasionally, even deaths are
reported from patients under antimonial treatment [8]. To avoid drug toxicities in patients who do
not have ML, it is at least as important to know the proportion of false positive results as the
proportion of true positives. However, the proportion of false positives (one minus the specificity)
requires a study sample including participants without ML and these were not included in this
study. Therefore, we have no estimates of the specificity of clinical criteria combinations and we
cannot rule out that the proportion of false positive results of syndromic algorithms may be too
high.

The absence of an established universal reference test for ML diagnosis limits the current study. We
included ML patients diagnosed with any of the currently applied tests in South America, including
the Montenegro skin test, serology, and cure with antimonial treatment. This results in the possible
inclusion of non-ML patients in this study and the overestimation of detection rates.

Risk of bias evaluation revealed significant flaws in all the studies leading to a high risk of bias. The
incomplete reporting of clinical criteria limits this study and leads to a possible underestimation of
the detection rates as non-reported criteria were interpreted as negative. The selection of
concomitant CL or oral ML patients by three studies possibly leads to an overestimation of the
detection rates of concomitant CL and oropharyngeal lesions.

Former studies have reported that the male gender is a risk factor for leishmaniasis in its cutaneous
(CL), mucosal (ML), and visceral expressions [28, 41]. The underlying processes could be sex-specific
biological, differences in vector exposure, variances in health-seeking behavior, and marginalization
of female patients in health care and publications [42-44]. Therefore, it is not unexpected that the
majority of the patients in this study are men. As the methodological quality of the included studies
is low, we cannot exclude that the gender difference was at least partially caused by biased patient
inclusion or publication. That also applies to the criterion ‘age >15’. We emphasize that the clinical
criteria combinations shown in this paper have to be adapted according to the results of a well-
designed prospective study (including non-ML patients) that should avoid the exclusion of patients
based on gender, age, ethnicity, and other personal identifiers and include an evaluation of health-
seeking behavior in its protocol.

The ML detection rates of clinical criteria combinations explored in this review reached levels
comparable to the performance of the Montenegro skin test [7, 45]. Their application would be
rapid, cheap, and feasible in any rural clinical setting located in endemic regions and thus of
potential clinical value.

Conclusion

We present an exploration of the detection rates of clinical criteria in 192 ML patients reported in
case series. Within this selection of patients, we found that male gender, ulcer of the nasal mucosa,
age >15, and symptom duration >4 months lead to the highest detection rates. They could improve
diagnosis and hence prompt treatment of ML in vulnerable groups in resource-limited settings
where diagnostic confirmation cannot be obtained. Therefore, the criteria that we found to be
most promising, should be validated in a well-designed prospective study.
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Abstract

Cutaneous and mucocutaneous leishmaniasis affect a million people yearly, leading to skin lesions
and potentially disfiguring mucosal disease. Current treatments can have severe side effects.
Allylamine drugs, like terbinafine, are safe, including during pregnancy. This review assesses efficacy
and safety of allylamines for the treatment of cutaneous and mucocutaneous leishmaniasis. It
followed the PRISMA statement for reporting and was preregistered in
PROSPERO(CRD4201809068). MEDLINE, EMBASE, the Cochrane Central Register of Controlled
Trials, the Global Health Library, Web of Science, Google Scholar, and clinical trial registers were
searched from their creation to May 24th, 2020. All original human, animal, and in vitro studies
concerning allylamines and cutaneous or mucocutaneous leishmaniasis were eligible for inclusion.
Comparators — if any — included both placebo or alternative cutaneous or mucocutaneous
leishmaniasis treatments. Complete cure, growth inhibition, or adverse events served as outcomes.
The search identified 312 publications, of which 22 were included in this systematic review. There
were one uncontrolled and two randomised controlled trials. The only well-designed randomised
controlled trial that compared the treatment efficacy of oral terbinafine versus intramuscular
meglumine antimoniate in 80 Leismania tropica infected patients showed a non-significant lower
cure rate for terbinafine vs meglumine antimoniate (38% vs 53%). A meta-analysis could not be
performed due to the small number of studies, their heterogeneity, and low quality. This systematic
review shows that there is no evidence of efficacy of allylamine monotherapy against cutaneous
and mucocutaneous leishmaniasis. Further trials of allylamines should be carefully considered as
the outcomes of an adequately designed trial were disappointing and in vitro studies indicate
minimal effective concentrations that are not achieved in the skin during standard doses. However,
the in vitro synergistic effects of allylamines combined with triazole drugs warrant further
exploration.

Keywords

Systematic review, Tegumentary leishmaniasis, Cutaneous leishmaniasis, Mucocutaneous
leishmaniasis, Human, Animal, In vitro, Allylamine, Terbinafine, Butenafine, Naftifine, Treatment,
Oral, Topical
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Introduction

Cutaneous leishmaniasis (CL) and mucocutaneous leishmaniasis (MCL), classified by the World
Health Organization (WHO) as emerging neglected diseases, affect more than one million people
yearly [1, 2]. CL manifests as skin lesions and MCL as potentially disfiguring mucosal disease of the
nose, mouth, and larynx [3]. At least 20 different Leishmania parasite species can cause CL and MCL
with differing clinical manifestations and responses to treatment [4]. Depending on the infecting
Leishmania species, multiple treatment options are available but pentavalent antimonials (e.g.,
sodium stibogluconate and meglumine antimoniate) are still the most frequently used for American
CL and MCL [5] and frequently used for old world leishmaniasis [6]. Yet, antimonial therapy is
painful and requires multiple intralesional, intravenous, or intramuscular injections up to 30 days
[5, 6]. Miltefosine, the oral alternative for systemic CL and MCL therapy, is not widely available and
very expensive, limiting its use in clinical practice [7]. Moreover, pentavalent antimonials can result
in hepatotoxicity, renal insufficiency, pancreatitis, cardiac arrest, and other serious side effects and
there is no safe alternative systemic drug for use in pregnant women [8, 9]. Furthermore,
depending on the region and species, poor treatment responses exist for pentavalent antimonials
and miltefosine [10]. Consequently, there is a pressing need to identify alternative oral, safe,
available, affordable, and efficacious treatment options for CL and MCL.

Thirty years ago, Goad et al., reported an inhibitory effect of terbinafine on cultured promastigotes
of the Leishmania mexicana complex species [11]. Terbinafine is a member of the allylamine drug
group, together with butenafine and naftifine.

Allylamines inhibit squalene-2,3-epoxidase causing accumulation of squalene and depletion of
sterols in Leishmania amastigotes, resulting in growth inhibition and parasite death [12].
Terbinafine is used as a first line oral treatment for fungal infections and is the preferred systemic
treatment for toenail infections in elderly people for safety reasons. Because of its use as
antifungal, terbinafine is widely available in pharmacies all over the world at reasonable prices in
oral and topical formulations [13].Terbinafine might be a safe systemic option in pregnancy, as no
teratogenic side effects have been described [14, 15].

Since allylamines might be an attractive alternative CL and MCL treatment option, a systematic
literature review was performed to assess the efficacy and safety of allylamines in CL and MCL
treatment and to define priorities for future investigations. All original human, animal, and in vitro
studies concerning allylamines and CL or MCL were eligible for inclusion. Comparators — if any —
included both placebo or alternative CL and ML treatments. Cure rate in humans, change in lesion
diameter in animals, promastigote and amastigote viability and growth, and adverse events served
as outcome.

Methods

Search strategy

This systematic review, registered in PROSPERO (registration number CRD42018090687, 2018) and
available at: https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=90687, followed
the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines [16].
A medical information specialist (JL) searched the following electronic databases for studies on
leishmaniasis and allylamines, using controlled terms and text words, from their creation to May
24th, 2020: MEDLINE (OVID), EMBASE (OVID), the Cochrane Central Register of Controlled Trials
(CENTRAL), The Global Health Library, Web of Science, Google Scholar (1st 150 hits) and the clinical
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trial registers, ClinicalTrials.gov and WHO_ICTRP. No language, date or other restrictions were
applied. The complete search strategies are presented in the S1 File. Reference lists and the citing
articles of the identified relevant papers were cross-checked in Web of Science for additional
relevant studies. The records retrieved were imported and de-duplicated in EndNote.

Study eligibility

All original human, animal, and in vitro studies were eligible if they examined the effects of systemic
or topical allylamines with the following endpoints: cure rate in humans, skin lesion diameter in
animals and promastigote or amastigote in vitro growth or viability in the laboratory. The presence
of Leishmania parasites had to be confirmed in the study by either microscopy, culture, or
molecular techniques. If one Leishmania species was known to cause >90% of the CL or ML cases in
the study area in human studies, this species might be assumed as the causative species in all
patients.

Study selection

JB and JvdE independently screened the identified studies using EndNote and resolved differences
through discussion or consultation with a third reviewer (HS). Studies included during title and
abstract screening were subsequently assessed as full text. Authors of conference abstracts were
contacted to request unpublished data. If the full report was written in another language than
English, Spanish, German, Dutch, French, or Portuguese authors were requested to provide a
translation.

Data extraction

The following data from all included studies were entered in Excel: study setting, study population,
probable Leishmania species, allylamine studied and treatment combinations. From human studies
the following information was recorded: age, gender, lesion type and duration, drug presentation,
treatment scheme, cure rates, adverse events, and information for assessment of risk of bias. Cure
rates were calculated according to intention to treat analysis and cure was defined as complete
epithelialization of ulcers or decrease in induration size > 75% of nodules at last available follow up.
From animal studies the following information was recorded: age, gender, lesion type and duration,
drug presentation, treatment scheme, effect on lesion diameter, adverse events, and information
for assessment of risk of bias. From in vitro studies the following information was recorded: drug
concentrations, promastigote or amastigote growth or viability, and culture cytotoxicity. JB and
JvdE extracted data in duplicate and resolved differences through discussion.

Risk of bias assessment

JB and JvdE independently assessed the quality of the clinical trials and resolved differences
through discussion. Randomised controlled trials were assessed using the revised Cochrane
collaborations tool (RoB2) and non-randomised controlled trials with the Cochrane tool for non-
randomised controlled trials (ROBINS-1) [17, 18]. Animal studies were assessed with the SYRCLE's
risk of bias assessment tool [19]. In vitro studies were assessed with the tool developed by the
United States national toxicology program [20]. Results of risk of bias assessments were visualized
using the Cochrane risk-of-bias visualization tool [17].
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Results

Studies included

The literature search identified 312 manuscripts of which 75 were included for full text assessment

after screening of titles and abstract. After full text examination, 22 studies were included. Major
reasons for exclusion were: “different topic” and “textbook or review’. The data of two conference
abstracts, could not be retrieved by contacting the authors [21, 22], and were therefore excluded
from the study. The authors of a study presented in Chinese and another study in Farsi could not

provide the data or the English translation of the report and these studies were therefore excluded

[23, 24] (Fig 1).
)
c Records identified through database Additional records identified through
o searching: other sources:
© (MEDLINE:43, EMBASE: 146, CENTRAL 4, (Reference lists: 2)
;f—_’ GLOBAL HEALTH LIBRARY:8, WEB OF
'-g SCIENCE:50, GOOGLE SCHOLAR:150,
§ ICTRP:2)
—
)
=)}
£
g Records screened Records excluded
o (n=312) (n=237)
Q
n
—
'
y
>
= Full-text articles assessed Full-text articles excluded, with
o) for eligibility reasons:
=) (n=75)
w Data not available (n = 2)
Translation not available (n = 2)
\ J Other subject (n = 17)
Textbooks and reviews (n= 29)
Duplicate (n=3)
K Studies included in
= qualitative synthesis
© (n=22)
=
—

Fig 1. PRISMA literature assessment flow diagram.

Characteristics of the included human trials (n = 3) [25-27], mice studies (n = 2) [28, 29], and
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amastigote and promastigote studies (n = 12) [11, 30-40] are presented in Tables 1 and 2. The case
reports (n = 5) [41-45] are presented in S1 Table.

Table 1. Characteristics of human and mice trials reporting treatment of cutaneous leishmaniasis

with terbinafine

First Author Farajzadeh [25] Farajzadeh [26] Bahamdan [27] Zakai [28] Sampaio [29]
Year 2015 2016 1997 2000 2003
. . . . . tropica . .
Leishmania species tropica tropica major amazonensis
Number of participants 40 44 27 20 15
Number of controls 40 44 NA 40 29
Presentation systemic topical systemic systemic systemic
Combination cryotherapy megluml.ne NA NA NA
antimoniate
Dose / day 125-500mg 32,25-75.5mg 500mg 0,2mg 100mg/kg
Days treated 28 20 28 28 20
meglumine meglumine
Control 1 treatment antimoniate + antimoniate + NA untreated placebo
cryotherapy placebo
Control 2 treatment NA NA NA Itraconazole sqdmm
stibogluconate
Mean Lesion diameter NA NA NA 5 35b
(mm)
C?ntrol 1 mean lesion NA NA NA 7 36
diameter
Cf)ntrol 2 mean lesion NA NA NA 1 28
diameter
Cure rate® 0,38 0,14 0,15 NA NA
Control cure rate? 0,53 0,20 NA NA NA
Adverse event rate none none none none none

NA: Not Applicable

2 Defined as complete epithelialization of ulcers or decrease in induration size > 75% of nodules at last
available follow up and calculated according to intention to treat analysis
® ho significant difference with untreated controls
¢ significant difference with untreated controls
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Risk of bias assessment

Two randomised controlled clinical trials [25, 26], a one arm non randomised trial [27], and two
animal trials [28, 29] were assessed for risk of bias. Farajzadehs randomised controlled trial in 2015
had an acceptable risk of bias [25]. The study of Farajzadeh from 2016 lost 73% of patients to follow
up [26] and Bahamdans study had severe deviations from intended interventions and 48% loss to
follow up [27], leading to an overall judgement of high risk of bias for both. The two mice studies
suffered from high risk of bias in various domains including allocation concealment and blinding of
outcome assessment [28, 29]. The 12 in vitro studies presented minor methodological risks of bias
(Figs 2-5).

Risk of bias domains

®@ © 0o &
® 0 & o

Study

® O
® | O

Domains: Judgement

D1: Bias arising from the randomization process. .

D2: Bias due to deviations from intended intervention. . High

D3: Bias due to missing outcome data. 2\ Some concerns
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result. . Low

Fig 2. Risk of Bias assessment of randomised controlled trials. The Revised Cochrane risk-of-bias
tool for randomised trials (RoB2) was applied for the evaluation.

Risk of bias domains

%

=]

»
Domains: Judgement
D1: Bias due to confounding. »
D2: Bias due to selection of participants. . Critical
D3: Bias in classification of interventions. . Serious
D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data. - Moderate
D6: Bias in measurement of outcomes. . Low

D7: Bias in selection of the reported result.

Fig 3. Risk of Bias assessment of a non-randomised study in humans. The Risk Of Bias In Non-
randomised Studies — of Interventions (ROBINS-I) assessment tool was applied for the evaluation.
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Risk of bias domains

SYex ex x xe i

000000000 ®e

Study

D1: Sequence generation Judgement
D2: Baseline characteristics )

D3: Allocation concealment . High
D4: Random housing - Unclear
D5: Blinding of caregivers

D6: Random outcome assesment . Low

D7: Blinding of outcome assessment
D8: Incomplete outcome data

D9: Selective outcome reporting
D10: Other bias

Fig 4. Risk of Bias assessment of animal trials. SYRCLE’s risk-of-bias tool for animal studies was
applied for the evaluation.
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Risk of bias

Study

L O JON I O L
00000000000
00000 OOOOO®S®
Ol JIOX JON X HOION X JI
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0/10]0] 010000/ 0000,

D1: Same experimental conditions Judgement

D2: Blinding during study

D3: Incomplete data = Moderate

D4: Exposure characterization . Fow

D5: Outcome assessment

D6: Reporting @ No information
D7: Other

Fig 5. Risk of Bias assessment of in vitro studies. The risk-of-bias tool to address in vitro studies
developed by the United States national toxicology program was applied for the evaluation.

It was not possible to perform a meta-analysis of the study outcomes, due to the small number of
studies, their heterogeneity and low quality.

Efficacy of terbinafine on L. tropica human infections and adverse events

The clinical trial of Farajzadeh 2015 [25] included 80 L. tropica infected patients randomised
between two different treatment groups: 1) oral terbinafine 125-500mg (weight dependent) daily
during four weeks, combined with cryotherapy every two weeks (n = 40) and 2) meglumine
antimoniate 15mg/kg/day for three weeks combined with cryotherapy every two weeks (n = 40).
Complete follow up was achieved for all patients at three months. Contrary to the hazard ratios
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presented by Farajzadeh, in this review the endpoint was the complete cure rate. In the terbinafine
arm 15/40 (38%) patients were cured and in the meglumine antimoniate arm 21/40 (53%) cases
were cured, a difference that was not statistically significant in Kaplan Meier analysis (p = 0,39).
None of the in vivo studies reported adverse events [25-29].

Species specific effectivity of allylamine treatments

Growth inhibition of terbinafine in promastigote in vitro studies was reported for the L. major, L.
tropica, L. mexicana, L. braziliensis, and L. guyanensis complexes. An interspecies comparison in
promastigote cultures with terbinafine 27uM showed higher inhibition levels in old world (L. major,
L. tropica, and L. aethiopica) species (Table 3).

Table 3. Overview of clinical and in vitro Leishmania species specific results of terbinafine in
cutaneous leishmaniasis

Growth Cure
inhibition in rate in
Leishmania Leishmania promastigotes Effective dosesin Effective dosesin clinical
Complex Species at 27uM promastigotes amastigotes study?®
major major 52-90% IC50: 6uM ED50: 31uM NA
tropica tropica 92-93% MIC: 1373uM NA 38%
aethiopica 90% NA NA NA
no inhibition /
mexicana  mexicana 26% MIC: 15-34uM NA NA
IC50: 4-9uM /  1C50: 23uM / MIC:
amazonensis 74% MIC: 1uM 0,001puM® NA
braziliensis  braziliensis 72% MIC: 1-5pM NA NA
guyanensis guyanensis 49% NA NA NA
panamanensis 41% NA NA NA

IC50: Half IC50: maximal inhibitory concentration, ED50: Median effective dose, MIC: Minimum inhibitory

concentration, NA: Not Applicable
2 Defined as decrease in induration size > 75% of lesions at last available at follow up and calculated

according to intention to treat analysis
® combined with 0,001uM Ketoconazole

Treatment with butenafine killed in vitro cultured amastigotes of L. amazonensis and L. braziliensis
at a mean effective dose of 30-38uM compared to the median cytotoxic concentration of 98uM
[35]. Naftifine killed L. major amastigotes with mean effective dose of 45uM whilst cytotoxicity
levels were more than 110uM [34].

Case reports reporting cure with terbinafine

There were five case reports showing a curative effect of terbinafine. In two case reports
terbinafine cured a L. tropica infected patient although the reason to start terbinafine was unclear
[41, 42]. An HIV positive patient infected in Colombia and initially diagnosed with a skin mycosis,
was treated, and cured with terbinafine when CL was diagnosed eventually. The causative
Leishmania species was unknown [43]. In another case, terbinafine 250mg daily combined with a
Crotamiton 10% + Sulphur 2% cream in the absence of other CL treatments cured a Kenyan patient
with CL; the causative Leishmania species was unknown [44]. Terbinafine 500mg combined with
itraconazole 200mg daily for six months was started without evident reason in a patient suffering
from MCL, visceral leishmaniasis, and liver cirrhosis caused by L. infantum. Terbinafine proved
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surprisingly effective resulting in the cure of the nasal mucosal inflammation and improvement of

the liver function [45].

Terbinafine drug combination treatment
Various in vitro studies evaluated the combination of terbinafine with drugs from the triazole
group. Up to 300-fold improvement was demonstrated of the inhibition of L. braziliensis
promastigotes when combining ketoconazole with terbinafine [37]. Another study reported that
ketoconazole and terbinafine had a synergistic effect on the inhibition of L. amazonensis
amastigotes resulting in a minimally inhibitory concentration of 0,001uM (Table 4) [39].

Table 4. Results of in vitro and clinical studies on the combination of terbinafine with other
treatment in cutaneous and mucocutaneous leishmaniasis

Study Leishmania species Target Combined therapy Result
Andrade-Neto 2013[30] L. amazonensis promastigote LBqTO1 synergistic effect®
Andrade-Neto 2013 L. amazonensis promastigote imipramine additive effect®
Andrade-Neto 2013 L. amazonensis amastigote LBqTO1 no significant effect
Andrade-Neto 2013 L. amazonensis amastigote imipramine no significant effect
Vannier Santos 1995 [39] L. amazonensis amastigote ketoconazole synergistic effect®
Rangel 1996 [37] L. braziliensis promastigote ketoconazole synergistic effect
Rangel 1996 L. braziliensis promastigote D0870 synergistic effect
Vellin 2005[45] L. infantum MCL itraconazole complete epithelialization
Mawenzi 2018[44] unknown CL crotamiton + sulfur complete epithelialization
Farajzadeh 2015[25] L. tropica CL cryotherapy no significant effect
Farajzadeh 2016[26] L. tropica CL meglumine antimoniate no significant effect

2Synergism defined as fractional inhibitory concentration index (FICI) £ 0,5

b Additive effect defined as: 0,5 < FICI < 4

¢Synergism defined as total fractional inhibition higher than expected from adding up the fractional

inhibition of each individual drug

4Synergism defined as 300-fold reduction of the Minimum Inhibitory Concentration of ketoconazole with

1uM terbinafine.

Discussion

This systematic review assesses efficacy and safety of allylamines for the treatment of CL and MCL.
It comprises an exhaustive search of eight electronic databases and trial registers. It assesses the
risk of bias of two randomised controlled trials, a non-controlled trial, two animal studies, and 12 in
vitro studies and summarizes the available evidence including five case reports. Generally, the
quality of evidence was low and human studies were done only in L. tropica.
The only well-designed randomised controlled trial of Farajzadeh et al. that compared the
treatment efficacy of oral terbinafine versus intramuscular meglumine antimoniate showed a non-
significant lower cure rate for terbinafine (38% vs 53% of treated patients) [25].
Farajzadeh [26] and Bahmdans [27] clinical trials with terbinafine reported cure rates of 14% and
15% respectively, but the findings of these studies should be interpreted with caution due to high
rates of loss to follow up. Two animal studies lacked allocation concealment and did not blind
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outcome assessment and therefore should be interpreted with caution [28, 29].

The in vitro studies showed that terbinafine, butenafine, and naftifine eliminated amastigotes at
concentrations between 23 and 45uM, that is approximately five times higher than the terbinafine
levels achieved in the skin during terbinafine treatment [46-48]. Therefore, we conclude that
allylamines are not promising for CL and MCL treatment

Farajzadeh recommends terbinafine as an alternative to meglumine antimoniate in the case of
allergy or resistance [25]. Although the work reports on hazard ratios and time to healing, it does
not mention the complete cure rates in the abstract and conclusion sections. The cure rate of 38%
was not significantly lower than the 53% cure rate with meglumine antimoniate, and we consider it
too low to propose it as a new alternative treatment. The lack of significance of the lower cure rate
of terbinafine compared to meglumine antimoniate could be explained by a low effectivity of the
latter.

Whilst this review shows that there is no evidence for efficacy of terbinafine in the treatment of CL
and MCL, it is highly effective in the treatment of mycotic skin disease. The difference may be due
to the high sensitivity of skin fungus to terbinafine compared to Leishmania amastigotes.
Terbinafine eliminates skin fungus in vitro at a mean concentration of 0,014uM [49], thus is
approximately 2500 times more effective than the elimination of Leishmania amastigotes.
Promastigote cultures are relatively easy and cheap to maintain but are not very reliable as
predictors of in vivo effectivity as they represent the infective mosquito stage of the parasite whilst
human infection is sustained by intracellular amastigotes [50, 51]. Therefore, the results of the in
vitro study of Beach et al. that indicates effective concentrations of 1-34uM of terbinafine in L.
braziliensis and L. amazonensis promastigotes should be interpreted with caution. Results of
promastigote studies must be confirmed in amastigote studies.

Although triazole monotherapy does not seem effective as treatment of CL patients, results from in
vitro studies indicate terbinafine combined with triazole drugs may be effective through a
synergistic effect. Terbinafine combined with ketoconazole eliminated L. amazonensis amastigotes
at levels of 0,001uM of both drugs. Terbinafine would reach those levels with an oral dose of
250mg but the best combination with a triazole drug still has to be defined [46]. Triazole drugs like
ketoconazole and fluconazole are inhibitors of the enzymes CYP 2C9 and CYP 3A4, involved in
terbinafine metabolism, and may cause significant rise in terbinafine plasma concentrations.
Secondary effects of terbinafine combined with triazoles have not been studied extensively and
would require large clinical studies before implementation [52, 53].

Conclusion

Based on a systematic review of available literature we conclude that there is no evidence for the
efficacy of allylamine monotherapy against CL and MCL. Further trials of allylamines as a treatment
for CL and MCL should be carefully considered as the outcomes of an adequately designed trial
were disappointing and in vitro studies indicate minimal effective concentrations that are not
achieved in the skin during standard doses of 250-1000mg oral terbinafine/day. However, the in
vitro synergistic effects of allylamines combined with triazole drugs against amastigotes, warrant
more investigation starting with high quality animal studies to define optimal doses and safety
profiles and followed by well-designed trials in humans in case of positive findings.
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Chapter 6

Abstract
Background

Yearly, up to 1 million patients worldwide suffer from Cutaneous Leishmaniasis (CL). In Ecuador, CL
affects an estimated 5000 patients annually. CL leads to reduced Health Related Quality of Life
(HRQL) as a result of stigma in the Asian and Mediterranean contexts, but research is lacking for
Ecuador. The objective of this study was to explore the influence of CL suspected lesions on the
quality of life of patients in the Pacific and Amazon regions.

Methods

Patients for this study were included in the Amazonian Napo, Pastaza, and Morona Santiago
provinces and the Pacific region of the Pichincha province. Participating centers offered free of
charge CL treatment. All patients suspected of CL and referred for a cutaneous smear slide
microscopy examination were eligible. This study applied the Skindex-29 questionnaire, a generic
tool to measure HRQL in patients with skin diseases. All statistical analysis was done with SPSS
Statistics version 28.

Results

The skindex-29 questionnaire was completed adequately by 279 patients who were included in this
study. All patient groups from the Amazon scored significantly (P <0.01) higher (indicating worse
HRQL) on all the dimensions of the Skindex-29 questionnaire than Mestizo patients from the Pacific
region. The percentage of patients with health seeking delay of less than a month was significantly
(P <0.01) lower in the Amazon region (38%) than in the Pacific (66%).

Conclusions

The present study revealed that the influence of suspected CL lesions on the HRQL of patients in the
Ecuadorian Amazon and Pacific depends on the geographic region more than on patient
characteristics such as gender, age, number of lesions, lesion type, location of lesions, health
seeking delay, or posterior confirmation of the Leishmania parasite. The health seeking delay in the
Amazon might result from a lack of health infrastructure or related stigma. Together, the impaired
HRQL and prolonged health seeking delay in the Amazon lead to prolonged suffering and a worse
health outcome. Determinants of health seeking delay should be clarified in future studies and CL
case finding must be improved. Moreover, HRQL analysis in other CL endemic regions could
improve local health management.

Keywords

Leishmaniasis, cutaneous; Quality of life; Time-to-treatment; Geographic locations; Ecuador
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Background

Yearly, up to 1 million patients worldwide are affected by Cutaneous Leishmaniasis (CL), and almost
a third of those cases occur in South America [1, 2]. CL is a vector-borne parasitic disease, mainly
characterized by cutaneous ulcers, and is considered a Neglected Tropical Disease by the World
Health Organization (WHO)[2]. CL affects between 3900 and 6400 patients yearly in Ecuador, with
clusters in the subtropical Pacific and Amazon regions. Mucosal Leishmaniasis (ML) occurs in
approximately 2.5% of the Ecuadorian cases, mainly in the Amazon region [3, 4]. CL leads to
reduced Health Related Quality of Life (HRQL) as a result of social and self-stigma, as has been
established in the Asian and Mediterranean contexts [5]. In contrast, the few studies that assessed
HRQL of CL patients in northern South America found no evidence for stigmatization [6, 7]. CL
patients reported reduced self-esteem in the Ecuadorian subtropical Pacific in 1994 but no follow
up was done [8]. Ecuador’s Amerindian population has been marginalized and discriminated against
since colonial history, echoing in health access inequalities despite contemporary constitutional
equality [9-11]. The Ecuadorian Amazon society is a mix of multiple cultures, and almost half of the
population self-identifies as Amerindian, contrasting with the Pacific region, where more than 90%
is Mestizo (of mixed Amerindian and European origin) [12, 13]. Amerindian patients are seldom
included in HRQL studies of CL, although it is highly endemic in their Amazonian territory, and the
presence of patients with destructive ML might affect the disease perception (see figure 1) 3, 14,
15]. Hence the need for HRQL studies that include Amerindian CL patients from the Amazon region.
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Fig 1. A traditional Ecuadorian Amazon Kichwa figurine from the Pastaza province depicts a
patient with concomitant ML and CL. The Creative Commons Public Domain Dedication waiver Creative
Commons CCO 1.0 applies to this image.

Methods

Objectives

The main objective of this study was to explore the influence of CL suspected lesions on the quality
of life of patients in the subtropical Pacific and Amazon regions with the hypothesis that there was
self- and social stigmatization. As a secondary objective, we aimed to explore determinants of
health-related quality of life.
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Participants

This study was part of a cross sectional project on CL suspected patients that included a
quantitative questionnaire for HRQL, assessment of diagnostic tests, description of geographic
Leishmania species distribution, and a multisite short-term ethnography.

Patients were included in private and public primary health care centers and hospitals in the
Amazonian Napo, Pastaza, and Morona Santiago provinces and in the Pacific region of the Pichincha
province. A part of the patients was included during community visits. All participating centers
offered free of charge outpatient treatment for CL according to the guidelines of the Ecuadorian
Ministry of Health (once daily intra-muscular meglumine antimoniate for 20 consecutive days) [16].

All CL suspected patients referred for a cutaneous smear slide microscopy examination in the
participating centers were eligible to participate in the study. Participants were approached by
doctors, nurses or laboratory technicians during normal workflow before diagnostic sampling from
CL suspected lesions. The patient or its legal representative filled out the HRQL questionnaire
without knowledge of the test results. When needed, help from family members, a translator, or a
health professional was allowed. The results were sent to a central data repository by mail service
or delivered personally. Patients were included from January 2019 through June 2021. Patients who
answered less than 75% of the questionnaire items were excluded from the study.

Questionnaire and variables

The Skindex-29 questionnaire is a generic tool to measure HRQL in patients with skin diseases. It
contains 29 questions related to three dimensions: 10 questions on the emotional dimension (e.g., |
am worried, angry, or ashamed by my skin condition.), seven questions on symptoms (e.g., My skin
condition hurts, irritates, or burns.), and 12 questions on functioning (e.g., My skin condition affects
my social life). Following a 5-point Likert scale for each question, patients can respond either:
Never, rarely, sometimes, often, or all the time [17]. The Skindex-29 questionnaire has been
translated and validated in more than ten languages in North and South American, European, Asian,
and African cultures [18-23]. This study applied the Spanish version, which was previously validated
in Colombia [24].

In addition, the following variables were recorded: Gender (male or female), age in years, ethnicity
(as recognized by the Ecuadorian government [25]), perceived place of infection, number of lesions
separated by healthy skin, type of lesion(s) (ulcer, nodular or other), lesion location (indicated on a
person image), health seeking delay (in weeks, months or years), and the result of the smear slide
microscopy and Polymerase Chain Reaction (PCR) (positive or negative).

Analysis

The Skindex-29 questionnaire results and the other variables were entered in the data management
platform Castor EDC (https://data.castoredc.com). Data entry was done in duplicate by JB and AC
and validated with calculation fields. The categorical responses were transformed into linear
variables on a scale from 0 — 100, with 0 indicating no impairment and 100 indicating the worst
HRQL, as described elsewhere [17]. Averages were calculated per dimension and for the total.
Missing Skindex-29 answers were replaced by the average score of the corresponding dimension. If
a second variable was missing, the patient was subsequently excluded from that specific
comparison.
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Confirmed (positive for either microscopy, PCR or both) versus non-confirmed CL patients were
compared to assess the feasibility of generalizing Skindex-29 scores for the entire patient group.
Pacific and Amazonian regions are divided by the Ecuadorian highlands, where leishmaniasis is rare
[26]. The prevalent Leishmania species, vector-human interaction, and social structure in the two
regions differ and were therefore analyzed separately and compared [4, 26, 27]. To allow
comparisons, patients were divided into four linguistic groups: Spanish speaking Mestizos, Kichwa
(Amazon Kichwa, Andwa, and Zapara), Chicham (Shuar, Achuar, and Shiwiar), and other (Waorani,
white, and Afro-Ecuadorian). Patients with multiple lesion types (e.g. nodules and ulcers) were
categorized as ulcer type if at least one ulcer was present because then we anticipated worse HRQL
[28]. The body location of lesions was categorized as: “head and face’, ‘upper limbs’, “lower limbs’,
or ‘trunk’ as in a former study in Surinam that found an association between body location of the
lesions with Skindex-29 scores in CL patients [14].

The sample size was not calculated but based on convenience sampling. All statistical analysis was
done with SPSS Statistics version 28 [29]. Mean Skindex-29 scores were assessed for statistical
significance with the independent samples T test or Oneway Anova. Other variables were compared
with the independent samples Proportions (Wald) or T test. Statistical significance was defined as
(two-sided) P value <0.05.

Results

Participants

A total of 324 patients provided written informed consent. Four patients presented exclusively with
mucosal lesions and were therefore excluded. Forty-one patients filled in less than 22 items of the
questionnaire and were excluded. The skindex-29 questionnaire was completed adequately by 279
patients who were included in this study. Less than 2% of the responses were missing in the
remaining questionnaires.

Baseline characteristics

The majority of the patients (58%) were male, and the mean age was 28 years, ranging from 0 to 88
years. 153 (55%) patients were included from the subtropical Pacific region and 126 (45%) from the
Amazon region. 192 (69%) patients were Mestizos, and 205 (74%) had one lesion. Most patients
(91%) presented with at least one ulcerative lesion and had lesions on the upper or lower limbs.
Health seeking delay was less than a month in 149 (54%) patients (Table 1, Additional file 1).
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Table 1. Characteristics of the study population (N = 279) of cutaneous leishmaniasis confirmed
and non-confirmed patients in the Ecuadorian subtropical Pacific and Amazon regions from

January 2019 through June 2021.

Characteristic (N missing for variable)

CL confirmed?

CL non-confirmed Two-sided P® All patients

Number (%)

Male gender (%)

Age in years (1)
Mean + SD

Range

Ethnicity® (0)

Pacific Mestizo (%)
Amazon Mestizo (%)
Amazon Kichwa (%)
Amazon Chicham (%)
Amazon Other (%)
Geographic region (0)
Pacific (%)

Amazon (%)

Number of lesions (1)
1(%)

2 (%)

>3 (%)

Lesion type (1)

Ulcer (%)

Location of the lesions (1)

Head and face (%)
Upper limbs (%)
Lower limbs (%)
Trunk (%)

Health seeking delay (2)

1-4 weeks (%)
1-2 months (%)
>2 months (%)

208 (75)
118 (57)

27.3+19.4
0.1-88

121 (100)¢
23 (26)
26 (28)
34 (39)

4(5)

121 (58)
87 (42)

151 (73)
37 (18)
20 (10)

135(89)

41 (20)
84 (40)
56 (27)
27 (13)

114 (55)
42 (20)
51 (25)

71 (25)
43 (61)

30.6+21.4
1.0-75

32 (100)¢
16 (41)
11 (30)
10 (26)

2(5)

32 (45)
39 (55)

54 (77)
8(11)
8(11)

117 (93)

12 (17)
15 (21)
30 (43)
13 (19)

35 (50)
12 (17)
23 (33)

0.57

0.23

0.11
0.85
0.12
0.90

0.06
0.06

0.44
0.17
0.67

0.25

0.63
<0.01¢
0.02¢
0.28

0.46
0.55
0.20

279 (100)
161 (58)

28.1+19.9
0.1-88.0

153 (100)
39 (31)
37(29)
44 (44)

6 (5)

153 (55)
126 (45)

205 (74)
45 (16)
28 (10)

252 (91)

53 (19)
99 (36)
86 (31)
40 (14)

149 (54)
54 (19)
74 (27)

2 Either by microscopy, PCR or both

b Comparing CL confirmed and non-confirmed cases with the independent samples proportions (Wald) or T

test

¢ Kichwa (Amazon Kichwa, Andwa, and Zapara) and Chicham (Shuar, Achuar, and Shiwiar) are linguistic

groups

4 All patients from the Pacific region were Mestizos

€ Statistically significant difference
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Confirmed CL cases

Leishmania parasites were identified with microscopy and/or PCR in the skin lesions of 208 (75%)
patients. Of the confirmed cases 84 (40%) presented with lesions on the upper limbs and 56 (27%)
on the lower limbs compared to 15 (21%) and 30 (43%) respectively of the non-confirmed cases.
This difference was statistically significant (P <0.01 for upper limbs and P = 0.02 for lower limbs).
Confirmed cases did not differ significantly in gender, age, ethnicity, region of infection, number of
lesions, lesion type, and health seeking delay from non-confirmed cases (Table 1). Confirmed cases
scored lower on the Skindex-29 questionnaire in both the Pacific and Amazon regions, but the
difference was not statistically significant (Table 2).

Table 2. Mean Skindex-29 scores of patients (N=279) suspected of having cutaneous leishmaniasis
in the Ecuadorian subtropical Pacific and Amazon regions from January 2019 through June 2021.

Skindex-29 dimension: Emotions Symptoms Functioning Total (SE)
(SE) (SE) (SE)

Pacific

Confirmed leishmaniasis (n = 121) 31.7 (2.0) 37.9(2.3) 17.4 (2.0) 27.3(1.8)

Non-confirmed leishmaniasis (n = 32) 33.0 (4.3) 41.2 (4.9) 19.1 (4.5) 29.2 (4.2)

Two-sided P? 0.78 0.52 0.71 0.64

Amazon

Confirmed leishmaniasis (n = 87) 50.8 (2.5) 53.3(2.3) 41.8 (2.8) 47.7 (2.3)

Non-confirmed leishmaniasis (n = 39) 58.5 (4.1) 61.9 (4.1) 50.7 (4.7) 56.1 (4.0)

Two-sided P? 0.10 0.06 0.09 0.06

SE = Standard Error
@ Comparing mean Skindex-29 scores of confirmed and non-confirmed cases with the independent samples T
test

HRAQL of CL suspected patients in the Pacific and Amazon regions

The percentage of males (52%) included in the Pacific region was significantly lower than in the
Amazon (64%). The percentage of patients with age 0-12 (31%) was significantly higher in the
Pacific region than in the Amazon (19%) and the percentage from the age group 240 was
significantly lower (18 and 33% respectively). In the Pacific region, 100% of the patients were
Mestizo but in the Amazon, the majority of patients were either from the Kichwa (29%) or Chicham
(35%) linguistic groups. The percentage of patients with lesions on the head or face was significantly
less in the Amazon region (13%) than in the Pacific (24%). The percentage with health seeking delay
of less than a month was significantly (P <0.01 on the independent proportions test) lower in the
Amazon region (38%) than in the Pacific (66%), but significantly (P <0.01) higher than in the >2
months delay group (resp. 39% vs 16%). Patients from the Pacific and Amazon regions presented no
significant differences in lesion type or number of lesions (Table 3).
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Table 3. Characteristics of the study population (N = 279) of suspected cutaneous leishmaniasis
patients in the Ecuadorian subtropical Pacific and Amazon regions from January 2019 through
June 2021.

Region of contagion: Pacific Amazon  Two-sided P?
Characteristics (N missing for variable)

N (%) 153 (55) 126 (45)

Males (%) 80 (52) 81 (64) 0.04°
Age quartiles (1)

0-12 (%) 47 (31) 24 (19) 0.02°
13-22 (%) 37 (24) 30 (24) 0.92
23-39 (%) 40 (26) 31 (25) 0.74
40-88 (%) 28 (18) 41 (33) <0.01°
Ethnicity® (0)

Mestizo (%) 153 (100) 39 (31) 0.00°
Kichwa (%) 0(0) 37 (29) <0.01°
Chicham (%) 0(0) 44 (35) <0.01°
Other (%) 0(0) 6 (5) 0.01°
Clinical presentation (1)

Mean number of lesions (range) 1.5(1-8) 1.6 (1-10) 0.36
Lesion type: ulcer (%) 135 (89) 117 (93) 0.24
Location of lesions (1)

Head and face (%) 37 (24) 16 (13) 0.01°
Upper limbs (%) 55 (36) 44 (35) 0.83
Lower limbs (%) 42 (28) 44 (35) 0.19
Trunk (%) 18 (12) 22 (18) 0.18
Health seeking delay (2)

1-4 weeks (%) 101 (66) 48 (38) <0.01°
1-2 months (%) 26 (17) 28(22) 0.27
>2 months (%) 25 (16) 49 (39) <0.01°

@ Comparing Pacific and Amazonian patients with the independent samples proportions (Wald) or T test
b Statistically significant difference

¢ Kichwa (Amazon Kichwa, Andwa, and Zapara) and Chicham (Shuar, Achuar, and Shiwiar) are linguistic
groups

Mean Skindex-29 scores were not significantly different between males and females and, except for
the functioning dimension, between age quartiles. All patient groups (Amerindian and Mestizo)
from the Amazon scored significantly higher on all the dimensions of the Skindex-29 questionnaire
than Mestizo patients from the Pacific region. Amazon Amerindian patient groups scored higher
than Mestizos on all the dimensions, but the differences were not significant in the Post-Hoc tests.
The mean difference between mean Skindex-29 scores in the Pacific and Amazon regions was
highest on the functioning dimension, although not statistically significant. Mean Skindex-29 scores
were not significantly different between patients with one lesion or more than one lesion and,
except for the total score, between those with or without ulcers. The location of the lesion had no
significant influence on the total patients’ mean Skindex-29 score nor on the emotions or symptoms
dimensions. Body location was significantly (P = 0.05 on Oneway ANOVA) associated with the mean
functioning Skindex-29 score, although not significant on the Post-Hoc tests. Patients with health
seeking delay of less than a month, scored significantly lower on the emotions and functioning
dimensions but not on the symptoms dimension. Mean Skindex-29 scores are shown in Table 4.
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Table 4. Mean Skindex-29 scores of the study population (N=279) of patients with suspected
localized cutaneous leishmaniasis in the Ecuadorian subtropical Pacific and Amazon regions from
January 2019 through June 2021.

Skindex-29 dimension: Emotions (SE) Symptoms (SE) Functioning (SE) Total (SE)
Characteristic (N missing for variable)

Gender (0)

Male (n = 161) 43.1(2.1) 46.9 (2.0) 32.5(2.3) 39.6 (2.0)
Female (n =118) 39.5(2.2) 45.9 (2.4) 26.4 (2.4) 35.6 (2.1)
P-value® 0.25 0.77 0.08 0.18
Age quartiles (1)

0-12 (n = 71)° 40.2 (3.2) 45.7 (3.4) 245 (3.1) 35.0 (2.9)
13-22 (n =67) 39.5(2.9) 42.4(2.7) 25.9 (3.0) 34.6 (2.5)
2339 (n=71) 41.2 (3.3) 45.4(3.2) 30.9 (3.7) 37.9(3.2)
40-88 (n =71) 44.7 (2.8) 51.8 (2.9) 37.5 (3.4)° 43.5(2.8)
P-value® 0.63 0.19 0.03¢ 0.12

Pacific vs Amazon® (0)

Pacific Mestizo (n = 153)° 32.0(1.8) 38.6 (2.1) 17.8 (1.8) 27.7 (1.7)
Amazon Mestizo (n = 39) 46.4 (4.0)° 52.8 (3.8)° 34.0 (4.4)° 42.8 (3.8)°
Amazon Chicham (n = 44) 55.0 (3.3)° 57.6 (3.7)° 47.8 (3.7)° 52.7 (3.2)°
Amazon Kichwa (n =37) 58.3 (3.9)¢ 58.2 (3.6)° 50.8 (4.3)° 55.2 (3.5)¢
Amazon Other (n = 6) 52.9 (13.7) 50.6 (9.6)° 51.0 (15.9) 51.6 (13.2)
P-value? <0.01¢ <0.01¢ <0.01¢ <0.01¢

Mean difference Pacific vs Amazon 21.3(2.8) 17.4 (2.9) 26.8 (3.0) 22.6 (2.6)
95% Confidence Interval® of difference 15.7 - 26.8 11.6-23.2 20.8-32.8 17.5-27.7

Number of lesions (0)

1 lesion (n = 205) 40.5 (1.8) 45.5(1.8) 29.0 (2.0) 37.0(1.7)
>1 lesion (n = 74) 44.4(2.9) 49.1 (3.0) 32.2(3.2) 40.5 (2.8)
P-value® 0.27 0.31 0.41 0.29

Lesion type (1)

Ulcer (n = 252) 422 (1.6) 473 (1.6) 30.7 (1.7) 38.7 (1.5)
Non-ulcer (n = 26) 33.5(6.0) 37.1(5.7) 20.3 (6.0) 28.9(5.6)
P-value® 0.10 0.06 0.07 0.05¢
Location of the lesion (1)

Head and face (n = 53) 41.2 (3.8) 45.8 (4.0) 28.3(4.2) 37.0(3.7)
Upper limbs (n =99) 40.6 (2.5) 42.2 (2.5) 25.9 (2.5) 34.9(2.2)
Lower Limbs (n = 86) 41.4(2.7) 48.7 (2.6) 30.7 (3.0) 38.7 (2.6)
Trunk (n = 40) 43.6 (3.9) 52.1(4.4) 38.9(4.9) 43.7 (4.0)
P-value? 0.57 0.11 0.05¢ 0.12

Health seeking delay (2)
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1-4 weeks (n = 149)° 37.4(2.1) 436 (2.1) 25.5(2.2) 34.0(1.9)
1-2 months (n = 54) 46.9 (3.2 50.1(3.7) 32.4(3.6) 417 (3.2)
>2 months (n= 74) 45.7 (2.9) 495 (3.0) 36.5 (3.5)° 428 (2.9)
P-value? 0.02¢ 0.14 0.02¢ 0.02¢

SE = Standard Error

@ With Oneway ANOVA or independent samples T test

b Reference category

¢ Statistically significant difference on the Post-Hoc test compared to the reference category

d Statistically significant

¢ Kichwa (Amazon Kichwa, Andwa, and Zapara) and Chicham (Shuar, Achuar, and Shiwiar) are linguistic
groups

Discussion

The present study revealed that the influence of suspected CL lesions on the HRQL of patients in the
Ecuadorian subtropical Pacific and Amazon depends on the geographic region of infection more
than on patient characteristics such as gender, age, number of lesions, lesion type, location of
lesions, health seeking delay or posterior confirmation of the Leishmania parasite. Moreover, HRQL
was worse on all three dimensions of the Skindex-29 questionnaire in the Mestizo, Kichwa, and
Chicham patient groups from the Amazon region compared to the subtropical Pacific.

Younger age (0-12 years), location of lesions (category not specified), and short health seeking delay
(1-4 weeks) were also associated with lower scores on the functioning dimension of the Skindex-29
questionnaire. This could be explained by confounding as the patients from the Amazon region
differed significantly from Pacific patients in these categories, and the mean difference in Skindex-
29 scores between the regions was the highest on the functioning dimension. The proportion of
patients in the 1-4 weeks health seeking delay category was almost double in the Pacific group, with
better HRQL on the emotions dimension, compared to the Amazon group. Therefore, the
association of the 1-2 months health seeking delay category with lower HRQL on the emotions
dimension could be explained by confounding.

The association of ulcerative lesions with higher total Skindex-29 scores could be explained by the
additional influence of the interruption of skin continuity in ulcerative skin diseases, as seen in
another study involving leg ulcers [28]. Nevertheless, the difference in mean Skindex-29 scores
between patients with ulcerative and non-ulcerative lesions was not significant on the separate
dimensions.

The worse HRQL of patients from the Amazon region might result from confounding variables that
were not included in our data. These unknown variables could be elucidated through qualitative
research. We performed structured interviews with 30 of our participants, and the data will be
reported elsewhere [30]. Stigma expressions from the qualitative interviews seem to be the best
explanation for the significantly worse HRQL in our CL suspected patients from the Amazon. Our
results suggest that the expressions of social and self-stigma might have a significant and
widespread influence on HRQL in all its dimensions.
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A Canadian study of 51 hidradenitis suppurativa patients showed that the Skindex-29 questionnaire
can detect stigma expressions evoked by non-visual disease characteristics. Patients with malodor
scored significantly higher on all the dimensions of the Skindex-29 questionnaire, although there
was no significant difference in the Dermatology Life Quality Index [23]. Malodor might be one of
the causes of the impaired HRQL in our patient group.

Health seeking delay and subsequent time to treatment of Amazon patients were significantly
longer. The health seeking delay might result from transportation difficulties from remote jungle
communities, lack of recourses, discrimination, failing diagnostic tests, and/or stigmatization as
occurs with leprosy patients [31]. During the qualitative interviews, patients with shorter health
seeking delays indicated worse stigma expressions [30]. Therefore, our study might even
underestimate the HRQL impairment in Amazonian patients.

The Amazon patient group had significantly fewer lesions on the head and face than in the Pacific
region, probably because of different biting patterns of the Lutzomyia vector in older humans [26,
32]. Additionally, the percentage of males (probably going shirtless more often) in the Amazon was
significantly higher than in the Pacific, a finding that is in agreement with other studies and should
be explained by the predominance of hunters and farmers in the Amazon CL patient group
contrasted to domestic transmission in the Pacific [4, 33, 34].

Our study has some limitations: The Skindex-29 questionnaire has not been validated for use by
parents for their children, but our data show no significantly different scores between the 0-12, 13-
22, and 23-39 age groups, suggesting that it was valid to include all patients in the analysis [17, 24].
Second, this study used the Spanish version of the Skindex-29 questionnaire as validated in
Colombia [24]. Nevertheless, many of the included Amerindian patients were non-native Spanish
speakers and questions were translated by the health professional or a translator. This might have
influenced the Skindex-29 scores of Kichwa and Chicham patients. We recommend the validation of
quantitative HRQL questionnaires such as the Skindex-29 in Amerindian populations. Lastly,
additional information on the ulcers (e.g. ulcer smell, presence of liquid discharge, and diameter)
would have been of value.

We consider that the results of this study might be fairly generalizable for the patient populations in
the Ecuadorian Amazon and Pacific areas because patients were included both from the public and
private health care system, including representative Amerindian groups. Therefore, health
authorities should strengthen their efforts to improve CL case detection in the Amazon and secure
prompt treatment initiation. Additionally, the causes of health seeking delay should be clarified in
future studies of health seeking behaviors combining quantitative and qualitative methods.

The Kichwa and Chicham linguistic groups extend into the Peruvian Amazon, where similar HRQL
impairment in CL patients might occur as in Ecuador [13]. On the other hand, patients with
suspected CL lesions in other regions could also have different HRQL outcomes. Hence, we
recommend that research including quantitative questionnaires, such as the Skindex-29, combined
with qualitative interviews should be considered for CL endemic countries.

Conclusion

Suspected CL patients from the Ecuadorian Amazon report significantly impaired HRQL compared to
their counterparts in the Pacific region. Additionally, Amazonian patients have significant health
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seeking delay, leading to prolonged suffering and a worse health outcome. Determinants of health
seeking delay should be clarified in future studies, including quantitative and qualitative methods,
and CL case detection and management by health authorities must be improved. Moreover, HRQL
analysis in other CL endemic regions could improve local health management.

List of abbreviations
CL: Cutaneous Leishmaniasis
HRQL: Health Related Quality of Life

ML: Mucosal Leishmaniasis
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Abstract

Previous research on the stigma associated with cutaneous leishmaniasis, a vector-transmitted
parasitic disease, focuses on aesthetic appearance affectation as the leading cause of
stigmatization. However, indigenous populations in the hinterland Amazon of Ecuador trigger
stigma expressions by recognizing (muco)cutaneous leishmaniasis, primarily through atypical smell,
followed by the odd voice sound, appearance and taste. This empirical way of recognizing
symptoms resorts to embodied forms of identifying disease approached in sensorial anthropology,
contesting the western supremacy of visuality. Through ethnographic research and data retrieved
from eighty-three semi structured interviews, and fifteen focus groups in seven Ecuadorian ethnic
groups —including six indigenous groups in the Amazon region— this paper analyses how the
sensorium is a thermometer of health. Findings reveal that the sensorium allows for differentiated
cultural responses to a sense of peril, contagion and social (self)rejection, which are linked to the
holistic approach to health shared by indigenous populations. In forest societies, well-being is
explained through successful (non)human relationships, and disease permeates through bodies that
lack balanced relations.

Keywords

Leishmaniasis, Stigma, Sensorial anthropology, Amazon, Ecuador
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Introduction

Cutaneous leishmaniasis (CL) and mucocutaneous leishmaniasis (MCL) are clinical manifestations of
infectious zoonotic diseases caused by protozoan parasites, Leishmania spp, which are transmitted
to humans and other mammals through the bites of female Phlebotomus (genus: Lutzomyia)
sandflies. Both diseases may occur concomitantly, separately, or subsequently [1, 2]. CL is
characterised by chronic ulceration of the skin exposed to vector bites, leaving permanent scars. CL
is endemic in the Ecuadorian Amazon and Coastal (Pacific) regions. MCL has been reported only in
the Amazon Region of Ecuador and destroys the mucosal tissues of the nose, mouth and throat,
resulting in obstruction, ulceration, disfiguration and eventually death [3, 4]. Leishmaniases affect
approximately 5,000 new patients in Ecuador annually, causing between 212 and 464 cases per
10,000 inhabitants per year in endemic areas in the north-western and Amazon provinces of the
country [5].

Evidence in the last years shows that CL can cause stigmatization in patients, who are
prone to a higher risk of mental illness and low quality of life [6]. The need to attend to stigma
meets the urgency of the WHO's call for action to prevent psychosocial impacts in neglected
tropical diseases like leishmaniasis [7]. Despite this call, qualitative studies analysing the
sociocultural perceptions of leishmaniasis in the tropical areas of Latin America are limited. A
previous study informs that, in Ecuador, the geographical remoteness of the disease has hampered
patients’ access to appropriate health care, the actual incidence reporting, and qualitative social
research on leishmaniasis [8]. A recent study on health-related quality of life with CL conducted by
Bezemer and colleagues in Ecuador concluded that suspected patients from the Amazon region
have the worst quality of life markers compared to those in the Pacific [9]. The study suggests
stigma manifestations and health-seeking delay may cause prolonged suffering, acknowledging
there is a need for further culturally disaggregated qualitative data to explain the reasons and social
determinants.

This study is part of a broader research project aiming to improve the diagnosis and clinical
management of (muco)cutaneous leishmaniasis in primary health care, including the study of the
psychosocial effects in the central Amazon of Ecuador and the North-west cloud forest area of the
country. The specific objective of this qualitative study is to understand the perceptions leading to
CL and MCL leishmaniasis-related stigma expressions. Considering the evidence gap on
leishmaniasis-related stigma in Ecuador, this paper analyses the possible causes leading to
stigmatisation among seven ethnic groups of the Amazon and Northwest areas of Ecuador. By
exploring how CL and MCL leishmaniasis and its risk are embodied by suspected patients, their
families and community members, we aim to understand the sociocultural imaginaries related to
the disease leading to stigmatisation.

Background

Approaches to stigma

The complex relationship between illness and stigma has been approached through the lens of
different social science disciplines [6, 10]. Erving Goffman pioneered the concept of stigma by
referring to it as a language of relationships —neither attributes nor sporadic attitudes— leading to
discredit and undesired difference from social expectation, affecting integration [11, 12]. This
approach highlighted the social construction of the phenomenon, as in stereotypes and the
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modification of power relations [10]. Goffman’s social theories were complemented by the
psychological aspects of stigma focused on the mental health condition of the stigmatised [13].
Several studies confirm that social alienation and discredit affect the patient’s (and their family’s)
well-being more than the disease itself [14]. From an anthropological perspective, considering the
body as a sociocultural construction, imaginaries of the ‘ideal’ body affect individual and social
perceptions and depend on cultural value systems determining what is unacceptable or morally low
[15, 16]. Previous studies on attitudes and perceptions of leishmaniasis have exposed myriad
positive and negative responses related to cultural value systems [17]. Positive attitudes related to
acceptance, integration, and care are in contrast with manifestations of rejection, distancing, and
isolation guided by fear and disgust.

The growing number of qualitative studies of the last decade indicate that having an
awkward skin appearance is the leading cause of stigmatization [15]. While research on stigma
caused by MCL is very rare, evidence suggests that CL-related stigma results in psychosocial
suffering and mental ill-health linked to the perception of a distorted body image, exacerbated by
face scars [6]. Ramdas refers to it as the aesthetic stigma type [18, 19]. This appraisal of
disfigurement and being visibly different is reported to be a critical cause of stigma that tends to
vary according to the place and size of sores [20]. Overall, the visuality of the disease highlights the
apparent (cultural) predominance of the sense of sight in processes of CL stigmatisation. Despite
the reduction of the term aesthetic to visual qualities, for the purpose of this study, we take the
broader concept of aesthetics, which covers everything that can be perceived by the senses [21,
22].

The sensorial empirical appreciation of disease

Following Nichter’s proposal for sensorial appreciation in medical anthropology, this study resorts
to the philosophical approach of the phenomenology of embodiment to understand how health,
illness and risk are mediated through the senses [23]. In phenomenology, the empirical experience
with a disease can explain the worlds patients, family and community members inhabit, resulting in
a perception that goes beyond the biological phenomenon. There is a difference between disease
as a physiological process and as a lived experience as it affects people’s lives in specific social
contexts [24].

Considering that the disease can only be experienced through the body, the sensorium is a
medium through which the body registers aesthetic properties that inform the disease’s presence
and trigger cultural responses. The body is the instrument and result of a relationship between the
person, environment and other (non)human beings as it is part of people’s daily life experiences
[25]. The sensorial aspects of an experience inform and explain how people respond in a particular
sociocultural context. Humans form perceptions from the stimuli all five senses receive, resulting in
important sources of information. But different senses play central roles according to the needs and
contexts as senses are socially constructed [26]. It has been broadly argued that the senses are
valued differently by different cultures [26-29].

Historically, visuality is attributed the highest sensorial value, especially among literate
societies in the Western world [30, 31]. Social researchers working in the Amazon contest the
importance of visuality and propose the supremacy of the whole sensorium in the personal
experiences performed (and transmitted) routinely [26, 31-35]. As Glen Shepard points out, within
Amazon societies, the sensorium stands as the culture-nature nexus, giving sense to health-related
processes —including medicine and treatment— from a cultural and ecological perspective [35].
Sensual approaches to an illness are capable of raising alerts of peril based on sensorial perceptions
that are culturally constructed [27, 28]. Amazonian groups tend to refer to smell to diagnose
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disease and define healing treatments [35]. Their response to odours is vital in their everyday life
experiences [28, 31, 33, 35].

Catherine Panter-Brick approaches the perception of risk evaluated through the senses and
connects alerts to social and moral scopes [36]. The author states that odds and calamity may have
logical reasonings, but explaining why a person goes through misfortune in a particular moment
involves metaphysical or supernatural justifications linked to their potential misbehaviour. This
makes the perceptions of risk highly nuanced according to social values [36]. Somatic sensations are
transformed into (inter)subjective perceptions that give meaning to risk, which can manifest
through emotional states like anxiety, uncertainty, or fear. The embodied response to risk initiated
by the sensorial perception may involve references to daily life relations, like those with the
environment, symbolic relations with (non) human beings, and believed ways of impeding harm
[23].

Methodology

This qualitative research is based on a short-term and multisited ethnography. According to Pink
and Morgan, short-term ethnography refers to intensive excursions into participants’ lives in
contexts of interventions, as in the case of health attention brigades [37]. Complementary, the fact
that this study traces experiences with CL and MCL leishmaniasis, the ethnographic field became, to
a certain extent, diffuse. For this reason, resorting to a multisited fieldwork helped connect
different ethnographic experiences with the diseases [37, 38]. Likewise, considering the high
mobility and temporary dwelling of social groups along the river basins in the Amazon area, a
multisited fieldwork is in line with the constant ‘placemaking’ and geographical shifts of
(muco)cutaneous leishmaniasis cases.

The research methods included semi-structured interviews, focus groups, informal
conversations, observation, and visual methods. The interview guide included questions about how
people make sense of the illness, including its origin (aetiology) and vernacular names, feelings (like
fear or disgust) and the social relation between community and family members with suspected
patients. The interviews were conducted in Spanish or local languages, with the support of
translators, and transcribed. The English translations were made by the first author of this paper.
While vernacular names have proved to relate to stigmatisation, Pires and colleagues also
recommend exploring the aetiology and cultural imaginaries of the origin of the disease with stigma
processes [15, 39].

Observation notes were recorded in fieldnotes during medical brigades and visits to the
research sites, as researchers exchanged daily life activities and informal chats with community
members. Visual methods included drawing and photography. Examples of photographic records
comprised the reaction of community members towards leishmaniasis lesions. In addition,
participants were invited to draw leishmaniasis sores on human bodies and differentiate which
generate increased stigma. The principal author of this paper took pictures and made drawings to
support interviews and observation notes during the medical consultations. All data were
digitalised and analysed using NVIVO (release 1.6.1), a qualitative analysis software package that
allows open coding and crossing of different variables, until reaching theoretical saturation.

Sites and participants were identified during medical consultation and through snowball
sampling after reaching the sites. The selection criteria of patients was based on CL and MCL
suspicion through private and public institutions in the Amazonian Napo and Pastaza provinces and
in the Pacific region of the Pichincha province. To expand participation, suspected patients and key
actors helped identify other persons affected by leishmaniasis, their families and community
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members in endemic sites of MCL, granting a larger representativity. Data was gathered during site
visits between January and April 2021. The suspected patients were included through Hospital
Shell, a private health institution, and public health facilities from the Ministry of Health. Of ninety-
eight participants, eighty-three were interviewed, and fifteen participated in focus groups; fifty-
eight were suspected leishmaniasis patients. Other interviewees included eleven health workers
and seven traditional healers. Family and community members participated through focus groups
and semi-structured interviews.

This research included the participation of seven ethnic groups; six belonged to indigenous
ethnicities of the Amazon Region (see Table 1). Figure 1 shows the map with the distribution of the
research sites, ethnicities and their predominant language.

Table 1: Characteristics of the study populations

Linguistic Spanish Kichwa Chicham Total
group

Ethnic Mestizo Amazon Andoa Zapara Shuar Achuar Shiwiar All

group Kichwa ethnicities

Total 19 15 14 14 10 12 14 98

Urban Hinterland 0 12 13 14 2 11 14 66

exposure Urban 19 3 1 0 8 1 0 32

areas
Suspected Total 11 8 6 11 7 8 7 58
patients
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COLOMBIA

STUDY SITES

Puerto Quito (Mestizo)
Pedro Vicente Maldonado (Mestizo)
Archidona (Amazon Kichwa)
Chontapunta (Amazon Kichwa, Mestizo)
Puyo & Shell (Mestizo)

Pitirishka & Jintim (Shuar)

Hatun Molino (Amazon Kichwa)
Copataza & Puerto lwia (Shuar, Achuar)
Pukayaku (Andoa)

10 Kapirna & Bufeo (Shiwiar)

11 Wiririma (Zapara)

12 Pindoyaku & Balsaura (Zapara)
13 Suwa (Achuar)

LANGUAGE ZONES
Q Spanish
Amazon Kichwa
Shuar (Chicham)
Achuar (Chicham)
Shiwiar (Chicham)

Note: Language overlap exists
across zones

W oONOUVLE WN =

Figure 1: Map of Ecuador, language zones and study sites, adapted from Ortega Haboud 2008
[40]

Ethics

This study was approved by the ethical committee of the Universidad Internacional del Ecuador
with permission number UIDE-FCM-EDM-COM-18-0069 and by the Ecuadorian Ministry of Health
with permission number MSPCURI000284-3. Suspected patients provided written informed consent
during inclusion in participating health centers or during medical brigades. Family and community
members who participated less intensively in this study provided oral verbal consent. All patients,
regardless of their participation, received free leishmaniasis diagnosis and treatment. All non-cases
were given a free medical consultation, followed by a referral (if necessary) to the Ecuadorian
Ministry of Health for free care. This paper does not disclose sensitive personal data to protect the
participants’ confidentiality.

Stigma expressions triggered by the senses

The concern about physical appearance among the Mestizos

When conducting this research, we were informed that there was a common concern about having
visual marks among suspected mestizo patients in the North West area of Pichincha. We were
searching for a patient in this area, but he was no longer living on his farmland. When reaching him
via phone; this patient explained he had migrated to Quito, the capital city, to hide and be taken
care of by his daughter. During the course of the call, he elaborated on the shame he felt for his
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facial appearance: ‘It started as a pimple, then it spread like papules. | had it on my forehead,
temples, sideburns, lips and cheek [...] The disease has spread; it's disgusting; | produce that,
disgust’.

The health personnel in Northwest Pichincha —who have more experience diagnosing and
treating CL than those in the Amazon— corroborated the patients’ visual worries. The recurrent fear,
they said, concerned the scars and incapacity of performing physical work. They also explained:

They [patients] talk about shame, but at home, it [their appearance] doesn’t matter as they

continue to be loved and cared for [...] It [skin sores] looks antiaesthetic. They put on

overalls or cover themselves with Band-Aids or things like that, especially women. When
lesions are on the face, they get more worried; the body is easier to cover.

The sanitary personnel thought CL was spreading, thus suspected patients were more
acquainted with cutaneous lesions, trusted the health centres, and usually shared the same
concerns. Spanish is the dominant language among mestizos, and because they are settled in more
urbanised environments, they have good access to health services, basic services, formal education
and the mainstream influence of Western thinking. The health workers mentioned that even when
patients had social support from family and the community, they shared reactions of self-isolation,
shame, desperation, and uncertainty, especially when medicine did not have immediate effects.
Mestizos supported worldwide evidence that points out that appearance caused stigma
expressions, as scar marks, disfiguration, and open wounds were connected to self-rejection and
fear [6]. Previous research in the area supports the dominance of visuality as a stress factor in
mestizo groups. This stress on appearance was reflected in the way CL was often named for the
visual effect on the skin; huequera (hole maker), relamida (spreading of papules) [41, 42].

The disgust for rotting smell, snoring sounds and tasteless food in the Amazon

The Mestizo suspected patients seemed to have a different experience in recognising and fearing CL
compared to their Amazonian Indigenous peers. It is worth mentioning that the North West of
Pichincha has not reported cases of MCL as the Amazon has. The deeper we went in the hinterland,
the more recurrent the mentions of smell, sound and taste to identify (muco)cutaneous
leishmaniasis became. Table 2 disaggregates the leading aesthetic causes leading to stigma
expressions per ethnicity participating in this study.
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Table 2: Aesthetic causes and stigma expressions according to ethnicity

Linguisti Spanish Kichwa Chicham
c group
Ethnicity Mestizo Kichwa Zapara Andoa Achuar Shuar Shiwiar
Aestetic  Visual Smell, Visual Smell Smell Smell, Smell and
causes injuries appeara  aspects leading leads to sound, taste are
triggerin andscars nce, leading to fear of fear of aspect, lead linked to
g stigma cause sound, to social contagion to fear of fear of
expressi  self- reflected ugliness. rejection and death. contagion contagion,
ons rejection instigma Light linkedto Uncertaint and death, inappropri
and expressi  stigma suspicion y of the physical ate
shame ons of expressi  of illness dysfunction behaviour/
light ons of witchcraf effects, , adultery
shame self- t. Fear of physical inappropria and
and fear shame. name- dysfunctio te segregatio
of calling n. Social behaviour/  nof
physical and distancing adultery. patients
defects jokes. and Social and
needed isolation distancing,  families.
for self- are segregation
subsisten natural , isolation,
ce. responses relation
towards with
patients inappropria
and te
family. behaviours

The reference to bad smell was common for CL and MCL. Suspected patients and
community members expressed (self) disgust and fear of feeling an odd smell:

Patient: When | was in the military barracks, | had a terrible smell. My mates said, “where
does that ugly smell come from?”. | stayed silent and far away [...] they said that an ugly
smell was coming out when | spoke. | was embarrassed and hid. [...] | thought it was
contagious, | didn't get very close to my wife, and she never caught it. | was afraid of

infecting my children and grandchildren.

Wife: When sitting down together | couldn't see him or talk; he smelled like garlic. He slept

on one side further (of the bed). Yes, | was afraid of getting infected.

Many of the interviewees from all indigenous ethnicities compared the bad smell with
rotting flesh, especially when the lesions are caused by MCL: ‘When the rotten-smelling water came
out, | stayed at home’, ‘I breathed and was rotten, ugh!, it smelled bad’, ‘Pus came out, like snot,
and an ugly smell. It smelled rotten’. The reactions from most of the suspected patients were of
shame and self-isolation when they were conscious of the awkward smell, even when other
community members did not express disgust. Some of the vernacular names given to MCL in
Kichwa are linked to the smell feature, like ismu shimi (rotten mouth) or ismu sinka (rotten nose).
Name-calling using these expressions characterised physical dysfunctionality.
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Other senses mentioned frequently to detect MCL were hearing sight and taste. Regarding
hearing, participants mentioned snoring or a change in the voice tone. About the sight, the concern
for the appearance of CL and MCL lesions was exacerbated by face disfiguration, where physical
features were compared to animal or nature characteristics like ‘pecari nose’ or ‘peperbell nose’.
The change of taste was felt by MCL affected who mentioned that food had a different taste.
Stigma expressions were linked to derision and comparison to animal features, being more
exacerbated in Chicham-speaking groups. As this Achuar participant explained:

People make fun; they do not talk to her; they say: “she has the disease, do not drink her

chicha”. Then, she doesn’t prepare chicha. She makes porky sounds, they [MCL patients]

always do that [noise], like peccary. [...] if they snore, they are sick, the nose is being eaten
from the inside, it is disgusting. My brother had it; | couldn’t visit him.
Apparently, the mucosal form of the disease was the most feared and made evident stigma
expressions, as many considered it could not be treated. Fear reached a point where sinus and
allergies, with their symptoms of nasal congestion and halitosis, were frequently confused with
mucocutaneous leishmaniasis.

Shame and self-disgust were shared by all ethnicities, but social isolation and segregation
were more common among Chicham-speaking groups (Shuar, Achuar and Shiwiar). This social
rejection had different manifestations, like eating from a separate dish, sleeping in different beds,
or avoiding visiting the sick ones. Nested in a strong social tie tradition, the Chicham-speaking
patients expressed going through pain when segregation happened. Social stigma seemed
attenuated when living close to urban settlements as there is easier access to health centres. The
Chicham ethnicities Shuar and Shiwiar linked the aetiology of the disease with shamanic witchcraft,
which meant CL and MCL affected got sick because of sexual misbehaviour; thus they were
punished. Demonstrations of stigma seemed harsher among the Shiwiar group, who exerted
greater social rejection in CL and MCL affected and their families, awarding them stories that
questioned their sexual reputation and good behaviour. In contrast, suspected patients from
Kichwa-speaking groups (Runa, Andoa and Zapara) felt supported by community members, who
wished for fast healing or advised them with remedies or medical treatment.

Sensorial perceptions helped evaluate aesthetic characteristics as markers of good health,
physical strength and beauty. A body capable of performing activities like hunting, walking long
periods, and carrying heavy loads equalled healthiness and also allowed for social functionality. The
physician treating patients during medical brigades in the fieldwork of this research explained that
he saw how other community members laughed about those sick with MCL. He said that even when
the disease was not that critical or noticeable to sight, people could tell someone was sick by their
bad smell and nasal voice sound, making the sick one the ugliest person in the community, thus
affecting social relations. During an interview with a Shuar community member, he explained:

Those with leishmaniasis feel despised by this disease because they cannot get close to

other people. This shame is specifically on kuchap (skin leishmaniasis) because they think it

will lead to death. Formerly in our culture, many had this disease and died. The illness starts
and continues eating the leg until it causes death. They [the sick] will die alone from the bad
smell that cannot be healed.

To summarise, our research findings revealed that there were stigma manifestations
ranging from mild to severe among the different ethnicities. We identified behaviours of
(self)discredit, (self)isolation and segregation balanced with social support in the case of Kichwa and
Spanish linguistic groups. These perceptions and practices are a product of the imaginaries
generated after a sensorial recognition of CL and MCL that are not constricted to the visual
affectation of the skin.
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Discussion

The aesthetics of sickness and death

Compared to the Mestizos in urbanised areas, indigenous peoples in the hinterland Amazon
demonstrated the importance of sensorial perceptions other than the sole visual aspect to identify
CL and MCL. This finding challenges previous studies that concluded visual aesthetics of scarring
and deformities are the principal worldwide cause of stigmatisation, quality of life affection and
psychological distress in CL [6, 39, 43]. The indigenous empirical recognition of a disease linked to
the complete spectrum of sensorial capacities challenges western attempts to generalise visuality
as the leading sense and refers to a particular appreciation of the aesthetics informed by forest
relations.

Aesthetic qualities were points of reference to disclose imaginaries of risk that triggered
stigma expressions. To explore this further, we depict Salazar’s definition of imaginaries as
‘culturally shared and socially transmitted representational assemblages that interact with the
personal imagination and are used as meaning-making devices, mediating how people act, cognise
and value the world’ [44]. In this regard, this is how such imaginaries of risk helped contrast highly
valued health and well-being with illness and death. The first sensorial imaginary is the link
between the smell of rotting flesh and deceased corps. Christine Taylor noted among the Chicham
that the perception of flesh decomposition, especially in the face, transmits imaginaries of death,
and depersonalisation from a person’s physical identity [45]. The second sense is sight, through
visually non-healing sores noticeable on the skin surface related to a fear of disease contagion. The
third is hearing as the sound of nasal voice was associated with the inability to taste food properly,
pointing to a physical dysfunction inside the body. Particularly for the Chicham, MCL and CL were
considered diseases that eat from the inside and kill. For Amazon societies, the connection of body
and death is emphasised in the process of decomposing that marks the detachment of the self from
the body [45, 46]. The persistent appreciation of being alive or dead comes from a forest
environment where living beings seem to exist in a perpetual notion of being either hunter or prey
[34, 47]. Amazon societies are aware that the risk of death is a quotidian threat and also realise
death is intrinsic to life despite their ethnically differentiated responses and ways to cope with
illness.

Stigma, a social protection response to unbalanced forest relations

‘Being among kin, people say, is the essence of living a ‘good life’ and the essential criteria of

happiness’ (Uzendoski) [48].

One of the principles of sensorial anthropology is that sensorial perceptions explain peoples’
(social) environments, which are often communicated through metaphors [26]. Senses are
intertwined with cognitive activity, and embodied experiences —like an illness— can explain cultural
value systems. In this case, practices and beliefs —including values— of Amazon ethnicities are tied to
forest relations [48]. For Amazon societies, disease and death are metaphors for unbalanced
(non)human relations. While the indivisible relation among (non)human beings is embedded in a
holistic cosmovision of unity, highly praised well-being and healthiness are understood as the
outcome of balanced network relations [32]. In this sense, the body is the materiality where
relations are created and destroyed; thus life, illness and death are events connected to such
relationships [49].
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Our research unveiled that despite the fact that Kichwa and Chicham linguistic groups’
responses towards the suspected patients with CL and MCL differed in stigma expressions, they
were linked to social protection mechanisms. Such actions seemed paradoxical despite the fact that
they shared the same rainforest environment. Practices of social support in the case of the Kichwa,
contrasted with those of isolation and segregation —determining social stigma for suspected
patients (and families)— in the case of the Chicham. These differences existed due to their
conceptions of life, disease and death (see Table 3).

Table 3: Life, disease and death conceptions for Kichwa and Chicham linguistic groups

Analysis Amazon Kichwa Chicham

dimension

Cosmovision Holistic. Unity between human Holistic. Unity between human and non-
and non-human beings. human beings.

The real world is invisible; it is revealed
through visions and dreams.

Life Given by the samai, the life spirit. Depends on the attainment of the arutam,
Life is a state of constant the life (with purpose) spirit.
transformation. Life has stages of intensity of being more or

less alive.

Health/wellbeing Equilibrium of (non)human Equilibrium of (non)human relations.
relations.

lliness/Disease Rupture of (non)human Rupture of (non)human equilibrium.
equilibrium. The weak (of spirit) fall ill as they lose their

Is natural, we are all susceptible arutam.
to (bodily) transformation.

Death Death is part of the life Death is part of the life continuum.
continuum. Detachment of the Detachment of the self from the body.
self from the body.
Life restoration Restoration of (non)human Social segregation as the ill is already dead.
strategies relations through social support.  The ill need to find ways to recover their
arutam.

The Kichwa acknowledgement of the life-(illness)-death continuum means everything is in
constant transformation, and strong (non)human networks help cope with disease processes [50].
This implies that the constant construction of identities is relational and therefore changing [51]. In
other words, one person can (self)identify sick with MCL, and the social group would help change
that identification by procuring healing and support so they can recuperate their life spirit called
samai [33, 48]. A close (non)human relationality allows the incorporation of the qualities or
‘vitalities” of other (nature) beings (including plants, animals and objects), resulting in the
compound construction of selfhood through a permeable body [31, 33]. The fact that bodies alter
and become vulnerable imprints empathic reasoning over illness susceptibility. The inevitability of
everyone’s (and everything) constant transformation may explain the low levels of social stigma
and segregation despite a generalised fear of contagion —that explain self-isolation— as they align
with the high value of (non)human relations maintenance.

In contrast, the Chicham understand illness-death as a process of being more or less alive
and being ill/death signifies a rupture of (non)human connections, losing the purpose of life. This
conception of ‘intensity’ of life means illness and death are not sharply differentiated as ‘both are
viewed as a process linked by a series of metamorphoses rather than as ontologically distinct
conditions [...] illness is a single phenomenon, whatever its symptoms, whether psychic or somatic;
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there are no specific illnesses, just undifferentiated suffering’ [34]. The ill are considered incapable
of communicating with their bodies as they fail to acquire the purpose of life spirit called arutam,
also referred to as ‘life with a purpose’ [45]. Certain practices aiming to reach equilibrium help
acquire the arutam, like the intake of hallucinogens, shaman support, keeping good relations,
behaving appropriately and dieting [34]. Likewise, illness is also justified through misbehaviour that
causes a rupture of (non)human relations and interferes with reaching the arutam. In this context,
feeling or being ill is a personal and social construction that involves an idea of malfunctioning in
the self that derives in a negative (self-)image and (self-)perception [34, 49].

Kin relations are important for constructing the self-image, stressing the high-value social
relations have for the Chicham societies. In this understanding, segregation is the expected
outcome of an illness, explaining the radical behaviours of social and self-stigmatisation. Herein,
stigma is not only justified by the sense of control and immunity from danger [52], but it also helps
to distance from the weak (of spirit), who are seen as morally low [13]. Disease and death involve a
process of disentanglement, where the ill distance from their kin and turn absent as beings, cutting
off from social and affective relations. If a person’s physical characteristics change due to disease —
like having rotting skin/flesh— social ties will shift to hostility, eliminating all forms of
communication with their kin and making the sick highly vulnerable [34, 45, 49].

Conclusion

The aim of this study was to understand the perceptions leading to CL and MCL leishmaniasis-
related stigma expressions. Even when stigma expressions varied among the different ethnicities,
the perceptions leading to imaginaries of death were a commonality in Amazon ethnic groups. The
use of the embodied senses of smell, sight, hearing and taste that gave rise to perceptions of risk
and subsequent stigmatisation contested international evidence suggesting the predominance of
visuality. The participation of Spanish-speaking Mestizos helped to back up the international
evidence, and at the same time, contrast it with Amazon ethnic groups who prioritised other senses
(but sight) in the identification of CL and MCL. The empirical experience with disease and death of
forest societies makes sensorial perceptions a source of information that resorts to their
environmental relations. The sensorial perceptions of Amazon ethnic groups also allowed disclosing
a value system where well-being and healthiness conceived in a holistic approach are praised values
linked to good (non)human relations.

That being said, the empirical ways of approaching iliness by health practitioners and
researchers in hinterland societies should incorporate a different view on well-being that would
improve the beneficial results of health attention. Herein, there is a need for further qualitative
research on diseases affecting Amazon societies. Despite the idea that an increased rational
understanding of the illness —through health promotion— will improve well-being, health coverage
aiming to treat and prevent psychosocial suffering can only be reached by considering empirical
knowledge and local value systems. Disregarding sensorial embodied experiences with a disease in
the Amazon would likely result in the population’s low reliance on health practitioners. In this
regard, treating (muco)cutaneous leishmaniasis and other diseases requires acknowledging a
holistic cosmovision, for example, involving behaviour recommendations to maintain good
(non)human relations to restore an individual’s vital force.
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General discussion

Revealing the geographic distribution of Leishmania species and its implications

Protozoan parasites of the genus Leishmania can cause cutaneous (CL), mucosal (ML), and visceral
(VL) human disease [1]. Researchers have discovered Leishmania in 4000-year-old Egyptian and
2800-year-old Peruvian mummies demonstrating humanity’s millennial history with the parasite [2,
3]. The clinical image was described on Assyrian tablets dating back 2700 years and was depicted in
human shapes called “huacos” by the Peruvian Moche people 1400 years ago [4, 5]. Historically,
distinguishing leishmaniasis from other diseases, such as leprosy, was impossible because the
causing agent was unknown [6]. This changed when the Scottish physician Cunningham used a light
microscope to see the oval parasitic form for the first time in 1885, though he did not recognize it
as Leishmania [4]. His fellow countryman, pathologist Leishman, reported the discovery of those
bodies in post-mortem spleen smear preparations of a soldier who had fever and cachexia in 1903
[7]. A year later, European scientists generally accepted the genus name Leishmania [8]. Leishmania
subgenera and species were further differentiated over the course of more than a century, with the
final human pathogenic species being described in 2014 [9]. The geographic distribution of the
Leishmania species is still being determined [10, 11].

We have extensively described the identification of Leishmania species in Ecuadorian patients with
CL lesions in the Amazon and Pacific regions in Chapter 2. L. guyanensis was discovered in the
Ecuadorian Amazon provinces of Napo, Pastaza, and Morona Santiago, L. braziliensis in the Pacific
Imbabura province, and L. lainsoni in the Pacific Pichincha province and the Amazon provinces of
Napo, Pastaza, and Morona Santiago. In addition, we report a sustained low prevalence of L.
braziliensis in the Pacific region. Because L. braziliensis is the only species associated with ML in
Ecuador, these findings have implications for the follow-up of CL patients [12, 13]. Only 46 species
determinations in Amazon CL patients are reported in Chapter 2, with L. braziliensis accounting for
nearly half of them. To further identify high-risk parishes, cantons, or regions (e.g. depending on
the altitude), this number is insufficient. Further stratification of ML risk would be possible if the
species of all CL cases found to be infected in the Amazon were known. Additionally, patients with
L. braziliensis infections would be identified, enabling long-term surveillance to find any lesions of
the nasal and oral early [14]. People from non-L. braziliensis endemic regions who become infected
while working in the Amazon are more likely to receive the wrong diagnoses because they may not
recognize the symptoms of ML and may consult medical specialists who are unfamiliar with it [15].
These groups include the military, oil company workers, loggers, gold diggers, and farmers [16].
According to Marsden, patients who have been infected with L. braziliensis should get yearly and
ongoing clinical follow-up [17]. The American Society of Tropical Medicine and Hygiene and the
Infectious Diseases Society of America both recommend two years of follow-up in their clinical
practice guidelines. They recommend a clinical visit that includes nasal and oral mucosa revision
[18]. Reference centers in Europe and North America provide at-risk patients with written
information outlining the risk of ML [18, 19]. The Pan American Health Organization guidelines also
recommend long-term ML follow-up for the growing number of L. braziliensis-infected patients who
receive local treatment [20]. Early ML treatment may help to prevent therapy resistance and severe
complications such as facial malformations, malnutrition, and laryngeal obstruction which could be
fatal, so studies to determine the type, interval, and duration of follow-up are required [21, 22].
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Sequencing issues

A limitation was that only half of the CL patients’ species could be determined from DNA stored in
filter paper (Chapter 2). This was due to a low DNA yield, which hampered cytochrome B
sequencing in all of the samples. By enhancing the sample collection, handling, DNA extraction,
and/or species determination processes, better results may be attained [11, 23]. Consequently, we
propose developing an initial ML surveillance approach based on species assessments of each
sample, followed by a risk stratification based on regions. Chapter 2 demonstrates that this is
possible with filter paper sampling in remote health centers without a cold chain or land transport,
in tropical conditions, and with extended storage times due to the COVID pandemic.

Sequencing of the cytochrome B gene is an internationally validated method for determining
Leishmania species [24]. When sequences are made publicly available in repositories such as
GenBank, it allows for detailed international comparison of the results, which is an advantage of
gene fragment sequencing over other methods such as restriction fragment length polymorphism
analysis [25]. The cytochrome B sequences of L. braziliensis samples were indistinguishable from L.
peruviana when compared to the NCBI database using the basic local alignment search tool and in a
phylogenetic (Chapter 2)[26]. L. braziliensis-L. peruviana hybrids have been found in Peruvian
samples but not in Ecuador [27, 28]. They have been reported in ML patient samples and should not
be considered low-risk [29]. Sequencing of the mannose phosphate isomerase (MPI) gene has been
proposed to finally differentiate the two species based on a single nucleotide polymorphism [30].
The majority of L. braziliensis samples whose MPI gene was sequenced revealed the absence of the
‘G’ allele at location 1082, confirming that these samples had to be classified as L. braziliensis.
Interestingly, five samples revealed the presence of an ‘A’ allele in addition to the ‘C’ allele, which
appears to be an Ecuadorian variant (Chapter 2). These findings highlight the genetic diversity of
the Viannia complex, which has previously been reported [27, 31]. For Ecuador, we recommend
that the cytochrome B gene sequencing be supplemented with the sequencing of an additional
gene, such as MPI. A phylogenetic tree constructed from the cytochrome B sequences of more than
100 L. guyanensis samples revealed a subclade with >95% Pacific samples and a subclade with >70%
Amazon samples (Chapter 2). This implies that mutations respect regional borders which may have
consequences for diagnostic test accuracy, therapy resistance, and the risk of ML, even within the
same species.

Management of leishmaniasis by region versus species

Current management of leishmaniasis in Ecuador is nationwide and species-specific at the level of
the Americas [20, 32]. Our finding of an apparently Ecuadorian mutation of the MPI gene in L.
braziliensis and region-specific subclades of L. guyanensis provides genetic evidence for
comparative research of test accuracy, therapy efficacy, and ML risk between geographically
delimited areas. It calls into question the applicability of current leishmaniasis management
guidelines based on research from other regions or countries. Miltefosine, for example, was
introduced by the Ministry of Health in Ecuador in 2008 but was discontinued after a few years,
presumably due to a lack of efficacy [33, 34]. Even though no Ecuadorian trials with miltefosine
have been reported, the new Pan American Health Organization (PAHO) guideline strongly
recommends it [20]. This illustrates the importance of regional research, especially in a decade
when new point-of-care tests, drugs, and vaccines for leishmaniasis are being developed and will
most likely be used at the level of the Americas when safety and efficacy are proven in only a few
clinical studies [35-37]. The finding of a persistently low prevalence of L. braziliensis in the Pacific
region (5/89, 6%) is lower than Kato et al. reported (12/101, 12%) and does not confirm an increase
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(Chapter 2)[11]. As a result, we do not recommend standard species determination for all Pacific CL
patients because it would be a time-consuming and costly procedure with a minor impact on
patient follow-up.

Health Seeking delay and implications for neighboring countries

Another reason why ML surveillance is not recommended in the Pacific is the relatively short
health-seeking delay as described in Chapter 2. A short health-seeking delay allows for early
treatment initiation and reduces the risk of ML development [38]. In the Amazon, on the contrary,
the median health-seeking delay was twice as long as in the Pacific providing yet another reason for
ML surveillance. In Chapter 2 we describe that age, Amerindian ethnicity, infection at lower
altitudes, lesions on the lower limbs, and non-ulcerative lesions are associated with prolonged
health-seeking delays. All of these factors are associated with the Amazon region, except for the
last. In the Amazon, transmission seems to be sylvatic involving adults who leave their homes and
enter the rainforest for hunting, farming, logging, mining, oil extraction, or military purposes [16,
39]. Because the vector flies low, the proportion of bites on the lower limbs is higher in adults [40].
Roads in the Amazon begin in the highlands and descend into the tropical rainforest, where they
end halfway, leaving vast areas of the Ecuadorian Amazon inaccessible by land [41]. Because the
inaccessible lowlands are primarily inhabited by Amerindians, travel difficulties are linked to lower
altitudes and ethnicity [42]. Even if they live in easily accessible areas, Amerindian patients may
face longer health seeking delay due to cultural differences, language barriers, poverty, and
discrimination [43, 44]. Stigma has been shown to delay health-seeking in leprosy patients [45]. The
extent to which stigma caused health-seeking delay in suspected CL patients has not been studied
yet. The variables associated with health-seeking delay should be interpreted with caution because
the study excludes determinants such as occupation, educational level, income, marital status,
distance to the health center, visit to a traditional healer, and possible doctors delay. A future
research project should include all of these variables, as well as the potential impact of stigma, to
develop a program that adequately addresses health-seeking delay [46]. The association between
non-ulcerous lesions and health-seeking delay might be explained by a failure of healthcare
professionals and/or patients to recognize atypical lesions. Only 16 (7%) of such patients are
described in Chapter 2, so we recommend investigating health care professionals’ knowledge of
non-ulcerative manifestations of CL, followed by (if necessary) a training program in endemic areas.

Ecuador, Peru, and Colombia share geographic, ecological, and social characteristics at their border
regions that have implications for infectious disease epidemiology [47, 48]. This includes potential
animal reservoirs for leishmaniasis and Lutzomyia vectors found across borders [49, 50]. The
prolonged health-seeking delay in southern Ecuador’s Amazon region may also exist in neighboring
Colombian and Peruvian provinces. As a result, we recommend studies of patient characteristics
and determinants of health-seeking delay in suspected CL patients in Colombia and Peru to prevent
prolonged suffering, therapy resistance, and the development of ML.

Challenges in the diagnosis of CL and ML

Despite the fact that the Leishmania parasite was discovered using a light microscope nearly 140
years ago, this method is still used to diagnose the disease and make treatment decisions in
suspected Ecuadorian CL cases [4]. In Chapter 3, we assessed the diagnostic accuracy of a
guantitative polymerase chain reaction (QPCR) on DNA extracted from lesion-imprinted filter paper
and microscopic examination of Giemsa-stained smear slides for the diagnosis of CL. Healthcare
professionals included over 300 participants based on clinical suspicion of CL. Unexpectedly, the
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intended gold standard for CL confirmation, gPCR on DNA extracted from lesion-imprinted filter
papers, generated false negative results in almost one-fifth of the samples. Therefore, Bayesian
latent class analysis (LCA) was used to estimate true prevalence and test accuracy. The true
prevalence in the study was estimated at approximately 80%. Both qPCR and microscopy sensitivity
were lower than the predefined threshold of 80%. A comparison of microscopy sensitivity by region
found statistically significant heterogeneity between the Pacific and the Amazon. Because an
informative prior for the specificities of qPCR and microscopy was used (specificity for both was
more than 97% according to previous studies), it was not a meaningful outcome in this study [51].

Both qPCR on DNA extracted from filter paper lesion imprints and microscopy on smear slides of
lesion scrapings had poor sensitivity. This outcome might be explained in part by LCA’s improved
test accuracy estimations [52]. Previous studies on the accuracy of microscopy and PCR methods for
CL diagnosis used imperfect or composite gold standards, which could have altered test accuracy
estimates [51, 53]. As long as no perfect gold standard has been defined, it is recommended that
LCA be used routinely to evaluate tests for CL diagnosis.

Both qPCR and microscopy identify the presence of Leishmania amastigotes in the sample. As a
result, a low parasite load in the sample might explain the failure of both tests. Grading amastigote
density in microscopy slides could have confirmed low parasite loads and should be done in future
studies. In previous research, the distribution of amastigotes in cutaneous lesions caused by L.
(Viannia) species was uneven and region-dependent [54, 55]. Uneven amastigote lesion distribution
and regional differences might explain the heterogeneity between gPCR and microscopy as well as
the Amazon and Pacific. Therefore, for each patient, a combination of sampling (e.g., scalpel
scraping + filter paper imprint) and diagnostic (e.g., microscopy + qPCR) techniques is
recommended. In samples infected with L. braziliensis, both the median Leishmania rDNA
concentration and microscopy sensitivity were lower than in L. guyanensis. Because the number of
confirmed L. braziliensis samples was small (less than 30), it cannot be concluded that parasite
density varies by species. A future study on parasite density and test accuracy should include a
larger patient group with L. braziliensis.

Improvement in sample storage and analytic methods might also increase test accuracies. For
microscopy, a future study should include data on a first (by the peripheral technician) and second
(by a referral technician) revision of the slides to see whether improved training is required. For
gPCR, future studies should avoid storing filter papers containing sample at ambient temperature
for more than 12 months, and filter papers should be transferred by health personal while avoiding
severe heat and humidity. Although the chelex-based method used for DNA extraction is
inexpensive and non-time-consuming, it has only been used in a few CL studies [56]. The inclusion
of a purification step, as described by Singh et al., is recommended for future studies as
contamination might cause false negative PCR results [57]. Because the qPCR used lacked a reverse
transcriptase step, it was unable to detect Leishmania RNA, which may be more abundant in the
lesions. Such a step is recommended for future studies as described by van der Meide et al. [58].
The low individual sensitivity of smear slide microscopy and gPCR on DNA from lesion filter paper
imprints illustrate the difficulty in developing an accurate point-of-care confirmatory test for CL.

The microscopy test accuracy is particularly important because it is the current point-of-care test in
all of Ecuador’s endemic areas [59]. The low sensitivity reported in Chapter 3 contradicts the
Ministry of Health’s 2013 guideline, which states that microscopy sensitivity ranges between 85 and
90% [59]. Ecuador reports approximately 1400 microscopy-confirmed CL cases each year [60].
Extrapolating the 33% (1-sensitivity) false negativity, to the national level leads to an estimate of
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700 patients incorrectly classified as negative each year [60]. This number is concerning because
microscopy-negative patients do not receive anti-Leishmania treatment [34]. Patients who are not
treated will most likely resort to alternatives such as medicinal herbs, high temperatures, or toxic
methods such as battery acid, lead, and mercury, which can cause severe scarring [61]. Moreover,
prolonged patient suffering, waste of resources, and diagnostic failure will foster distrust in the
involved health professionals and system [62]. Distrust in the healthcare system reduces the
effectiveness of any preventive or curative program and widens health disparities [63]. Therefore,
the microscopy-based test and treat program should be discontinued or modified.

Interestingly, the estimated true CL prevalence was relatively high among patients included on the
base of clinical suspicion. Treatment of all suspected patients in this study with meglumine
antimoniate would expose too many non-CL patients to its toxicity, would be costly, and time-
consuming [64]. Nevertheless, the 2022 PAHO guideline recommends thermotherapy for CL [20].
Thermotherapy has few side effects, is inexpensive, rapid, and can cure more than 70% of CL
patients [65]. Therefore, it is recommended that clinical studies be conducted to explore algorithms
for the management of patients on the base of CL suspicion incorporating thermotherapy.

Clinical variables to detect cutaneous and mucosal leishmaniasis

The impact of sociodemographic or clinical variables such as age (cut-off 20 years), gender, altitude
of infection (cut-off 500m), and body location of the lesion (head and neck versus other location) on
the predictive values of microscopy or gPCR was examined in Chapter 3. The addition of one of
those variables did not affect predictive values, particularly the negative predictive value (NPV).
That’s unfortunate because such variables are easily accessible in remote settings. A future study
that includes an evaluation of professionals’ arguments for clinical suspicion of CL could aid in the
development of a CL management algorithm.

According to the literature, the diagnostic accuracy of microscopy for ML is even lower than for CL
[23, 66]. In Chapter 4, a systematic literature review examines the detection rates of clinical
variables for ML in patients reported in case series. The study includes ten papers that cover more
than 190 ML patients. The detection rate of the male gender was the highest (88%), followed by
nasal mucosa ulceration (77%), age>15 (69%), and duration of symptoms >4 months (63%).
Microscopic examination of biopsies and direct smears yielded detection rates of 55 and 41%
respectively. The cumulative detection rate of two or three positives from the last three variables
was 84% in men and 79% in women, which is encouraging for clinical practice. Because the papers
included in the study did not include non-ML patients, no specificity could be calculated. All of the
included studies were found to have a high risk of bias. This study is a first, but small, step toward
developing diagnostic criteria for ML. Future studies should include non-ML patients to define the
most discriminative criteria and calculate the predictive values of combinations. Such studies should
be carried out at the local level because the predictive values (both negative and positive) are
affected by the prevalence of diseases included in the differential diagnosis.

Challenges in the treatment of leishmaniasis

Russell, an eighteenth-century physician, reported that the treatments for the Aleppo boil (later
identified as CL) were both countless and useless [67]. Since the discovery of leishmaniasis in 1903,
treatment efficacy has been compared globally. Within a decade, the metalloid antimony, an
ancient remedy, was discovered to be effective against leishmaniasis [68, 69]. Its compounds tartar
emetic and urea stibamine saved the lives of thousands of VL patients in India, but they had serious
side effects [70]. The pentavalent antimonial meglumine antimoniate was introduced in 1946 and
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quickly replaced other antimonials because it had fewer effects [71]. Despite its high cost, toxicity,
parasite resistance, lack of oral formulations, and long treatment time, meglumine antimoniate
remains a cornerstone in the treatment of leishmaniasis In the Americas more than 75 years after
its introduction [20].

Allylamines, particularly terbinafine, are used to treat fungal infections of the skin. They are widely
available at reasonable prices in topical and systemic formulations [72]. A systematic review aimed
at assessing the efficacy and safety of allylamines for the treatment of CL and ML found only one
well-designed randomized controlled trial in CL patients infected with L. tropica (Chapter 5). In this
trial, 28 days of oral terbinafine + cryotherapy (n=40) was compared to 28 days of meglumine
antimoniate + cryotherapy (n=40), and cure rates were only 38% versus 53% in the control group
[73]. Studies on cultured amastigotes revealed that the effective concentration was five times
higher than skin concentrations achieved with common terbinafine doses [74, 75]. As a result, we
conclude that further research on allylamine monotherapy is not warranted and that it should not
be used in CL patients. In an in vitro study of terbinafine in combination with the triazole drug
ketoconazole, the minimally inhibitory concentration was reported to be more than 1000 times
lower than that reported for allylamine monotherapy [76]. This synergistic effect appears
promising, but it must be replicated in other Leishmania species. Consequently, before considering
human studies, animal studies should be conducted to define ideal combinations and
concentrations [77]. When human studies confirm the safety of a combination of allylamines and
triazoles, that is only the beginning of the process. Pharmacokinetic studies, efficacy studies,
randomized controlled trials, implementation studies, and finally pilot introduction studies would
be the next steps. Unless incredible collaborations are achieved, the timeline for this process will be
decades-long [78]. Even so, given the already existing resistance of leishmaniasis to monotherapy
with both allylamines and triazoles, resistance development would remain a major concern
(Chapter 5) [79]. The potential repurposing of an allylamine-triazole combination for leishmaniasis
can be compared to the history of miltefosine. Miltefosine was originally used in oncology and is
the only oral drug used to treat leishmaniasis [20]. It took 34 years after the discovery of its anti-
leishmaniasis activity for the Food and Drug Administration of the United States to approve it.
Almost a decade later, it is discovered to have severe side effects, to be teratogenic, and resistance
is reported [80, 81]. Also, because Knight Therapeutics, the pharmaceutical firm that holds the
rights to it, is greedy, it is unavailable for the majority of patients [82]. The miltefosine case
illustrates how challenging drug repurposing can be and why new medications should ultimately be
developed [83]. The Drugs for Neglected Diseases initiative (DNDi) is currently a key player in the
development of new leishmaniasis drugs. Their portfolio for leishmaniasis treatment includes five
drugs in phase 1 trials and one in phase 2 trials [36]. This appears promising because phase 2 trials
could result in a drug being available within 6 years, but it remains uncertain when we consider the
considerable percentage of phase 1 and 2 drugs that do not reach the patient population [83].
Furthermore, new drugs may be effective only for one type of leishmaniasis (e.g. VL or CL) or one
geographic region [37]. Given the number of new drugs being developed, the limitations of drug
repurposing, and limited resources, research teams should carefully consider whether the
combination of allylamines and triazoles is worthwhile [84]. Collaboration with international
initiatives such as DNDi would be preferable to ensure funding and planning of follow-up studies
until clinical implementation and beyond [85].
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Leishmaniasis related Quality of Life

The first systematic study on the quality of life of CL patients originates from Turkey and was
published in 2004. Patients with active lesions had a lower quality of life than scarred patients [86].
This Turkish study was published more than 25 years after the term ‘quality of life’ became a
keyword in the medical subject headings of the US national library of medicine (MEDLINE) [7, 87].
Weigel et al. had already published the results of a short, non-validated, questionnaire on the
psychosocial impact of CL among 27 patients with active lesions, 77 with CL scars, and 104
additional Ecuadorian Pacific respondents a decade before. He reported that the majority of
subjects thought the disease was severe, hampered their ability to work, and had a negative impact
on their self-esteem [88]. Chapter 6 describes the first systematic assessment of the health-related
quality of life of 279 suspected CL patients from Ecuador’s Pacific and Amazon regions using the
internationally validated Skindex-29 questionnaire. CL was confirmed in 208 (75%) of the
participants who scored similarly as non-confirmed participants. Patients from the Amazon had
higher scores on all three dimensions of the questionnaire (emotions, symptoms, and functioning)
indicating lower quality of life. This difference was statistically significant for participants who spoke
Spanish as their first language (Mestizos), Chicham speakers (Shuar, Achuar, and Shiwiar), and
Kichwa speakers (Amazon Kichwa, Andwa, and Zapara). Ulcerative lesions were associated with a
lower quality of life. Gender, age, the number of lesions, the body location of lesions, and health-
seeking delay were not associated with a lower quality of life. The lack of validation of the Skindex-
29 questionnaire in children limited this study, but their scores (partially reported by their
representatives) did not differ from those of adults. Another limitation is the absence of data on the
wetness, odor, and diameter of the lesions, which should be included in future studies as they may
help to explain the determinants of quality of life. Suspected CL patients in the Ecuadorian Amazon
experience increased suffering that should be addressed.

Smell, sound, and taste as stigmatizers

The ‘hospital anxiety depression scale’ and the ‘body image satisfaction scale’ were added to the
evaluation in Turkey’s first leishmaniasis-related quality of life study. They found that patients with
CL scars had higher anxiety and depression scores as well as lower body image satisfaction, when
compared to healthy controls and attributed this to social stigmatization of the patient’s
appearance [86]. In Chapter 7, the validity of appearance as a cause of social stigma in the
population studied in Chapter 6 is evaluated. During a multisite, short ethnography, more than fifty
suspected leishmaniasis patients (CL and/or ML) and nearly as many family and community
members, including health professionals and traditional healers, were interviewed or participated
in focus groups. Mestizos, who predominate in the Pacific region, stated that the appearance of
open wounds, disfigurement, and scar marks was associated with self-rejection and fear. This
finding is in agreement with previous research from Africa, Asia, and South America [89].
Amerindians, who predominate in the Amazon hinterlands, stated that the smell of open wounds
and the odd sounds produced by ML patients were the principal causes of (self) rejection. Less
common causes included the patient’s appearance and a different taste of food. The dominance of
smell and sound over appearance as causes of leishmaniasis stigma is a new finding [90]. This
difference originates probably from the Amazon forest peoples’ cosmovision, which prioritizes unity
with family, community, and nature for health and happiness [91]. The smell of decomposing flesh
and the atypical sounds produced by leishmaniasis lesions may evoke images of danger, separation,
and death [92]. Amerindian participants associated smell, sound, visual appearance, and taste with
shame, fear of contagion, physical dysfunction, witchcraft, and death (Chapter 7). This resulted in
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social isolation and distancing, as well as name-calling, jokes, and accusations of inappropriate
behavior by society. Both external and internal stigma apply to these attitudes and experiences
[93]. Stigma may be worse than physical suffering in CL or ML, as patients who survive, experience
social death [94]. Despite the fact that leishmaniasis-related stigma has been reported for nearly
two decades, no intervention studies have yet been published [95, 96]. Stigma is, in general, a
complex social problem that requires interventions at the intrapersonal, interpersonal, community,
organizational, and governmental levels. Interventions should be carefully designed, including
continuous efficacy monitoring, because they may unintentionally worsen stigma [97]. The
discovery that non-visual aesthetics (smell, sound, and taste) cause stigma expressions in the
Ecuadorian Amazon population asks for a rethinking of the interventions currently promoted by the
WHO to reduce the stigma associated with NTDs. Counseling, empowerment, cognitive therapy,
education, social contact, care teams, advocacy, training of professionals, and legislation are some
of the interventions available [98]. To begin, it should be carefully considered at what levels stigma
reduction interventions are required and how they should be implemented. The Amerindian
population has historically faced discrimination and education or communication interventions may
exacerbate this, particularly if the results of Chapter 7 are not carefully communicated [99].
Because the transmission of CL and ML is zoonotic in the Americas, this information may alleviate
patients’ and health professionals’ fear of contagion without increasing discrimination [100].
Worldwide, the visible appearance of CL scars and ML deformations lead to long-term stigma [90].
It is unknown how long the stigma will persist in the Amazon population after the smell, atypical
sound, and taste normalize during lesion healing. This would be clarified by a study comparing
health-related quality of life, external stigma, and internal stigma in CL and ML patients before,
during, and after cure [86]. Because the internal and external harmony of suspected leishmaniasis
patients in the Amazon may be jeopardized, a holistic approach to restoration is recommended.
This should include culturally appropriate dietary advice (for example, to optimize protein, caloric,
and micronutrient intake) as well as behavioral advice (for example, to avoid trauma to lesions or
vector bites) among others [101].

Conclusion

Almost 140 years after the first sighting of the Leishmania parasite, we discover that leishmaniasis-
induced changes in smell, sound, and taste cause stigma expressions in the Amazon population
(Chapter 7). They may result in decreased health-related quality of life (Chapter 6) and prolonged
health-seeking delay (Chapter 2). This is exacerbated by diagnostic (Chapter 3 and 4) and
therapeutic (Chapter 5) failures that may be dependent on parasite and host characteristics
(Chapter 2). Together they cause prolonged suffering which may also exist among leishmaniasis
patients in larger neighboring countries Colombia and Peru. This suffering should be alleviated
through a multi-level approach that includes the collaboration of the local, national, and
international communities, dedicated professionals, availability of resources, and future research
initiatives.
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Chapter 9

Summary

Improved understanding, diagnosis, and treatment of cutaneous and mucosal
leishmaniasis in rural Ecuador

Around the world, up to one million new people are infected with Leishmania parasites each year.
These protozoans infects humans through the bite of female sandflies of the genus Lutzomyia or
Phlebotomus. In most regions, Leishmania transmission is zoonotic (from animal to human). The
World Health Organization classifies leishmaniasis as a Neglected Tropical Disease due to a lack of
knowledge regarding the epidemiology and disease characteristics, as well as a lack of adequate
diagnostics, drugs, vaccines, and vector control strategies. The global burden of leishmaniasis is
rising as a result of poverty, socioeconomic vulnerability, and climate change.

In Ecuador, leishmaniasis affects an estimated 5000 people annually, causing two major diseases:
cutaneous leishmaniasis which causes skin ulcers and nodules that heal spontaneously in months or
years, leaving scars, and mucosal leishmaniasis, which causes mucosal inflammation and ulceration
of the nose, mouth, and throat that does not heal spontaneously. Cutaneous leishmaniasis is caused
primarily by the species Leishmania guyanensis and L. braziliensis and occurs throughout the
tropical Amazon and the subtropical northern Pacific region. Mucosal leishmaniasis occurs only in
the Amazon and is caused by L. braziliensis. The knowledge of the Leishmania species distribution
and the clinical presentation of cutaneous leishmaniasis patients in Ecuador’s Pacific and Amazon
regions is outdated and incomplete.

A cross-sectional study in Chapter 2, describes the identification of Leishmania species in 135
patients from the Pacific and Amazon regions, as well as the clinical presentation with determinants
of health-seeking delay in 245 cutaneous leishmaniasis patients. This study finds a sustained low
prevalence of L. braziliensis in the Pacific region. It also reveals the presence of 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. A phylogenetic tree
constructed from the cytochrome B sequences of 102 L. guyanensis samples reveals that mutations
respect regional borders. This may have consequences for diagnostic test accuracy, therapy
resistance, and the risk of mucosal leishmaniasis even within the same species, emphasizing the
importance of region-specific research. Amazon patients have a longer median health-seeking delay
(2.0, interquartile range 3.0) than Pacific patients (1.0, interquartile range 1.5). Prolonged health-
seeking delay is associated with older age, Amerindian ethnicity, infection at lower altitudes, non-
ulcerative lesions, and lesions on the lower limbs. This could be due to limited access to health care
as well as stigma. Routine species determination in Amazon cutaneous leishmaniasis cases is
recommended, as are regional studies of determinants of health-seeking delay in Ecuador and
regional studies of patient characteristics in neighboring countries Peru and Colombia.

Each year, the microscopy-based test and treat management of Ecuadorian cutaneous
leishmaniasis-suspected patients potentially leaves thousands without treatment; thus, the
accuracy of smear slide microscopy and a gPCR on DNA extracted from filter paper is analyzed in
Chapter 3. The study uses statistical models to estimate test sensitivity, specificity, likelihood ratios,
and predictive values with their respective 95% credible intervals (95%Crl). As a secondary
objective, sociodemographic and clinical characteristics are assessed for their predictive value.
Paired test results are available for 129 Amazon participants and 185 Pacific participants. In the
Amazon and Pacific regions, qPCR sensitivity is estimated at 68% (95%Crl 49% to 82%) and 73%
(95%Crl 73% to 83%), respectively, and microscopy sensitivity is estimated at 51% (95%Crl 36% to
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66%) and 76% (95%Crl 65% to 86%). The regional difference in microscopy sensitivity cannot be
explained by health-seeking delay. With an estimated disease prevalence of 73% among participants
in the Amazon region, negative predictive value for qPCR is 54% (95% Crl 5% to 77%) and 44% (95%
Crl 4% to 65%) for microscopy. With an estimated disease prevalence of 88% in the Pacific, the
negative predictive value is 34% (95%Crl 25% to 57%) and 37% (95%Crl 27% to 63%). In the Amazon,
the addition of gPCR parallel to microscopy increases the observed prevalence from 38% to 64%
(+26 (95% Crl 19 to 34) percentage points)). The individual failure of both tests could be due to
parasite, human host, or diagnostic method related factors, which should be clarified in future
studies. It now leads to prolonged suffering for untreated patients. The inclusion of socio-
demographic and clinical characteristics in the diagnostic pathway does not improve the posterior
probability of excluding cutaneous leishmaniasis. The use of suspicion-based thermotherapy, a brief,
safe, and low-cost alternative treatment for cutaneous leishmaniasis, recommended by the Pan
American Health Organization, should be researched.

According to the literature, the diagnostic accuracy of microscopy for mucosal leishmaniasis is even
lower than for cutaneous leishmaniasis. If not treated promptly, the parasite may develop treatment
resistance or cause progressive facial deformities and death. Because clinical criteria are available in
any setting, they can be combined to form a syndromic algorithm, which can then be used as a
diagnostic tool. Through a systematic review of the literature, Chapter 4 explores potential clinical
criteria for a syndromic diagnostic algorithm for mucosal leishmaniasis. Ten studies describing a
total of 192 mucosal leishmaniasis patients are included. Male gender has the highest detection rate
(88%), followed by ulcer of the nasal mucosa (77%), age >15 (69%), and symptom duration >4
months (63%). No specificity can be calculated because the papers did not include non-mucosal
leishmaniasis patients. All of the included studies have a high risk of bias. This study is a first, but
small, step toward developing diagnostic criteria for mucosal leishmaniasis. Future studies should
include non-mucosal leishmaniasis patients to define the most discriminative criteria and calculate
the predictive values of combinations.

Current cutaneous and mucosal leishmaniasis treatments have severe side effects and must be
administered via injection. Allylamine drugs, such as terbinafine, are safe and can be taken orally or
topically, even during pregnancy. A systematic review of the literature in Chapter 5 assesses the
efficacy and safety of allylamine drugs as an alternative treatment for cutaneous and mucosal
leishmaniasis. The study includes one uncontrolled trial, two randomized controlled trials, two
animal studies, and 12 in vitro amastigote and/or promastigote studies. In the only well-designed
randomized controlled trial that compares the treatment efficacy of oral terbinafine versus
intramuscular meglumine antimoniate in 80 L. tropica infected patients, terbinafine has a non-
significant lower cure rate (38% vs 53%). A meta-analysis is not performed due to the small number
of studies, their heterogeneity, and low quality. According to this systematic review, there is no
evidence that allylamine monotherapy is effective against cutaneous or mucosal leishmaniasis.
Further trials of allylamines should be carefully considered because the in vitro studies showed
minimal effective concentrations that are not clinically relevant. However, the synergistic effects of
allylamines combined with triazole drugs in vitro warrant further exploration.

Cutaneous leishmaniasis reduces health-related quality of life due to stigma in the Asian and
Mediterranean contexts, but research for Ecuador is lacking. The study described in Chapter 6
assesses the influence of cutaneous leishmaniasis suspected lesions on the quality of life of 279
patients in the Pacific and Amazon regions. This study applies the Spanish version of the Skindex-29
questionnaire, a generic tool for measuring health-related quality of life in patients with skin
diseases. Patients from all participating linguistic groups (Mestizo, Kichwa, or Chicham) in the
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Amazon score significantly (P <0.01) higher (indicating worse health-related quality of life) on all the
dimensions of the Skindex-29 questionnaire than Mestizo patients from the Pacific region. Gender,
age, the number of lesions, the body location of lesions, health-seeking delay, and posterior
confirmation of the parasite, are not associated with a lower quality of life. Future studies that
include additional patient and lesion details should clarify whether the impaired health-related
quality of life is related to stigma.

Previous research has focused on aesthetic appearance affectation as the primary source of stigma
caused by cutaneous leishmaniasis. This aspect has been studied in the 90s in the Ecuadorian Pacific
region but never in the Amazon. Chapter 7 describes ethnographic research and data retrieved from
83 semi-structured interviews, and 15 focus groups conducted in seven Ecuadorian ethnic groups.
Mestizos, who predominate in the Pacific region, state that the appearance of open wounds,
disfigurement, and scar marks are associated with self-rejection and fear, which is consistent with
previous studies. On the other hand, Amerindian populations in the Amazon’s hinterland trigger
internal and external stigma expressions by recognizing cutaneous and mucosal leishmaniasis
through atypical smell, followed by the odd voice sound, appearance, and appearance taste. This
reveals that the sensorium enables differentiated cultural responses to a sense of peril, contagion,
and social (self)rejection, which are linked to Amerindian populations’ holistic approach to health.
These findings should be communicated carefully to avoid exacerbating already-existing
discrimination against Amerindians. It is unknown whether stigma will persist in the Amazon
population after the smell, atypical sound, and taste normalize during lesion healing. A study
comparing health-related quality of life, external stigma, and internal stigma in cutaneous and
mucosal leishmaniasis patients before, during, and after cure would clarify this. A focus on the fact
that leishmaniasis does not spread from person to person may alleviate public fears and rejection of
patients. A holistic approach to suspected leishmaniasis patients is recommended, including dietary
and behavioral advice. Any intervention must be carefully planned with all actors and continuously
monitored for effectiveness.

Almost 140 years after the first sighting of the Leishmania parasite, we discover that leishmaniasis-
induced changes in smell, sound, and taste cause stigma expressions in the Amazon population
(Chapter 7). They may result in decreased health-related quality of life (Chapter 6) and prolonged
health-seeking delay (Chapter 2). This is exacerbated by diagnostic (Chapter 3 and 4) and
therapeutic (Chapter 5) failures, which may be dependent on parasite and host characteristics
(Chapter 2). Overall, leishmaniasis causes prolonged suffering which may also exist among
leishmaniasis patients in larger neighboring countries Colombia and Peru. This suffering should be
alleviated through a multi-level approach involving local, national, and international communities,
dedicated professionals, resources, and future research initiatives.
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Samenvatting

Verbeterd begrip, diagnose en behandeling van cutane en mucosale leishmaniasis
op het platteland van Ecuador

Over de hele wereld worden elk jaar tot een miljoen mensen besmet met Leishmania parasieten.
Deze protozoa infecteren mensen via de beet van vrouwelijke zandvliegen van het geslacht
Lutzomyia of Phlebotomus. In de meeste regio's is de overdracht van Leishmania zo6notisch (van
dier op mens). De Wereldgezondheidsorganisatie classificeert leishmaniasis als een verwaarloosde
tropische ziekte vanwege een gebrek aan kennis over de epidemiologie en ziektekenmerken,
evenals een gebrek aan adequate diagnostiek, medicijnen, vaccins en vectorbestrijdingsstrategieén.
De wereldwijde last van leishmaniasis neemt toe als gevolg van armoede, sociaaleconomische
kwetsbaarheid en klimaatverandering.

In Ecuador treft leishmaniasis jaarlijks naar schatting vijfduizend mensen en veroorzaakt twee
belangrijke ziektebeelden: cutane leishmaniasis, die huidzweren en knobbeltjes veroorzaakt die
binnen maanden of jaren spontaan met littekenvorming kunnen genezen, en mucosale
leishmaniasis, die slijmvliesontsteking en ulceratie van de neus, mond en keel veroorzaakt en niet
spontaan geneest. Cutane leishmaniasis wordt in Ecuador voornamelijk veroorzaakt door de
soorten Leishmania guyanensis en L. braziliensis en is endemisch in het tropische Amazonegebied
en de subtropische noordelijke Pacifische regio. Mucosale leishmaniasis komt alleen voor in de
Amazone en wordt veroorzaakt door L. braziliensis. De kennis van de verspreiding van Leishmania
soorten en de klinische presentatie van patiénten met cutane leishmaniasis in de Pacifische en de
Amazoneregio van Ecuador is achterhaald en onvolledig.

Een cross-sectioneel onderzoek in hoofdstuk 2 beschrijft de identificatie van Leishmania- soorten
bij 135 patiénten uit het Pacifische en het Amazonegebied, evenals de klinische presentatie en
determinanten van zorgmijding bij 245 patiénten met cutane leishmaniasis. Deze studie vindt een
aanhoudend lage prevalentie van L. braziliensis in de Pacifische regio. Deze onthult ook de
aanwezigheid van L. guyanensis in de provincies Napo, Pastaza en Morona Santiago, L. braziliensis in
de provincie Imbabura en L. lainsoni in de provincies Pichincha, Napo, Pastaza en Morona Santiago.
Een fylogenetische indeling, opgebouwd uit de cytochroom B-sequenties van 102 L. guyanensis
monsters, onthult dat mutaties niet over regionale grenzen gaan. Dit kan gevolgen hebben voor de
nauwkeurigheid van diagnostische testen, therapieresistentie en het risico op mucosale
leishmaniasis, zelfs binnen dezelfde soort, wat het belang van regio specifiek onderzoek benadrukt.
Patiénten uit de Amazone hebben een langere mediane zorgmijding in maanden (2.0,
interkwartielbereik 3.0) dan Pacifische patiénten (1.0, interkwartielbereik 1.5). Langdurige
zorgmijding wordt in verband gebracht met hogere leeftijd, Inheemse etniciteit, infectie op lagere
hoogten, niet-ulceratieve laesies en laesies op de onderste ledematen. Dit kan te wijten zijn aan
beperkte toegang tot gezondheidszorg en stigmatisering. Routinematige soortbepaling in patiénten
met cutane leishmaniasis uit de Amazone wordt aanbevolen, evenals regionale studies naar
determinanten van zorgmijding in Ecuador en regionale studies naar patiéntkenmerken in de
buurlanden Peru en Colombia.

Elk jaar laat de op microscopie gebaseerde test- en behandelingsstrategie wellicht duizenden van
de patiénten met mogelijke cutane leishmaniasis achter zonder behandeling. Daarom analyseert
Hoofdstuk 3 de nauwkeurigheid van microscopie op wonduitstrijkjes en van qPCR op DNA
geéxtraheerd uit filtreerpapier. De studie maakt gebruik van statistische modellen om
testgevoeligheid, specificiteit, waarschijnlijkheidsratio's en voorspellende waarden te schatten met
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hun achtereenvolgende 95% geloofwaardigheidsintervallen (95% Crl). Als secundaire doelstelling
worden demografische en klinische kenmerken beoordeeld op hun voorspellende waarde.
Gepaarde testresultaten zijn beschikbaar voor 129 deelnemers uit de Amazone- en 185 uit de
Pacifische regio. In de Amazone- en Pacifische regio wordt de qPCR-gevoeligheid geschat op
respectievelijk 68% (95% Crl 49% tot 82%) en 73% (95% Crl 73% tot 83%), en de gevoeligheid voor
microscopie op 51% (95 %Crl 36% tot 66%) en 76% (95%Crl 65% tot 86%). Het verschil in de
gevoeligheid van microscopie tussen de regio’s kan niet worden verklaard door vertraging bij het
zoeken naar zorg. Met een geschatte ziekteprevalentie van 73% onder deelnemers in het
Amazonegebied, is de negatieve voorspellende waarde voor qPCR 54% (95% Crl 5% tot 77%) en 44%
(95% Crl 4% tot 65%) voor microscopie. Met een geschatte ziekteprevalentie van 88% in de
Pacifische regio, is de negatieve voorspellende waarde 34% (95% Crl 25% tot 57%) en 37% (95% Crl
27% tot 63%). In de Amazone verhoogde de toevoeging van qPCR parallel aan microscopie de
waargenomen prevalentie van 38% naar 64% (+26 (95% Crl 19 tot 34) procentpunten). Het
individuele falen van beide tests kan te wijten zijn aan de parasiet, menselijke gastheer of
diagnostische methode, wat in toekomstige studies moet worden opgehelderd. Nu veroorzaakt dit
falen langdurig lijJden van onbehandelde patiénten. Het opnemen van sociaal-demografische en
klinische kenmerken in het diagnostische pad verbeterde de doeltreffendheid om cutane
leishmaniasis uit te sluiten niet. Het gebruik van thermotherapie (die wordt aanbevolen door de
Pan-Amerikaanse gezondheidsorganisatie) bij patiénten met mogelijke cutane leishmaniasis is een
snelle, veilige, goedkope en redelijk effectieve alternatieve behandeling die moet worden
onderzocht.

Volgens de literatuur is de diagnostische nauwkeurigheid van microscopie voor mucosale
leishmaniasis zelfs lager dan voor cutane leishmaniasis. Bij uitstel van behandeling ontwikkelt de
parasiet mogelijk resistentie tegen de behandeling en veroorzaakt progressieve
gezichtsmisvormingen en/of de dood. Omdat klinische criteria in elke setting beschikbaar zijn,
kunnen ze worden gecombineerd om een syndromaal algoritme te vormen, dat vervolgens als
diagnostisch hulpmiddel kan worden gebruikt. Door middel van een systematische review van de
literatuur onderzoekt Hoofdstuk 4 mogelijke klinische criteria voor een syndromaal diagnostisch
algoritme voor mucosale leishmaniasis. Tien onderzoeken, die in totaal 192 patiénten met mucosale
leishmaniasis beschrijven, worden opgenomen. Het mannelijke geslacht heeft het hoogste
detectiepercentage (88%), gevolgd door zweren van het neusslijmvlies (77%), leeftijd >15 jaar (69%)
en symptoomduur >4 maanden (63%). Er kan geen specificiteit worden berekend, omdat de
artikelen geen patiénten zonder mucosale leishmaniasis beschrijven. Alle geincludeerde studies
blijken een hoog risico op bias te hebben. Deze studie is een eerste en kleine stap in de richting van
het ontwikkelen van diagnostische criteria voor mucosale leishmaniasis. Toekomstige studies
zouden patiénten moeten includeren zonder mucosale leishmaniasis om de meest onderscheidende
criteria vast te stellen en de voorspellende waarden van combinaties te berekenen.

De huidige behandelingen voor cutane en mucosale leishmaniasis hebben ernstige bijwerkingen en
moeten via injecties worden toegediend. Allylamine geneesmiddelen, zoals terbinafine, zijn veilig en
kunnen oraal of op de huid worden gebruikt, zelfs tijdens de zwangerschap. Een systematisch
overzicht van de literatuur in Hoofdstuk 5 beoordeelt de werkzaamheid en veiligheid van allylamine
geneesmiddelen als een alternatieve behandeling voor cutane en mucosale leishmaniasis. De studie
omvatte één ongecontroleerde studie, twee gerandomiseerde gecontroleerde studies, twee
dierstudies en 12 in vitro studies met amastigoten en of promastigoten. In de enige goed opgezette
gerandomiseerde gecontroleerde studie, die de werkzaamheid van de behandeling van oraal
terbinafine versus intramusculair meglumine-antimoniaat vergelijkt onder 80 patiénten die met L.
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tropica zijn geinfecteerd, heeft terbinafine een niet-significant lager genezingspercentage (38%
versus 53%). Een meta-analyse kan niet worden uitgevoerd vanwege het kleine aantal studies, hun
heterogeniteit en lage kwaliteit. Volgens deze systematische review is er geen bewijs dat
monotherapie met allylamine geneesmiddelen effectief is tegen cutane of mucosale leishmaniasis.
Verder onderzoek met allylamine geneesmiddelen moet zorgvuldig worden overwogen, omdat de in
vitro onderzoeken minimale effectieve concentraties aantonen die niet klinisch relevant zijn. De
synergetische effecten van allylamine geneesmiddelen in combinatie met triazool geneesmiddelen
in vitro rechtvaardigen echter verder onderzoek.

In de Aziatische en Mediterrane context vermindert cutane leishmaniasis de gezondheid
gerelateerde kwaliteit van leven als gevolg van stigmatisering, maar onderzoek in Ecuador
ontbreekt. De studie beschreven in Hoofdstuk 6 beoordeelt de invloed van laesies, die mogelijk
door cutane leishmaniasis worden veroorzaakt, op de kwaliteit van leven van 279 patiénten in het
Pacifische en Amazonegebied. Deze studie paste de Spaanse versie van de Skindex-29-vragenlijst
toe, een generiek instrument voor het meten van gezondheid gerelateerde kwaliteit van leven bij
patiénten met huidziekten. Patiénten uit alle deelnemende taalgroepen (Mesties, Kichwa of
Chicham) in het Amazonegebied scoorden significant (P <0,01) hoger (wat duidt op een
verminderde gezondheid gerelateerde kwaliteit van leven) op alle dimensies van de Skindex-29-
vragenlijst dan Mestiezenpatiénten uit de Pacifische regio. Geslacht, leeftijd, het aantal laesies, de
locatie van de laesies op het lichaam, zorgmijding en latere bevestiging van de diagnose zijn niet
geassocieerd met een verminderde kwaliteit van leven. Toekomstige studies, die aanvullende
patiént- en laesiedetails bevatten, zouden moeten verduidelijken of de verminderde gezondheid
gerelateerde kwaliteit van leven verband houdt met stigmatisering.

Eerder onderzoek toonde aan dat het zichtbare aspect van leishmaniasis laesies stigma
veroorzaakte. Dit is in de jaren 90 bestudeerd in de Ecuadoraanse Pacifische regio, maar nooit in de
Amazone. Hoofdstuk 7 beschrijft etnografisch onderzoek en gegevens die uit 83
semigestructureerde interviews en 15 focusgroepen verkregen zijn. Deze zijn uitgevoerd in zeven
Ecuadoraanse etnische groepen. Mestiezen, die de meerderheid vormen in de Pacifische regio,
verklaren dat het verschijnen van open wonden, misvormingen en littekens geassocieerd worden
met zelfverwerping en angst, wat consistent is met eerdere studies. Onder de Inheemse
bevolkingsgroepen in de Amazone daarentegen, roepen de atypische geur, gevolgd door het
vervormde stemgeluid, uiterlijk en smaak, waaraan cutane en mucosale leishmaniasis herkend
worden, interne en externe stigma-expressies op. Dit laat zien dat de zintuigen gedifferentieerde
culturele reacties mogelijk maken bij een gevoel van gevaar, besmetting en sociale (zelf)verwerping,
die verband houden met de holistische benadering van gezondheid door Inheemse
bevolkingsgroepen. Deze bevindingen moeten zorgvuldig worden gecommuniceerd, om te
voorkomen dat de reeds bestaande discriminatie van Inheemse bevolkingsgroepen verergert. Het is
niet bekend of het stigma onder de Amazonebevolking zal voortduren nadat de wondgeur, het
stemgeluid en de smaak zijn genormaliseerd tijdens de genezing van laesies. Een studie, waarin
gezondheid gerelateerde kwaliteit van leven, extern en intern stigma bij cutane en mucosale
leishmaniasis patiénten voor, tijdens en na genezing worden vergeleken, zou dit kunnen
verduidelijken. Een focus op het feit dat leishmaniasis niet besmettelijk is, kan de angst van het
publiek en de afwijzing van patiénten verminderen. Een holistische benadering van patiénten met
verdenking op leishmaniasis wordt aanbevolen, inclusief voedings- en gedragsadviezen. Elke
interventie moet zorgvuldig worden gepland met alle actoren en voortdurend worden
gecontroleerd op effectiviteit.
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Bijna honderdveertig jaar na de eerste microscopische waarneming van de Leishmania parasiet,
ontdekken we dat door leishmaniasis veroorzaakte veranderingen in geur, stemgeluid en smaak
stigma-uitlatingen veroorzaken bij de Amazonebevolking (Hoofdstuk 7). Ze kunnen leiden tot een
lagere gezondheid gerelateerde kwaliteit van leven (Hoofdstuk 6) en meer zorgmijding (Hoofdstuk
2). Dit wordt verergerd door diagnostisch (Hoofdstuk 3 en 4) en therapeutisch (Hoofdstuk 5) falen,
dat afhankelijk kan zijn van parasiet- en gastheerkenmerken (Hoofdstuk 2). Concluderend zorgt
leishmaniasis voor langdurig leed, dat mogelijk ook bestaat in de grotere buurlanden Colombia en
Peru. Dit lijden behoeft verlichting door middel van een benadering op meerdere niveaus, die de
samenwerking omvat van de lokale, nationale en internationale gemeenschappen, toegewijde
professionals, middelen en toekomstige onderzoeksinitiatieven.
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Resumen

Mejor comprension, diagndstico y tratamiento de la leishmaniasis cutanea y
mucosa en zonas rurales del Ecuador

En todo el mundo, el parasito Leishmania puede afectar a un millén de personas nuevas cada afio.
Este protozoario infecta a los humanos a través de la picadura de flebétomos hembra del género
Lutzomyia o Phlebotomus. La transmision de Leishmania es zoondtica (de animal a humano) en la
mayoria de las regiones. La Organizacion Mundial de la Salud clasifica a la leishmaniasis como una
Enfermedad Tropical Desatendida debido a la falta de conocimiento sobre la epidemiologia y las
caracteristicas de la enfermedad, asi como a la falta de diagndstico, medicamentos, vacunas y
estrategias de control de vectores adecuados. La carga global de leishmaniasis estd aumentando
como resultado de la pobreza, la vulnerabilidad socioecondmica y el cambio climatico.

En el Ecuador, la leishmaniasis afecta a un estimado de 5.000 personas anualmente, causando dos
enfermedades principales: la leishmaniasis cutanea y mucosa. La primera causa Ulceras y nédulos
en la piel que curan espontdneamente en meses o afios, dejando cicatrices. Es causada
principalmente por las especies Leishmania guyanensis y L. braziliensis y se presenta en toda la
Amazonia tropical y la regién subtropical del Pacifico norte. Por otra parte, la leishmaniasis mucosa
causa inflamacién de las mucosas y ulceracion de la nariz, boca y garganta que no sana
espontaneamente. Se presenta Unicamente en la Amazonia y es causada por L. braziliensis. No
obstante, el conocimiento de la distribucion de las especies de Leishmania y la presentacion clinica
de los pacientes con leishmaniasis cutanea en las regiones del Pacifico y la Amazonia del Ecuador
esta al momento desactualizado e incompleto.

Un estudio transversal, en el Capitulo 2, describe la identificacién de especies de Leishmania en
135 pacientes de las regiones del Pacifico y Amazonia, asi como la presentacion clinica y los factores
que determinan la demora de la busqueda de atencidon médica en 245 pacientes con leishmaniasis
cutanea. Este estudio encuentra una baja prevalencia sostenida de L. braziliensis en la region del
Pacifico. También revela la presencia de L. guyanensis en las provincias de Napo, Pastaza y Morona
Santiago; L. braziliensis en la provincia de Imbabura y L. lainsoni en las provincias de Pichincha,
Napo, Pastaza y Morona Santiago. Un arbol filogenético construido a partir de las secuencias del
citocromo B de 102 muestras de L. guyanensis revela que las mutaciones respetan los limites
regionales. Esto puede tener consecuencias para la precision de las pruebas de diagndstico, la
resistencia a la terapia y el riesgo de leishmaniasis mucosa incluso dentro de la misma especie, lo
que enfatiza la importancia de la investigacidn regional. Los pacientes de la Amazonia tuvieron una
demora promedia mas larga de la busqueda de atencién médica en meses (2.0, rango intercuartil
3.0) que los pacientes del Pacifico (1.0, rango intercuartil 1.5). La demora prolongada de la
busqueda de atencion médica se asocia con la edad avanzada, la etnia indigena, la infeccion en
altitudes mas bajas, las lesiones no ulcerosas y las lesiones en las extremidades inferiores. Esto
podria deberse al acceso limitado a la atencidon médica, asi como al estigma. Se recomienda la
determinacidn rutinaria de especies en casos de leishmaniasis cutanea amazdnica, asi como
estudios regionales de determinantes de la demora de la busqueda de atencién médica en Ecuador
y estudios regionales de caracteristicas de pacientes en los paises vecinos Peru y Colombia.

En Ecuador, cada afio, el tratamiento de pacientes sospechosos de leishmaniasis cutdnea basado en
la prueba de microscopia deja potencialmente a miles sin tratamiento. Por lo tanto, en el Capitulo
3, se analiza la precision de la microscopia de frotis y una gPCR en el ADN extraido de papel de
filtro. El estudio utiliza modelos estadisticos para estimar la sensibilidad, la especificidad, los
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cocientes de probabilidad y los valores predictivos de la prueba con sus respectivos intervalos de
credibilidad del 95% (95% Crl). Como objetivo secundario se valoran las caracteristicas
sociodemograficas y clinicas para su valor predictivo. Los resultados de las pruebas emparejadas
estan disponibles para 129 participantes de la Amazonia y 185 del Pacifico. La sensibilidad de gPCR
en la regién Amazénica y del Pacifico, se estima en 68% (95%Crl 49% a 82%) y 73% (95%Crl 73% a
83%), respectivamente. La sensibilidad microscdpica se estima en 51% (95%Crl 36% a 66%) y 76%
(95%Crl 65% a 86%). La diferencia regional en la sensibilidad de la microscopia no puede explicarse
por la demora de la busqueda de atencién médica. La prevalencia estimada de la enfermedad es del
73% entre los participantes de la regidn amazonica, el valor predictivo negativo para qPCR es del
54% (95%Crl del 5% al 77%) y para microscopia del 44% (95% Crl del 4% al 65%). Mientras que la
prevalencia estimada de la enfermedad es del 88% en el Pacifico, el valor predictivo negativo es del
34% (95%Crl 25% a 57%) y 37% (95%Crl 27% a 63%). En la Amazonia, la adicién de qPCR paralela a
la microscopia aumento la prevalencia observada del 38% al 64% (+26 (95% Crl 19 a 34) puntos
porcentuales). El fracaso individual de ambas pruebas podria deberse a factores relacionados con el
parasito, el huésped humano o el método de diagndstico, lo que deberia aclararse en futuros
estudios. Ahora causa un sufrimiento prolongado en los pacientes no tratados. La inclusién de
caracteristicas sociodemograficas y clinicas en la via diagndstica no mejora la probabilidad posterior
de excluir leishmaniasis cutdnea. Se debe investigar el uso de la termoterapia basada en la sospecha
clinica, una alternativa de tratamiento breve, segura y de bajo costo para la leishmaniasis cutdnea,
recomendada por la Organizacion Panamericana de la Salud.

Segun la literatura, la precision diagndstica de la microscopia para la leishmaniasis mucosa es
incluso menor que para la leishmaniasis cutanea. Si no se trata a tiempo, el parasito puede
desarrollar resistencia al tratamiento o causar deformidades faciales progresivas y la muerte. Dado
que los criterios clinicos estan disponibles en cualquier entorno, se pueden combinar para formar
un algoritmo sindrémico, que luego se puede utilizar como herramienta de diagndstico. A través de
una revision sistemadtica de la literatura, el Capitulo 4 explora los posibles criterios clinicos para un
algoritmo de diagndstico sindrémico para la leishmaniasis mucosa. Se incluyen diez estudios que
describen un total de 192 pacientes con leishmaniasis mucosa. El sexo masculino tiene la tasa de
deteccién mas alta (88%), seguido de Ulcera de la mucosa nasal (77%), edad >15 (69%) y duracidon
de los sintomas >4 meses (63%). No se puede calcular la especificidad porque los articulos no
incluyeron pacientes con leishmaniasis no mucosa. Ademas, todos los estudios incluidos tienen un
alto riesgo de sesgo. Este estudio es un primer paso, aunque pequeiio, hacia el desarrollo de
criterios diagndsticos para la leishmaniasis mucosa. Futuros estudios deberian incluir pacientes con
leishmaniasis no mucosa para definir los criterios mas discriminativos y calcular los valores
predictivos de las combinaciones.

Por otro lado, los tratamientos actuales para la leishmaniasis cutanea y mucosa tienen efectos
secundarios graves y deben administrarse mediante inyeccion. Los medicamentos de alilamina,
como la terbinafina, son seguros y se pueden tomar por via oral o tdpica, incluso durante el
embarazo. Una revisidn sistematica de la literatura en el Capitulo 5 evalua la eficacia y seguridad de
los medicamentos de alilamina como tratamiento alternativo para la leishmaniasis cutaneay
mucosa. El estudio incluye un ensayo no controlado, dos ensayos controlados aleatorios, dos
estudios en animales y 12 estudios in vitro de amastigotes y/o promastigotes. En el Gnico ensayo
controlado aleatorio bien disefiado que compara la eficacia del tratamiento de terbinafina oral
versus antimoniato de meglumina intramuscular en 80 pacientes infectados con L. tropica, la
terbinafina tiene una tasa de curacidn mas baja no significativa (38% frente a 53%). No se realiza un
metaanalisis debido al pequefio nimero de estudios, su heterogeneidad y baja calidad. No

168



Summary, Samenvatting, Resumen

obstante, de acuerdo con esta revision sistematica, no hay evidencia de que la monoterapia con
alilaminas sea efectiva contra la leishmaniasis cutdnea o mucosa. Se deben considerar
cuidadosamente los ensayos adicionales de alilaminas porque los estudios in vitro mostraron
concentraciones efectivas minimas que no son clinicamente relevantes. Sin embargo, los efectos
sinérgicos de las alilaminas combinadas con farmacos triazdlicos in vitro justifican una mayor
exploracion.

La leishmaniasis cutanea reduce la calidad de vida relacionada con la salud debido al estigma en los
contextos asiatico y mediterraneo, pero falta investigacion para Ecuador. El estudio descrito en el
Capitulo 6 evalla la influencia de las lesiones sospechosas de leishmaniasis cutanea en la calidad de
vida de 279 pacientes en las regiones del Pacifico y Amazonia. Este estudio aplica la versién
espafiola del cuestionario Skindex-29, una herramienta genérica para medir la calidad de vida
relacionada con la salud en pacientes con enfermedades de la piel. Los pacientes de todos los
grupos lingliisticos participantes (mestizo, kichwa o chicham ) en la Amazonia obtienen una
puntuacion significativamente (P <0,01) mas alta (lo que indica una peor calidad de vida relacionada
con la salud) en todas las dimensiones del cuestionario Skindex-29 comparado con los pacientes
mestizos del Pacifico. El sexo, la edad, el nimero de lesiones, la localizacion corporal de las lesiones,
la demora de la busqueda de salud y la posterior confirmacidn del parasito, no se asocian con una
menor calidad de vida. Los estudios futuros que incluyan detalles adicionales de pacientes y
lesiones deberian aclarar si la calidad de vida relacionada con la salud deteriorada esta relacionada
con el estigma.

Las investigaciones previas sobre el estigma de la leishmaniasis cutdnea se han centrado en la
afectacion del aspecto estético como fuente primaria. Este aspecto ha sido estudiado en la década
de los 90 en la regidn del Pacifico ecuatoriano pero nunca en la Amazonia. El capitulo 7 describe la
investigacion etnografica y los datos obtenidos de 83 entrevistas semiestructuradas y 15 grupos
focales realizados en siete grupos étnicos ecuatorianos. Los mestizos, que predominan en la regién
del Pacifico, afirman que la aparicién de heridas abiertas, desfiguracién y marcas de cicatrices estan
asociadas al auto rechazo y al miedo, lo cual concuerda con estudios previos. Las poblaciones
indigenas del interior de la Amazonia, por otro lado, desencadenan expresiones de estigma interno
y externo al reconocer la leishmaniasis cutanea y mucosa a través del olor atipico, seguido del
sonido de la voz, la apariencia y el sabor extrafios. Esto revela que los sentidos permiten respuestas
culturales diferenciadas a una sensacion de peligro, contagio y (auto)rechazo social, que estan
vinculados al enfoque holistico de la salud de las poblaciones indigenas. Estos hallazgos deben
comunicarse con cuidado para evitar exacerbar la discriminacién ya existente contra los indigenas.
Se desconoce si el estigma persistira en la poblacion amazdnica después de que el olor, el sonido
atipico y el gusto se normalicen durante la cicatrizacion de la lesién. Un estudio que compare la
calidad de vida relacionada con la salud, el estigma externo y el estigma interno en pacientes con
leishmaniasis cutanea y mucosa antes, durante y después de la curacion aclararia esto. Un enfoque
en el hecho de que la leishmaniasis no se transmite de persona a persona podria aliviar los temores
publicos y el rechazo de los pacientes. Se recomienda un enfoque holistico para los pacientes con
sospecha de leishmaniasis que incluya asesoramiento dietético y conductual. Cualquier intervencion
debe planificarse cuidadosamente con todos los actores y monitorearse continuamente para
verificar su eficacia.

Casi 140 afios después del primer avistamiento del parasito Leishmania, descubrimos que los
cambios en el olfato, el oido y el gusto inducidos por la leishmaniasis provocan expresiones de
estigma en la poblacion amazdnica (Capitulo 7). Pueden resultar en una disminucién de la calidad
de vida relacionada con la salud (Capitulo 6) y una demora prolongada de la busqueda de atencién
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médica (Capitulo 2) esto se exacerba por fallas diagndsticas (Capitulo 3 y 4) y terapéuticas (Capitulo
5), que pueden depender de las caracteristicas del parasito y del huésped (Capitulo 2). En general,
la leishmaniasis causa un sufrimiento prolongado que también puede existir en los paises vecinos
mas grandes, Colombia y Peru. Este sufrimiento debe aliviarse a través de un enfoque de multiples
niveles que incluya la colaboracién de las comunidades locales, nacionales e internacionales,
profesionales dedicados, recursos e iniciativas de investigacién futuras.
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Inthis thesis, almost 140 yéars after the first sighting of
theLeishmania parasite, we discover that
leishmaniasis-induced chagnges in smell, sound, and
taste cause stigma expressions in the Amazon
population of Ecuador (Chapter 7).-They may resultin
decreased health-related quality of life (Chapter 6)
and prolonged health-seeking delay (Chapter 2). This
is-exacerbated by diagnhostic (Chapter3 and 4) and
therapeutic (Chapter5) failures, which may be
dependent on parasite and host.characteristics
(Chapter 2). Overall, leishmaniasis€auses prolonged
suffering which may alse @xist among. leishmaniasis
patients inlarger neighboring countries Colombia and
Peru. This suffering should be alleviated through a
multi=level approach involving focal, national, and
international communities, dedicated professionais’
resources, and future research initiatives. =




