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Abstract

:

Leishmaniasis is a disease caused by protozoa of the genus Leishmania. Treatment options are limited, and there are frequent cases of treatment failure and clinical relapse. To understand these phenomena better, a systematic review was conducted, considering studies published between 1990 and 2021 in Portuguese, English, and Spanish. The review included 64 articles divided into three categories. Case reports (26 articles) focused on treatment failure and clinical relapse in cutaneous leishmaniasis patients (47.6%), primarily affecting males (74%) and children (67%), regardless of the clinical manifestation. Experimental studies on the parasite (19 articles), particularly with L. major (25%), indicated that alterations in DNA and genic expression (44.82%) played a significant role in treatment failure and clinical relapse. Population data on the human host (19 articles) identified immunological characteristics as the most associated factor (36%) with treatment failure and clinical relapse. Each clinical manifestation of the disease presented specificities in these phenomena, suggesting a multifactorial nature. Additionally, the parasites were found to adapt to the drugs used in treatment. In summary, the systematic review revealed that treatment failure and clinical relapse in leishmaniasis are complex processes influenced by various factors, including host immunology and parasite adaptation.
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1. Introduction


Leishmaniasis is a group of chronic infectious diseases caused by a group of protozoan parasites comprising more than 20 species of the genus Leishmania, which have different types of clinical manifestations, recognized by the World Health Organization (WHO) as cutaneous leishmaniasis (CL), mucocutaneous leishmaniasis (MCL), and visceral leishmaniasis (VL) [1,2].



VL symptoms include splenomegaly, irregular fever, anemia or pancytopenia, weight loss, and weakness occurring progressively over a period of weeks or even months [1]. CL is the most common form and causes skin lesions, mainly ulcers, on exposed parts of the body, and MCL leads to partial or total destruction of the mucous membranes of the nose, mouth, and throat [2].



Early diagnosis prevents severe clinical manifestations and reduces death, specifically in VL, which is fatal if left untreated in over 95% of cases. A diagnosis is made by combining clinical signs with parasitological or serological tests in VL; however, in CL and MCL, serological tests have limited value and clinical manifestation, with parasitological tests confirming the diagnosis [2]. Careful clinical evaluation and good parasitological examinations reduce diagnostic time and allow for early treatment with chemotherapy.



Chemotherapy is the main tool for controlling the parasite in the host; however, the available therapeutic set is quite limited, being currently restricted to two drug lines: antimonials (sodium stibogluconate (Pentostam®) and meglumine antimoniate (Glucantime®)) and non-antimonials (pentamidine, amphotericin B, paromomycin, and miltefosine). Azole derivatives (ketoconazole, itraconazole, and fluconazole) can be used, in addition to these, in the treatment of CL and MCL [3,4,5]. These drugs can be used individually or associated with each other (combined therapy) in all clinical manifestations (CL, MCL and VL), depending on the clinical condition of the patient and the judgment of the medical team.



The time of treatment is variable, depending on the type of clinical manifestation and geographical region. In general, Glucantime® is administered for 28 to 30 days and amphotericin B is administered daily or every other day in 15 to 20 doses for VL, while miltefosine treatment is administered daily for 28 days for CL [2]. Treatment regimen (duration, dose, scheme) is associated with treatment failures (TFs) or clinical relapses (CRs).



Treatment failures and clinical relapses are not uncommon in leishmaniasis. TFs are characterized by cases where pharmacological therapy fails to reduce the infectious process and, consequently, does not lead to the cure of the disease. On the other hand, cases of a resurgence of clinical signs and symptoms after the end of treatment are referred to as CR [6].



However, the WHO presents conceptual variations for TF and CR in leishmaniasis, according to each region of occurrence of this disease in the world and the type of clinical manifestation, available in specific documents (see Refs. [7,8,9,10]). In addition, TF and drug resistance are often reported as synonyms in the literature, although they are different concepts. Drug resistance of parasites is just one of the factors that can lead to TF [11].



In this context, the present article aims to carry out a systematic review of TF and CR in the different clinical manifestations of leishmaniasis. We present, from a multifactorial perspective, the main clinical and epidemiological characteristics of the patients described in case reports with TF or CR, as well as a synthesis of the main findings in the literature with experimental studies that make it possible to explain the contributions of the parasite and of the host to these clinical manifestations.




2. Materials and Methods


2.1. The Literature Review Protocol


This study is a systematic review of the literature, whose protocol was submitted to the Prospective International Registry of Systematic Reviews (PROSPERO) under the following number: CRD42022320963 (https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022320963 (accessed on 25 April 2022)). We followed the guidelines of the Preferred Report of Systematic Reviews and Meta-Analysis (PRISMA) to conduct this review, as a guarantee of scientific rigor.




2.2. Data Sources and Research Strategies


This review used articles published between the years 1990 and October 2021 that addressed the issues of CR and TF in leishmaniasis. The structured searches were carried out in PubMed, Science Direct, and Scielo databases. The following descriptors previously selected by the website Descriptors in Health Sciences (DeCS) access at: https://decs.bvsalud.org/ (accessed on 25 April 2022) were used: leishmaniasis, relapse, recurrence, recurrent, recrudescence, treatment failure, and therapeutic failure, as well as their equivalents in Portuguese and Spanish, used individually or in combination with the Boolean operators OR and AND. A summary of the selection of articles can be seen in Figure 1.




2.3. Inclusion and Exclusion Criteria


Population and experimental studies focusing on the human host, experimental studies focusing on the parasite, and case reports that addressed clinical recurrences and treatment failures in human patients, considering all clinical forms of the disease, were considered eligible. Languages considered were Portuguese, English, and Spanish, within the time frame between 1990 and 2021.



Studies with incomplete information, duplicated in the databases, in non-pre-established languages, and those with an approach focused on non-human hosts, as well as other reviews, were excluded from this analysis. We also conducted a search in the list of references of other reviews with the same approach as ours, for the inclusion of any additional articles that met the pre-established criteria.




2.4. Selection Process


After reading the titles and their respective abstracts, a blind selection was conducted by two reviewers using Mendeley software version 2.61.0, considering the inclusion criteria of this work. Abstracts that presented complete information were selected for full reading of the article to assess their adequacy in terms of the eligibility criteria. Independently, two reviewers read all selected works and in case of disagreement, a third reviewer assessed the studies.




2.5. Data Extraction


Data extracted from the articles were organized in Microsoft Excel tables according to the approach category of each study (case reports, experimental articles focused on the parasite, and population studies focused on the host). Some variables were observed for all categories of studies, which were as follows: year of publication; first author; origin of the article/place of occurrence; species of Leishmania under study; and the clinical form caused by said species. The selected variables of the case report studies specifically were as follows: sex and age of patients; therapeutic regimens employed; clinical outcomes; presence of immunosuppression and associated diseases (hypertension, diabetes mellitus, kidney and liver problems, among others) in patients; and the suggested mechanisms for failure/relapse by authors. For the experimental articles focused on the parasite, the variables specifically evaluated were as follows: experimental model used in study; use of reference strain and/or clinical isolate in experiments; execution of experiments using promastigote and/or amastigote forms; and drugs employed in tests and possible mechanisms suggested for parasites sensitivity alterations. Finally, for population studies focused on the host, the variables specifically evaluated were as follows: number of patients; drug(s) used; sex and age range; methodology employed in the study; presence of HIV coinfection in patients; and occurrence of and factors associated with TF and CR.




2.6. Analysis


For the interpretation and presentation of the results, we used the methodology of descriptive statistics to organize, summarize, and describe the important aspects of the main characteristics analyzed. Regarding the comparison of data, we described the main existing trends among the findings, such as similarities, differences, and particularities, depending on the approach used in each study.





3. Results and Discussion


This section may be divided by subheadings. It should provide a concise and precise description of the experimental results, their interpretation, as well as the experimental conclusions that can be drawn. The articles included in our study were categorized into three broad areas: case reports, experimental articles focused on the parasite, and population studies focused on the host. The first group presents results based on the description of clinical and epidemiological aspects of cases reported in different regions of the world, classified as CR or TF. Articles focusing on the parasite describe results based on tests of susceptibility of Leishmania to drugs in vitro and/or in vivo, as well as the use of molecular, genomic, and post-genomic approaches to identify the species or to understand the mechanisms related to drug resistance. Finally, the third group includes research with results that carried out epidemiological investigations from patient records, with a prospective and retrospective approach, as well as molecular and immunological laboratory tests.



Our survey encompassed the technological and methodological advances of the last 30 years regarding TFs and CRs in leishmaniasis, aiming to understand, from the most initial works that used the research methods available at the time to the most recent, the occurrence of TF and CR in leishmaniasis.



3.1. Case Reports


After applying the previously established exclusion criteria, we selected 26 works categorized as case reports, whose information can be seen in Table S1 (See Refs. [12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37]). The data were summarized by patient (42 in total) and their respective clinical and treatment histories. Latin America led among the reported places with the highest number of cases described (Figure 2a), with Brazil, Colombia, and French Guiana being the countries with the highest number of relapsed patients (seven each). In Brazil, the region with the highest occurrence was the Northeast; in both Guyana and Colombia, regions included the Amazon Forest area. According to the WHO’s classification of CL and VL endemicity status around the world, in 2020, all countries present in the reports described some degree of endemicity or had previously reported cases of CL and VL in their territories [38,39].



The clinical form with the highest number of treatment failures/clinical relapses reported was the cutaneous form, with 47.6% of patients affected (Figure 2c). These data are quite consistent since, according to the WHO, CL is the most common presentation of leishmaniasis [2]. However, the visceral clinical manifestation had a total of 45.2% of the patients with treatment failures/clinical relapses, thus not showing much difference in quantitative terms. Manifestations such as “Diffuse Cutaneous”, “Mucocutaneous”, and multiple manifestations (more than one clinical form present) were recurrent for a single patient each. In agreement with these data, the species identified in the largest number of reports were L. (V.) guyanensis (18.9%), L. (V.) panamensis (13.5%), both causing CL, and L. (L.) infantum (16.2%), responsible for the visceral form of the disease. Despite these data, most authors did not identify the species of Leishmania present in their patients (21.6%).



Regarding the sex of individuals affected with relapses, the male population displayed the most involvement, with 74% of patients being male and only 26% being female (Figure 2b). The trend in male prevalence in the occurrence of leishmaniasis also occurs at a global level: according to the WHO’s Global Surveillance of leishmaniasis (2019–2020) report, the distribution of the incidence of VL cases by gender in high-income countries showed that in 2020, 58% of cases were male patients and 42% were female patients. As for CL, in 2018, 47% of cases were female and 52% were male [40].



An interesting fact brought up by the aforementioned report is that some regions and countries present an overrepresentation of male patients, such as the Americas region, which only had 30% of female patients with CL in 2018, and the Brazilian country, which presented 89% of male VL patients in 2020 [40]. These differences may be attributed to social and behavioral factors (such as greater male exposure to areas of risk of infection and lower demand for health services), or biological factors directly associated with sex [41]. Some authors discuss that the prevalence of VL cases in the male population of the Indian subcontinent is not only due to sociocultural factors, observing that biological differences between the sexes play a role in the pathogenesis of the disease [42].



The age group with the highest reported number of occurrences of treatment failures/clinical relapses was children (0 to 14 years), with the visceral form in this group being the most common, representing 67% of cases (Figure 2c). Age as a risk factor for the occurrence of relapses has already been reported by several authors; age was pointed out as an important risk factor for VL and correlates childhood with a 5 to 10 times greater possibility of poor response to treatments compared to adulthood [43]. Similar findings were reported in a study with Colombian CL patients, which showed a low success rate of treatment with meglumine antimoniate in patients younger than 8 years old [44]. In a prospective study in health centers of India and Nepal, the clinical outcome of 1016 VL patients treated with miltefosine was evaluated, and the occurrence of relapses was observed as two to three times more frequent in the group of 0 to 15 years when compared to adult patient groups [45]. These results highlight the importance of conducting appropriate clinical trials for children since it is widely known that they have immature immune systems, and it is necessary to determine the safety and efficacy of drug exposure for these patients.



The presence of immunosuppressive states and associated diseases in patients was reported for 28.6% of individuals. About 35.7% of the patients were already indicated by the authors as immunocompetent, and the same number of individuals had no information presented about their immunological status. This is a high percentage and a worrying fact, considering that in practically all the reports of immunosuppressed patients, the host’s immunological factors were identified as responsible or potentially relevant in the occurrence of treatment failures/clinical relapses. However, for another 35% of patients, the authors did not hypothesize or suggest mechanisms and factors that could have led to their patients’ non-response to the treatment initially administered. These data represent, to a certain extent, an expected result, since the “Case Report” publication format does not require a discussion of the mechanisms involved in the reported phenomenon, but rather that it addresses the casuistry of relapse.



The immunological status of the patient has already been pointed out in other studies with our approach as a major determinant of the occurrence of relapses in the treatment for VL. In a recent study, it was demonstrated, in a cohort of 98 VL patients from Ethiopia, that relapse in VL/HIV patients is due to the persistence of parasites after a clinically successful treatment which, in the absence of fully functional host immunity, are capable of re-establishing themselves and causing repeated relapses [46]. A clinical cure in CL was also previously reported in the literature as rarely associated with a sterile cure, with relapse being directly linked to the persistence of parasites in the scars [47].



In addition to the absence of a sterile cure, several clinical characteristics and drug-related factors were highlighted before in the literature as determinants of the occurrence of TF [44,47]. In a cohort study conducted with 230 Colombian patients with CL, age, presence of regional lymphadenopathy, duration of infection, and poor adherence to treatment were highly associated with TFs [44]. In a study with 338 Iranian patients with CL, a positive correlation between the occurrence of treatment failures/clinical relapses and different demographic, clinical, and environmental risk determinants was found [48].



Factors related to the therapeutic regimen used were highlighted as relevant in 26% of the cases (17% on the route of administration used, 7% on inadequate treatment and 2% on interruption of treatment) (Figure 2g). It was not possible to visualize a pattern in treatments and possible relationships between drugs and a higher incidence of relapses: 52% of patients relapsed after using a single drug and 48% relapsed after using two or more unsuccessful regimens. The drugs most used worldwide in the treatment of leishmaniasis (Glucantime®-meglumine antimoniate and amphotericin B) were also the most frequently administered to patients with relapses. Patients in the studies evaluated in the present survey, treated with Glucantime® (alone or in combination), had failure in 45% of cases, while those treated with amphotericin B (alone or in combination) represented 43% failure. These extremely close percentages show the low correlation between the choice of treatments and the chance of initial therapeutic success. Thus, it is possible to perceive that leishmaniasis has a low therapeutic range at the global level and the combination of therapies with pre-existing drugs does not guarantee success.



Intrinsic factors of the parasite (such as strain resistance, presence of Leishmania RNA virus (LRV), and infection with more than one strain) were associated with treatment failures/clinical relapses by only 11% of authors. It is important to highlight, once again, that the format of the works analyzed in this topic was “case report”, in which the focus of evaluation is on the patients and not on their etiological agents. The following topic discusses in more detail articles that produced experimental data about parasites of the genus Leishmania and their possible relationships with the TFs with conventional drugs.




3.2. Experimental Data Focusing on the Parasite


We included 19 articles in this category, described in Table 1 (Refs. [49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67]), which address several aspects that seek to explain the influence of the parasite in episodes of TF/CR. Of the articles included in this category, approximately 72.7% carried out research with species that cause CL, including: L. peruviana; L. guyanensis; L. braziliensis; L. lainsoni; L. mexicana; L. killicki; L. amazonensis; L. panamensis; L. tropica; and especially L. major, which corresponded to 25% of the studied TF/CR species in CL. The studies that used the species causing VL were equivalent to 27.2% and were carried out with the two species listed in the literature as responsible for the visceral manifestation of the disease: L. (L.) infantum and L. (L.) donovani. There was a higher prevalence of the second species, which corresponded to 77.7% of TF/CR research in VL. It is important to consider that studies with the species that cause CL were more comprehensive, addressing more than one species at the same time (50.0% of them); however, the studies with VL addressed only one of the two species. It was still possible to find two studies that compared CL and VL species simultaneously. According to the WHO, it is estimated that 50,000 to 90,000 new cases of VL occur annually worldwide, while in CL, this estimate is 600,000 to 1 million new cases annually worldwide [2]. In this sense, it is possible to understand why there are more cases reported in the literature and clinical/laboratory studies with CL, since there are more than 20 species known to cause leishmaniasis and only 2 of these are scientifically identified as responsible for VL in the world. The others are classified as etiological agents of CL and its derivations, with significant differences being found between the species. This is shown in a study that pointed out a difference in the sensitivity of Leishmania species to treatment with SbV in patients with CL, thus showing that the species and geographic region where the infection occurred can affect the effectiveness of treatments [49]. Among the drugs used, antimonials were predominant, reported by 52.6% of the studies, in which 90% of the antimonials were used in the pentavalent form of the drug (SbV) and only 10% in the trivalent form (SbIII), with commercial antimonials being the most used, including sodium stibogluconate (Pentostam®) and meglumine antimoniate (Glucantime®). Pointed out as one of the alternatives in the treatment of leishmaniasis, miltefosine was the second most used drug in the studies (26.3%) to evaluate the mechanisms of the parasite against the action of the drug. Research was also carried out with drugs not used in the treatment of leishmaniasis, such as glibenclamide, intended for the treatment of diabetes mellitus, but which may have a leishmanicidal effect (15.8%). Amphotericin B was addressed by 5.2% of the articles, being the least used drug in the TF/CR studies. It is important to emphasize that only articles that worked with commercial drugs were used in our study, not including drugs/compounds in the laboratory validation phase or studies with bioprospecting for new products. The wide use of antimonials in these studies is justified, as these drugs have been recommended for more than seven decades for the treatment of VL with a cure rate >90% at the global level and for the treatment of CL with a variation between 77–90% of cure rate in the world, being the first line of treatment in most countries, but presenting problems such as resistance in countries like India and Nepal, as pointed out by the WHO [68]. The majority (73.6%) of the studies used the two forms of presentation of Leishmania (promastigotes and intracellular amastigotes) in their investigations. Studies with promastigote forms were used in this context to perform in vitro resistance induction, analysis of parasite sensitivity to drugs, and gene assays. With intracellular amastigotes, as demonstrated before, it is possible to better understand the behavior of the parasite in mammalian cells through sensitivity tests, evaluation of alterations in the mediation of immune responses, alterations in biochemical pathways, functional assays, among others [53,60,63].



The experimental models used in the studies were classified into four categories: (1) in vitro/in vivo sensitivity assays, that correspond to 27.9% of the methodologies and encompass experiments that aim to evaluate phenotypes of sensitivity and drug resistance in parasites; (2) functional assays, performed by 11.62% of the studies and encompassing methods related to the understanding of biochemical and metabolic pathways, as well as protein interactions in the intracellular environment; (3) gene assays, representing 30.23% of the methods and including techniques used to evaluate mutations, alterations in chromosomal copy numbers, gene overexpression, presence of SNPs, and other alterations at the genomic level; and (4) identification/molecular characterization of the parasite, comprising 30.23% of the studies, using mainly PCR-RFLP or sequencing to identify the species of the parasites.



Regarding the possible mechanisms for alteration of sensitivity in the parasite, which aim to try to explain which means and factors in the parasite are related to TF/CR, the categorization was as follows: factors associated with DNA alterations or gene expression level (44.8%); alterations in biochemical pathways (20.6%); and factors associated with virulence and alterations in the rate of metacyclogenesis (10.3%). Natural interspecific variation, alteration of immune response mediation, presence of LRV virus infection, and stage-specific variation of the response were equivalent to 3.44% in each of the groups.



The first descriptions of the possible mechanisms of action of some of the drugs are classically addressed in the literature and were consolidated a few years ago. Antimony acts on different pathways that affect the parasite, presenting a variation in the stage-specific response, in which the resistance to sodium stibogluconate was already observed in the promastigote form of L. donovani, while the amastigote forms of the parasite were observed to be more sensitive to drug action [65]. There is also the presentation of a natural interspecific variation, analyzed previously, in which it is possible to observe that different species of Leishmania spp. have different responses to pharmacological therapy, and the type of species may influence the outcome of the treatment; for example, the chances of occurrence of TF, demonstrated by the authors, when they highlight that TF was 3.5 times more frequent in patients infected with L. (V.) braziliensis compared to those infected with L. (V.) guyanensis [49].



Regarding the factors associated with DNA alterations or at a gene expression level, going by a chronological order of the findings, we were able to observe that the first results already highlighted that resistant strains of L. mexicana exhibited an increase in the expression of P-glycoprotein [56], and that a gene with a locus on chromosome 9 in L. major isolates conferred resistance to antimony [57]. The expression of ABC (ATP-binding cassette) organic anion transporters by Leishmania (L.) amazonensis is associated with Glibenclamide resistance [52], which was also found in antimony-resistant L. amazonensis with increased ABC MRPA (multidrug-resistance protein A) gene expression and high thiol levels [54]. In a study with amphotericin B, differences in the expression patterns of S-adenosyl-l methionine:C-24-Δ-sterol methyltransferase transcripts and the absence of ergosterol, substituted by cholesterol 5,7,24-trien-3β-ol were observed [63]. In addition, changes in the level of MDR1 (multidrug-resistance 1) gene expression indicate a decrease in the affinity of L. donovani with the drug. Other authors pointed out an overexpression of resistance genes in strains of L. (L.) infantum, namely 14-3-3 (14-3-3 protein), P299 (protein 299), MRPA, GSH1 (γ-glutamylcysteine synthetase), TRPER (tryparedoxin peroxidase), AQP1 (aquaglyceroporin), and H4 (histone 4), as well as an overexpression of similar genes (14-3-3, P299, AQP1, and H4) in L. major isolates [66]. Studies also identified a relationship between MSL (miltefosine sensitivity Locus) deletions and sensitivity of L. (L.) infantum to treatment with miltefosine, correlating with clinical cases that presented CRs [67]. More recently, it was observed for L. major that the partial or total deletion of the Ros3 gene may be involved in the resistance of the parasite to miltefosine [53]. Thus, the data demonstrate that molecular factors, possibly associated with the alteration in the sensitivity of the parasites, are multigenic and have multiple response pathways involved, in addition to varying between species, since the same drug may be related to different manifestations of the disease-resistance phenotype in different species. In other words, it is not possible, from the genetic perspective, to carry out an individualized approach to understand the phenomenon of resistance and to correlate it with CR/TF, considering the expression of multiple genes involved with different response pathways for different drugs.



As for changes in biochemical pathways, it was initially observed for L. mexicana that resistant strains showed a decrease in the activity of key functional enzymes, such as acid phosphatase and pyruvate kinase [25,56]. It was also highlighted that protein phosphorylation could play a role in the signal transduction pathway in the parasite after drug exposure [64]. The action of butionine sulfoximine in the process of sensitization of the parasite was also demonstrated, as this is an inhibitor of γ-glutamylcysteine synthetase, being related to resistance to Glucantime® [62]. Resistant L. donovani parasites have a more fluid cell membrane, enabled by the upregulated tryparedoxin cascade and a lower intracellular thiol level [63]. Also, in resistant strains of L. donovani, there was a reduction in miltefosine uptake, a decrease in ROS accumulation, and an increase in intracellular thiol content [60]. Therefore, it is possible to understand some of the changes that merit further studies, as they can be characterized as predictive of adaptive responses of each species in relation to certain drugs.



Regarding factors associated with virulence and increased metacyclogenesis of Leishmania spp., one study reports the high capacity of resistant strains of L. donovani to cause infection in vivo, with a heterogeneous profile of infection and a parasite load several times higher in relation to susceptible strains [58]. This was also verified by other authors who reported the highest fitness traits found in pentavalent antimony-resistant L. donovani strains, which have a greater capacity for metacyclogenesis [59]. Other studies found an increased capacity for infectivity and metacyclogenesis with this same species, which was also highlighted by other authors who state that miltefosine-resistant L. major promastigotes exhibit increased metacyclogenesis [57,60]. Therefore, it is possible to understand the process of adaptation of the Leishmania species that cause VL and CL, with presentations of parasites that are fitter, resistant to drugs, more virulent, and with greater infectivity, which may be an even bigger problem in the future, considering the restricted spectrum of drugs that are proven to be effective in the treatment of these diseases and can be used in humans without complications due to side effects.



Furthermore, the discovery of the presence of the LRV in Leishmania raised the question of whether it could influence the sensitivity of the parasite to drugs. However, a surveyed study revealed that there was no direct association between the presence of the LRV2 and the response to Glucantime® [51]. Nevertheless, studies are still being carried out to better understand the impact of the presence of this virus on the development and treatment of the disease. In addition to the parasite aspects, it is also important to consider the factors associated with the host, given that the host’s immune system has a proven relationship in the involvement and treatment of the disease [69].




3.3. Population Data with a Focus on the Host


Host-focused articles were further divided into descriptive and analytical observational studies and experimental clinical trial-type work. We selected 19 articles in total, out of which 33% carried out immunological investigations in the hosts (immune cell count and/or cytokine dosage), 26% developed retrospective cohort studies, and 19% were prospective cohort studies. Two case series studies, a case-control study, a cross-sectional study, and an ecological epidemiological study were also analyzed. The mean number of patients in the studies was approximately 237, ranging from 4 to 1761 patients. All data are available and can be viewed in Table 2 (see Refs. [45,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87]).



The percentage of articles that pointed out patients classified as relapsing was 57%, while for TF, it was 37%. Only two studies (11%) identified, among the investigated populations, both relapsed individuals and those with TF; these concepts were treated as different, without one overlapping the other. In contrast, among the 19 studies, 3 openly considered CR as a type of TF. Only one author used the term “unresponsive” explicitly as a type of TF [86]. We emphasize here that these data were quantified strictly based on what the authors of each article declared as TF, non-response, and/or CR. These concepts were divergent between the articles, with adaptations to the terminology defined by the WHO, especially regarding the frequency of the reappearance of symptoms.



Some authors followed the concept defined by the WHO; however, they adapted the time for reappearance of symptoms to 6–12 months or simply 12 months after the end of treatment [45,79]. In another study, the authors extended this period to 1 to 24 months after completing the initial therapy [77]. In addition to the variety of periods adopted, some authors considered other criteria for confirming the relapse episode. In one study, the authors did not establish a time interval for recrudescence but determined the visualization of parasites in spleen or bone marrow aspirates as necessary for the classification of relapse with the reappearance of symptoms [81]. Meanwhile, other authors linked the diagnosis of CR to the need for biological confirmation of the existence of parasites in a smear or culture examination of medullary or peripheral blood, with at least three of the following clinical criteria: intermittent fever, asthenia, weight loss, sweating, hepatomegaly, splenomegaly, respiratory, and gastrointestinal symptoms. In addition, they distinguished the concept of biological relapse, which corresponds to the transient recirculation of parasites detected by the PCR technique, and determined a threshold of parasitemia of 10 parasites/mL for the occurrence of CR [76].



When it comes to studies involving patients with cutaneous manifestations, definitions for TF and CR were even more diverse. Some authors classified TF in the first month after the last dose of the drug used, while others adopted the criterion of the persistence of lesions within 6 weeks after treatment [73,75,87]. TF was also considered incomplete re-epithelialization and/or presence of induration, raised edges, or redness in any lesion after day 90 and framed the emergence of new lesions and relapse as a type of TF [71]. However, other authors considered relapse based on the return of patients to the doctor’s office within 1 year after the initial diagnosis was made [85]. In another study, they did not determine a period for classification of CR, but they established that patients who had re-emergence of initially healed lesions after the end of treatment or that had plaques with satellite papules were classified as relapsing [86].



Out of the 19 articles, 10 evaluated patients with VL (and out of these, 6 with coinfected patients), 8 with CL, and 1 with MCL. Only one of the articles involving VL patients investigated the occurrence of post-kala-azar dermal leishmaniasis (PKDL). It is noteworthy that the vast majority of investigations with individuals presenting clinical manifestations of the skin were in Latin American countries, such as Brazil, French Guiana, Colombia, Peru, and Bolivia; meanwhile, populations of individuals with VL were studied mostly in Southeast Asian and African countries, such as India, Nepal, Sudan, and Ethiopia. According to the WHO, multiple circulation of different species of Leishmania, variations in transmission cycles, clinical manifestations, and response to therapy make the epidemiology of CL in the Americas a very complex phenomenon, while the main form of disease manifestation in the region and outbreaks of VL are common in East Africa and Southeast Asia [2].



Regarding sex predominance in the populations studied, 84% of the studies presented a majority in male involvement. As previously discussed in the topic “Case Reports”, the prevalence of male patients occurred for both VL and CL at the global level, and these results agree with what is observed in Figure 2b regarding case reports. Only one article involved more female patients than male patients in its investigation [59]. Three studies did not specify the number of male patients and female patients in the sample. The total percentages of men and women in all populations with described sex discrimination were 65% and 35%, respectively. In addition to social and epidemiological factors, some authors argued that experimental evidence and infections in humans suggest the existence of biological predispositions that justify the existence of differences related to the sex of individuals and their respective immune responses and manifestation symptoms in infections by Leishmania spp. [88]. However, the fact that more males develop the clinical manifestations of leishmaniasis needs to be better assessed and investigated, considering factors that may or may not be related to this phenomenon, such as differences in metabolism and/or hormones released between hosts of different sexes and possible differences in food preference of the hematophagous vector, among others.



Coinfection with the HIV virus was a variable present in 32% of the studies, all of which with patients presenting visceral clinical manifestations. This was an expected finding, since it is extensively reported in the literature that HIV infection increases the risk of developing VL; this, in turn, promotes the development of AIDS-defining conditions [40]. In studies with CL and MCL patients, the coinfection variable was not present. In 37% of the studies, it was not reported whether there was VL/HIV coinfection among the individuals in the study. According to the WHO, VL/HIV coinfected patients with a CD4+ count <200 cells/μL normally suffer from progressively frequent CRs, until they become unresponsive to all drugs used [89].



Six types of risk factors for TF/CR were identified by the authors. The immunological characteristics of the host were highlighted among 36% of the factors, the association being more frequently made as a risk factor among the analyzed studies. These data were consistent with what was previously found in the topic “Case Reports”, in which 25% of the case reports had TF/CR associated with the immunology of the patients (Figure 2g). It is worth highlighting that the average age of the populations studied was mostly adults, with only one study with a significant presence of patients in the child age group [87]. It is understood that, in numerical terms, the adult population is more representative of general cases of leishmaniasis: in 2020, 58% of the population affected by VL in 10 of the 14 high-burden countries were aged 15 years or older, while in 2018, 55% of the population affected by CL fell into this same age group [40]. However, we emphasize here the need for further studies specifically aimed at the child age group, given that children have immature immune systems, which may be associated with clinical outcomes characterized by TF.



Clinical host variables were associated with TF/CR by 29% of the authors. The therapeutic regimen was pointed out by 21% of the authors as a risk factor and the route of drug administration by 7%. Only one study (4%) highlighted the importance of LRV1, and one study showed ecological epidemiological factors as determinants.



The WHO points out that the risk factors for CR are as follows: non-performance of antiretroviral treatment; low CD4+ cell count; previous episodes of VL; and failure to obtain clinical or parasitological cure during the first episode, without secondary prophylaxis [87]. As the WHO defines CR as a form of TF, it is to be understood that these risk factors are also true for TF. The first two risk factors highlighted by the WHO are directly related to the findings in this research, where the majority (36%) of the authors pointed to host immunological characteristics as factors associated with the development of TF/CR, such as lower increases in CD4+ cell count, increasing the chances of CR, and in some cases, successful antiretroviral therapy in patients coinfected with VL/HIV, which may not be enough to control the disease [84]. According to some authors, female sex was considered a risk factor for the development of CR in patients with VL [83]. In another study, a presentation of high tissue levels of T CD8+ and NK cells, a low number of macrophages, and a high proportion of IFN-γ/IL-10-producing cells in a patient afflicted with mucosal leishmaniasis is highlighted as important for TF/CR; however, other authors consider that the level of activation of the Th1 response is greater in CL patients who had therapeutic failure to antimony than in patients who responded successfully to treatment [73,74]. The results of two other studies conclude that a young age, given the immaturity of the immune system, may compromise the final outcome after treatment [45,81]; in addition, male sex was associated with an increased risk of VL recurrence after treatment with miltefosine, as they believe that a failure to maintain the T-cell-dependent immune response is involved in this process. In another case, the significant increase in TGFβ is associated with TF in patients with VL treated with sodium stibogluconate [78]. Some studies highlighted that the absence of antiretroviral treatment and the T CD4+ cell count below 100 cells at the time of the first infection, as well as the maintenance of T CD4+ cell values below 100 in people affected with VL, were described by the authors as factors of risk for relapses and failures [71,84]. Other authors associated CR with HIV coinfection, the presence of lower limb edema, low platelet count on admission, and secondary pneumonia in people with the visceral manifestation of the disease [77].



Among the clinical factors associated with TF/CR described by the authors (29%), previous treatment for leishmaniasis, three or more lesions, irregular treatment, and weight greater than 68 kg were associated with TF in CL patients treated with meglumine antimoniate, as reported previously in the literature [70]. Some authors highlighted that risk factors for TF are disease duration <5 weeks, additional injury, and L. (V.) peruviana and L. (V.) braziliensis infection in patients with CL treated with sodium stibogluconate [72]. The presence of regional lymphadenopathy, disease duration ≤1 month, and low adherence to treatment (<90%) were also previously associated with TF [71]. It was observed in another study that CR was associated with HIV coinfection, the presence of lower limb edema, low platelet count on admission, and secondary pneumonia [77]. Moreover, other authors associate epidemiological risk factors for TF, such as a stay <72 months in the area of acquisition of the disease [72].



Regarding the therapeutic regimen factors (21%) and drug administration route (7%) associated with TF/CR, some authors conclude that the use of miltefosine as a monotherapy is not sufficient to cure relapsing VL in HIV-1-controlled infected patients [82]. Also, treatment with pentavalent antimony was associated with TF [71]. Another study evaluated cases of VL patients treated with liposomal amphotericin B (AmBisome®) and miltefosine in monotherapy courses who had multiple episodes of TF/CR [74]. Similar data were found by another study in which the incidence density of relapse was higher in patients with VL treated with amphotericin B and miltefosine [81]. Irregular and/or non-continuous recommended treatment were related to the development of TF/CR, just as treatment with AmBisome® was also previously associated with a higher risk of developing CR [81,86].



When approached about the relationship between the route of drug administration and the emergence of TF/CR, a previous study stated that the administration of an intravenous regimen of sodium stibogluconate for patients with CL caused by L. braziliensis and L. guyanensis may be correlated with TF, with the intramuscular route being more effective and presenting decreasing hepatotoxicity [77]. However, other authors describe that the use of intramuscular pentamidine in the treatment of CL by Leishmania guyanensis is associated with more TFs than intravenous pentamidine isethionate [87]. Thus, it is considered that the use of monotherapy in cases of leishmaniasis may enter a long replacement process, given the higher frequency of TF/CR in this method and the possibility of using drugs concomitantly. Nevertheless, regimens with the use of more than one drug need to be well evaluated, considering the toxic effects that these drugs can have on the body. Thus, the real impact that the drug administration route had on the final outcome of the clinical picture of leishmaniasis is still unclear.



Interestingly, we found two studies that show that patients infected with L. (V.) guyanensis have a lower association between TF and pentavalent antimonials than patients infected with other species, such as L. (V.) peruviana and L. (V.) braziliensis [49,83]. However, other authors also studied patients infected with these species and the results were completely different, showing a high rate of TF in patients infected with L. (V.) guyanensis and treated with meglumine antimoniate, reinforcing the argument for the difference in response between species to the same drug, in addition to differences in the response of the same species in distinct regions [90].



The species L. (V.) guyanensis was also highlighted in studies that evaluated the presence and influence of LRV on the clinical outcome of patients, correlated to all studies found in the topics “Case Reports”, “Experimental data focusing on the parasite”, and “Host-focused population data” on LRV, in which the results were conflicting, showing a relationship between this species with TF and CR in immunocompetent patients treated with pentamidine and Glucantime® in France, while in French Guiana and mainland France, opposite results were found in patients without HIV and treated with pentamidine [81,87]. In Brazil, a study hypothesized that the presence of LRV1 contributed to increased parasite virulence in immunocompetent patients infected with L. (V.) naiffi and treated with pentamidine; however, in Iran, some authors reported that the presence of LRV2 in L. major did not show significant differences in the response to Glucantime® [25,50].



Many studies in the literature have previously found an influence of LRV infection on the virulence of parasites and the risk of development and worsening of mucosal lesions in patients with CL [91,92]. However, it is understood that the influence of LRV on the clinical outcome of patients has not yet been elucidated, and there is no consensus on its impact on the occurrence of TF and CR. No studies were found that addressed the presence of LRV in VL, which was an expected result, since the presence of the LRV1 is reported only in South American parasites, which cause cutaneous manifestations, of the subgenus L. (Viannia) [93]. However, the only occurrence of LRV outside the Viannia subgenus was described, which occurred in the L. (Leishmania) major strain (MHOM/SU/73/5-ASKH), classified as LRV2 [94].





4. Conclusions


Like many neglected diseases, most processes involving leishmaniasis are still not fully optimized, including preventive methods, diagnosis, and treatment, something that constitutes a public health problem in many countries.



VL and CL showed significant differences in all analyses. Latin America led the percentage of reported cases of CL, while countries in the Eastern Mediterranean and Southeast Asia led studies with VL. The HIV coinfection variable was not relevant in studies involving patients with CL. Risk factors associated with TF/CR, in turn, were more diverse for this clinical manifestation, such as drug administration route, host immunology, parasite resistance, the presence of certain clinical and epidemiological conditions, and even the use of different therapeutic regimens (duration, dose, scheme).



TF in VL, on the other hand, was more abundantly related to clinical and immunological factors of the host, with a strong focus on VL/HIV coinfection and therapeutic regimens associated with failure. Regarding the immunological factor, despite a smaller number of associations with CL, this was also pointed out by some authors as responsible for the failure in the treatment. In short, the presence of an immune system prone to failure in manifesting an adequate response was a preponderant element for the occurrence of TF/CR in both the cutaneous and visceral forms, but with greater importance for VL. These observations show the complexity present in the diversity of species that cause leishmaniasis in different geographic areas, highlighting the need to observe specific aspects for each of these clinical manifestations in any investigation carried out.



The works involving experimental research with parasites were conducted mostly with CL species and had a greater focus on changing their sensitivity to drugs and in gene assays. Several genes were observed to be associated with resistance to different drugs, especially antimonials. Some authors point to the possible adaptation of more virulent and infective parasites with increased metacyclogenesis, a situation that may worsen in the future.



We observed studies that identified TF even in patients who resorted to combination therapy, although this phenomenon occurs more frequently in monotherapy. We emphasize here the great association observed between TF and the use of drugs that have been extensively used for years in different endemic regions of the world, such as antimonials, highlighting the need for investment in research that seeks to develop new therapies for leishmaniasis.



We conclude that the phenomenon of TF/CR in leishmaniasis is multifactorial and presents intrinsic peculiarities to each type of clinical manifestation. We found evidence of the existence of risk factors associated with both the host and the etiological agent of the disease and, especially in the case of CL, even with the route of administration of the drug used.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/tropicalmed8090430/s1. Table S1: Summary of articles categorized as case reports.





Funding


This work was supported by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior-CAPES (Finance code: 001 and PROCAD-Amazônia 001-21/2018), the Conselho Nacional de Desenvolvimento Científico e Tecnológico-CNPq, and the Fundação de Amparo à Pesquisa e ao Desenvolvimento Científico e Tecnológico do Maranhão–FAPEMA (UNIVERSAL-06726/22).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The datasets generated during and/or analyzed during the current study are available from the corresponding author on reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Alves, F.; Bilbe, G.; Blesson, S.; Goyal, V.; Monnerat, S.; Mowbray, C.; Ouattara, G.M.; Pécoul, B.; Rijal, S.; Rode, J.; et al. Recent Development of Visceral Leishmaniasis Treatments: Successes, Pitfalls, and Perspectives. Clin. Microbiol. Rev. 2018, 31, 4. [Google Scholar] [CrossRef]

	



World Health Organization (WHO). Leishmaniasis. 2022. Available online: https://www.who.int/news-room/fact-sheets/detail/leishmaniasis (accessed on 6 May 2022).

	



Bansal, R.; Sen, S.S.; Muthuswami, R.; Madhubala, R. A Plant like Cytochrome P450 Subfamily CYP710C1 Gene in Leishmania donovani Encodes Sterol C-22 Desaturase and its Over-expression Leads to Resistance to Amphotericin B. PLoS Negl. Trop. Dis. 2019, 13, e0007260. [Google Scholar] [CrossRef]

	



Frézard, F.; Demicheli, C.; Ferreira, C.S.; Costa, M.A. Glutatione induced conversion of 3-pentavalent antimony to trivalent antimony in meglumine antimoniate. Antimicrob. Agents Chemoter. 2001, 45, 913–916. [Google Scholar] [CrossRef] [PubMed]

	



Chakravarty, J.; Sundar, S. Current and emerging medications for the treatment of leishmaniasis. Expert Opin. Pharmacother. 2019, 20, 1251–1265. [Google Scholar] [CrossRef]

	



Das, V.N.R.; Ranjan, A.; Bimal, S.; Siddique, N.A.; Pandey, K.; Kumar, N.; Verma, N.; Singh, V.P.; Sinha, P.K.; Bhattacharya, S.K. Magnitude of unresponsiveness to sodium stibogluconate in the treatment of visceral leishmaniasis in Bihar. Natl. Med. J. India 2005, 18, 131–133. [Google Scholar] [PubMed]

	



World Health Organization (WHO). Manual on Case Management and Surveillance of the Leishmaniases in the Who European Region. 2017. Available online: https://www.euro.who.int/__data/assets/pdf_file/0006/341970/MANUAL-ON-CASE-MANAGEMENT_FINAL_with-cover-and-ISBN.pdf (accessed on 16 August 2022).

	



World Health Organization (WHO). Pan American Health Organization. Manual de Procedimientos Para Vigilancia y Control de las Leishmaniasis en las Américas. 2019. Available online: https://iris.paho.org/handle/10665.2/50524 (accessed on 16 August 2022).

	



World Health Organization (WHO). Regional Office for the Eastern Mediterranean. Manual for Case Management of Cutaneous Leishmaniasis in the WHO Eastern Mediterranean Region. 2014. Available online: https://apps.who.int/iris/handle/10665/120002 (accessed on 16 August 2022).

	



World Health Organization (WHO). Republic of the Sudan. Federal Ministry of Health Communicable and Non-Communicable. Diseases Control Directorate. Manual for the Diagnosis and Treatment of Leishmaniasis. 2017. Available online: https://www.humanitarianresponse.info/sites/www.humanitarianresponse.info/files/2019/07/Manual-for-the-diagnosis-%26-treatment-of-leishmaniasis-%282%29.pdf (accessed on 16 August 2022).

	



Vanaerschot, M.; Dumetz, F.; Roy, S.; Ponte-Sucre, A.; Arevalo, J.; Dujardin, J.C. Treatment failure in leishmaniasis: Drug-resistance or another (epi-) phenotype? Expert Rev. Anti-Infect. Ther. 2014, 12, 937–946. [Google Scholar] [CrossRef]

	



Kosaka, A.; Sakamoto, N.; Hikone, M.; Imai, K.; Ota, M.; Washino, T.; Maeda, T.; Iwabuchi, S. Failure of Liposomal-amphotericin B Treatment for New World Cutaneous Leishmaniasis due to Leishmania braziliensis. Intern. Med. 2020, 59, 1227–1230. [Google Scholar] [CrossRef] [PubMed]

	



Gomes, C.M.; Damasco, F.S.; Morais, O.O.; Paula, C.D.R.; Sampaio, R.N.R. Recurrent cutaneous leishmaniasis. An. Bras. Dermatol. 2013, 88, 462–464. [Google Scholar] [CrossRef]

	



Freitas, J.J.A.; Cunha, M.A.; Diniz, S.R.; Monteiro, M.G.L.; Araújo, S.P.; Luz, K.G. Tratamento de Recidiva de Leishmaniose Visceral em Criança com Terapia Tripla: Relato de caso. Braz. J. Infect. Dis. 2021, 25, 101206. [Google Scholar] [CrossRef]

	



Gangneux, J.P.; Sauzet, S.; Donnard, S.; Meyer, N.; Cornillet, A.; Pratlong, F.; Guiguen, C. Recurrent American cutaneous leishmaniasis. Emerg. Infect. Dis. 2007, 13, 1436–1438. [Google Scholar] [CrossRef]

	



Darcis, G.; Auwera, G.V.; Giot, J.B.; Hayette, M.P.; Tassin, F.; Estrada, J.A.; Cnops, L.; Moutschen, M.; Leva, L.; Leonard, P. Recurrence of visceral and muco-cutaneous leishmaniasis in a patient under immunosuppressive therapy. BMC Infect. Dis. 2017, 17, 1–4. [Google Scholar] [CrossRef] [PubMed]

	



Stefanidou, M.P.; Antoniou, M.; Koutsopoulos, A.V.; Neofytou, Y.T.; Krasagakis, K.; Krüger-Krasagakis, S.; Tselentis, Y.; Tosca, A.D. A rare case of leishmaniasis recidiva cutis evolving for 31 years caused by Leishmania tropica. Int. J. Dermatol. 2008, 47, 588–589. [Google Scholar] [CrossRef] [PubMed]

	



Reinaldo, L.G.C.; Júnior, R.J.C.A.; Diniz, T.M.; Moura, R.D.; Costa, D.L.; Eulálio, K.D.; Costa, C.H.N. Recurrent kala-azar: Report of two cured cases after total splenectomy. Rev. Inst. Med. Trop. Sao Paulo 2020, 62, e31. [Google Scholar] [CrossRef]

	



Arboleda, M.; Barrantes, S.; Úsuga, L.Y.; Robledo, S.M. Successful treatment of cutaneous leishmaniasis with intralesional meglumine antimoniate: A case series. Rev. Soc. Bras. Med. Trop. 2019, 52, e20180211. [Google Scholar] [CrossRef] [PubMed]

	



Jeziorski, E.; Dereure, J.; Mac Bullen, G.; Blanchet, C.; Ludwig, C.; Costes, V.; Rodière, M. Mucosal relapse of visceral leishmaniasis in a child treated with anti-TNFα. Int. J. Infect. Dis. 2015, 33, 135–136. [Google Scholar] [CrossRef]

	



Antoniou, M.; Doulgerakis, C.; Pratlong, F.; Dedet, J.P.; Tselentis, Y. Short report: Treatment failure due to mixed infection by different strains of the parasite Leishmania infantum. Am. J. Trop. Med. Hyg. 2004, 71, 71–72. [Google Scholar] [CrossRef]

	



Escolán, K.P.; Rivera, M.; Alger, J. Falla terapéutica del antimoniato de meglumina en el tratamiento de la leishmaniasis visceral Informe de un caso. Rev. Med. Hondur. 2005, 73, 172–178. [Google Scholar]

	



Marovich, M.A.; Rosalia, L.; Marc, S.; Fuchs, G.H.; Kruetzer, R.; Nutman, T.B.; Franklin, A.N. Leishmaniasis Recidivans Recurrence after 43 Years: A clinical and immunologic report after successful treatment. Clin. Infect. Dis. 2001, 33, 1076–1079. [Google Scholar] [CrossRef]

	



Ruiz-Villaverde, R.; Melguizo, J.B.; Pérez, M.P.B.; Sintes, R.N.; Solano, J.L. Leishmaniasis cutánea crónica: Respuesta a n-metil glucamina intralesional tras fracaso con paramomicina tópica. Actas Dermosifiliogr. 2002, 4, 263–266. [Google Scholar] [CrossRef]

	



Vieira-Gonçalves, R.; Fagundes-Silva, G.A.; Heringer, J.F.; Fantinatti, M.; Da-Cruz, A.M.; Oliveira-Neto, M.P.; Guerra, J.A.O.; Gomes-Silva, A. First report of treatment failure in a patient with cutaneous leishmaniasis infected by Leishmania (Viannia) naiffi carrying Leishmania RNA virus: A fortuitous combination? Rev. Soc. Bras. Med. Trop. 2019, 52, e20180323. [Google Scholar] [CrossRef]

	



Basile, G.; Cristofaro, G.; Locatello, L.G.; Vellere, I.; Bresci, M.P.S.; Maggiore, G.; Gallo, O.; Novelli, A.; Muccio, T.D.; Gramiccia, M.; et al. Refractory mucocutaneous leishmaniasis resolved with combination treatment based on intravenous pentamidine, oral azole, aerosolized liposomal amphotericin B, and intralesional meglumine antimoniate. Int. J. Infect. Dis. 2020, 97, 204–207. [Google Scholar] [CrossRef]

	



Dereure, J.; Thanh, H.D.; Lavabre-Bertrand, T.; Cartron, G.; Bastides, F.; Richard-Lenoble, D.; Dedet, J.P. Visceral leishmaniasis. Persistence of parasites in lymph nodes after clinical cure. J. Infect. 2003, 47, 77–81. [Google Scholar] [CrossRef]

	



Ekiz, Ö.; Rifaioǧlu, E.N.; Şen, B.B.; Çulha, G.; Özgür, T.; Doǧramaci, A.Ç. Leishmaniasis recidiva cutis of the lips mimicking granulomatous cheilitis. Indian J. Dermatol. 2015, 60, 216. [Google Scholar] [CrossRef]

	



Al-Jawabreh, A.; Nasereddin, A. Leishmaniasis Recidivans in a Palestinian Bedouin Child. Skinmed 2007, 6, 250–252. [Google Scholar] [CrossRef]

	



Eichenberger, A.; Buechi, A.E.; Neumayr, A.; Hatz, C.; Rauch, A.; Huguenot, M.; Diamantis-Karamitopoulou, E.; Staehelin, C. A severe case of visceral leishmaniasis and liposomal amphotericin B treatment failure in an immunosuppressed patient 15 years after exposure. BMC Infect. Dis. 2017, 17, 81. [Google Scholar] [CrossRef] [PubMed]

	



Patole, S.; Burza, S.; Varghese, G.M. Multiple relapses of visceral leishmaniasis in a patient with HIV in India: A treatment challenge. Int. J. Infect. Dis. 2014, 25, 204–206. [Google Scholar] [CrossRef] [PubMed]

	



Alia, D.B.; Petrela, R.; Godo, A.; Barbullushi, A.; Daja, P.; Arapi, A.; Xhafa, M. Ambisome as first line treatment of a child with ALL associated with the relapse of leishmaniasis. Int. J. Infect. Dis. 2014, 21, 298. [Google Scholar] [CrossRef]

	



Pereira, M.D.; Lopes, J.D.; Neves, M.G.C. Leishmaniose Visceral em criança: Um relato de caso sobre a recidiva da doença. Comun. Ciênc. Saúde 2015, 26, 145–150. [Google Scholar] [CrossRef]

	



Vélez, I.D.; Colmenares, L.M.; Muñoz, C.A. Two cases of visceral leishmaniasis in Colombia resistant to meglumine antimonial treatment. Rev. Inst. Med. Trop. Sao Paulo 2009, 51, 231–236. [Google Scholar] [CrossRef]

	



Pandey, B.D.; Pandey, K.; Kaneko, O.; Yanagi, T.; Hirayama, K. Relapse of visceral leishmaniasis after miltefosine treatment in a Nepalese patient. Am. J. Trop. Med. Hyg. 2009, 80, 580–582. [Google Scholar] [CrossRef]

	



Soares, G.H.C.; Silva, A.B.S.; Ferreira, L.S.S.; Ithamar, J.S.; Medeiros, G.A.; Pereira, S.R.F.; Lima, M.I.S.; Azevedo, C.M.P.S. Case Report: Coinfection by leishmania amazonensis and hiv in a brazilian diffuse cutaneous leishmaniasis patient. Am. J. Trop. Med. 2020, 103, 1076–1080. [Google Scholar] [CrossRef]

	



Morizot, G.; Jouffroy, R.; Faye, A.; Chabert, P.; Belhouari, K.; Calin, R.; Charlier, C.; Miailhes, P.; Siriez, J.Y.; Mouri, O.; et al. Antimony to Cure Visceral Leishmaniasis Unresponsive to Liposomal Amphotericin B. PLoS Negl. Trop. Dis. 2016, 10, e0004304. [Google Scholar] [CrossRef]

	



World Health Organization (WHO). Status of Endemicity of Visceral Leishmaniasis, Worldwide, 2020. Available online: https://cdn.who.int/media/docs/default-source/2021-dha-docs/leishmaniasis_vl_2020.pdf?sfvrsn=17eea7b2_7 (accessed on 3 April 2022).

	



World Health Organization (WHO). Status of Endemicity of Cutaneous Leishmaniasis, Worldwide, 2020. Available online: https://cdn.who.int/media/docs/default-source/2021-dha-docs/leishmaniasis_cl_2020.pdf?sfvrsn=716850a8_9 (accessed on 3 April 2022).

	



Ruiz-Postigo, J.A.; Jain, S.; Mikhailov, A.; Maia-Elkhoury, A.N.; Valadas, S.; Warusavithana, S.; Osman, M.; Lin, Z.; Beshah, A.; Yajima, A.; et al. Global leishmaniasis surveillance: 2019–2020, a baseline for the 2030 roadmap/Surveillance mondiale de la leishmaniose: 2019–2020, une periode de reference pour la feuille de route a l’horizon 2030. Wkly. Epidemiol. Rec. 2021, 96, 401. Available online: https://www.who.int/publications/i/item/who-wer9635-401-419 (accessed on 8 April 2022).

	



Guerra-Silveira, F.; Abad-Franch, F. Sex Bias in Infectious Disease Epidemiology: Patterns and Processes. PLoS ONE 2013, 8, e62390. [Google Scholar] [CrossRef]

	



Cloots, K.; Burza, S.; Malaviya, P.; Hasker, E.; Kansal, S.; Mollett, G.; Chakravarty, J.; Roy, N.; Lal, B.K.; Rijal, S.; et al. Male predominance in reported Visceral Leishmaniasis cases: Nature or nurture? A comparison of population-based with health facility-reported data. PLoS Negl. Trop. Dis. 2020, 4, e0007995. [Google Scholar] [CrossRef] [PubMed]

	



Campos, M.A.G.; Filho, A.S.M.; Rêgo, G.R.F.M.; Silva, R.O.L.; Sousa, R.A.B.; Tchuisseu, Y.P.; Silva, G.E.B.; Gama, M.E.A. Is splenectomy an option for multiple relapses in a child with visceral leishmaniasis? A case report. Rev. Soc. Bras. Med. Trop. 2021, 54, e0748. [Google Scholar] [CrossRef]

	



Castro, A.; Carrillo, E.; Martín, J.V.S.; Botana, L.; Molina, L.; Matía, B.; Fernandez, L.; Horrillo, L.; Ibarra-Meneses, A.; Sanchez, C.; et al. Lymphoproliferative response after stimulation with soluble leishmania antigen (SLA) as a predictor of visceral leishmaniasis (VL) relapse in HIV+ patients. Acta Trop. 2016, 164, 345–351. [Google Scholar] [CrossRef]

	



Ostyn, B.; Hasker, E.; Dorlo, T.P.C.; Rijal, S.; Sundar, S.; Dujardin, J.C.; Boelaert, M. Failure of Miltefosine Treatment for Visceral Leishmaniasis in Children and Men in South-East Asia. PLoS ONE 2014, 9, e100220. [Google Scholar] [CrossRef]

	



Franssen, S.U.; Takele, Y.; Adem, E.; Sanders, M.J.; Müller, I.; Kropf, P.; Cotton, J.A. Diversity and Within-Host Evolution of Leishmania donovani from Visceral Leishmaniasis Patients with and without HIV Coinfection in Northern Ethiopia. mBio 2021, 12, e0097121. [Google Scholar] [CrossRef] [PubMed]

	



Mendonça, M.G.; Brito, M.E.F.; Rodrigues, E.H.G.; Bandeira, V.; Jardim, M.L.; Abath, F.G.C. Persistence of Leishmania Parasites in Scars after Clinical Cure of American Cutaneous Leishmaniasis: Is there a sterile cure? J. Infect. Dis. 2004, 189, 1018–1023. [Google Scholar] [CrossRef] [PubMed]

	



Bamorovat, M.; Sharifi, I.; Dabiri, S.; Meymandi, S.S.; Karamoozian, A.; Amiri, R.; Heshmatkhah, A.; Zarandi, M.B.; Aflatoonian, M.R.; Sharifi, F.; et al. Major risk factors and histopathological profile of treatment failure, relapse and chronic patients with anthroponotic cutaneous leishmaniasis: A prospective case-control study on treatment outcome and their medical importance. PLoS Negl. Trop. Dis. 2021, 15, e0009089. [Google Scholar] [CrossRef] [PubMed]

	



Arevalo, J.; Ramirez, L.; Adaui, V.; Zimic, M.; Tulliano, G.; Miranda-Verástegui, C.; Lazo, M.; Loayza-Muro, R.; Doncker, S.; Maurer, A.; et al. Influence of Leishmania (Viannia) species on the response to antimonial treatment in patients with American tegumentary leishmaniasis. J. Infect. Dis. 2007, 195, 1846–1851. [Google Scholar] [CrossRef]

	



Abdo, M.G.; Elamin, W.M.; Khalil, E.A.G.; Mukhtar, M.M. Antimony-resistant Leishmania donovani in eastern Sudan: Incidence and in vitro correlation. East. Mediterr. Health J. 2003, 9, 837–843. [Google Scholar] [CrossRef] [PubMed]

	



Abtahi, M.; Eslami, G.; Cavallero, S.; Vakili, M.; Hosseini, S.S.; Ahmadian, S.; Boozhmehrani, M.J.; Khamesipour, A. Relationship of Leishmania RNA Virus (LRV) and treatment failure in clinical isolates of Leishmania major. BMC Res. Notes 2020, 13, 126. [Google Scholar] [CrossRef]

	



Machuca, C.; Rodríguez, A.; Herrera, M.; Silva, S.; Ponte-Sucre, A. Leishmania amazonensis: Metabolic adaptations induced by resistance to an abc transporter blocker. Exp. Parasitol. 2006, 114, 1–9. [Google Scholar] [CrossRef] [PubMed]

	



Espada, C.R.; Albuquerque-Wendt, A.; Hornillos, V.; Gluenz, E.; Coelho, A.C.; Uliana, S.R.B. Ros3 (Lem3p/CDC50) Gene Dosage Is Implicated in Miltefosine Susceptibility in Leishmania (Viannia) braziliensis Clinical Isolates and in Leishmania (Leishmania) major. ACS Infect. Dis. 2021, 7, 849–858. [Google Scholar] [CrossRef]

	



Monte-Neto, R.L.; Coelho, A.C.; Raymond, F.; Légaré, D.; Corbeil, J.; Melo, M.N.; Frézard, F.; Ouellette, M. Gene Expression Profiling and Molecular Characterization of Antimony Resistance in Leishmania amazonensis. PLoS Negl. Trop. Dis. 2011, 5, 5. [Google Scholar] [CrossRef]

	



Ponte-Sucre, A.; Campos, Y.; Vázquez, J.; Moll, H.; Mendoza-León, A. Sensitivity of Leishmania spp. to Glibenclamide and 4- Aminopiridine: A Tool for the Study of Drug Resistance Development. Mem. Inst. Oswaldo Cruz 1997, 5, 601–606. [Google Scholar] [CrossRef]

	



García, N.; Figarella, K.; Mendoza-León, A.; Ponte-Sucre, A. Changes in the infectivity, pyruvate kinase activity, acid phosphatase activity and P-glycoprotein expression in glibenclamide-resistant Leishmania mexicana. Parasitol. Res. 2000, 86, 899–904. [Google Scholar] [CrossRef]

	



Turner, K.G.; Vacchina, P.; Robles-Murguia, M.; Wadsworth, M.; McDowell, M.A.; Morales, M.A. Fitness and Phenotypic Characterization of Miltefosine-Resistant Leishmania major. PLoS Negl. Trop. Dis. 2015, 9, e0003948. [Google Scholar] [CrossRef]

	



Vanaerschot, M.; Doncker, S.D.; Rijal, S.; Maes, L.; Dujardin, J.C.; Decuypere, S. Antimonial Resistance in Leishmania donovani Is Associated with Increased In Vivo Parasite Burden. PLoS ONE 2011, 6, e23120. [Google Scholar] [CrossRef]

	



Ouakad, M.; Vanaerschot, M.; Rijal, S.; Sundar, S.; Speybroeck, N.; Kestens, L.; Boel, L.; Doncker, S.D.; Maes, I.; Decuypere, S.; et al. Increased metacyclogenesis of antimony-resistant Leishmania donovani clinical lines. Parasitology 2011, 138, 1392–1399. [Google Scholar] [CrossRef]

	



Deep, D.K.; Singh, R.; Bhandari, V.; Verma, A.; Sharma, V.; Wajid, S.; Sundar, S.; Ramesh, V.; Dujardin, J.C.; Salotra, P. Increased miltefosine tolerance in clinical isolates of Leishmania donovani is associated with reduced drug accumulation, increased infectivity and resistance to oxidative stress. PLoS Negl. Trop. Dis. 2017, 11, e0005641. [Google Scholar] [CrossRef]

	



Obonaga, R.; Fernández, O.L.; Valderrama, L.; Rubiano, L.C.; Castro, M.M.; Barrera, M.C.; Gomez, M.A.; Saravia, N.G. Treatment Failure and Miltefosine Susceptibility in Dermal Leishmaniasis Caused by Leishmania Subgenus Viannia Species. Antimicrob. Agents Chemother. 2014, 58, 144–152. [Google Scholar] [CrossRef] [PubMed]

	



Hadighi, R.; Mohebali, M.; Boucher, P.; Hajjaran, H.; Khamesipour, A.; Ouellette, M. Unresponsiveness to Glucantime treatment in Iranian cutaneous leishmaniasis due to drug-resistant Leishmania tropica parasites. PLoS Med. 2006, 3, e162. [Google Scholar] [CrossRef]

	



Purkait, B.; Kumar, A.; Nandi, N.; Sardar, A.H.; Das, S.; Kumar, S.; Pandey, K.; Ravidas, V.; Kumar, M.; De, T.; et al. Mechanism of Amphotericin B Resistance in Clinical Isolates of Leishmania donovani. Antimicrob. Agents Chemother. 2012, 56, 1031–1041. [Google Scholar] [CrossRef] [PubMed]

	



Singh, N.; Singh, R.T.; Sundar, S. Novel Mechanism of Drug Resistance in Kala Azar Field Isolates. J. Infect. Dis. 2003, 88, 600–607. [Google Scholar] [CrossRef]

	



Lira, R.; Sundar, S.; Makharia, A.; Kenney, R.; Gam, A.; Saraiva, E.; Sacks, D. Evidence that the high incidence of treatment failures in Indian kala-azar is due to the emergence of antimony-resistant strains of Leishmania donovani. J. Infect. Dis. 1999, 180, 564–567. [Google Scholar] [CrossRef]

	



Jeddi, F.; Mary, C.; Aoun, K.; Harrat, Z.; Bouratbine, A.; Faraut, F.; Benikhlef, R.; Pomares, C.; Pratlong, F.; Marty, P.; et al. Heterogeneity of Molecular Resistance Patterns in Antimony-Resistant Field Isolates of Leishmania Species from the Western Mediterranean Area. Antimicrob. Agents Chemother. 2014, 58, 4866–4874. [Google Scholar] [CrossRef]

	



Carnielli, J.B.T.; Crouch, K.; Forrester, S.; Silva, V.C.; Carvalho, S.F.G.; Damasceno, J.D.; Brown, E.; Dickens, N.J.; Costa, D.L.; Costa, C.H.N.; et al. A Leishmania infantum genetic marker associated with miltefosine treatment failure for visceral leishmaniasis. Ebiomedicine 2018, 36, 83–91. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization (WHO). Control of Neglected Tropical Diseases. Indicators for Monitoring and Evaluation of the Kala-Azar Elimination Programme (India, Nepal and Bangladesh). 2010. Available online: https://www.who.int/publications/i/item/9789241500371 (accessed on 16 August 2022).

	



Abadías-Granado, I.; Diago, A.; Cerro, P.A.; Palma-Ruiz, A.M.; Gilaberte, Y. Leishmaniasis cutánea y mucocutánea Cutaneous and Mucocutaneous Leishmaniasis. Actas Dermosifiliogr. 2021, 112, 601–618. [Google Scholar] [CrossRef]

	



Rodrigues, A.M.; Hueb, M.; Santos, T.A.R.R.; Fontes, C.J.F. Fatores associados ao insucesso do tratamento da leishmaniose cutânea com antimoniato de meglumina. Rev. Soc. Bras. Med. Trop. 2006, 39, 139–145. [Google Scholar] [CrossRef] [PubMed]

	



Castro, M.D.M.; Cossio, A.; Velasco, C.; Osorio, L. Risk factors for therapeutic failure to meglumine antimoniate and miltefosine in adults and children with cutaneous leishmaniasis in Colombia: A cohort study. PLoS Negl. Trop. Dis. 2017, 11, 4. [Google Scholar] [CrossRef] [PubMed]

	



Llanos-Cuentas, A.; Tulliano, G.; Araujo-Castillo, R.; Miranda-Verastegui, C.; Santamaria-Castrellon, G.; Ramirez, L.; Lazo, M.; Doncker, S.D.; Boelaert, M.; Robays, J.; et al. Clinical and Parasite Species Risk Factors for Pentavalent Antimonial Treatment Failure in Cutaneous Leishmaniasis in Peru. Clin. Infect. Dis. 2008, 46, 223–231. [Google Scholar] [CrossRef] [PubMed]

	



León, A.F.; Cabrera, E.R.; Rojas, M.C.; Torrico, M.C.; Paz, D. Cuantificación de niveles de INF-y-IL-13 y células T CD4+, CD8+ en pacientes con leishmaniasis tegumentaria con falla terapéutica. Gac. Méd. Boliv. 2013, 36, 15–20. [Google Scholar]

	



Tuon, F.F.; Gomes-Silva, A.; Da-Cruz, A.M.; Duarte, M.I.S.; Neto, V.A.; Amato, V.S. Local immunological factors associated with recurrence of mucosal leishmaniasis. J. Clin. Immunol. 2008, 128, 442–446. [Google Scholar] [CrossRef]

	



Chalco-Aguate, M.; Sáenz-Anduaga, E.; Oré-Mora, M.; Quiñones-Velarde, J.; Chanco-Ramírez, G.; Anco-Gallegos, K. Falla terapéutica y hepatotoxicidad de los esquemas de tratamiento endovenoso e intramuscular con estibogluconato de sodio en pacientes con leishmaniasis cutánea/Therapeutic failure and hepatotoxicity with schemes intravenous and intramuscular sodium stibogluconate treatment in patients with cutaneous leishmaniasis. Dermatol. Peru 2014, 24, 153–158. [Google Scholar]

	



Cipriano, P.; Miranda, A.C.; Antunes, I.; Mansinho, K. Leishmaniose Visceral em Doentes com Infeção VIH: O desafio da recaída e falência terapêutica. Acta Med. Port. 2017, 30, 6:443–448. [Google Scholar] [CrossRef] [PubMed]

	



Simão, J.C.; Victória, C.; Fortaleza, C.M.C.B. Predictors of relapse of visceral leishmaniasis in inner São Paulo State, Brazil. Int. J. Infect. Dis. 2020, 95, 44–49. [Google Scholar] [CrossRef] [PubMed]

	



Elmekki, M.A.; Elhassan, M.M.; Ozbak, H.A.; Mukhtar, M.M. Elevated TGF-beta levels in drug-resistant visceral leishmaniasis. Ann. Saudi Med. 2016, 36, 73–77. [Google Scholar] [CrossRef]

	



Rijal, S.; Ostyn, B.; Uranw, S.; Rai, K.; Bhattarai, N.R.; Dorlo, T.P.C.; Beijnen, J.H.; Vanaerschot, M.; Decuypere, S.; Dhakal, S.S.; et al. Increasing Failure of Miltefosine in the Treatment of Kala-azar in Nepal and the Potential Role of Parasite Drug Resistance, Reinfection, or Noncompliance. Clin. Infect. Dis. 2013, 56, 1530–1538. [Google Scholar] [CrossRef]

	



Mohammed, R.; Fikre, H.; Schuster, A.; Mekonnen, T.; Griensven, J.V.; Diro, E. Multiple Relapses of Visceral Leishmaniasis in HIV Co-Infected Patients: A case series from ethiopia. Curr. Ther. Res. 2020, 92, 100583. [Google Scholar] [CrossRef]

	



Goyal, V.; Das, V.N.R.; Singh, S.N.; Singh, R.S.; Pandey, K.; Verma, N.; Hightower, A.; Rijal, S.; Das, P.; Alvar, J.; et al. Long-term incidence of relapse and post-kala-azar dermal leishmaniasis after three different visceral leishmaniasis treatment regimens in Bihar, India. PLoS Negl. Trop. Dis. 2020, 14, 7. [Google Scholar] [CrossRef]

	



Troya, J.; Casquero, A.; Refoyo, E.; Fernández-Guerrero, M.L.; Górgolas, M. Long term failure of miltefosine in the treatment of refractory visceral leishmaniasis in AIDS patients. Scand. J. Infect. Dis. 2008, 40, 78–80. [Google Scholar] [CrossRef] [PubMed]

	



Pasquau, F.; Ena, J.; Sanchez, R.; Cuadrado, J.M.; Amador, C.; Flores, J.; Benito, C.; Redondo, C.; Lacruz, J.; Abril, V. Leishmaniasis as an opportunistic infection in HIV-infected patients: Determinants of relapse and mortality in a collaborative study of 228 episodes in a mediterreanean region. Eur. J. Clin. Microbiol. 2005, 24, 411–418. [Google Scholar] [CrossRef]

	



Casado, J.L.; Lopez-Velez, R.; Pintado, V.; Quereda, C.; Antela, A.; Moreno, S. Relapsing Visceral Leishmaniasis in HIV-Infected Patients Undergoing Successful Protease Inhibitor Therapy. Eur. J. Clin. Microbiol. 2001, 20, 202–205. [Google Scholar] [CrossRef] [PubMed]

	



Bourreau, E.; Ginouves, M.; Prévot, G.; Hartley, M.A.; Gangneux, J.P.; Robert-Gangneux, F.; Dufour, J.; Sainte-Marie, D.; Bertolotti, A.; Pratlong, F.; et al. Presence of Leishmania RNA Virus 1 in Leishmania guyanensis Increases the Risk of First-Line Treatment Failure and Symptomatic Relapse. J. Infect. Dis. 2015, 213, 105–111. [Google Scholar] [CrossRef] [PubMed]

	



Gitari, J.W.; Nzou, S.M.; Wamunyokoli, F.; Kinyeru, E.; Fujii, Y.; Kaneko, S.; Mwau, M. Leishmaniasis recidivans by Leishmania tropica in Central Rift Valley Region in Kenya. Int. J. Infect. Dis. 2018, 74, 109–116. [Google Scholar] [CrossRef]

	



Christen, J.R.; Bourreau, E.; Demar, M.; Lightburn, E.; Couppié, P.; Ginouvès, M.; Prévot, G.; Gangneux, J.P.; Savini, H.; Laval, F.; et al. Use of the intramuscular route to administer pentamidine isethionate in Leishmania guyanensis Cutaneous Leishmaniasis increases the risk of treatment failure. Travel Med. Infect. Dis. 2018, 24, 31–36. [Google Scholar] [CrossRef] [PubMed]

	



Lockard, R.D.; Wilson, M.E.; Rodríguez, N.E. Sex-Related Differences in Immune Response and Symptomatic Manifestations to Infection with Leishmania Species. J. Immunol. Res. 2019, 2019, 4103819. [Google Scholar] [CrossRef]

	



World Health Organization (WHO). Control of the Leishmaniases: Report of a Meeting of the WHO Expert Committee on the Control of Leishmaniases; WHO Technical Report Series 949; WHO: Geneva, Switzerland, 2010; pp. 22–26. Available online: https://apps.who.int/iris/bitstream/handle/10665/44412/WHO_TRS_949_eng.pdF.;jsessionid=528A345D021696FAE84536A9CFE1FDF6?sequence=1 (accessed on 6 May 2022).

	



Romero, G.A.S.; Guerra, M.V.F.; Paes, M.G.; Macêdo, V.O. Comparison of Cutaneous Leishmaniasis due to Leishmania (Viannia) braziliensis and L. (V.) guyanensis in brazil: Therapeutic response to Meglumine Antimoniate. Am. J. Trop. Med. Hyg. 2001, 65, 456–465. [Google Scholar] [CrossRef]

	



Ives, A.; Ronet, C.; Prevel, F.; Ruzzante, G.; Fuertes-Marraco, S.; Schutz, F.; Zangger, H.; Revaz-Breton, M.; Lye, L.F.; Hickerson, S.M.; et al. Leishmania RNA Virus Controls the Severity of Mucocutaneous Leishmaniasis. Science 2011, 331, 775–778. [Google Scholar] [CrossRef] [PubMed]

	



Cantanhêde, L.M.; Júnior, C.F.S.; Ito, M.M.; Felipin, K.P.; Nicolete, R.; Salcedo, J.M.V.; Porrozzi, R.; Cupolillo, E.; Ferreira, R.G.M. Further Evidence of an Association between the Presence of Leishmania RNA Virus 1 and the Mucosal Manifestations in Tegumentary Leishmaniasis Patients. PLoS Negl. Trop. Dis. 2015, 9, e0004079. [Google Scholar] [CrossRef] [PubMed]

	



Hartley, M.A.; Ronet, C.; Zangger, H.; Beverley, S.M.; Fasel, N. Leishmania RNA virus: When the host pays the toll. Front. Cell. Infect. Microbiol. 2012, 2, 99. [Google Scholar] [CrossRef] [PubMed]

	



Scheffter, S.M.; Ro, Y.T.; Chung, I.K.; Patterson, J.L. The complete sequence of Leishmania RNA virus LRV2-1, a virus of an Old World parasite strain. Virology 1995, 212, 84–90. [Google Scholar] [CrossRef] [PubMed]








[image: Tropicalmed 08 00430 g001] 





Figure 1. Flowchart of searches performed following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA). 
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Figure 2. Chart with data collected from all articles classified as case reports. (a) The graph illustrates the number of case reports included in this study, segmented by geographical region. (b) The distribution of CR of leishmaniasis cases is presented, stratified by gender, as reported in the articles. (c) The graph displays the main types of clinical presentations of leishmaniasis that experienced clinical recurrences in the analyzed articles. (d) It demonstrates the presence of immunosuppression and associated diseases identified in the research participants. (e) The graph highlights the prevalence of different species of Leishmania spp. associated with CR, based on the species studied in each article. (f) It presents the relationship between CR and age groups, providing an overview of recurrence incidence across different age ranges. (g) The graph summarizes the mechanisms pointed out by the authors of the articles as responsible for TF/CR. CR: clinical relapse; TF: treatment failure; CL: cutaneous leishmaniasis; VL: visceral leishmaniasis; DCL: diffuse cutaneous leishmaniasis; MCL: mucocutaneous leishmaniasis; MM: multiple manifestations. 
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Table 1. Data collected from articles categorized as “Experimental with a focus on the parasite”.
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	References
	Article Origin
	Leishmania Species
	Clinical Form
	Drugs
	Reference Strains and/or Clinical Isolates
	Pro
	Ama
	Experimental Model Used
	Possible Mechanisms for Parasites Sensitivity Alterations





	[49]
	Peru
	L. peruviana, L. guyanensis, L. braziliensis, L. lainsoni e L. mexicana
	CL
	SbV
	RS/CI
	Yes
	Yes
	Molecular parasite identification/characterization

Molecular parasite identification/characterization
	Natural interspecific variation



	[50]
	Sudan
	L. donovani
	VL
	SbV
	RS/CI
	Yes
	Yes
	In vitro/in vivo sensitivity testing and molecular parasite identification/characterization
	Factors associated with altered DNA or gene expression level



	[51]
	Iran
	L. major
	CL
	SbV
	CI
	No
	No
	Molecular parasite identification/characterization
	Factors associated with altered DNA or gene expression level



	[52]
	Venezuela
	L. amazonensis
	CL
	GLIB
	RS/CI
	Yes
	No
	Functional assay
	Factors associated with altered DNA or gene expression level, altered biochemical pathways, and Presence of virus infection



	[53]
	Brazil
	L. braziliensis e L. major
	CL
	MIL
	RS/CI
	Yes
	Yes
	In vitro/in vivo sensitivity assays, parasite gene assays, and functional assays
	Factors associated with altered DNA or gene expression level



	[54]
	Brazil
	L. amazonensis
	CL
	SbIII
	RS/CI
	Yes
	No
	In vitro/in vivo sensitivity assay and gene assays on the parasite
	Factors associated with altered DNA or gene expression level



	[55]
	Venezuela
	L. mexicana, L. amazonensis, L. major, L. brasiliensis e L. guyanensis
	DCL
	GLIB
	RS/CI
	Yes
	No
	Gene assays in the parasite and molecular parasite identification/characterization
	Factors associated with altered DNA or gene expression level



	[56]
	Venezuela
	L. mexicana
	DCL
	GLIB
	RS/CI
	Yes
	Yes
	Parasite gene assays and functional assays
	Factors associated with alterations in DNA or gene expression level, factors associated with virulence, and alterations in biochemical pathways



	[57]
	United States
	L. major
	CL
	MIL
	RS/CI
	Yes
	Yes
	In vitro/in vivo sensitivity testing, gene assays on the parasite, and molecular parasite identification/characterization
	Factors associated with changes in DNA or gene expression level and changes in the rate of metacyclogenesis



	[58]
	Nepal and Belgium
	L. donovani
	VL
	SbV
	RS/CI
	Yes
	Yes
	In vitro/in vivo sensitivity testing and molecular parasite identification/characterization
	Altered immune-response-mediation and virulence-associated factors



	[59]
	Nepal, India and Belgium
	L. donovani
	VL
	SbV
	CI
	Yes
	Yes
	Gene assays in the parasite and molecular parasite identification/characterization
	Changes in the rate of metacyclogenesis



	[60]
	India
	L. donovani
	VL and PKDL
	MIL
	RS/CI
	Yes
	Yes
	In vitro/in vivo sensitivity testing, parasite gene assays, functional assays, and molecular parasite identification/characterization
	Factors associated with virulence, alterations in biochemical pathways and alterations in the rate of metacyclogenesis



	[61]
	Colombia
	L. braziliensis e L. panamensis
	CL
	MIL
	RS/CI
	Yes
	Yes
	In vitro/in vivo sensitivity testing, gene assays on the parasite, and molecular parasite identification/characterization
	Factors associated with altered DNA or gene expression level



	[62]
	Iran
	L. tropica e L. major
	CL
	SbV
	CI
	Yes
	Yes
	In vitro/in vivo sensitivity testing, gene assays on the parasite, and molecular parasite identification/characterization
	Changes in biochemical pathways



	[63]
	India
	L. donovani
	VL
	AmB
	CI
	Yes
	Yes
	In vitro/in vivo sensitivity testing, parasite gene assays, functional assays, and molecular parasite identification/characterization
	Factors associated with altered DNA or gene expression level and altered biochemical pathways



	[64]
	Índia
	L. donovani e L. amazonensis
	VL
	SbV
	CI
	Yes
	Yes
	In vitro/in vivo sensitivity assay and gene assays on the parasite
	Factors associated with altered DNA or gene expression level and altered biochemical pathways



	[65]
	Índia
	L. donovani
	VL
	SbV
	CI
	Yes
	Yes
	In vitro/in vivo sensitivity testing and molecular parasite identification/characterization
	Specific stage response variation



	[66]
	Algeria, Tunisia and France
	L. infantum, L. major e L. killicki
	CL and VL
	SbV
	CI
	Yes
	Yes
	In vitro/in vivo sensitivity testing, gene assays on the parasite and molecular parasite identification/characterization
	Factors associated with altered DNA or gene expression level



	[67]
	Brazil
	L. infantum
	VL
	MIL
	RS/CI
	Yes
	No
	Gene assays in the parasite
	Factors associated with altered DNA or gene expression level







PRO: promastigotes; AMA: amastigotes; CL: cutaneous leishmaniasis; VL: visceral leishmaniasis; DCL: diffuse cutaneous leishmaniasis; PKDL: post-kala-azar dermal leishmaniasis; SbV: pentavalent antimony; SbIII: trivalent antimony; GLI: glibenclamide; MIL: miltefosine; AMB: amphotericin B; RS: reference strain; CI: clinical isolate.













 





Table 2. Data collected from articles categorized as “Host-focused population studies”.
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	References
	Article Origin
	Leishmania Species
	Clinical Form
	Drugs
	Number of Patients
	Age Group
	Sex
	Treatment Failure
	Clinical Relapse
	HIV Coinfection
	Study Methodology
	Risk Factors Associated with TF/CR





	[70]
	Brazil
	Not specified
	CL
	GLU
	151
	01–69
	M: 131

F: 20
	Yes (47%)
	No
	N.I.
	Retrospective cohort study
	Clinical



	[71]
	Colombia
	L. panamensis, L. braziliensis and L. guyanensis
	CL
	GLU and MIL
	230
	02–60
	M: 135

F: 95
	Yes (15.65%)
	No
	N.I.
	Retrospective cohort study
	Clinicians and therapeutic regimen



	[72]
	Peru
	L. peruviana,

L. braziliensis and L. guyanensis
	CL
	SS
	119
	07–33
	M: 73

F: 46
	Yes (24.4%)
	No
	N.I.
	Case control
	Clinical and epidemiological



	[73]
	Bolivia
	N.I.
	CL
	Antimonial
	30
	N.I.
	N.I.
	Yes (33.33%)
	No
	N.I.
	Immunological investigation
	Immunological



	[74]
	Brazil
	N.I.
	MCL
	GLU and PENT
	16
	21–80
	M: 11

F: 5
	No
	Yes (50%)
	No
	Prospective cohort study/immunological investigation
	Immunological



	[75]
	Peru
	L. braziliensis and L. guyanensis
	CL
	SS
	64
	mean = 20.5
	M: 64

F: 0
	Yes (51.6%)
	No
	No
	Retrospective cohort study
	Route of drug administration



	[76]
	Portugal
	N.I.
	VL
	L-AmB and PENT
	23
	27–48
	M: 21

F: 2
	No
	Yes (26.1%)
	VL/HIV
	Retrospective cohort study/immunological investigation
	Immunological and therapeutic regimens



	[77]
	Brazil
	N.I.
	VL
	AmB, L-AmB and Antimonials
	571
	0–60+
	M: 362

F: 209
	No
	Yes (6.8%)
	VL/HIV
	Retrospective cohort study/immunological investigation
	Clinical and immunological



	[45]
	India and Nepal
	N.I.
	VL
	MIL
	853
	02–25+
	M: 525

F: 328
	No
	Yes (6.2%)
	No
	Prospective cohort study
	Clinical and immunological



	[78]
	Sudan
	N.I.
	VL
	SS
	25
	N.I.
	N.I.
	Yes (20%)
	No
	No
	Cross-section/immunological investigation
	Immunological



	[79]
	Nepal
	N.I.
	VL
	MIL
	120
	N.I.
	M: 74

F: 46
	No
	Yes (20.0%)
	No
	Prospective cohort study
	Clinical



	[80]
	Ethiopia
	N.I.
	VL
	L-AmB, SS, L-AmB + MIL, SS + PAR, PENT
	12
	05–41
	M: 12

F: 0
	No
	Yes (100%)
	VL/HIV
	Case series
	Immunological



	[81]
	India
	N.I.
	PKDL and VL
	L-AmB, MIL + PAR and L-AmB + MIL
	1761
	02–80
	M: 1.067

F: 694
	No
	Yes (4.5%)
	N.I.
	Clinical trial
	Clinical, immunological, and therapeutic regimens



	[82]
	Spain
	N.I.
	VL
	GLU, AmB, L-AmB and MIL
	4
	32–45
	M: 3

F: 1
	No
	Yes (75%)
	VL/HIV
	Retrospective cohort study
	Therapeutic regimens



	[83]
	Spain
	N.I.
	VL
	GLU, AmB, PENT, L-AmB
	155
	30–37
	M: 129

F: 26
	No
	Yes (24%)
	VL/HIV
	Retrospective cohort study/immunological investigation
	Clinical, immunological, and therapeutic regimens



	[84]
	Spain
	N.I.
	VL
	GLU and AmB
	10
	31–38
	M: 6

F: 4
	No
	Yes (70%)
	VL/HIV
	Prospective cohort study /immunological investigation
	Immunological



	[85]
	French Guiana
	L. guyanensis
	CL
	PENT and GLU
	75
	Not specified
	M: 66

F: 9
	Yes (5%)
	Yes (17.33%)
	No
	Prospective cohort study /immunological investigation
	Presence of LRV virus



	[86]
	Kenya
	L. tropica
	CL
	SS
	52
	05–52
	M: 21

F: 31
	Yes
	Yes (44.2%)
	N.I.
	Epidemiological
	Therapeutic regimens



	[87]
	French Guiana and mainland France
	L. guyanensis
	CL
	PENT
	73
	21–44
	M: 72

F: 1
	Yes (32.8%)
	No
	N.I.
	Case series
	Route of drug administration







Drugs and therapies separated by “and” indicate different monotherapy regimens, while drugs joined by “+” indicate combination therapy. M: male; F: female; CL: cutaneous leishmaniasis; VL: visceral leishmaniasis; MCL: mucocutaneous leishmaniasis; PKDL: post-kala-azar dermal leishmaniasis; GLU: meglumine antimoniate (Glucantime®); SS: sodium stiboglucanate (Pentostan®); PENT: pentamidine; PAR: paromomycin; AmB: amphotericin B; L-AmB: liposomal amphotericin B; MIL: miltefosine; N.I.: not informed.
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