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Abstract

Tegumentary Leishmaniasis (TL) is endemic in Latin America, and Brazil contributes
approximately 20 thousand cases per year. The pathogenesis of TL, however, is still not
fully understood. Clinical manifestations vary from cutaneous leishmaniasis (CL) to more
severe outcomes, such as disseminated leishmaniasis (DL), mucosal leishmaniasis (ML)
and diffuse cutaneous leishmaniasis (DCL). Many factors have been associated with the
severity of the disease and the development of lesions. Recent studies have reported that
the presence of Leishmania RNA virus 1 infecting Leishmania (Leishmania RNA virus 1,
LRV1) is an important factor associated with the severity of ML in experimental animal mod-
els. In the present study, 156 patients who attended Rondonia's Hospital of Tropical Medi-
cine with both leishmaniasis clinical diagnoses (109 CL; 38 ML; 5 CL+ML; 3 DL and 1 DCL)
and molecular diagnoses were investigated. The clinical diagnosis were confirmed by PCR
by targeting hsp70 and kDNA DNA sequences and the species causing the infection were
determined by HSP70 PCR-RFPL. The presence of LVR1 was tested by RT-PCR. Five
Leishmania species were detected: 121 (77.6%) samples were positive for Leishmania
(Viannia) braziliensis, 18 (11.5%) were positive for Leishmania (V.) guyanensis, 3 (1.8%) for
Leishmania (V.) lainsoni, 2 (1.3%) for Leishmania (Leishmania) amazonensis and 2 (1.3%)
for Leishmania (V.) shawi. Six (3.9%) samples were positive for Leishmania sp. but the spe-
cies could not be determined, and 4 (2.6%) samples were suggestive of mixed infection by
L. (V) braziliensis and L. (V.) guyanensis. The virus was detected in L. braziliensis (N = 54),
L. guyanensis (N =5), L. amazonensis (N = 2), L. lainsoni (N = 1) and inconclusive samples
(N = 6). Patients presenting with CL+ML, DL and DCL were excluded from further analysis.
Association between the presence of the virus and the disease outcome were tested
among the remaining 147 patients (CL = 109 and ML = 38). Of them, 71.1% (n = 27)
mucosal lesions were positive for LRV1, and 28.9% (n = 11) were negative. In cutaneous
lesions, 36.7% (n = 40) were positive and 63.3% (n = 69) were negative for LRV1. The ratio
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role in study design, data collection and analysis, P(ML|LRV1+)/P(ML|LRV1-) was 2.93 (CI95% 1.57...5.46; p<0.001), thus corroborating the
decision to publish, or preparation of the manuscript. — y othesis of the association between LRV1 and the occurrence of mucosal leishmaniasis,
Competing Interests: The authors have declared as previously described in animal models; it also indicates that LRV1 is not the only factor

that no competing interests exist. contributing to the disease outcome.

Author Summary

Leishmaniasis is an infectious disease caused by protozoa of the genus Leishmania.
Tegumentary Leishmaniasis (TL) is characterized by a variety of clinical forms, ranging
from simple skin lesions to more severe lesions with mucosal destruction. The mecha-
nisms by which some patients develop a severe form of the disease remain unclear. It is
already known that the immune statuses of the host and parasite species are key factors
influencing the clinical outcome of the disease, but is not known which are the factors that
influence the parasite’s tropism to the mucosal regions. Recently, a virus found infecting
Leishmania, Leishmania RNA virus 1 (LRV1), has also been reported as one important fac-
tor contributing to the disease severity. The present article reports, among 147 investigated
patients from the Brazilian Western Amazon, a higher frequency of LRV1 among patients
with mucosal lesions compared to patients with cutaneous lesions, statistically demon-
strating that the virus is related to the worsening of the disease, increasing the risk of devel-
oping mucosal injury by almost 3 times.

Introduction

Tegumentary Leishmaniasis (TL) is widely distributed worldwide, occurring in 98 countries
and affecting approximately 1.5 million people every year. Approximately 90% of the cases are
concentrated in 6 countries, including Brazil [1,2].

In Brazil, TL is endemic in all regions, with the highest incidence occurring in the northern
region of the country [3]. The Amazon rainforest is located in the northern region and contains
a large diversity of parasites, with 7 currently known species of Leishmania that causes leish-
maniasis, L. (Viannia) braziliensis, L. (Viannia) guyanensis, L. (Viannia) lainsoni, L. (Viannia)
naiffi, L. (Viannia) shawi, L. (Viannia) lindenbergi and L. (Leishmania) amazonensis [4,5].

In the state of Rondonia, the incidence of TL is high (68.29/100,000), with notifications of
approximately 1000 new cases per year [3]. The species L. (Viannia) guyanensis [6], L. (V.) bra-
ziliensis, L. (V.) lainsoni [7], and L. (Leishmania) amazonensis [8] have been found in Rondo-
nia. However, the frequency of the occurrence of each species is unknown because of the small
number of cases studied.

Clinical manifestations of TL can range from simple cutaneous lesions (CL) to more severe
presentations that are classified as diffuse (DCL) and mucosal (ML) leishmaniasis. Most
authors report that approximately 5 to 10% of both asymptomatic individuals and patients
who have been given inappropriate chemotherapy or have recovered from TL can develop ML
[9-11]. The number of patients with ML in the northern region is also higher compared with
other regions of Brazil, and in Rondonia, approximately 12% of all reported cases are mucosal
injuries [3].

The factors involved in the aggravation of TL are still not fully understood. Some authors
report that the species of the parasites and vectors, genetic characteristics and immune status
of the host [12-15] and, more recently, the presence of Leishmania RNA virus 1 (LRV1)
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[16,17] may be related to the diverse clinical outcomes of the disease. This diversity of factors,
alone or combined, make understanding the pathogenesis of TL a challenge, particularly in
regions such as the Amazon [18].

LRV1 was described primarily in the L. (V.) guyanensis strain that was isolated from a
patient with CL. When the strain was inoculated in hamsters, it led to the development of
mucosal injury [19], which led to the hypothesis of the importance of viruses in the pathogene-
sis of the disease. Subsequently, the virus has been described in L. braziliensis [20], L. major
[21], and recently in L. aethiopica [22]. Some studies have shown that high loads of LRV1
within parasites was related to the worsening of lesions, which caused tissue destruction due to
an exaggerated response of pro-inflammatory cytokines, resulting in a cascading effect from
the dsRNA recognition via Toll Like 3 [16,22].

Given the prognostic significance of the Leishmania species involved in the infection and
the presence of LRV 1, our study aimed to identify Leishmania species and investigate the pres-
ence of LRV1 in patients with cutaneous and mucosal leishmaniasis to provide new evidence
on the relationship between both the frequency of the virus and the different species of Leish-
mania with the clinical manifestations of TL.

Materials and Methods
Patient recruitment

Patients at the Rondonia Reference Hospital for Tropical Medicine, CEMETRON who were
previously diagnosed with leishmaniasis from March 2012 to April 2013 were invited to partic-
ipate in the study.

CEMETRON Hospital is located in Porto Velho and is a reference center for patient care
with various infectious diseases in the state of Rondonia, serving patients from throughout the
state and from the border region between the Acre and Amazonas states.

Ethics statement

The ethical recommendations of the Brazilian National Council of Health were followed with a
research protocol registered and approved under the Certificate of Presentation for Ethics
Appreciation code CAAE No. 0020.0.046.000-11 by the Ethical and Research Committee of
the Center of Research in Tropical Medicine (CEP/CEPEM). Patients who voluntarily agreed
to participate in the research were appropriately informed and signed a consent form. Patients
were diagnosed according to the recommendations of the Brazilian Ministry of Health [23]
routinely applied at the Hospital, which includes clinical and epidemiological criteria. The
clinical manifestation of TL was classified as Cutaneous Leishmaniasis (CL), Mucosal Leish-
maniasis (ML), concomitant Cutaneous and Mucosal Leishmaniasis (CL+ML), Disseminated
Leishmaniasis (DL) and Diffuse Cutaneous Leishmaniasis (DCL). Considering implications
that HIV coinfection may have on disease outcome, it is important to notice that following the
recommendations of the Brazilian Ministry of Health [23], HIV serological tests are routinely
offered to all patients with leishmaniasis. All patients included in the present study were HIV
negative.

Samples from the 156 patients diagnosed with TL (109 CL; 38 ML; 5 CL + ML; 3 DL and
1 DCL) were included in the study.

Collection and processing of samples

Sample collection was performed using a sterile cervical brush placed in direct contact with the
internal edge of the lesions. Sampling was performed in duplicate; one sample was used for
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Fig 1. Fragments observed in agarose gels stained with GelRed. Agarose gels [2% for (a) and (b), and 3.5% for (c) and (d)] stained with GelRed. a) PCR
product of a fragment of the hsp70 gene of Leishmania. 50 bp: molecular weight marker of 50 base pairs; Lines 1-5: clinical samples positive for Leishmania;
NC: negative control; PC: positive control and W: White. b) RT-PCR amplification of the ORF 1 fragment of LRV1. Lanes 1-4: clinical samples positive for
LRV1; NC: negative control; PC: positive control and W: white. PCR-RFLP of hsp70 fragment digested with (c) Haelll and (d) BstUI. 1: L. (V.) guyanensis; 2: L.
(V.) shawi; 3: L. (V) braziliensis; 4: L. (V.) lainsoni; 5: L. (L.) amazonensis; 6: Inconclusive sample and 7: White.

doi:10.1371/journal.pntd.0004079.9001

DNA, and the other was used for RNA extraction. The collected material was immediately
stored in an RNAlater solution (Ambion, Austin, TX, USA) for preservation of RNA and was
stored at -20°C until the time of analysis. The DNA was extracted using the PureLink DNA
Mini Kit (Invitrogen, Carlsbad, CA, USA) according to the protocol established by the manu-
facturer. The infection was confirmed using a polymerase chain reaction directed toward a
fragment of the heat shock protein 70 gene (HSP70) [24] and the kinetoplast DNA [25].

PCR amplifications were performed for hsp70 in a final volume of 50 uL, containing 5 pL of
DNA, 0.4 uM of each primer, 200 uM dNTP, 0.75 mM MgCl, and 1 U Taq DNA Polymerase
Invitrogen (Life Technologies, Carlsbad, CA, USA). PCR assays were performed using the fol-
lowing cycling: 94°C for 5 minutes followed by 30 cycles at 94°C for 30 seconds, 58°C for 45
seconds and 72°C for 30 seconds and a final extension at 72°C for 5 min. The amplified frag-
ments were visualized on a 2% agarose gel (Fig 1A) stained with GelRed (Biotium, Hayward,
CA, USA). For species identification, enzymatic digestion was performed with two restriction
enzymes in separate reactions (Haelll and BstUI) and was visualized on a 3.5% agarose gel (Fig
1C and 1D respectively) stained with GelRed. Reference strains were employed for comparison
of fragment profiles in all PCR-RFLP reactions: L. amazonensis (IFLA/BR/1967/PHS), L.
guyanensis (MHOM/BR/1975/M4147), and L. braziliensis (MHOM/BR/1975/M2903). Sam-
ples that were not identified by PCR-RFLP were submitted to DNA sequencing for species
identification.

The RT-PCR technique was applied for LRV1 detection. Total RNA was extracted using
the PureLink RNA Mini Kit (Invitrogen, Carlsbad, CA, USA), and reverse transcription was
obtained using SuperScriptIII (Invitrogen, Carlsbad, CA, USA) following the manufacturer's
recommendations. The cDNA was submitted to PCR to amplify a 240 bp fragment (LRV1 F-
5-ATGCCTAAGAGTTTGGATTCG-3’/LRV1 R- 5-ACAACCAGACGATTGCTGTG-3’)
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Fig 2. Comparative frequency of LRV1 infection between the two most frequent clinical
manifestations of ATL. Frequency of the LRV1 infection is two times greater among ML than CL (p<
0.0001).

doi:10.1371/journal.pntd.0004079.9002

corresponding to the ORF1 region of the viral genome. The forward primer matches exactly
the previously described region [26]. The reverse primer was designed using Primer3 [27] and
checked for specificity using Primer-BLAST [28]. The amplification reactions were performed
in a final volume of 50 pL containing 3 pL of cDNA, 0.2 mM of each primer, 200 uM dNTP,
0.75 mM MgCl, and 1 U Taq DNA Polymerase Invitrogen (Carlsbad, CA, USA) using the fol-
lowing cycling: 94°C for 5 minutes, followed by 30 cycles at 94°C for 20 seconds, 57°C for

15 seconds and 72°C for 30 seconds, and a final extension at 72°C for 5 minutes. The fragments
were visualized on a 2% agarose gel (Fig 2B). The cDNA obtained from the strain MHOM/BR/
1975/M4147, donated by Colegio de Leishmania do Instituto Oswaldo Cruz (CLIOC), was
used as a positive control for all reactions. Some amplicons were sequenced using capillary
Sanger sequencing standards protocols to check proper and specific amplification.

Study design and statistical analyses

A case-control study was conducted to evaluate a possible higher frequency of LRV1 among
the ML patients (cases) than among those with CL (controls). It is important to emphasize that
CL usually precedes ML in the clinical evolution of the disease; thus, some of the CL patients
classified as controls may develop ML in the future. Because LRV1 is a non-infecting virus
[29], it was assumed that the Leishmania-virus association was already established before
human infection by the parasite. The adopted study design can be classified as conservative
because that type of sampling bias decreases the statistical power in finding a significant
association.

Data analysis was performed using SPSS version 19. Descriptive analysis of the observed
absolute and relative frequencies and their respective confidence intervals of 95% were calcu-
lated. The Fisher exact test was applied to evaluate the hypothesis of association using a one-
tailed probability. The null hypothesis was that there is no relationship between the presence of
LRV1 and the type of injury, and the alternative hypothesis was that LRV1 frequency is
increased in patients with mucosal lesion. The relative risk of the presence of LRV1 in patients
with ML and 95% confidence intervals were also calculated. The relative risk was defined by
the ratio of the probability of the presence of LRV1 in mucosal lesions to the probability of the
absence of mucosal lesions in LRV1.
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Results

Samples from the 156 patients diagnosed with TL were included in the study and five different
Leishmania species were found (Table 1). The most frequent species was L. braziliensis, with
121 cases (77.6%); 86 patients presented with CL, 28 presented with ML, 5 presented with CL

+ ML and 2 patients presented with the disseminated form of the disease. L. guyanensis was
detected in 18 (11.5%) patients; 12 presented with CL, and 6 presented with ML. L. lainsoni,

L. amazonensis and L. shawi were the less frequent species and were identified as infecting
three (1.8%), two (1.3%), and two (1.3%) patients, respectively. Six (3.9%) samples could not be
identified and were classified as Leishmania sp. Four samples were suggestive of mixed infec-
tion associated with L. guyanensis and L. braziliensis after enzymatic digestion and were con-
sidered to be inconclusive.

LRV was detected in L. braziliensis and L. guyanensis and in L. amazonensis and L. lainsoni;
thus, this represents the first report, as far as we know, of LRV in L. amazonensis and L. lain-
soni (Table 1). At least one LRV 1 positive sample amplicon of each Leishmania species was
sequenced to assure the specificity of the amplicon, as well as to provide stronger evidence of
the virus presence, considering the differences among sequences. The sequences were depos-
ited at GenBank [30] with the following accession numbers: KT347134, KT347136, KT347137,
KT347138, KT347139, KT347140 (from L. braziliensis), KI34735, KT347141, KT347142
(from L. guyanensis), KT347143 (from L. lainsoni) and KT347144 (from L. amazonensis). Fur-
ther studies are needed to provide stronger evidence on LRV taxonomy and its relation with
Leishmania taxonomy. Some samples with unclassifiable Leishmania species were also LRV
positive.

Patients who showed the least frequent types of injuries, such as CL + ML (n = 5), DL
(n=3) and DCL (n = 1), were excluded from subsequent statistical analyses to avoid confound-
ing factors. Thus, analyses of the association between the presence of the virus and the disease
were tested in a total of 147: 109 samples with cutaneous lesions and 38 samples with mucosal
lesions, with 36.7% and 71.1% positives for LRV, respectively.

Table 1. Observed frequencies of Leishmania sp. grouped by disease outcome and presence of LRV1.

Outcome

CL

ML

CL + ML

DL

DCL
Total

Leishmania (V.) braziliensis
Leishmania (V.) guyanensis
Leishmania (V.) lainsoni
Leishmania (V.) shawi
Inconclusive

Leishmania (V.) braziliensis
Leishmania (V.) guyanensis
Inconclusive

Leishmania (V) braziliensis
Leishmania (L.) amazonensis
Leishmania (V) braziliensis
Leishmania (L.) amazonensis

LRV1 Total
Positive Negative
33 53 86
2 10 12
1 2 3
0 2 2
3 3 6
21 7 28
3 3 6
3 1 4
2 3 5
1 0 1
1 1 2
1 0 1
71 85 156

CL: Cutaneous Leishmaniasis; ML: Mucosal Leishmaniasis; CL + ML: Cutaneous and Mucosal Leishmaniasis; DL: Disseminated Leishmaniasis and DCL:
Diffuse Cutaneous Leishmaniasis.

doi:10.1371/journal.pntd.0004079.t001
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In total, sixty-seven (45.58%-95%CI 37.7. . .53.6) samples were positive for LRV1. Forty
(59.70%-95%CI 47.7. . .70.6) of these samples were from cutaneous lesions, and 27 (40.30%-
95%CI 29.3. . .52.2) were from mucosal lesions. Among the 80 negative samples for LRV1, 69
(86.25%-95%CI 76.8. . .92.3) were from cutaneous lesions, and 11 (13.75%-95%CI 7.6. . .23.1)
were from mucosal lesions (Fig 2).

The relative risk of patients presenting with positive LRV1 mucosal lesions (39.30%)
relative to patients presenting with negative LRV1 mucosal lesions (12.30%) was 2.93 (95%CI
1.59...6.36), with Fisher’s exact test of association p-value less than 0.0001.

Discussion

The results presented herein indicate the diversity of the Leishmania species and the complex-
ity of the disease in the studied region. This study reports at least five different Leishmania
species in Rondonia and a high frequency of LRV1 in cutaneous and mucosal lesions. The
Leishmania species diversity reported here is similar to that observed in other Amazon regions,
but differences in the frequency of each species were observed. In our study, L. braziliensis was
the most frequent species observed associated with human disease, followed by L. guyanensis.
L. lainsoni and L. amazonensis were each identified in just one patient. Considering the regions
bordering the state of Rondonia, L. braziliensis was also reported as the most frequent species
causing TL in Acre (Brazil), Mato Grosso (Brazil) and Bolivia [31]. However, L. lainsoni was
the second most frequent species; L. naiffi and L. guyanensis were less frequently identified as
causing TL in humans in Acre [32]. Studies conducted in Bolivia demonstrated that TL is pre-
dominantly caused by L. braziliensis [33,34] and less frequently caused by L. amazonensis [35],
L. lainsoni and L. guyanensis [31,36]. There are few studies identifying Leishmania species in
clinical samples from the state of Mato Grosso, but infections caused by species other than L.
braziliensis are rare; few cases are reported as being caused by L. amazonensis [37], L. lainsoni
or L. shawi [24]. A different scenario is observed in the state of Amazonas; L. guyanensis is the
most frequent species causing human CL, followed by L. braziliensis, L. amazonensis and L.
naiffi [38].

Mucosal lesions due to L. guyanensis, a parasite whose distribution is restricted to the Ama-
zon region, have previously been described [39,40]. The present results reinforce the participa-
tion of L. guyanensis as a causative agent of human ML, which was previously commonly
associated with L. braziliensis. The presence of these two etiological agents that are involved
with the development of a more severe disease phenotype in the Amazon region can be an
important factor in determining the high number of mucosal lesions that are observed in the
region [3] in contrast to other Brazilian regions where mucosal lesions are caused exclusively
by L. braziliensis. Another factor that might contribute to the severity of the disease in the
Amazon is the high frequency of LRV1 in this region, which is discussed below.

Ten samples showed inconclusive hsp70 RFLP profiles. Of these, four samples were
suggestive of mixed infection, presenting fragments corresponding to two different species:

L. braziliensis and L. guyanensis (Fig 1). The sequences obtained were compatible with either L.
braziliensis or L. guyanensis. In this case, the PCR product should be cloned before sequencing
to evaluate the possibility of mixed infection; this was not performed in this study.

The frequency of LRV is rarely described in clinical samples. The first report of searching
for LRV in samples from patients presenting with TL detected two positive cases, among a total
of 11 investigated subjects [26]. Another study analyzing samples from TL patients from the
Brazilian southeast region analyzed 47 samples and the virus was detected in 12 [41]. In addi-
tion to these studies, another study, analyzing biopsy fragments from patients presenting with
CL, ML and both forms from different Brazilian regions, focused on patients from the city of

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004079 September 15, 2015 7/11
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Rio de Janeiro (located in the Southeast), where L. braziliensis is the agent of TL. The virus was
detected only in two samples, corresponding to samples from L. guyanensis-infected patients
[42]. Overall, these studies indicate that the severity and chronicity of the disease are not asso-
ciated with only the presence of LRV. However, not only the presence of LRV but also the LRV
burden can have an important role in disease progression (Ives et al 2011).

The role of LRV on the metabolism of Leishmania has not been studied in detail, and there
is no information concerning why some strains are infected by the virus and others are not
[17].

The percentage of ML samples positive for LRV compared with the samples that were nega-
tive shows that the presence of the virus contributes significantly to disease aggravation, as
previously demonstrated in an animal model [16], but is not a determinant factor in the devel-
opment of mucosal injury because 28.9% of the samples from mucosal infection showed no
LRV infection.

Recently, it was demonstrated that L. guyanensis infection, regardless of LRV content,
induces a Th1 response mediated by MyD88 and TLR-9, two important adaptor proteins from
the innate immune response, demonstrating that both proteins are important for the develop-
ment of healing responses against L. guyanensis parasites [43]. Patients with mucosal lesions
and that are negative for LRV1 may have hyper reactivity, representing an individual predispo-
sition to the disease, whereas those presenting with cutaneous lesions positive for LRV may
indicate that each patient will develop a metastatic phenotype dependent on their immunologi-
cal status and/or time post infection.

Our results indicate that a set of factors must be involved in the aggravation of an initial
skin lesion, requiring a combination that has not yet been clarified, and that LVR plays a piv-
otal role in disease prognosis. Studies of the patients’ immune status correlating the parasite
species and presence of LRV1 may clarify the role of the host.

Conclusions

The parasites isolated in the Amazon region have higher genetic diversity than do isolates from
other Brazilian regions [44]. Factors such as the wide geographic distribution, relatively well-
conserved forests, a great diversity of natural reservoirs and understudied vectors may contrib-
ute to this diversity. The relationship between the genetic variability of Leishmania spp. and the
high rate of LRV infection in the Amazon needs to be deeply investigated.

Our study showed that LVR infection in the studied region is correlated with the severity of
the disease, increasing the relative risk for developing mucosal injury by 2.93 times; however,
this influence appears to be limited to the region studied because other studies report that the
presence of LRV1 does not correlate with severe chronic TL caused by L. braziliensis in other
endemic areas in Brazil. LRV seems to have a variable contribution to the emergence of muco-
sal lesions, alone or in conjunction with other factors, such as the genetic characteristics of the
host and/or species-specific parasite virulence factors.

Studies with clinical follow-up are needed to confirm the involvement of the virus in the
pathogenesis of the disease and the possible role of LRV in the metabolism of the parasite to
clarify this unusual symbiosis.

Supporting Information

S1 Checklist. STROBE Checklist.
(DOC)

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004079 September 15, 2015 8/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pntd.0004079.s001

@ PLOS | Teshicat biseases

Association between LRV1 and the Mucosal Manifestation in TL Patients

Acknowledgments

The authors thank the Program for Technological Development in Tools for Health—PDTIS
FIOCRUZ for use of its facilities.

Author Contributions

Conceived and designed the experiments: LMC RAGMF. Performed the experiments: LMC
CFdS] MMI KPF. Analyzed the data: LMC RAGMF. Contributed reagents/materials/analysis
tools: RP EC RAGMF. Wrote the paper: LMC RN JMVS RP EC RAGMF.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

Alvar J, Vélez ID, Bern C, Herrero M, Desjeux P, et al. (2012) Leishmaniasis worldwide and global esti-
mates of its incidence. PLoS One 7: e35671. doi: 10.1371/journal.pone.0035671 PMID: 22693548

WHO (2013) World Healthy Organization—Leishmaniasis. Fact sheet N°375. Available: http://www.
who.int/mediacentre/factsheets/fs375/en/.

Brasil MS (2014) LEISHMANIOSE TEGUMENTAR AMERICANA—Casos confirmados Notificados no
Sistema de Informacéo de Agravos de Notificagdo—Sinan Net: 2014.

Silveira FT, Ishikawa EAY, De Souza AAA, Lainson R (2002) An outbreak of cutaneous leishmaniasis
among soldiers in Belém, Para State, Brazil, caused by Leishmania (Viannia) lindenbergi n. sp. Para-
site 9: 43-50. PMID: 11938695

Lainson R (2010) The Neotropical Leishmania species: a brief historical review of their discovery, ecol-
ogy and taxonomy. Rev Pan-Amazbnica Saude 1: 13-32.

Grimaldi G, Momen H, Naiff RD, McMahon-Pratt D, Barrett T V (1991) Characterization and classifica-
tion of leishmanial parasites from humans, wild mammals, and sand flies in the Amazon region of Brazil.
Am J Trop Med Hyg 44: 645-661. PMID: 1858968

Shaw JJ, De Faria DL, Basano S a, Corbett CE, Rodrigues CJ, et al. (2007) The aetiological agents of
American cutaneous leishmaniasis in the municipality of Monte Negro, Rondbnia state, western Ama-
zonia, Brazil. Ann Trop Med Parasitol 101: 681-688. PMID: 18028729

Arias JR, Miles MA, Naiff RD, Povoa MM, de Freitas RA, et al. (1985) Flagellate infections of Brazilian
sand flies (Diptera: Psychodidae): isolation in vitro and biochemical identification of Endotrypanum and
Leishmania. Am J Trop Med Hyg 34: 1098—-1108. PMID: 3938924

Weigle K, Saravia NG (1996) Natural history, clinical evolution, and the host-parasite interaction in New
World cutaneous leishmaniasis. Clin Dermatol 14: 433-450. PMID: 8889321

Reithinger R, Dujardin J-C, Louzir H, Pirmez C, Alexander B, et al. (2007) Cutaneous leishmaniasis.
Lancet Infect Dis 7: 581-596. PMID: 17714672

Amato VS, Tuon FF, Bacha HA, Neto VA, Nicodemo AC (2008) Mucosal leishmaniasis. Current sce-
nario and prospects for treatment. Acta Trop 105: 1-9. PMID: 17884002

Ramasawmy R, Menezes E, Magalhdes A, Oliveira J, Castellucci L, et al. (2010) The -2518bp promoter
polymorphism at CCL2/MCP1 influences susceptibility to mucosal but not localized cutaneous leish-
maniasis in Brazil. Infect Genet Evol 10: 607—613. doi: 10.1016/j.meegid.2010.04.006 PMID:
20430117

Castellucci L, Jamieson SE, Miller EN, de Almeida LF, Oliveira J, et al. (2011) FLI1 polymorphism
affects susceptibility to cutaneous leishmaniasis in Brazil. Genes Immun 12: 589-594. doi: 10.1038/
gene.2011.37 PMID: 21633373

Silveira FT, Lainson R, Corbett CE (2004) Clinical and immunopathological spectrum of American cuta-
neous leishmaniasis with special reference to the disease in Amazonian Brazil: a review. Mem Inst
Oswaldo Cruz 99: 239-251. PMID: 15273794

Alvar J, Croft S, Olliaro P (2006) Chemotherapy in the treatment and control of leishmaniasis. Adv Para-
sitol 61: 223-274. PMID: 16735166

Ives A, Ronet C, Prevel F, Ruzzante G, Fuertes-Marraco S, et al. (2011) Leishmania RNA virus controls
the severity of mucocutaneous leishmaniasis. Science 331: 775-778. doi: 10.1126/science.1199326
PMID: 21311023

Hartley M-A, Ronet C, Zangger H, Beverley SM, Fasel N (2012) Leishmania RNA virus: when the host
pays the toll. Front Cell Infect Microbiol 2: 99. doi: 10.3389/fcimb.2012.00099 PMID: 22919688

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004079 September 15, 2015 9/11


http://dx.doi.org/10.1371/journal.pone.0035671
http://www.ncbi.nlm.nih.gov/pubmed/22693548
http://www.who.int/mediacentre/factsheets/fs375/en/
http://www.who.int/mediacentre/factsheets/fs375/en/
http://www.ncbi.nlm.nih.gov/pubmed/11938695
http://www.ncbi.nlm.nih.gov/pubmed/1858968
http://www.ncbi.nlm.nih.gov/pubmed/18028729
http://www.ncbi.nlm.nih.gov/pubmed/3938924
http://www.ncbi.nlm.nih.gov/pubmed/8889321
http://www.ncbi.nlm.nih.gov/pubmed/17714672
http://www.ncbi.nlm.nih.gov/pubmed/17884002
http://dx.doi.org/10.1016/j.meegid.2010.04.006
http://www.ncbi.nlm.nih.gov/pubmed/20430117
http://dx.doi.org/10.1038/gene.2011.37
http://dx.doi.org/10.1038/gene.2011.37
http://www.ncbi.nlm.nih.gov/pubmed/21633373
http://www.ncbi.nlm.nih.gov/pubmed/15273794
http://www.ncbi.nlm.nih.gov/pubmed/16735166
http://dx.doi.org/10.1126/science.1199326
http://www.ncbi.nlm.nih.gov/pubmed/21311023
http://dx.doi.org/10.3389/fcimb.2012.00099
http://www.ncbi.nlm.nih.gov/pubmed/22919688

@ PLOS | Teshicat biseases

Association between LRV1 and the Mucosal Manifestation in TL Patients

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Silveira FT, Miller SR, Souza AAA, Lainson R, Gomes CMC (2008) Revisao sobre a patogenia da
Leishmaniose Tegumentar Americana na Amazoénia, com énfase a doenca causada por Leishmania
(V.) braziliensis e Leishmania (L.) amazonensis. Rev Para Med 22: 9-20.

Tarr PI, Aline RF, Smiley BL, Scholler J, Keithly J, et al. (1988) LR1: a candidate RNA virus of Leish-
mania. Proc Natl Acad Sci U S A 85: 9572-9575. PMID: 3200841

Salinas G, Zamora M, Stuart K, Saravia N (1996) Leishmania RNA viruses in Leishmania of the Viannia
subgenus. Am J Trop Med Hyg 54: 425—-429. PMID: 8615459

Scheffter SM, Ro YT, Chung IK, Patterson JL (1995) The complete sequence of Leishmania RNA virus
LRV2-1, a virus of an Old World parasite strain. Virology 212: 84—90. PMID: 7676652

Zangger H, Hailu A, Desponds C, Lye L-F, Akopyants NS, et al. (2014) Leishmania aethiopica field iso-
lates bearing an endosymbiontic dsRNA virus induce pro-inflammatory cytokine response. PLoS Negl
Trop Dis 8:€2836. doi: 10.1371/journal.pntd.0002836 PMID: 24762979

Brasil (2010) Manual de Controle da Leishmaniose Tegumentar Americana. Segunda Ed. Ministério
da Saude S de Vem S, editor Brasilia: Editora do Ministério da Saude. 180 p.

Graga GC da, Volpini AC, Romero GAS, Oliveira Neto MP de, Hueb M, et al. (2012) Development and
validation of PCR-based assays for diagnosis of American cutaneous leishmaniasis and identification
of the parasite species. Mem Inst Oswaldo Cruz 107: 664—674. PMID: 22850958

Degrave W, Fernandes O, Campbell D, Bozza M, Lopes U (1994) Use of molecular probes and PCR
for detection and typing of Leishmania—a mini-review. Mem Inst Oswaldo Cruz 89: 463—469. PMID:
7476234

Saiz M, Llanos-Cuentas a, Echevarria J, Roncal N, Cruz M, et al. (1998) Short report: detection of
Leishmaniavirus in human biopsy samples of leishmaniasis from Peru. Am J Trop Med Hyg 58: 192—
194. PMID: 9502603

Untergasser A, Cutcutache |, Koressaar T, Ye J, Faircloth BC, et al. (2012) Primer3-new capabilities
and interfaces. Nucleic Acids Res 40. doi: 10.1093/nar/gks596

Ye J, Coulouris G, Zaretskaya |, Cutcutache |, Rozen S, et al. (2012) Primer-BLAST: A tool to design
target-specific primers for polymerase chain reaction. BMC Bioinformatics 13: 134. doi: 10.1186/1471-
2105-13-134 PMID: 22708584

Hartley M-A, Drexler S, Ronet C, Beverley SM, Fasel N (2014) The immunological, environmental, and
phylogenetic perpetrators of metastatic leishmaniasis. Trends Parasitol 30: 412—-422. doi: 10.1016/j.pt.
2014.05.006 PMID: 24954794

Benson D a, Karsch-Mizrachi |, Lipman DJ, Ostell J, Wheeler DL (2005) GenBank. Nucleic Acids Res
33: 34-38. doi: 10.1093/nar/gki063

Garcia AL, Parrado R, De Doncker S, Bermudez H, Dujardin J-C (2007) American tegumentary leish-
maniasis: direct species identification of Leishmania in non-invasive clinical samples. Trans R Soc
Trop Med Hyg 101: 368-371. PMID: 17011005

Tojal da Silva AC, Cupolillo E, Volpini AC, Aimeida R, Romero GAS (2006) Species diversity causing
human cutaneous leishmaniasis in Rio Branco, state of Acre, Brazil. Trop Med Int Health 11: 1388—
1398. PMID: 16930261

Desjeux P, Mollinedo S, Le Pont F, Paredes a., Ugarte G (1987) Cutaneous leishmaniasis in Bolivia. A
study of 185 human cases from Alto Beni (La Paz Department). Isolation and isoenzyme characteriza-
tion of 26 strains of Leishmania brasiliensis brasiliensis. Trans R Soc Trop Med Hyg 81: 742—746.
PMID: 3449990

Garcia AL, Tellez T, Parrado R, Rojas E, Bermudez H, et al. (2007) Epidemiological monitoring of
American tegumentary leishmaniasis: molecular characterization of a peridomestic transmission cycle
in the Amazonian lowlands of Bolivia. Trans R Soc Trop Med Hyg 101: 1208—1213. PMID: 17945322

Martinez E, Le Pont F, Torrez M, Telleria J, Vargas F, et al. (1998) A new focus of cutaneous leishmani-
asis due to Leishmania amazonensis in a Sub Andean region of Bolivia. Acta Trop 71: 97—-106. PMID:
9821459

Martinez E, Pont FL, Mollinedo S, Cupolillo E (2001) A first case of cutaneous leishmaniasis due to
Leishmania (Viannia) lainsoni in Bolivia. Trans R Soc Trop Med Hyg 95: 375-377. PMID: 11579876
Carvalho MDLR, de Andrade ASR, Fontes CJF, Hueb M, de Oliveira Silva S, et al. (2006) Leishmania
(Viannia) braziliensis is the prevalent species infecting patients with tegumentary leishmaniasis from
Mato Grosso State, Brazil. Acta Trop 98: 277-285. PMID: 16846569

Romero GAS, Ishikawa E, Cupolillo E, Toaldo CB, Guerra MV de F, et al. (2002) Identification of anti-

genically distinct populations of Leishmania (Viannia) guyanensis from Manaus, Brazil, using monoclo-
nal antibodies. Acta Trop 82: 25-29. PMID: 11904100

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004079 September 15, 2015 10/ 11


http://www.ncbi.nlm.nih.gov/pubmed/3200841
http://www.ncbi.nlm.nih.gov/pubmed/8615459
http://www.ncbi.nlm.nih.gov/pubmed/7676652
http://dx.doi.org/10.1371/journal.pntd.0002836
http://www.ncbi.nlm.nih.gov/pubmed/24762979
http://www.ncbi.nlm.nih.gov/pubmed/22850958
http://www.ncbi.nlm.nih.gov/pubmed/7476234
http://www.ncbi.nlm.nih.gov/pubmed/9502603
http://dx.doi.org/10.1093/nar/gks596
http://dx.doi.org/10.1186/1471-2105-13-134
http://dx.doi.org/10.1186/1471-2105-13-134
http://www.ncbi.nlm.nih.gov/pubmed/22708584
http://dx.doi.org/10.1016/j.pt.2014.05.006
http://dx.doi.org/10.1016/j.pt.2014.05.006
http://www.ncbi.nlm.nih.gov/pubmed/24954794
http://dx.doi.org/10.1093/nar/gki063
http://www.ncbi.nlm.nih.gov/pubmed/17011005
http://www.ncbi.nlm.nih.gov/pubmed/16930261
http://www.ncbi.nlm.nih.gov/pubmed/3449990
http://www.ncbi.nlm.nih.gov/pubmed/17945322
http://www.ncbi.nlm.nih.gov/pubmed/9821459
http://www.ncbi.nlm.nih.gov/pubmed/11579876
http://www.ncbi.nlm.nih.gov/pubmed/16846569
http://www.ncbi.nlm.nih.gov/pubmed/11904100

@ PLOS | Teshicat biseases

Association between LRV1 and the Mucosal Manifestation in TL Patients

39.

40.

41.

42.

43.

44,

Naiff RD, Talhari S, Barrett T V. (1988) Isolation of Leishmania guyanensis from lesions of the nasal
mucosa. Mem Inst Oswaldo Cruz 83: 529-530. doi: 10.1590/S0074-02761988000400022 PMID:
3271946

Camara Coelho LI, Paes M, Guerra JA, Barbosa MDG, Coelho C, et al. (2011) Characterization of

Leishmania spp. causing cutaneous leishmaniasis in Manaus, Amazonas, Brazil. Parasitol Res 108:
671-677. doi: 10.1007/s00436-010-2139-9 PMID: 21072540

Ogg MM, Carrion R, Botelho ACDC, Mayrink W, Correa-Oliveira R, et al. (2003) Short report: quantifica-
tion of leishmaniavirus RNA in clinical samples and its possible role in pathogenesis. Am J Trop Med
Hyg 69: 309-313. PMID: 14628949

Pereira LDOR, Maretti-Mira AC, Rodrigues KM, Lima RB, de Oliveira-Neto MP, et al. (2013) Severity of
tegumentary leishmaniasis is not exclusively associated with Leishmania RNA virus 1 infection in Bra-
zil. Mem Inst Oswaldo Cruz 108: 665-667. PMID: 23903986

Ives A, Masina S, Castiglioni P, Prével F, Revaz-Breton M, et al. (2014) MyD88 and TLR9 dependent
immune responses mediate resistance to Leishmania guyanensis infections, irrespective of Leish-
mania RNA virus burden. PLoS One 9: €96766. doi: 10.1371/journal.pone.0096766 PMID: 24801628
Cupolillo E, Brahim LR, Toaldo CB, de Oliveira-Neto MP, de Brito MEF, et al. (2003) Genetic polymor-
phism and molecular epidemiology of Leishmania (Viannia) braziliensis from different hosts and geo-
graphic areas in Brazil. J Clin Microbiol 41: 3126-3132. PMID: 12843052

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004079 September 15, 2015 11/11


http://dx.doi.org/10.1590/S0074-02761988000400022
http://www.ncbi.nlm.nih.gov/pubmed/3271946
http://dx.doi.org/10.1007/s00436-010-2139-9
http://www.ncbi.nlm.nih.gov/pubmed/21072540
http://www.ncbi.nlm.nih.gov/pubmed/14628949
http://www.ncbi.nlm.nih.gov/pubmed/23903986
http://dx.doi.org/10.1371/journal.pone.0096766
http://www.ncbi.nlm.nih.gov/pubmed/24801628
http://www.ncbi.nlm.nih.gov/pubmed/12843052

