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Abstract. Mucosal leishmaniasis (ML) is a disfiguring manifestation of Leishmania (Viannia) infection. We evaluated
parasite load (PL) over time as a potential biomarker of treatment outcome in ML. PL was assessed with kinetoplast
DNA quantitative real-time polymerase chain reaction (kDNA-qPCR) at enrollment, days 14 and 21–28 of therapy and
3, 6, 12–18, and 18–24 months after treatment of ML and correlated to demographic, clinical, and parasitologic factors.
Forty-four patients were enrolled: 30 men and 14 women. Enrollment PL differed significantly by causative species
(P < 0.001), and was higher in patients with severe ML (nasal and laryngeal involvement) compared with those with
only isolated nasal involvement (median = 1,285 versus 51.5 parasites/μg tissue DNA; P = 0.005). Two patterns of PL
emerged: pattern 1 (N = 23) was characterized by a sequential decline in PL during and after therapy until kDNA was
undetectable. Pattern 2 (N = 18) was characterized by clearance of detectable kDNA during treatment, followed by an
increased PL thereafter. All patients who failed treatment (N = 4) demonstrated pattern 1. Leishmania (Viannia)
braziliensis was overrepresented among those with pattern 2 (P = 0.019). PL can be quantified by cytology brush qPCR
during and after treatment in ML. We demonstrate that treatment failure was associated with undetectable PL, and
L. (V.) braziliensis infection was overrepresented in those with rebounding PL.

INTRODUCTION

In Latin America, mucosal leishmaniasis (ML) represents a
disfiguring manifestation of long-term infection with members
of the Leishmania (Viannia) complex, most commonly Leish-
mania (Viannia) braziliensis.1,2 Noninvasive cytology brush
polymerase chain reaction (PCR) is a novel approach to the
diagnosis of ML, and one that has been validated clinically.3

Moreover, this well-tolerated, easy-to-perform sampling method
coupled with a platform such as quantitative real-time PCR
(qPCR) could enable quantitation of Leishmania parasite load
(PL) during treatment and follow-up of patients. Little human
data exist on the clinical utility of repeated quantifications of
the PL as a biomarker of treatment outcome. Studies on vis-
ceral leishmaniasis (VL) and cutaneous leishmaniasis (CL)
patients demonstrate the applicability of quantifying PL for
prognostic evaluation and monitoring the efficacy of anti-
leishmanial therapy.4–8 Recently, we validated a qPCR assay
targeting the multicopy minicircle kinetoplast DNA (kDNA)
for quantifying L. (Viannia) parasites in human biopsy speci-
mens, which was highly sensitive and accurate.9

We sought to determine if detectable PL by cytology brush
kDNA-qPCR during therapy is correlated to clinical failure
at 28 days or the requirement for multiple courses of ther-
apy. In addition, we sought to determine if patients with
detectable Leishmania PL during therapy or follow-up dif-
fered demographically or parasitologically from those with
undetectable PL.

METHODS

Study site and population. The study was conducted at the
Leishmaniasis Clinic of the Instituto de Medicina Tropical

“Alexander von Humboldt,” Hospital Nacional Cayetano
Heredia (HNCH), in Lima, Peru, between January 2011 and
July 2013. Consecutive patients presenting to the clinic for
evaluation of mucosal lesions were approached to participate
and screened for eligibility criteria. History, physical examina-
tion, direct anterior rhinoscopy, and oropharyngoscopy were
performed on all patients by clinic physicians. We included
patients who were referred for suspected ML; had stigmata of
mucosal disease, including nasal, palatal, or laryngeal infiltration,
erosion, and/or erythema; and were able to provide informed
consent. We excluded patients undergoing active treatment
for CL or ML and those with any contraindication to mucosal
biopsy. ML was classified as mild, moderate, or severe based
on the extent of involvement, where mild ML consisted of iso-
lated nasal involvement, moderate ML consisted of nasal and
oral involvement, and severe ML consisted of nasal, laryngeal,
and/or oral involvement. ML was further classified as primary
versus classic (i.e., ML that occurred without a history and with
a history of documented CL, respectively). Clinical cure was
defined as complete resolution of mucosal lesions by 12 months
posttreatment. Treatment was considered to have failed if there
was no improvement in lesion appearance by end of 28-day
treatment or if the lesion recurred or expanded at any point
during the 12-month follow-up period posttreatment.
Ethics statement. This study was approved by the Institu-

tional Review Boards of HNCH and the University of
Toronto. All patients provided written informed consent for
the study procedures before enrollment.
Specimen collection and procedures. Sterile and duplicate

CerviSoft® (Puritan Medical Products, Guilford, ME) cytology
brushes were collected as described.3 Brush tips were cut off
with sterile scissors directly into 1.5-mL microcentrifuge tubes
containing 700 μL of 100% ethanol and stored at −20°C.
Mucosal lesions were then anesthetized with 20 mg/mL lido-
caine spray and an incisional biopsy was obtained. Tissue was
then divided into two, stored in 1.5-mL microcentrifuge tubes
containing 700 μL of 100% ethanol at −20°C or placed
in 10% formalin for histopathology with hematoxylin and
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eosin, Ziehl–Neelsen, and Giemsa staining. Sterile gauze was
applied with pressure to the mucosa until hemostasis was
achieved. Lesions were sampled by cytology brushes and
punch biopsy at enrollment. Thereafter during treatment,
lesions were sampled only by cytology brushes on days 14 and
21 or 28 and at 3, 6, 12–18, or 18–24 months after treatment.
Leishmanin skin test. Leishmanin skin tests were performed

using 0.1 mL in-house, sterile, heat-killed promastigote lysate
in 0.005% thimerosal and read as previously described.4,10,11

DNA isolation and quantification. Minced biopsy specimens
and cytology brushes were lysed overnight with proteinase K,
and DNA was isolated using the High Pure PCR Template
Preparation Kit (Roche, Manheim, Germany), according to
manufacturer’s instructions. Isolated DNA was quantified by
fluorometry using the Quant-iT Broad-Range DNA Assay
Kit and the Qubit fluorometer (Invitrogen, Singapore).
Diagnostic PCR and species identification. Qualitative

Leishmania PCR targeting a conserved region of minicircle
kDNA was performed using primers and conditions described
previously.3,12 Parasites were identified to the species level
using the algorithm reported elsewhere,13 which includes a
combination of PCR assays and restriction fragment length
polymorphism (RFLP) analysis, targeting mannose phosphate
isomerase (mpi), cysteine proteinase b (cpb), and heat shock
protein-70 (hsp70) genes. Mpi PCR distinguishes Leishmania
(Viannia) peruviana, while cpb PCR-RFLP distinguishes
L. (V.) braziliensis, and hsp70 PCR-RFLP differentiates
Leishmania (Viannia) guyanensis from Leishmania (Viannia)
lainsoni, which are the major endemic species of Peru, and most
of which can cause ML. Hybrid or mixed L. (V.) braziliensis/
L. (V.) peruviana infections are those that display RFLP
banding characteristics of both species. Without genetic clon-
ing of isolates, differentiation of genetic hybrids from mixed
co-species infection is impossible.13 Thus, these types of iso-
lates are reported as “hybrid or mixed infections” through-
out. Causative species was considered “indeterminate” if
insufficient amplification of genomic DNA at the mpi, cpb,
and hsp70 genes to perform RFLP analysis occurred, or if
the pattern of banding on RFLP analysis did not enable
differentiation of causative species.
Isolates not identifiable by this algorithm underwent further

molecular analyses as described below. Additional PCR assays
were performed with proof-reading polymerase AccuPrime
Pfx Supermix (Life Technologies) for all sequence-sensitive
assays (RFLP and sequencing). Internal transcribed spacer 1
(ITS1) region was amplified with primers LITSR and L5.8S
as described.14 PCR conditions were as follows: 95°C for
5 minutes followed by 38 cycles of denaturation at 95°C for
15 seconds, primer annealing at 52°C for 30 seconds, exten-
sion at 68°C for 1 minute, and a final extension step of 68°C
for 5 minute (Veriti Fast Cycler; ABI). After confirmation of
amplification indicative of an ∼350-bp band on 1% agarose gel,
PCR product was digested in 1× FastDigest Green Buffer and
1 μLofHaeIII FastDigest enzyme (Thermo Scientific, Foster City,
CA) for 1 hour at 37°C. Digested products were resolved in 1×
Tris-borate EDTA (TBE) 2% agarose gel. PCR-RFLP analysis
of the ITS1 region provides an initial identification of New
World cutaneous species Leishmania amazonensis, Leish-
mania mexicana, and L. (Viannia) complex species.14 Further
sequencing analyses of the ITS2 region are required to differ-
entiate species within the L. (Viannia) subgenus and to pro-
vide confirmation of the species identified by initial ITS1 assay.

Thus, ITS2 region was amplified with primers LGITSF2
and R2 as described.15 PCR conditions were as follows: 95°C
for 5 minutes followed by 45 cycles of denaturing at 95°C for
15 seconds, primer annealing at 60°C for 30 seconds, exten-
sion at 68°C for 1 minute, and a final extension step of 68°C
for 5 minutes (Veriti Fast Cycler, ABI, Singapore). PCR
products were confirmed on 1% agarose gel, then purified
with QIAquick PCR Purification Kit (Qiagen, Germantown,
MD). Sequence products were purified with BigDye
XTerminator Purification Kit (Life Technologies, Carlsbad,
CA), vortexed for 30 minutes and then centrifuged at 2,400 rpm
for 2 minutes before loading into ABI 3130xl Genetic Ana-
lyzer. Sequences obtained from both primers were assembled,
and BLAST searched for species homology and identification.
Leishmania PL quantification. We applied a SYBR Green-

based qPCR assay targeting kDNA minicircles to quantify
L. (Viannia) parasites in clinical samples before, during, and
after treatment of ML, as previously described.9 All clinical
samples were run in duplicate; if replicates differed by a stan-
dard deviation (SD) of > 0.35 in Cq (quantification cycle)
values (> 0.5 cycles), they were retested. Each kDNA–qPCR
run included a standard curve ranging from 5 × 104 to 5 ×
10−3 parasites/reaction (run in duplicate), a positive control
with known amount of Leishmania parasites (run in dupli-
cate), and a negative control (run in triplicate). Leishmania
load was calculated as follows: [(parasite DNA equivalents
per reaction)/amount of tissue DNA per reaction] × 103, and
expressed as the number of Leishmania parasites per micro-
gram of tissue DNA (tDNA).
Statistical analysis. Descriptive statistics (mean, SD, median,

range) were calculated for continuous variables, and differ-
ences were compared using two-tailed t testing or, in the case
of non-normal distribution, Mann–Whitney rank-sum test, or
for groups of variables, one-way analysis of variance (ANOVA)
on ranks. Categorical variables were quantitated by propor-
tions, and differences were compared using Yate’s corrected
χ2 analysis. Statistical analyses were performed using
SigmaStat 2.03 software (SPSS Inc., Chicago, IL). Level of sig-
nificance was set at P < 0.05.

RESULTS

Forty-four patients were enrolled: 30 men and 14 women,
with median age of 41.5 years (range = 12–89 years). Patients
presented with a median lesion duration of 36 months (range =
1 month to 38 years). Mucosal involvement manifested after
prior CL in 37 subjects (84.1%), whereas five patients (11.4%)
denied prior CL with no suspicious scar identified on physical
examination, and the remaining two participants (4.5%) had
ML due to contiguity. Thus, 42/44 patients (95.5%) had meta-
static ML, while only 4.5% had contiguous spread. Mild ML
(only nasal involvement) was identified in 23 participants
(52.3%), whereas moderate ML (nasal and oral) was identi-
fied in seven subjects (15.9%). Severe involvement (nasal and
larynx ± oral involvement) was identified in 14 subjects
(31.8%). Median duration of exposure in the risk area was
174 months (range = 2 days to 89 years) with the Departments
of Junin (N = 8), Cusco (N = 7), Huanuco (N = 7), Madre de
Dios (N = 5), Ayacucho (N = 3), and Ucayali (N = 3) being
the most well-represented risk areas.
Thirty-seven patients (84.1%) reported a past history of CL,

with 25/37 (74%) having received prior treatment for the
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primary skin disease. Two additional patients had probable
past CL based on the presence of typical scars. In those with
known past CL (N = 37), median latency between CL and
the diagnosis of ML was 15 years. Of 25 patients with known
prior CL treatment, 13 (52%) were treated with an antimony-
containing regimen. Twelve patients were previously treated
for CL with a systemic antimonial (48%), one with an intra-
lesional antimonial (4%), five with chemical or thermal burns
including acid application or cryotherapy (20%), and seven
received some unknown treatment (28%). Of 25 patients with
known past CL treatment, cure was achieved in 24 (96%),
with only one patient progressing immediately to mucocutane-
ous leishmaniasis (MCL; concurrent CL and ML).
Five patients (11.4%) received a prior course of amphotericin

(N = 4; 9.1%) or miltefosine (N = 1; 2.3%) for ML, whereas
39 participants (88.6%) had not received prior treatment forML.
Of 44 patients enrolled, final diagnosis was pure ML in 39

(89%), MCL in four (9%), and ML with basal cell carcinoma
in one (2%). Histopathologic examination of biopsy tissue at
enrollment demonstrated isolated granulomatous inflamma-
tion in 27 (61%), amastigotes within a parasitic granuloma in
nine (20%), lymphocytic infiltrate in four (9%), macrophage
infiltrate in one (2%), and mixed acute and chronic inflamma-
tion in one (2%). Histopathological results were unavailable
in two (4.5%) patients. Leishmanin skin test was positive in
41 of 44 (93%) patients.
Causative species was identified in 27 of 32 (84%) patients

(Table 1). In 12 patients (27%), insufficient amplifiable DNA
for the genomic targets prevented species identification. Nine-
teen patients were infected with L. (V.) braziliensis, three with
L. (V.) guyanensis, three with hybrid or mixed infections
(L. (V.) braziliensis/L. (V.) peruviana), onewithL. (V.) peruviana,
and one with Leishmania (Viannia) panamensis. All non-
braziliensis infections caused the mild phenotype, whereas
63% of L. (V.) braziliensis caused a moderate or severe phe-
notype (Table 2). All mixed or hybrid L. (V.) braziliensis/
peruviana infections caused the severe phenotype. Similarly,
all primary ML (i.e., which occurred in the absence of known
prior CL) was caused by either L. (V.) braziliensis or the
hybrid/mixed infections (Table 2).
Of 44 patients enrolled, treatment regimen data were avail-

able for 41 (93%), and patient flow through the study over
time is outlined in Figure 1. Three patients (7%) were lost to
follow-up immediately after enrollment. Of the 41 patients
who received treatment at our center, 26 (63%) received a
single 28-day course of sodium stibogluconate, while 13 (32%)

received amphotericin B and two (5%) received liposomal
amphotericin B (Figure 1). Cure was achieved in 30 patients
(73%), while four patients (10%) failed one or multiple
courses of therapy. Clinical outcome is unknown in seven
patients (17%) who were lost to follow-up after completing
therapy. There was no correlation between phenotype (primary
versus classic ML), or severity of ML and clinical outcome
(cure versus failure), or prior treatment of CL.
Mean PL at enrollment was 139,665.8 ± 65,641.9 parasites/μg

tDNA (median = 172, range = 1.08–2,274,247.5). Enrollment
PL differed significantly by causative species (P < 0.001 by
one-way ANOVA on ranks), as illustrated in Table 1. Initial
PL was higher in those for whom species identification was
possible and definitive compared with those with indetermi-
nate species identification and in those for whom species
identification was not undertaken because of insufficient
amplifiable DNA (median = 765 versus 20.85 parasites/μg
tDNA; P = 0.002). Enrollment PL was also higher in those
patients with the severe phenotype compared with those
with only isolated nasal involvement (median = 1,285 versus
51.5 parasites/μg tDNA; P = 0.005) (Table 3). Enrollment PL
did not differ by sex (P = 0.448), age (P = 0.248), region of
CL/ML acquisition (P = 0.413), past treatment for CL (P =
0.895), or chronicity of ML, where a chronic lesion was defined
as duration > 12 months (P = 0.741). Enrollment PL appeared
to be lower in those who failed current therapy compared
with those who cured (median = 5.2 versus 260 parasites/μg
tDNA), though this difference was not significant (P = 0.103).

TABLE 1
Causative Leishmania species and pretreatment PL in tissue

Species Number

PL

Mean SD Median* Range

Leishmania (Viannia) braziliensis 19 10,484.67 34,271.38 260 3.19–143,000
Leishmania (Viannia) guyanensis 3 535,603.3 484,635.7 657,000 1,810–948,000
Hybrid/mixed infection 2§ 1,662,123.7 865,673.7 1,662,123.7 1,050,000–2,274,247.5
Leishmania(Viannia) peruviana 1 128,465.35 – 128,465.35 –
Leishmania (Viannia) panamensis 1 45.1 – 45.1 –
Indeterminate† 5 95,542.27 210,449.83 1,170 1.33–472,000
Not assessed‡ 12 26.6 28.7 18.5 1.08–94.8
PL = parasite load; RFLP = restriction fragment length polymorphism; SD = standard deviation.
*P < 0.001 by one-way analysis of variance on ranks (with Dunn’s post hoc test) for all species.
†Insufficient amplification of genomic DNA at mpi, cpb, and hsp70 genes to perform RFLP analysis, and definitively identify the causative species, or a pattern of banding on RFLP analysis

that did not enable differentiation of causative species.
‡Not assessed because of insufficient amplifiable DNA in the primary sample.
§Three patients were infected with hybrid/mixed species; however, sufficient DNAwas available for quantitation in only two.

TABLE 2
Species identification of causative Leishmania by phenotype and

severity of ML

ML phenotype
and severity

Number with
known species ID

Species Identity

LB LB/LP LG LP LPAN

Phenotype
Primary ML 3 2 1 0 0 0
Classic ML 24 17 2 3 1 1

Severity
Mild 12 7 0 3 1 1
Moderate 6 6 0 0 0 0
Severe 9 6 3 0 0 0
CL = cutaneous leishmaniasis; LB = Leishmania (Viannia) braziliensis; LB/LP = hybrid/

mixed infection pattern for Leishmania (Viannia) braziliensis/peruviana; LG = Leishmania
(Viannia) guyanensis; LPAN = Leishmania (Viannia) panamensis; ML = mucosal leishmaniasis.

Primary ML, which occurred in the absence of history of prior CL; classic ML, which
occurred after a documented history of CL; mild, isolated nasal involvement; moderate,
nasal and oral involvement; severe, nasal and laryngeal involvement with or without
oral involvement.
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Enrollment PL in biopsies and brushes was highly correlated
(Spearman’s ρ = 0.82 [95% confidence interval = 0.67–0.90],
P < 0.0001) (Figure 2).
Figure 3A demonstrates the natural history of mean PL

over time. Two patterns of PL kinetics during therapy and
follow-up emerged: pattern 1 (“clearance”) (N = 23) was char-
acterized by a mean PL of 240,605.7 ± 112,857.1 (median =
218, range = 1.33–2,274,247.5) at enrollment, with sequential
decline in PL during and after therapy until kDNA was
undetectable (Figure 3B). Pattern 2 (“rebound”) (N = 18) was
characterized by mean PL of 464.7 ± 133.4 (median = 131.4,
range = 1.08–1,810) at enrollment, with clearance of detect-
able kDNA during treatment, followed by an increased PL
thereafter during treatment or follow-up, that became very
low again at 12–18 or 18–24 months after treatment (Figure 3C).
Initial PL did not differ significantly between those with pat-
terns 1 and 2 (P = 0.287). All patients who failed treatment
demonstrated sequential clearance (pattern 1). Of those with
clinical cure (N = 30), 16 (53%) demonstrated sequential
clearance (pattern 1), while 14 (47%) demonstrated pattern 2

or rebound of kDNA. All patients with primary ML demon-
strated sequential kDNA clearance (pattern 1), compared
with only 49% of those with classic ML; however, interpreta-
tion must be cautious due to the small number with primary
ML (N = 5).
Baseline PL, sex, age, exposure duration, past treatment

for CL, symptom duration, lesion number, and ML location
were not correlated to pattern of PL. Those with visible
amastigotes histopathologically (N = 9) appeared more likely
to demonstrate pattern 1 (clearance) (N = 7/9; 78%) than those
without visible amastigotes (N = 15/33; 45%), though this dif-
ference was not significant (P = 0.15). Of those for whom
species identification was possible, L. (V.) braziliensis was
overrepresented in pattern 2 (rebound). Although L. (V.)
braziliensis was the causative species for 70% of enrollees
for whom species identification was possible, it caused 92%

FIGURE 1. Flow diagram of study.

TABLE 3
Pretreatment PL in tissue by ML phenotype and severity

ML phenotype
and severity Number

PL

Mean SD Median* Range

Phenotype
Primary
ML

5 262,547.7 524,968.2 94.7 1.33–1,050,000

Classic
ML

39 126,381.2 414,086.5 218.0 1.08–2,274,247.5

Severity
Mild 23 78,976.2 240,004.2 51.508 1.08–948,000
Moderate 7 5,759.5 14,487.8 95.4 2.4–38,600
Severe 14 329,041.9 688,788.7 1,285.0 80.7–2,274,247.5
CL = cutaneous leishmaniasis; ML = mucosal leishmaniasis; PL = parasite load; SD =

standard deviation.
Primary ML, which occurred in the absence of history of prior CL; classic ML, which

occurred after a documented history of CL; mild, isolated nasal involvement; moderate,
nasal and oral involvement; severe, nasal and laryngeal involvement with or without
oral involvement.

*P = 0.005 by one-way analysis of variance on ranks (with Dunn’s post hoc test) for
severity of ML.

FIGURE 2. Correlation between kinetoplast DNA quantitative
real-time polymerase chain reaction (kDNA-qPCR) measurements in
biopsies and brushes. The number of Leishmania parasites at baseline
could be quantified in 37 patients in both types of samples. We found
a good correlation between both sampling methods: Spearman’s ρ =
0.82 (95% confidence interval = 0.67–0.90) with P < 0.0001.
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(N = 12/13) of ML demonstrating pattern 2 (rebound) of
PL (P = 0.019).

DISCUSSION

We have demonstrated, as proof of principle, that kDNA is
detectable in ML lesions throughout treatment. PL in mucosal
lesions can be quantified by commercial cytology brush sam-
pling and kDNA-qPCR before, during, and after treatment,
and may have future potential as a biomarker of outcome.
We noted that PL differed by causative species, with L. (V.)
guyanensis and hybrid or mixed infections demonstrating the
highest PL. We also noted that PL was highest in patients
with severe ML, perhaps suggesting poorer immunologic
control of the disease. The observed trend toward lower
enrollment PL in those who failed treatment warrants further
investigation in a larger clinical study.
We observed two distinct patterns of PL during and after

treatment. Given that drug treatment has been found not to
eliminate parasites,16–19 the two patterns of PL kinetics
observed here indicate that during and after treatment, para-
sites remain at the site involved, though at low level. It is
noticeable that observed PL patterns were discordant with
the clinical treatment outcome in most ML patients. On the
one hand, detectable kDNA was observed in 47% of clini-
cally cured ML during follow-up, which should be derived
from viable amastigotes or from recently deceased parasites
because of their ephemeral persistence inside macrophages.20

On the other hand, it is not clear why all four patients with
documented treatment failure demonstrated a clearance pat-
tern (i.e., undetectable) of PL during therapy. We hypothesize
different but nonexclusive scenarios: 1) the amount of persis-
tent parasites in mucosal lesions is below the detection limit
of highly sensitive PCR assays21,22; 2) persistent parasites may
be in a quiescent stage with reduced metabolic rate, thus
exhibiting less susceptibility to drugs, as has been hypothe-
sized previously21,22; 3) persistent parasites may have infected
other tissue niches distant from the mucosal lesion that are
inaccessible to drugs (e.g., skin), from where infection can
spread again and eventually cause treatment failure21; and
4) there are host-related factors (e.g., immunosuppression)
contributing to treatment failure. Previous reports that have
assessed the value of kDNA PCR as a test of cure after ther-
apy in VL demonstrated correlation of PCR with clinical
treatment outcome, in that parasite DNA remained detectable
in blood from cured individuals who experienced relapse,

whereas parasitological cure was correlated with clinical cure
of VL.23–25 In these studies, PCR result and clinical outcome
discordance was exceptional, thereby indicating the limitations
of PCR in predicting cure or relapse in all cases. Altogether,
the observations made in VL studies and ours suggest that
persistence of parasites in tissue (blood in VL, mucosa in ML)
seems not to be an unequivocal indicator of future treatment
failure. Indeed, treatment failure in leishmaniasis is a
complex phenomenon, influenced by host, parasite, and
pharmacokinetic/pharmacodynamic factors.21

The high percentage of patients with ML and history of
CL in this study (84%) could suggest that persistent parasites
after clinical cure of CL may be related to the progression to
ML. Consistent with this, parasite persistence after clinical
cure has been documented in CL.16–18,26 A study of recurrent
disease in L. (V.) braziliensis-infected patients from Colombia
provides strong evidence that persistent parasites could be the
cause of reactivated CL.26 The mechanisms related to parasite
persistence and dissemination, and the role that parasite-
derived factors play in this process, warrant more investigation.
Leishmania (Viannia) braziliensis was overrepresented

among ML patients with the rebound pattern of PL; the sig-
nificance of this finding is unknown. Future longitudinal
studies should evaluate host-related factors such as inflam-
matory and immune responses, which play a major role in
the development and prognosis of ML.27–29 Studies compar-
ing cellular and cytokine responses in peripheral blood
mononuclear cells stimulated with L. (V.) braziliensis anti-
gens during active disease and after clinical cure have identi-
fied possible beneficial immunological parameters associated
with clinical cure of ML.28–30 In addition, immunologic stud-
ies of ML lesions from patients that evolved to cure or treat-
ment failure have provided markers that may be useful for
predicting treatment outcome of ML.31,32 Certainly, combin-
ing the assessment of human immune response markers, PL
kinetics in tissue before, during, and after treatment, and par-
asitic factors that may contribute to clinical treatment failure
(e.g., infecting Leishmania species, parasite adaptations such
as virulence or quiescence [reviewed in 21]) will contribute to
better understanding the prognosis of ML and to identifying
host and parasite biomarkers of outcome.
We have documented that 52% of enrollees with past CL

had been treated with an antimony-containing regimen, and
still went on to develop ML over a decade after clinical cure.
Of those with prior treatment of CL, 96% were considered
cured. Our findings reiterate that good evidence to support a

FIGURE 3. (A) Parasite load (PL; parasites per microgram of tissue) by cytology brush kinetoplast DNA quantitative real-time polymerase
chain reaction (kDNA PCR) over time. (B) PL of patients with sequential decrease in kDNA burden during treatment and follow-up. (C) PL of
patients with rebound of detectable kDNA during treatment and/or follow-up.
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protective role of initial parenteral, oral, or local treatment
of CL in the pathogenesis of ML is lacking.33,34

Species identification is important in countries such as
Peru where several members of the L. (Viannia) subgenus
are co-endemic and portend different clinical prognoses and
response to therapy.35 Leishmania (Viannia) braziliensis is the
most well-represented causative species in ML.1,35,36 We have
demonstrated that related species including L. (V.) guyanensis,
L. (V.) panamensis, and L. (V.) peruviana are implicated in
noncontiguous metastatic mucosal disease as well, though in
this study, the ML that they caused was confined to the nasal
mucosa. Interestingly, all primary ML in this study was
caused by either L. (V.) braziliensis or hybrid/mixed species.
Case report and series level data implicating non-braziliensis
Viannia species in ML are mounting,1–3,36,37 and in this study,
we documented that at least 30% of ML cases presenting to
one specialized leishmaniasis clinic in Peru are caused by
non-braziliensis species of the L. (Viannia) complex.
The finding of a Peruvian patient with ML due to L. (V.)

panamensis is novel, as this species is not known to circulate
in Peru, although travel to a L. (V.) panamensis-endemic
area in a neighboring country cannot be excluded in this case.
PCR amplification of hsp70 followed by RFLP analysis is a
standard approach to differentiating L. (V.) guyanensis from
other major co-endemic species in Peru, notably L. (V.)
braziliensis and L. (V.) peruviana.13 However, this classic
assay is unable to distinguish L. (V.) guyanensis from L. (V.)
panamensis, which requires either gene sequencing as described
above or use of another restriction enzyme (BccI) after
hsp70 PCR.38 Thus, it is possible that L. (V.) panamensis is
another co-endemic L. (Viannia) species in Peru, the burden
of which needs to be ascertained in future molecular epide-
miologic studies allowing specific typing and comprehensive
L. (Viannia) strain characterization.
The limitations of this analysis must be acknowledged. First,

comparison of PL by species is biased by the low numbers of
non-braziliensis species causing ML. Thus, differences in PL
by species may be lost with comparison of equal numbers of
causative species in each group. Second, heterogeneity of the
patient population regarding treatment assignment and treat-
ment response may have biased our interpretation of PL pat-
terns. However, this study was exploratory in nature, and
neither initial PL nor causative species identity was available
on enrollment. Further studies that explore the contribution
of PL to clinical failure in a larger cohort of patients are
warranted. Third, our small sample size and numbers of PL
assessments at each time point may influence perceived differ-
ences, and with greater numbers of enrollees, those observed
differences may be lost. Finally, the clinical outcome in seven
enrollees is unknown because of loss to follow-up. Despite
these limitations, we have discovered two distinct kinetic pat-
terns of PL during and after treatment in this cohort of
patients with ML in Peru. Elucidating the clinical implications
of our findings in a larger prospective and homogeneous
cohort is justified.
In summary, ML is diagnostically and therapeutically chal-

lenging, and evidence-based biomarkers of clinical outcome
are lacking. Sophisticated molecular platforms have enabled
attribution of ML to species not previously known to cause
mucosal disease, though the mechanisms by which the host
interacts with different Leishmania species to cause mucosal
involvement, often over a decade after initial CL, remain

unknown. That PL differed by extent of clinical disease and
causative species suggests that both intrinsic host and parasite
factors contribute to the overall parasite burden in ML. Our
observation of two distinct patterns of parasite clearance dur-
ing treatment of ML offers a tantalizing foundation on which
to build future studies of host–parasite interactions during
treatment, and how these interactions may govern outcome.
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