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Detection of Leishmania RNA Virus in Clinical Samples from Cutaneous Leishmaniasis Patients

Varies according to the Type of Sample
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Abstract. Leishmania RNA virus (LRV) is a double-stranded RNA virus belonging to the Totiviridae family detected as
cytoplasmic inclusions in some strains of the human parasite Leishmania spp. Experimental evidence supports the
hypothesis that human coinfection with Leishmania spp.—LRV triggers an exacerbated immune response in the host that
can be responsible for the observed complicated outcomes in cutaneous leishmaniasis (CL), such as mucosal leish-
maniasis (ML) and treatment failure of CL. However, the reported frequencies of LRV associated with complicated
outcomes in patient’s series are highly variable, diminishing the relevance on the virus presence in the pathogenesis of the
disease. To assess whether or not the inconsistent information about the frequency of LRV associated with CL com-
plicated outcomes could be related to the virus detection approach, the present study evaluated the LRV presence in
clinical samples using a diagnostic algorithm according to the type of the sample. In 36 samples with diagnosis of
complicated forms of CL (15 of ML and 21 of CL antimony treatment failure) and six samples with non-Leishmania spp.
infection, the LRV presence was assessed by RT-PCR, RT-qPCR, and nested RT-PCR. Viral load was estimated in
parasite clinical isolates. By combining the methods, LRV1 presence was confirmed in 45% (9/20) of isolates and 37.5%
(6/16) of the incisional biopsies. Remarkably, in some cases (4/8), LRV1 was undetectable in the isolates but present in
their respective biopsies, and less frequently, the opposite was observed (1/8), suggesting the possibility of loss of

parasites harboring LRV1 during the in vitro growth.

INTRODUCTION

Leishmania species belonging to the Viannia subgenus are
predominant in South America where they generate compli-
cated forms of the disease such as mucosal leishmaniasis
(ML)"2 and treatment failure of cutaneous leishmaniasis (CL).>*

The occurrence of the aforementioned complications has
been associated with the presence of a cytoplasmic virus in
the infecting parasite, known as Leishmania RNA virus (LRV).
This virus belongs to the Totiviridae family, a group of RNA
viruses present in other protozoa and fungi.®™ Because of
differences in sequence and genome organization between
LRVs associated with Old World and New World Leishmania
species, they are classified as LRV2 and LRV1, respectively.'® 3

It has been demonstrated that metastasizing (but not non-
metastasizing) strains of Leishmania (Viannia) guyanensis
have high LRV1 burdens. In addition, there is experimental
evidence that the LRV presence induces hyperimmune re-
sponses to Leishmania infection promoting pro-inflammatory
responses with high levels of tumor necrosis factor a (TNFa,
IL-6, chemokine (C-C motif) ligand 5 (CCL5), and chemokine
(C-X-C motif) ligand (CXCL10), similar to the immunological
profile observed in patients suffering from ML."*'® Converging
with this line of evidence is the observation that pro-
inflammatory IL-17 levels are high in patients with chronic CL
produced by L. (V.) guyanensis—LRV1+."7

Supporting the hypothesis that Leishmania spp.-LRV
coinfection worsens disease prognosis through a Type 1 in-
terferon response, murine model studies have shown that host
coinfection with L. (V.) guyanensis-LRV1+ or L. (V.) guyanensis+
exogenous interferon-inducing viruses (e.g., lymphocytic
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choriomeningitis virus or Toscana virus) produces similar
clinical disease, in which relapse risk is increased secondary
to parasite reactivation.'®

One clinical study has shown a strong association between
LRV1 coinfection of Leishmania (Viannia) braziliensis and
pentavalent antimony treatment failure of CL and ML.'® Fur-
thermore, the risk of CL, associated with L. (V.) guyanensis,
relapse appears to increase during pentamidine treatment
when the parasite is infected with LRV1.2°

Atthe epidemiologic level, LRV1-2 has been foundin clinical
samples from patients with leishmaniasis in variable fre-
quencies, ranging from total absence?'?2 to frequencies that
can reach 87%.1517:19:20:23-33 Thg strength of the association
between viral presence and complication development varies
according to the study?*?® and among different South
American regions.?? The wide range in LRV1 frequency of
detection in clinical samples may reflect diverse experimental
approaches that do not account for differences in clinical
specimens.

To overcome detection biases in identifying LRV1 in clinical
samples, the present study was designed to determine LRV1
presence in samples from complicated Colombian patients,
suffering from CL and presenting therapeutic failure to anti-
mony treatment or ML, through the use of complementary
approaches taking into account the sample source, the par-
asite species, and the viral load.

MATERIALS AND METHODS

Ethics statement. Research in this study was subject to
ethical review and approved by the ethics committees from
the participant institutions, in accordance with national (res-
olution 008430 of the Colombian Health Ministry) and in-
ternational (Declaration of Helsinki and amendments, World
Medical Association, Korea 2008) guidelines. All clinical
samples had been taken from patients as part of normal
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diagnosis and treatment, with no unnecessary invasive pro-
cedures and with written informed consent. Guiding Principles
for Biomedical Research Involving Animals (Council for In-
ternational Organizations of Medical Sciences) were followed
regarding animal experimentation.

Type of study and samples. The present study corre-
sponds to a descriptive study with an experimental compo-
nent using 36 samples from patients with diagnosis of
complicated forms of CL, all previously collected for diag-
nostic purpose. Fifteen samples from 13 patients were di-
agnosed as ML, of which nine were frozen incisional biopsies
and six correspond to parasite isolates, and 21 samples from
14 patients were diagnosed as CL with therapeutic failure
to antimony, of which seven correspond to frozen incisional
biopsies and 14 to parasite isolates.* In addition, six samples
were included as negative controls and correspond to frozen
nasal incisional biopsies from patients with confirmed diagnosis
different to ML such as lepromatous leprosy, traumatic piercing,
sporotrichosis, chronic hyperplastic eosinophilic sinusitis, deep
mycosis, and squamous cell carcinoma.

Parasite isolates. Stocks of cryopreserved parasite iso-
lates were thawed and seeded in Senekjie medium.*® Once
adequate growth of the parasites was achieved, they were
amplified until reaching the stationary phase in Schneider
medium 10% fetal bovine serum (FBS), at a temperature of
26°C. Reference strains of L. (V.) guyanensis (MHOM/BR/75/
M4147) and Leishmania (Viannia) panamensis (MHOM/PA/71/
LS94) grown on Schneider medium 10% FBS were used as
positive and negative controls for LRV1 infection, respectively.

Clinical samples and hamster biopsies. Fragments of
about 3 mm from patient’s biopsies were kept in a dry sterile
tube at —80°C until RNA and DNA extraction. To standardize a
protocol for LRV1 detection in tissue from biopsies, two young
male golden hamsters (Mesocricetus auratus) were inoculated
subcutaneously in their snouts and footpads with 1.8 x 10°
(LRV1+)-MHOM/BR/75/M4147 metacyclic promastigotes.
Three weeks after inoculation, the animals were sacrificed,
and excisional biopsy was collected for proceeding to acid
nucleic extraction.

RNA extraction and retrotranscription. A Direct-zol™
RNA MiniPrep kit (Zymo Research, Irvine, CA) was used for the
extraction of RNA from 3.5 x 107 to 3.4 x 10® stationary-phase
promastigotes. For the biopsies, extraction was made using
the Quick-RNA™ MiniPrep Plus kit (Zymo Research) following
the manufacturer’s instructions. cDNA was synthesized us-
ing a High-Capacity cDNA Reverse Transcription Kit
(Thermo Fisher Scientific, Waltham, MA) following the man-
ufacturer’s recommendations in a final volume of 20 L, us-
ing 2 ug and 1 pg of RNA from the isolates and the biopsies,
respectively.

Primers and 18S-Leishmania spp. PCR amplification.
Real-time PCR and RT-qPCR for Leishmania spp.-18S were
used for confirming the parasite presence and the cDNA
quality in biopsies by following modified versions of the pro-
tocol originally described by van den Bogaart et al.®® In brief,
RT-PCR was performed in 50 pL of mixture containing Taq
buffer KCI; 1.65 mM MgCl,; 200 uM deoxyadenosine tri-
phosphate (dATP), deoxycytidine triphosphate (dCTP),
deoxythymidine triphosphate (dTTP), and deoxyguanosine
triphosphate (AGTP); 0.4 uM of each primer; 2.5 units Taqg DNA
polymerase; and 1 pL of isolate cDNA. The amplification was
performed in a Bio-Rad C1000 Touch thermocycler (BioRad,

Hercules, CA) with one initial denaturalization step of 94°C for
5 minutes, followed by 32 cycles at 94°C for 30 seconds, 65°C
for 30 seconds, and 72°C for 30 seconds. The amplified
fragments were visualized on a 2% agarose gel stained with
0.5 pg/mL of ethidium bromide. Real-time gPCR was per-
formed with SYBR Green Select Master mix (Thermo Fisher
Scientific). Primer concentration was 0.6 uM, and the ampli-
fication was carried out in an Applied Biosystems 7500 Real-
Time PCR System (Foster City, CA) with one initial uracil-DNA
glycosylase (UDG) activation of 50°C for 2 minutes, one de-
naturalization step of 95°C for 2 minutes, followed by 45 cy-
cles at 94°C for 30 seconds, and 60°C for 45 seconds. cDNAs
from promastigotes of reference strain (LRV1+)-MHOM/BR/
75/M4147 and from hamster snout biopsy infected with this
were used as positive control for the RT-PCR and RT-qPCR,
respectively. The mixture without cDNA corresponding to
non-template control (NTC) was used as negative control. This
RT-gPCR was used for generating a parasite standard curve
with 10-fold serial dilutions of quantified promastigotes from
5 x 10° to five parasites/reaction, and then the load was
calculated using Applied Biosystems 7500 Real-Time PCR
software tools.

Leishmania RNA virus 1 detection in cDNA from Leishmania
spp. isolates. Real-time PCR with the set of primers de-
scribed by Zangger et al.?® was performed. Those primers
amplified a ~485-bp capsid fragment. Reaction was set in 50
pL of mixture with KCI Taq buffer; 2.5 mM MgCl,; 200 uM
dATP, dCTP, dTTP, and dGTP; 0.5 uM of each primer; 2.5
units Taq DNA polymerase; and 2 uL of the isolate comple-
mentary DNA (cDNA). The amplification was carried out in a
Bio-Rad C1000 Touch thermocycler with one initial de-
naturalization step of 94°C for 3 minutes, followed by 30 cy-
cles at 94°C for 1 minute, 50°C for 1 minute, and 72°C for
1 minute, and a final extension at 72°C for 5 minutes. The
amplified fragments were visualized on 1% agarose gels
stained with 0.5 pyg/mL of ethidium bromide.

Also, RT-gPCRs were performed for the same set of sam-
ples using the two different sets of primers designed by Ito
et al.?” and by Ramos Pereira et al.2* (Supplemental Table 2).
Itos’ primers were used at 0.2 uM, and Ramos’ primers were
used at 0.3 uM; they amplified fragments of ~245 bp and 90 bp
on open reading frame 1 (ORF1) respectively. Reactions were
set in 10 uL of mixture contained SYBR Green Select Master
mix™ 1x (Applied Biosystems) and the equivalent to 100 ng of
isolate cDNA. The amplification was performed in an Applied
Biosystems 7500 Real-Time PCR System with one initial UDG
activation step of 50°C for 2 minutes and one denaturalization
step of 95°C for 2 minutes, followed by 40 cycles at 94°C for
15 seconds and 60°C for 1 minute.

To rule out an isolate as negative for LRV1 presence, the
published nested RT-PCR protocol®* with modifications as
described in next section was carried out. For RNA derived
from isolates, 2 ug of RNA was used for retrotranscription and
conventional 18S gene PCR performed to verify the quality of
the cDNA. Once the expected result was obtained, the nested
PCR for viral detection was conducted using primers de-
scribed in Supplemental Table 2, and the PCR products were
evaluated on a 2% agarose gel stained with 0.5 pg/mL of
ethidium bromide.

As positive control in RT-PCR, RT-gPCRs, and nested RT-
PCR, cDNA from reference strain (LRV1+)-MHOM/BR/75/
M4147 was used, and as negative control, NTC was used.
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Leishmania RNA virus 1 detection in cDNA from bi-
opsies of nested RT-PCR products. The published nested
PCR protocol?>* was optimized by the use of cDNA from the
L. (V.) guyanensis-LRV+ infected tissue from hamsters. The
thermal profile included a cycle of 95°C for 3 minutes, 35 cy-
cles of 95°C for 30 seconds, 55°C for 30 seconds, and 72°C for
30 seconds. The mixture was made to a final volume of 50 pL
containing Tag buffer with KCI; 1.5 mM MgCl,; 200 uM dATP,
dCTP, dTTP, and dGTP; 2.5 units of recombinant Taq poly-
merase; and 0.3 uM of each primer®* (Supplemental Table 2).
The amplified fragments were 125 bp and 90 bp for the first and
second round, respectively, and they were visualized in agarose
gels. As a positive control, cDNA from (LRV1+)-MHOM/BR/75/
M4147 promastigotes was used. Negative controls correspond
to cDNA from the six samples of frozen biopsies from patients
with confirmed diagnosis different to ML or CL. For this nested
RT-PCR, negative controls given by NTC were needed every
two to three samples to detect cross-contamination.

Sequencing nested RT-PCR products. The 90-bp
nested-PCR products were cloned into pGEM®-T easy Vector
(Promega A137A, Madison, WI) in Escherichia coli JM109 cells.
Plasmid DNA was obtained using a ZR Plasmid Miniprep™-
Classic Kit (Zymo Research D4015). The sequencing was per-
formed by Macrogen sequencing service using universal primers
T7-SP6. Nucleotide sequences were deposited in the GenBank
with accession numbers MK430135 (biopsy B8), MK430136
(biopsy B9), MK430137 (biopsy B11), MK430138 (biopsy B44),
MK430139 (biopsy B312), and MK430140 (biopsy B333).

Viral load quantification. A plasmid was constructed
(TOP-LRV1-16-435) containing a fragment of 420 bp corre-
sponding to positions 16-435 of LRV1 ORF1. The fragment
was amplified from (LRV1+)-MHOM/BR/75/M4147 cDNA
using the previously described forward primer?” and a new
designed reverse primer (Supplemental Table 2). The PCR
product was inserted into the PCR-4-TOPO® TA Vector
(K457502, Invitrogen, Carlsbad, CA), following the manufac-
turer’s instructions and the construct ampilified in E. coli strain
One Shot™ TOP10 (Invitrogen). Standard curves based on
nanograms of plasmid TOP-LRV1-16-435 were created using
10-fold serial dilutions, and the plasmid copy number was
estimated according to the formula described from 6.6 x 107
to 66 plasmid copies/reaction (Supplemental Table 4).

To quantify the viral load in LRV1-positive isolates, Ito’s 2” and
Ramos Pereira’s 2* primers were used to perform two independent
modified RT-gPCRs. The viral load was calculated by Applied
Biosystems 7500 Real-Time PCR software, using a linear re-
gression equation for interpolating from the standard curves. Then
the viral load was adjusted according to the parasite load esti-
mated in each sample throughout the parasite standard curve.

Leishmania species identification. Leishmania species
identification was made using hsp70 PCR-restriction fragment
length polymorphism (RFLP); species identification from iso-
lates was performed according to Garcia et al.*” and Montalvo
et al.®® and for biopsies according to Cruz-Barrera et al.3°

RESULTS AND DISCUSSION

Colombia has one of the world’s highest CL incidences.*>*’

Approximately 10,000 new cases are reported each year, with
L. (V.) panamensis and L. (V.) braziliensis being the most
common agents associated with human disease.**** The
complication rates for ML and treatment failure are not well-

known, but estimations made in other South American regions
report that 10% of CL cases associated with L. (V.) braziliensis
result in ML*?*® and 25% of CL cases treated with antimony
salts result in therapeutic failure.*>*® Hence, a more detailed
epidemiologic picture is urgently needed to better understand
CL prognosis.

Understanding the role of LRV1 in human CL outcomes
requires an ambitious epidemiologic design and robust de-
tection methods using a multicenter study. Therefore, this
study was aimed at evaluating the possible biases in LRV1
detection when using the simplest and cheapest available
approaches.?*27

A multistep process was used to create an LRV1 detection
algorithm based on the sample type. First, samples were
classified as isolates (n = 20) or biopsies (n = 16). In case of
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Ficure 1. Real-time PCR (RT-PCR) is useful for detection of low
viral loads in Leishmania spp. isolates infected with Leishmania RNA
virus 1 (LRV1). (A) Amplification of LRV RNA capsid fragment (~485 bp)
using modified RT-PCR.26 MM = molecular marker, Positive (POS):
cDNA from (LRV1+)-MHOM/BR/75/M4147, Negative (NEG): non-
template control (NTC). (B) Viral loads of the same samples presented
in (A), estimated using two different modified RT-qPCRs, Ramos
Pereira’s,?* and ltos.”?” Labels on the top of the gel in (A) and on x axis
in (B) correspond to isolate ID according to Table 1.
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isolates, RT-PCR?® was performed on cDNA from 19 L. (V.)
braziliensis and one L. (V.) panamensis, isolates from lesions of
patients with ML (n = 6) or CL with antimony therapeutic failure
(n =14). The expected product of ~485 bp corresponding to a
viral genome region located at positions 1089-1574 (ORF2)
was observed in nine of 20 isolates (45%) (Figure 1A).
Considering that different Leishmania strains can carry dif-
ferent LRV1 loads with slight sequence variation, an alterna-
tive detection method was used to determine whether a more
conserved nucleotide sequence region, as it is LRV1-ORF1,
could be used to improve detection sensitivity.'%""1333 This
detection was accomplished by using a modified version of
the RT-gPCR method described by Ito et al.?” and a modified

TaBLE 1
Features of the clinical samples included in this study
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RT-gPCR version from the one described by Ramos Pereira
et al.?* Real-time gPCR results were consistent between them
and with RT-PCR, detecting the LRV1 presence in the same
nine isolates (Figure 1B, Table 1). When comparing the viral
load estimated by each one of the two RT-qPCRs and the
positive control ([LRV1+]-MHOM/BR/75/M4147), most of
the isolates showed equivalent results (Figure 1B). However,
the RT-gPCR using Ramos’ primers estimated a higher viral
load per parasite in isolate numbers 18, 45, and 707, as com-
pared with the estimates made of RT-qPCR using Ito’s primers
(Figure 1B). This loss of accuracy could obey to a slight loss of
specificity of Ito’s primers for the target sequence in those
isolates. Efficiency, calculated using the TOP-LRV1-16-435

ORF1 RT-gPCR viral load

(virus/parasite) 18S RT-gPCR Leishmania
Sample Nested - RNA virus Lesion
Clinical condition type Ito et al.?” Ramos et al.?* RT-PCR CcT 1 status localization Leishmania species Region

ML Isolate 9,50E+00 6,47E+00 NA NA Positive  Nose L. (V.) braziliensis ~ Amazon
ML Isolate 2,24E-04  1,09E-01 NA NA Positive ~ Cheek L. (V.) braziliensis ~ Andean
ML Isolate NA NA NA NA Negative Nose L. (V.) panamensis Andean
ML Isolate NA NA NA NA Negative Nose L. (V.) braziliensis ~ Orinoquia
ML Isolate 2,97E-03 3,84E-03 NA NA Positive  Nose L. (V.) braziliensis ~ Andean
ML Isolate NA NA NA NA Negative Nose L. (V.) braziliensis ~ Andean
CLTF Isolate  5,47E+00 1,90E+00 NA NA Positive  Face andneck L. (V.) braziliensis ~ Amazon
CLTF Isolate NA NA NA NA Negative Legs L. (V.) braziliensis ~ Orinoquia
CLTF Isolate 1,74E-01  1,12E+01 NA NA Positive  Upper limbs L. (V.) braziliensis ~ Orinoquia
CLTF Isolate NA NA NA NA Negative  Upper limbs L. (V.) braziliensis ~ Amazon
CLTF Isolate NA NA NA NA Negative Multiple injuries L. (V.) braziliensis ~ Orinoquia
CLTF Isolate NA NA NA NA Negative  Multiple injuries L. (V.) braziliensis ~ Orinoquia
CLTF Isolate NA NA NA NA Negative  Upper limbs L. (V.) braziliensis ~ Orinoquia
CLTF Isolate NA NA NA NA Negative Upper limbs L. (V.) braziliensis ~ Orinoquia
CLTF Isolate 1,21E+01  3,91E+00 NA NA Positive  Upper limbs L. (V.) braziliensis ~ Orinoquia
CLTF Isolate 1,06E-01  9,90E-01 NA NA Positive ~ Multiple injuries L. (V.) braziliensis ~ Orinoquia
CLTF Isolate NA NA NA NA Negative Multiple injuries L. (V.) braziliensis ~ Amazon
CLTF Isolate  4,02E+01  1,44E+01 NA NA Positive  Upper limbs L. (V.) braziliensis ~ Orinoquia
CLTF Isolate 9,31E+00 3,57E+00 NA NA Positive  Upper limbs L. (V.) braziliensis ~ Amazon
CLTF Isolate NA NA NA NA Negative Faceandneck L. (V.) braziliensis  Pacific
ML Biopsy NA NA Positive 32,22 Positive  Nose Leishmania spp. Andean
ML Biopsy NA NA Negative 34,73 Negative Nose L. (V.) braziliensis ~ Orinoquia
ML Biopsy NA NA Negative 34,47 Negative Nose L. (V.) panamensis Andean
ML Biopsy NA NA Positive 35,11 Positive  Nose L. (V.) braziliensis ~ Andean
ML Biopsy NA NA Negative 30,3 Negative Nose Leishmania spp.  Caribbean
ML Biopsy NA NA Negative 27,72 Negative Nose L. (V.) panamensis Andean
ML Biopsy NA NA Negative 32,59 Negative Nose L. (V.) braziliensis ~ Amazon
ML Biopsy NA NA Negative 35,64 Negative Nose L. (V.) braziliensis ~ Orinoquia
ML Biopsy NA NA Negative 31,45 Negative Nose L. (V.) braziliensis ~ Orinoquia
CLTF Biopsy NA NA Positive 32,45 Positive  Legs L. (V.) braziliensis ~ Orinoquia
CLTF Biopsy NA NA Negative 28,07 Negative  Upper limbs L. (V.) braziliensis ~ Amazon
CLTF Biopsy NA NA Positive 24,85 Positive  Multiple injuries L. (V.) braziliensis ~ Orinoquia
CLTF Biopsy NA NA Positive 21,98 Positive ~ Multiple injuries L. (V.) braziliensis ~ Orinoquia
CLTF Biopsy NA NA Positive 27,08 Positive  Upper limbs L. (V.) braziliensis  Orinoquia
CLTF Biopsy NA NA Negative 29,59 Negative Multiple injuries L. (V.) braziliensis ~ Amazon
CLTF Biopsy NA NA Negative 31,44 Negative Faceandneck L. (V.) braziliensis  Pacific
Lepromatous Biopsy NA NA Negative Undetermined Negative Nose NA No data

leprosy
Traumatic Biopsy NA NA Negative Undetermined Negative Nose NA No data

piercing
Sporotrichosis  Biopsy NA NA Negative Undetermined Positive  Nose NA No data
Acute and Biopsy NA NA Negative Undetermined Negative Nose NA No data

chronic

reactions

secondary to

insect bite
Deep mycosis  Biopsy NA NA Negative Undetermined Negative Nose NA No data
Squamous cell  Biopsy NA NA Negative Undetermined Negative Nose NA No data

carcinoma

CLTF = cutaneous leishmaniasis with therapeutic failure; L. (V.) braziliensis = Leishmania (Viannia) braziliensis; L. (V.) panamensis = Leishmania (Viannia) panamensis; ML = mucosal Leishamniasis;

NA not applicable.
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standard curve for both RT-gPCRes, is identical (Supplemental
Table 3). Nevertheless, whereas the target sequence of
both reverse primers and Ramos’ forward primer is con-
served in all 36 available LRV1 sequences in GenBank, for
the target region corresponding to Itos’ forward primer, the
fragment is missing in 19 of the 36 sequences mentioned
previously. Therefore, it is possible that LRV1 infecting
isolates 18, 45, and 707 present some degree of poly-
morphism in the target region such that ito’s forward pri-
mers display a decrease in the qPCR efficiency, hammering
the accuracy of the quantification.

In the present study, before ruling out an isolate as LRV1-
negative, multiple attempts for detection by RT-gPCR were
carried out with variable amounts of RNA ranging from 6 to
200 ng, and conventional and nested RT-PCR were con-
ducted (data not shown). For samples corresponding to bi-
opsies, a different chain of procedures was performed.
Previously, to process samples for LRV1 detection, RT-qPCR
for Leishmania spp. 18S gene®®

was carried out for all cDNA extracted from biopsy speci-
mens (Table 1). This step allowed us to include in the analysis
only cDNA from tissue where the parasite was detectable.
Real-time qPCR for Leishmania spp. 18S was also useful to
provide evidence of the absence of parasites in all of the six
specimens used as true negative controls for detection of
LRV1 in biopsies (Table 1).

Todetect LRV1 in biopsies, it was necessary to implement a
nested RT-PCR,** given that the RT-PCR and RT-qPCR
methods used for LRV1 detection in parasite isolates were not
feasible for that purpose in the experimental positive control.
The nested RT-PCR technique was applied to 22 biopsy
specimens from patients with ML (n = 9), CL with antimony
treatment failure (n = 7), and negative controls (n = 6). Leish-
mania RNA virus 1 was detected in six biopsies of 16 (37.5%):
two from patients with ML and four from patients corre-
sponding to CL with antimony treatment failure. The 90-bp
fragments produced in each case were sequenced.

For the eight patients for whom both types of samples were
available, incisional biopsy and parasite isolate (Supplemental
Table 1), an analysis was conducted to evaluate simulta-
neously the LRV1 presence in biopsies and in their respective
isolates. Leishmania RNA virus 1 presence was established in four
biopsies from patients with CL, in which in their corresponding
isolates, LRV1 was not detectable, as assessed by RT-PCR,
nested RT-PCR, and RT-gPCR. The opposite was observed in
one patient with diagnosis of ML (Supplemental Table 1).

Unfortunately, samples of the two types, parasite isolates
and incisional biopsies, were available only for eight of 36
patients; interestingly, in five of them, the results of LRV1
presence were not concordant (Supplemental Table 1). The
use of complementary approaches in this study led us to the
important finding that LVR1 was not detectable in some par-
asite isolates growing in vitro, whereas their corresponding
biopsies presented LRV1-detectable levels. The cause for the
biological events responsible for this loss of LRV1 signal was
not addressed in the present study. However, it is important to
note whether loss of viral detection randomly occurs, for ex-
ample, because of the media growth selection among Leish-
mania, thus allowing the expansion of LRV1-negative over
LRV1-positive parasites; previous studies using LRV de-
tection exclusively in isolates may have underestimated the
rate of viral coinfection,!”:19:21:22:29.31.47,48

The same can occur when LRV detection is performed in
samples with low parasite load as biopsies, smears, or swaps,
taken from patients with ML.23242728 |n the present study,
one biopsy turned out to be negative for LRV1 presence when
assessed by nested RT-PCR, whereas its corresponding
isolate was positive (Supplemental Table 1). We speculated
that this may be due to the low parasite load in the sample
according to the threshold cycle (CT) value observed when
detecting parasites using 18S primers (Table 1, sample
encoded as M354). Although the purpose of the present work
was not to compare the parasite load between different types
of samples, this brings our attention to the observation that the
average CT value for 18S when detecting the parasite in CL
biopsies was about 27.92 (+3.68), whereas in biopsies for ML
lesions, it was 32.73 (+2.60), suggesting a lower parasite
burden in theses samples as previously demonstrated.*®
Further studies will be necessary to assess the tissue’s par-
asitic load threshold for LRV1 detection.

The predominant species analyzed in this study was L. (V.)
braziliensis (31/36) followed by L. (V.) panamensis (3/36). In two
cases, it was not possible to discriminate the Leishmania
species, given the hsp70-RFLP mixed pattern obtained
(Table 1). Although there is a geographic bias in this study
and a reduced number of samples, our findings suggest
that Leishmania strains harboring LRV1 may have spread in
Colombia (Table 1) since 1996, when areport of 69 Leishmania
strains showed low-LRV1 parasite infection rates found ex-
clusively in the Amazon region.?®

As mentioned, the predominant species in this set of sam-
ples was L. (V.) braziliensis. Available evidence suggests that
the frequency of LRV1 infection in isolates from this species
ranges from total absence to 33%.'9:21:222947 Nevertheless,
LRV1 infecting L. (V.) braziliensis show regional differences in
South America as reported in a study carried out in French
Guiana where 80% of isolates belonging to this species was
LRV1 infected,®' and in this same area, the virus has been
found associated with isolates of L. (V.) guyanensis at a fre-
quency ranging from 38.5% to 88%.7:20-3148 Despite the ab-
sence of data available for the LRV1 rate of occurrenceinL. (V.)
guyanensis outside French Guiana, we have not found LRV1 in
Colombian L. (V.) guyanensis isolates from CL patients (data
not published). Therefore, our findings follow the line of evi-
dence that outside of the Guiana Shield, the circulation of
LRV1 infected parasites could be low.

Moreover, if Leishmania human infection is produced by a
mixed population of LRV1 (+) and LVR1 (-) clones and domi-
nant clones are in vitro selected, the probability for selecting
LRV1 (+) isolates would be influenced by the geographical
origin. Therefore, selection of LRV (-) clones can be favored,
diminishing the clinical relevance of LRV1 infection.

Findings from the present work suggest that LRV1-infected
Leishmania parasites can harbor viral loads as low as 0.1 virus
per parasite (Figure 1B). In this scenario, it is unlikely that
methods aimed at detecting the virus by immunological ap-
proaches could be more sensitive than methods detecting the
viral RNA.

CONCLUSION

Findings in the present study suggest that detection of
LRV1 in Leishmania parasite isolates can be performed using a
simple RT-PCR.2® However, epidemiological studies aimed
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at determining an association between LRV1 presence and
complicated outcomes of CL should consider the evaluation
of LRV1 occurrence using samples coming directly from the
patients and assessing the parasite load to rule out LRV false
negatives. Thus, it would be necessary to develop methods
that are simpler and more sensitive than the nested RT-PCR
used in this study.
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