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ABSTRACT Leprosy is an important cause of disability in the developing world.
Early diagnosis is essential to allow for cure and to interrupt transmission of this in-
fection. MicroRNAs (miRNAs) are important factors for host-pathogen interaction and
they have been identified as biomarkers for various infectious diseases. The expres-
sion profile of 377 microRNAs were analyzed by TaqMan low-density array (TLDA) in
skin lesions of tuberculoid and lepromatous leprosy patients as well as skin speci-
mens from healthy controls. In a second step, 16 microRNAs were selected for vali-
dation experiments with reverse transcription-quantitative PCR (qRT-PCR) in skin
samples from new individuals. Principal-component analysis followed by logistic re-
gression model and receiver operating characteristic (ROC) curve analyses were per-
formed to evaluate the diagnostic potential of selected miRNAs. Four patterns of dif-
ferential expression were identified in the TLDA experiment, suggesting a diagnostic
potential of miRNAs in leprosy. After validation experiments, a combination of four
miRNAs (miR-101, miR-196b, miR-27b, and miR-29c) was revealed as able to discrimi-
nate between healthy control and leprosy patients with 80% sensitivity and 91%
specificity. This set of miRNAs was also able to discriminate between lepromatous
and tuberculoid patients with a sensitivity of 83% and 80% specificity. In this work,
it was possible to identify a set of miRNAs with good diagnostic potential for lep-
rosy.
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Leprosy is a chronic infectious disease caused by the bacillus Mycobacterium leprae.
The infection affects primarily the skin and can cause damage to peripheral nerves,

mucosa, and other organs, including liver and eyes. Leprosy is classified as a neglected
tropical disease and remains one of the main causes of disability in the world (1–3).
According to a World Health Organization (WHO) report including data from 138
countries, 211,974 newly diagnosed patients were notified in the year 2015 and 96% of
them were reported from 22 countries, including Brazil (4).

Leprosy presents a spectrum of clinical manifestations depending on the host
immune response against M. leprae. It can be classified according to histopathological
(Ridley-Jopling) criteria into different forms across two opposing poles: a so-called
resistance pole responsible for a localized form of the disease (tuberculoid tuberculoid
[TT]) and a susceptibility pole that is a disseminated form, which leads to the devel-
opment of more severe clinical manifestations (lepromatous leprosy [LL]). There are
also three intermediate and unstable forms: borderline tuberculoid (BT), borderline
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borderline (BB), and borderline lepromatous (BL) (6). The immunological profile in
leprosy is also spectral. In the TT form, there is a predominant cell-mediated immunity
characterized by greater production of Th1 cytokines (7–9). This form of leprosy is also
characterized by the activation of a vitamin D-dependent antimicrobial pathway by
macrophages (10). On the other hand, the LL form is characterized mainly by humoral
immune responses and presence of Th2 cytokines (7–9). In this way, clinical manifes-
tation of infection by M. leprae is defined by the balance of lymphocyte subsets,
cytokines, chemokines, and their receptors in response to the microorganism.

Human beings are recognized as the main source of the infection, and transmission
is thought to occur via contact of susceptible individuals with bacillary patients without
treatment. After diagnosis, leprosy can be treated with multidrug therapy, which allows
cure and prevents disabilities. Time and type of treatment depend on the form of the
disease. Therefore, early and accurate diagnosis is very important for interruption of
transmission and control of dissemination (5, 7, 11). Accurate diagnosis is particularly
challenging in the case of patients with borderline forms of leprosy who have unstable
features.

Leprosy diagnosis is based on the number and type of lesions, nerve involvement,
bacterial index, and histopathological examination, which reflects the underlying im-
munological profile. This approach requires biopsy and bacilloscopy of skin samples
obtained from an active lesion, which is the “gold standard” for leprosy diagnosis (11,
12). However, this is associated with delayed diagnoses and presents low sensitivity in
mild forms of the disease in addition to requiring experienced technicians to perform
histopathological and bacilloscopic evaluations (11, 13). Due to the impossibility of
growing M. leprae in vitro, other alternatives have been evaluated to increase the
reliability of leprosy diagnoses.

Molecular techniques using PCR technology and serological tests were developed;
however, specificity and sensitivity were limited (11, 14–18, 21). In this context, the
identification of biomarkers that allow early diagnosis of leprosy and differentiation
between forms of the disease with an adequate sensitivity and specificity is still
required.

MicroRNAs (miRNAs) are small (18 to 25 nucleotides [nt]), endogenous, stable, and
highly conserved noncoding RNAs that act as post-transcriptional gene expression
modulators even in physiological or pathological conditions and have been implicated
in the regulation of innate and adaptive immune responses (22–30). Accordingly,
miRNAs may be involved in the complex host immune response modulation in leprosy,
influencing its outcome. miRNAs have also been identified as endogenous molecules
with differential expression profiles under pathological conditions. Due to their
characteristic and stability, they have been suggested as potential disease biomark-
ers (31, 32).

In our study aiming to identify possible miRNAs with a potential to be used in the
diagnosis of leprosy, a wide analysis of miRNA expression in skin lesions of patients with
polar forms of leprosy (TT and LL) and controls was carried out. Our results reveal a set
of differentially expressed miRNAs as potential biomarkers of leprosy per se and of their
clinical forms with high levels of sensitivity and specificity.

RESULTS
Leprosy patient characteristics. Clinical characteristics of LL and TT patients are

listed in Table 1. A total of 36 individuals were recruited for this study (12 LL patients,
12 TT patients, and 12 healthy controls). Leprosy patients were classified according to
Ridley-Jopling criteria taking into consideration the histological pattern (6). There was
no statistically significant difference in relation to gender and age of individuals
between the LL and TT groups (P � 0.05, Fisher exact test). LL patients had positive
bacilloscopy results, while the bacilloscopy results were negative in TT patients, which
is in accordance with the expected characteristics of these leprosy subforms. The
majority of LL patients exhibited more than six skin lesions, whereas the majority of
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patients with the TT subform exhibited less than six skin lesions (P � 0.05, Fisher exact
test) (Table 1).

Expression profiling of miRNAs in skin lesions of LL and TT leprosy patients by
TLDA. For this first step, 18 individuals were recruited (six LL patients, six TT patients,
and six healthy controls). Large-scale miRNA screening was performed by using a
TaqMan low-density array (TLDA) in order to identify miRNAs differentially expressed
between skin lesions of leprosy patients and skin samples of healthy controls and/or
skin lesions of LL and TT patients. After tissue sample RNA extraction, cDNA was
synthesized and TLDA was carried out generating the miRNA expression profile of these
samples.

A total of 311 from the 377 miRNAs included in the array were detected in lesions
of LL patients, 275 in lesions of TT patients, and 294 in skin samples of healthy controls.
To be included in further analyses, miRNA expression levels were required to have
reliable detection with a cycle threshold (CT) of �35.

Among the detected genes, 188 were expressed differentially between the three
groups (P � 0.05) and were included in the subsequent analysis. Hierarchical clustering
analysis of miRNA expression data revealed a differential pattern of expression with
four main clusters in which LL, TT, and healthy controls were segregated. The first
cluster is constituted of 29 miRNA genes with an expression pattern of lower expression
level in the TT group. In the second cluster, a differential expression pattern was
observed with 43 positively regulated genes in leprosy patients. The third cluster
presents three positively regulated genes in TT patients. Finally, the fourth cluster is
constituted of 112 genes with an expression pattern of positive regulation in LL
patients (Fig. 1).

Among the detected miRNAs, 16 miRNAs were randomly selected for further analysis.
These miRNAs are miR-539 from cluster 1; miR-125b, miR-196b, miR-26a, miR-27a,
miR-27b, miR-452, miR-455-3p, miR-92a, and miR-99a from cluster 2; and miR-101,
miR-29c, miR-34c, miR-425-5p, miR-502-3p, and miR-660 from cluster 4. One of these
miRNAs (miR-92a), which was not differentially expressed between the groups, was
included in the validation step in order to confirm the results, acting as a negative
internal control.

qRT-PCR analysis of differential miRNA expression in skin lesions of leprosy
patients. The set of 16 selected miRNAs was quantified by reverse transcription-
quantitative PCR (qRT-PCR) using TaqMan miRNA assays in a validation step. For this
purpose, a new group of 18 individuals was recruited (six LL patients, six TT patients,
and six healthy controls), and RNA was extracted from the lesions of leprosy patients
and skin samples from healthy control individuals as was done for the TLDA analysis.
For expression level normalization, U6 snRNA was used as an endogenous control.

The validation results showed that both techniques are reproducible and compa-
rable for seven of the analyzed miRNAs. The miRNAs miR-125b, miR-196b, miR-27b,

TABLE 1 Clinical characteristics of lepromatous and tuberculoid leprosy patientsa

Variable

No. of patients

P valuebLL TT

Sex
Male 10 5 0.0894
Female 2 7

Bacilloscopy result
Positive 12 0 �0.0001
Negative 0 12

Number of lesions
�6 1 11 0.0001
�6 11 1

aRidley-Jopling classification. LL, lepromatous leprosy; TT, tuberculoid leprosy.
bFisher exact test.
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miR-29c, miR-425-5p, and miR-502-3p were differentially expressed between the
groups and miR-92a was not differentially expressed between the groups as was
observed in the TLDA experiment (P � 0.05) (Fig. 2). The expression values (2�ΔCT) from
the validation experiment are presented in Table S1 in the supplemental material.

Diagnostic potential evaluation of miRNAs for leprosy and their polar sub-
forms. Initially, all 16 qPCR-evaluated miRNAs were included in the principal-
component analysis (PCA) (see Fig. S1 and S2). However, results with greater sensitivity
were found using a subset of four miRNAs (miR-101, miR-196b, miR-27b, and miR-29c).

FIG 1 miRNA expression profiles in leprosy patients and healthy controls. Hierarchical clustering analysis
of miRNA expression data. Sample labels are on the top. C, healthy control; LEP, lepromatous; TUB,
tuberculoid. On the right side, each of the four clusters are highlighted.
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In a first step, PCA was employed on miR-101, miR-196b, miR-27b, and miR-29c TLDA
expression for discrimination between the leprosy group and healthy controls. The first
two components explained 96.4% of the total variance. The normalized eigenvectors
were �0.54, �0.48, �0.48, and �0.49 for the first component and 0.43, �0.52, �0.51,
and 0.53 for the second component. Graphical representation of component scores
indicated separation of each subject subgroup (Fig. 3A). qPCR-transformed data indi-
cated that values on both axes were highly correlated (Fig. 3B), and only the first score
was used as a covariate in the logistic regression. Receiver operating characteristic
(ROC) analysis indicated that at a cutoff of 0.64, 80% sensitivity and 91% specificity
(area under the curve [AUC], 87.3%; 95% confidence interval [CI], 68.6% to 100.0%)
were achieved by the four selected miRNAs used in combination to discriminate

FIG 2 miRNA expression median differences in TLDA and qRT-PCR experiments. Distribution of �log(P
value) (Kruskal-Wallis) of comparison between miRNA expression median differences in the three groups
(LL and TT patients and healthy controls). Filled circles represent TLDA experiments and unfilled circles
represent qRT-PCR experiments. The dashed line indicates threshold of statistical significance (P value of
0.05). LL, lepromatous leprosy; TT, tuberculoid leprosy; TLDA, TaqMan low-density array.

FIG 3 Diagnostic power evaluation of miRNAs for discrimination between leprosy patients and healthy controls
using a subset of four miRNAs. (A) Principal component scores of TLDA expression data of miR-101, miR-196b,
miR-27b, and miR-29c indicate separation between the leprosy and healthy control groups. (B) Normalized
eigenvectors were used to transform qRT-PCR data revealing a separation between the groups and high
correlation of the data. (C) The first qRT-PCR-transformed score was evaluated in a ROC analysis after logistic
regression revealing 100% sensitivity and 80% specificity with the cutoff of 0.64 and an AUC of 87.3% (95% CI, 66.8%
to 100.0%) for discrimination of leprosy patients and healthy controls. TLDA, TaqMan low-density array.
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between leprosy and healthy individuals (Fig. 3C). The cutoff should be compared
to the value from the equation 2.79 � 2.88 � [�0.54(miR-101) � 0.48(miR-196b) �

0.48(miR-27b) � 0.49(miR-29c)].
Aiming to discriminate between the polar forms of the disease, LL and TT, PCA was

employed on miR-101, miR-196b, miR-27b, and miR-29c TLDA expression in a similar
way. The first two components explained 97.4% of the total variance. The normalized
eigenvectors were 0.52, 0.46, 0.49, and 0.52 for the first component and �0.12, 0.81,
�0.57, and �0.06 for the second component. The graphical representation of compo-
nent scores did not indicate a high separation of each subject subgroup (Fig. 4A). Due
to high variance as explained by the first component, only the first qPCR-transformed
score was used as the covariate in logistic regression (Fig. 4B). ROC analysis indicated
that a cutoff of 0.58 reached 83% sensitivity and 80% specificity (AUC, 83.3%; 95% CI,
55.7% to 100.0%) (Fig. 4C) for discrimination between LL and TT patients using the four
selected miRNAs. The cutoff should be compared to the value of the equation 1.21 �

0.42 � [0.52(miR-101) � 0.46(miR-196b) � 0.49(miR-27b) � 0.52(miR-29c)].
Together, these results indicate that miR-101, miR-196b, miR-27b, and miR-29c,

when used in combination, are good biomarkers of leprosy with 80% sensitivity and
91% specificity and of leprosy polar subforms with 83% sensitivity and 80% specificity.

DISCUSSION

Early and accurate diagnosis of leprosy is very important to control the disease and
to allow preventive measures to minimize the associated disability (7, 11). Currently, the
gold standard for leprosy diagnosis is based on clinical examination and skin biopsy.
Techniques based on PCR technology and serological analysis have been developed
but were not able to diagnose leprosy with acceptable sensitivity and specificity taking
into consideration the different clinical forms and/or bacterial burden (11, 14–16,
18–21). Accordingly, identification of biomarkers that allow the diagnosis of leprosy
with a greater sensitivity and specificity is still needed.

miRNAs have been extensively investigated as biomarkers for a variety of diseases
(31, 32). These molecules are responsible for the regulation of various physiological
processes and alterations in their expression levels can reflect different pathological

FIG 4 Diagnostic power evaluation of miRNAs for discrimination between LL and TT patients using a
subset of four miRNAs. (A) Principal component scores of TLDA expression data of miR-101, miR-196b,
miR-27b, and miR-29c indicate separation between LL and TT groups. (B) Normalized eigenvectors were
used to transform qRT-PCR data revealing a separation between the groups. (C) The first qRT-PCR-
transformed score was evaluated in a ROC analysis after logistic regression revealing 83.3% sensitivity
and 80% specificity with the cutoff of 0.58 and an AUC of 83.3% (95% CI, 55.7% to 100.0%) for
discrimination of LL and TT patients. TLDA, TaqMan low-density array.

miRNA Biomarkers for Leprosy Diagnosis Journal of Clinical Microbiology

May 2017 Volume 55 Issue 5 jcm.asm.org 1521

http://jcm.asm.org


conditions. Moreover, miRNAs are stable, and they can be quantified by different
molecular techniques (32, 33), such as qRT-PCR (33, 34).

Due to their diagnostic potential, miRNAs were evaluated as biomarkers in several
pathological conditions like infectious diseases (38, 39). Using different detection and
data analysis approaches, some authors were able to identify miRNAs with a diagnostic
power ranging from 82% to 100% in tuberculosis diagnosis (40–43).

In leprosy, Liu et al. identified 13 differentially regulated miRNAs in skin lesions of LL
patients compared with lesions of TT patients using microarray. These miRNAs were
related to immune gene targets. Among them, miR-21 was demonstrated as upregu-
lated in the LL form and targeting the vitamin D-dependent antimicrobial pathway (26),
which is preferentially activated in TT leprosy (10). Curiously, Liu et al. found that
differentiation between LL and TT patients was not possible by using miRNA expression
data (26).

In our study, we were able to generate a discriminative set of miRNA expression data
by investigating 377 miRNAs in skin lesions from LL and TT patients by using TLDA
technology. The hierarchical clustering analysis revealed 188 miRNAs with a differential
expression pattern between the groups segregated into four well-defined clusters. This
highly interesting pattern suggests a possible role of miRNAs in leprosy susceptibility
to be involved in differential regulation of host immune response with different
outcomes. Moreover, these miRNAs identified in skin lesions may be originally ex-
pressed in different cell types, like epithelial cells, lymphocytes, macrophages, plasma
cells, neutrophils, dendritic cells, and mast cells (35, 36), contributing to generation of
a specific immune/inflammatory microenvironment in the context of M. leprae infec-
tion.

It is important to highlight that alterations of host miRNA expression levels have
been recognized as associated with intracellular bacterial survival, including the genera
Mycobacterium, Salmonella, Listeria, and Francisella (37). In leprosy, the role of miRNAs
in bacterial survival and clearance still needs to be addressed.

After the large-scale screening of miRNAs in leprosy lesions with TLDA, a validation
step was performed using qRT-PCR to verify the expression levels of 16 randomly
selected miRNAs. This step confirmed the expression levels of seven miRNAs (miR-125b,
miR-196b, miR-27b, miR-29c, miR-425-5p, miR-502-3p, and miR-92a).

The use of a combination of several miRNAs as biomarkers, instead of a unique
miRNA, has been indicated as a more powerful option due to the possible overlap in
miRNA targeting (31). In this way, we sought to use a combination of miRNAs with
good diagnostic performance that was also able to discriminate between the two polar
forms of leprosy. PCA was employed to reduce the data and, after a sensitivity and
specificity evaluation for discriminating between the groups, four miRNAs (miR-101,
miR-196b, miR-27b, and miR-29c) were chosen that allowed higher sensitivity than that
achieved using higher numbers of miRNAs. This set of miRNAs was evaluated for their
ability to distinguish between leprosy and healthy control groups in a first step and
between LL and TT groups in a second step. For these purposes, the first two
components were sufficient to explain most of the total variance. PCA revealed that
even miR-101, which did not present a statistical difference between the groups in the
validation step, contributed to discrimination between them when used in combination
with the three other miRNAs (miR-196b, miR-27b, and miR-29c).

The combination of miR-101, miR-196b, miR-27b, and miR-29c achieved 80% sen-
sitivity and 91% specificity in discriminating between leprosy and healthy individuals
with an AUC of 87%, revealing a high diagnostic power of this set of miRNAs. These four
miRNAs were also able to discriminate between the leprosy polar forms, LL and TT. A
sensitivity of 83% and 80% specificity were reached, which gives an AUC of 83%,
representing a high diagnostic power (Fig. 4).

Our study represents a preliminary investigation of host response modulation by
miRNAs associated with leprosy. Borderline forms of leprosy were not included in the
current study, because the high variability of clinical presentation of these intermediate
forms would make it more difficult to identify particular subsets of miRNAs to be used
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in further studies. Such analysis of intermediate forms should be the object of another
study validating the 4 miRNAs identified here. To our knowledge, this is the first study
to successfully identify miRNAs with good potential in diagnosing leprosy and identi-
fying the most severe forms of the disease.

MATERIALS AND METHODS
Ethics statement. This study was approved by the human ethics committee (COEP, 147/08). All

patients and controls signed a written informed consent form prior to their participation in this study.
Patients and healthy controls. Skin biopsy specimens were obtained from active lesions of LL and

TT patients at the time of diagnosis. Accordingly, all the samples were obtained from patients before
treatment. The patients were classified according to Ridley-Jopling criteria (20). Twelve TT patients and
12 LL patients were recruited at the university hospitals from the Federal University of Minas Gerais
(Brazil) and the Federal University of Sergipe (Brazil). Six individuals from each group were included in
a first step of the study in which the expression profiles of miRNAs were investigated by using a
large-scale approach, TaqMan low-density array (TLDA). The other six individuals from each group were
further included in the validation step.

Patients under 18 or over 60 years old, HIV positive, with other mycobacterial infections, or using
corticosteroids were excluded from the study. Skin specimens from 12 controls were obtained during
plastic surgery. The specimens were maintained in RNAlater solution at �20°C until RNA extraction.

RNA extraction and miRNA expression profile by a TaqMan low-density array. Total RNA was
isolated from skin specimens using a Qiagen miRNeasy minikit (Qiagen, Germany) according to the
manufacturer’s instructions. Briefly, approximately 50 mg of tissue was added to 700 �l of QIAzol lysis
reagent, disrupted, and homogenized. The extracted RNA was eluted with nuclease-free water to a final
concentration of approximately 100 ng/�l. A NanoDrop spectrophotometer (ND-1000; Thermo Scientific,
DE, USA) was used to measure the quantity and purity of RNA.

The extracted RNA was used to synthesize cDNA using a TaqMan microRNA reverse transcription kit
(Applied Biosystems, USA). Briefly, 300 ng of RNA was added to a Megaplex RT primer solution (10� pool
A primers v2.1, 0.2 �l deoxynucleoside triphosphate [dNTP; 100 mM], 0.9 �l MgCl2 [25 mM], 0.1 �l RNase
inhibitor [20 U/�l], 1.5 �l MultiScribe reverse transcriptase [50 U/�l], 10� RT buffer, and nuclease-free
water to a 4.5 �l final volume). RT reactions were carried out according to the manufacturer’s instruc-
tions.

After RT, a preamplification step was performed to increase the sensitivity of the miRNA detection
using TaqMan PreAmp master mix and Megaplex PreAmp primers, pool A v2.1 (Applied Biosystems,
USA), and 2.5 �l of RT product according to the manufacturer’s instructions. For TLDA experiments, the
preamplification product was 4-fold diluted in nuclease-free water and 9 �l of the diluted product was
combined with 450 �l 2� TaqMan universal PCR master mix (Applied Biosystems, USA) and 441 �l
nuclease-free water. The mixtures for each sample (100 �l) were loaded into each port of the TLDA
(Applied Biosystems, USA), and each card was centrifuged and sealed. The reactions were carried out in
duplicates in a ViiA 7 PCR real-time system (Applied Biosystems, USA) according to the manufacturer’s
instructions. The real-time PCR data were analyzed using Expression Suite Software v1.0.3.

Validation step by qRT-PCR. Validation was done by qRT-PCR. RNA extraction, cDNA synthesis, and
preamplification were done as described above. The real-time PCR assays were performed in a final
volume of 10 �l containing 1 �l of diluted cDNA (1:5), 5 �l 2� TaqMan universal PCR master mix, no
AmpErase UNG (Applied Biosystems, USA), and 0.5 �l 20� TaqMan miRNA assay primers (Applied
Biosystems, USA) using a 7500 Fast real-time PCR system according to the manufacturer’s instructions.
Each sample was run in duplicate and data were analyzed using 7500 Software v2.0.6 (Applied
Biosystems, USA).

Data processing. The expression data of miRNAs were normalized to U6 snRNA and CT values more
than 35 were considered undetectable. The relative expression levels were defined using the 2�ΔΔCT

method (44). The 2�ΔCT values (CT miRNA � CT U6 snRNA) were used to compare the expression levels
between the three study groups (healthy control, LL, and TT).

Hierarchical clustering analysis comparing the study groups by means of miRNA expression level was
performed using MeV software (J. Craig Venter Institute Microarray Software Suite 4) with data from the
TLDAs. The miRNA expression differences were evaluated by Mann-Whitney U or Kruskal-Wallis tests with
Tukey post hoc tests using R software (version 3.2.5).

Principal-component analysis (PCA) and logistic regression were carried out using R software (version
3.2.5). The first two normalized eigenvectors created a decomposing TLDA expression correlation matrix
(PCA), which was used to transform qPCR expression results. qPCR-transformed values were used as
covariates in two logistic regression models. The first model attempted to classify subjects as healthy
controls or leprosy patients, while the second model aimed to distinguish between LL and TT patients.
Receiver operating characteristic (ROC) curves were used to find cutoff values to maximize the sum of
sensitivity and specificity for each model.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/JCM
.02408-16.

SUPPLEMENTAL FILE 1, PDF file, 0.3 MB.
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