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Abstract. The uniform multidrug therapy clinical trial, Brazil (U-MDT/CT-BR), database was used to describe and
report the performance of available tools to classify 830 leprosy patients as paucibacillary (PB) and multibacillary (MB)
at baseline. In a modified Ridley and Jopling (R&J) classification, considering clinical features, histopathological results
of skin biopsies and the slit-skin smear bacterial load results were used as the gold standard method for classification.
Anti-phenolic glycolipid-I (PGL-I) serology by ML Flow test, the slit skin smear bacterial load, and the number of skin
lesions were evaluated. Considering the R&J classification system as gold standard, ML Flow tests correctly allocated
70% patients in the PB group and 87% in the MB group. The classification based on counting the number of skin
lesions correctly allocated 46% PB patients and 99% MB leprosy cases. Slit skin smears properly classified 91% and
97% of PB and MB patients, respectively. Based on U-MDT/CT-BR results, classification of leprosy patients for
treatment purposes is unnecessary because it does not impact clinical and laboratories outcomes. In this context, the
identification of new biomarkers to detect patients at a higher risk to develop leprosy reactions or relapse remains an
important research challenge.

INTRODUCTION

Leprosy is a chronic and curable infectious disease, which
affects mainly skin and peripheral nerves, presenting a spec-
trum of clinical manifestations associated with different
immune responses to Mycobacterium leprae. Because of its
broad spectrum of clinical manifestations, leprosy classifica-
tion is complex and may include clinical, histopathological,
microbiological, and immunological features as proposed by
Ridley and Jopling (R&J).1 In one extreme of the spectrum
lies the polar tuberculoid leprosy form (TT) with low bacterial
load, predominant cell-mediated immunity, and low or absent
production of specific antibodies. The polar lepromatous
form (LL) is in the other extreme, in which patients show high
bacterial load and respond to infection with high production
of antibodies and lower or absent M. leprae–specific cell-
mediated immunity. Between the polar forms, lie the immu-
nological and clinical unstable forms known as borderline
tuberculoid (BT), borderline borderline (BB), and borderline
lepromatous (BL).1

The diagnosis of leprosy remains based on the presence
of clinical signs and symptoms such as the presence of skin
lesions (that can vary widely in form, appearance, and color),
the degree of sensory loss, and the presence of thickened
peripheral nerves.2 The identification of the causative organ-
ism by slit-skin smears, histopathology, or polymerase chain
reaction is not included in the routine to support leprosy
diagnosis. There is restricted availability of laboratory facili-
ties for slit-skin smear and histopathology in many endemic
countries, and the current polymerase chain reaction technol-
ogy is still not applicable for diagnosis. Thus, leprosy diagno-
sis in the field continues to be based on epidemiological and
clinical evidence.

In 1981, the World Health Organization (WHO) consid-
ered multibacillary (MB) patients as those who had a bacte-
rial index (BI) of at least two at any site in the initial skin
smear. From 1988 on, MB leprosy included all smear-positive
patients, as well as patients with more than five skin lesions.
For operational purposes, a simplified leprosy classification
system based on the number of skin lesions was proposed in
the late 1990s. According to this, patients showing up to five
skin lesions were considered paucibacillary (PB) and were
treated with six monthly supervised doses of rifampicin and
dapsone plus daily self-administered doses of dapsone. Patients
with six or more skin lesions were considered MB and were
prescribed with 12 monthly supervised doses of rifampicin,
clofazimine, and dapsone plus daily self-administered doses of
clofazimine and dapsone.3

Proper treatment is considered the key for the success
of leprosy control programs, and a uniform regimen for all
patients would make classification for treatment purposes
unnecessary, simplifying leprosy control and benefitting
patients. The “Clinical Trial for Uniform Multidrug Therapy
regimen for leprosy patients in Brazil (U-MDT/CT-BR)” is
an ongoing, randomized, open-label clinical trial to compare
the effectiveness of the regular WHO/MB MDT regimen of
12 doses with a uniform 6 doses MB-MDT regimen with
rifampicin, clofazimine, and dapsone for all leprosy patients,
regardless of classification.4 Primary results showed that there
was no statistical difference in the frequency of leprosy reac-
tions between MB patients under U-MDT regimen and under
the regular MB/WHO regimen.5

Several studies have shown that the bacterial load of lep-
rosy patients correlates with the presence of IgM antibodies
to M. leprae–specific phenolic glycolipid-I (PGL-I): 15–40%
PB patients were seropositive, compared with 80–100% posi-
tivity among MB patients.6,7 The detection of anti-PGL-I
antibodies can be a useful adjunct method to identify patients
with higher bacterial load and point-of-care serological tests
such as ML Flow test, performed at diagnosis can contribute
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to the prompt identification of MB leprosy patients,6,8,9 which
are the ones with higher risk to develop reactions.10–12 This
study used the U-MDT/CT-BR database to describe and
report the performance of available tools to classify PB and
MB leprosy patients at baseline. Anti-PGL-I serology, bac-
terial load, and the number of skin lesions were evaluated
considering a modified R&J classification criteria as the
gold standard.

METHODS

Study groups. This is a cross-sectional descriptive study that
used the database of the U-MDT/CT-BR at baseline. Origi-
nally, 859 newly diagnosed, previously untreated PB and MB
leprosy patients were included. Patients were recruited from
March 2007 until February 2012 at two national leprosy refer-
ral centers from two Brazilian states: “Centro Dermatológico
Dona Libânia” (Fortaleza, Ceará State, northeast Brazil) and
“Fundação Alfredo da Matta” (Manaus, Amazonas State,
north Brazil), according to the rationale and design of the
study.4 In short, the number of skin lesions was registered at
diagnosis, and patients were randomized and prescribed with
specific treatment according to WHO classification criterion:
patients presenting up to five skin lesions were considered PB
leprosy and patients presenting more than five lesions were
operationally classified as MB leprosy. The exact number of
skin lesions was registered up to 10 lesions, and those with
numerous lesions or presenting with diffuse infiltration were
reported as having more than 10 lesions. In addition, slit-skin
smears were taken to identify patients with a high BI. Punch
skin biopsies were taken from leprosy skin lesions for histo-
pathological analysis. A point-of-care serological test, the ML
Flow,13 was also performed to detect IgM anti-PGL-I anti-
bodies at baseline in all patients from both recruitment sites.
Five patients were excluded from the analysis because their
serology results were not available.
R&J classification. For data analyses of this study, patients

were classified according to a modified R&J classification
system taking into account clinical features, histopathologi-
cal results of skin biopsies, and the slit-skin smear bacterial
load; Mitsuda test and BI of the skin biopsy were not per-
formed. Patients classified according to this R&J system as
TT or BT were merged as PB leprosy, whereas BB, BL, or
LL patients were grouped as MB leprosy, and this classifi-
cation was referred as MB or PB based on R&J classifica-
tion. Twenty-four patients classified as indeterminate leprosy
were excluded from the analyses. Therefore, after exclusions
(5 because of unavailable ML Flow results and 24 indetermi-
nate leprosy cases) a total of 830 leprosy patients were included
in this study.
Statistical analyses. Descriptive analyses of clinical and epi-

demiological variables and their frequencies were performed.

The agreement between results of different classification
methods was calculated by cross tabulation and results were
expressed as percentage with the graduated kappa index (k):
low (0–0.5), moderate (0.51–0.75), and excellent (0.76–1.0).14

For these analyses, sensitivity was defined as the capacity to
correctly detect MB cases among leprosy patients and the
specificity was defined as the ability to correctly exclude PB
patients. These parameters were calculated and the corre-
sponding receiver operating characteristic (ROC) curves were
plotted to assess the performance of each method to correctly
classify leprosy patients compared with the R&J classifica-
tion. Data analysis was performed with SPSS version 21.
Ethical aspects. The U-MDT/CT-BR study was designed

under the international (Helsinki) and Brazilian research reg-
ulations and was approved by three regional ethical commit-
tees from all the states involved and by the National Ethics
Commission of Research (CONEP) of the National Health
Council, Ministry of Health (protocol #12949, approval #631/
2006). All individuals enrolled had signed the informed con-
sent and were not exposed to any risk or danger as a result of
the study. For patients under the age of 18 years, one of the
parents or the legal guardian signed the informed consent.

RESULTS

Main characteristics of enrolled leprosy patients at base-
line. A total of 830 leprosy patients were included: 660 (79.5%)
were from Ceará State, northeast Brazil (Dona Libânia referral
center) and 170 (20.5%) were from Amazonas State, north
region (Alfredo da Matta referral center). The median age
of participants was 40 years (range 6–75 years), and 60.2%
(500/830) were male.
On the basis of the number of skin lesions, 78.8% (669/830)

patients were considered to have MB leprosy, and 21.2%
(161/830) were classified as PB leprosy patients. Among MB
cases, 398 (46.6%) patients presented 11 or more skin lesions
and 118 (13.8%) presented diffuse infiltration. On the basis
of R&J classification, 52.2% (486/830) patients were merged
as MB group (BB, BL, and LL forms) and 41.4% (344/830)
were merged as PB group (BT and TT). When groups were
merged, 187 BT patients with more than 5 skin lesions fell
into the PB category. Slit-skin smears were positive in 59.2%
(491/830) patients.
Performance of different methods of classification com-

pared with R&J system. Clinical and laboratory features of
patients were compared with the R&J classification (Table 1).
Serological method, number of skin lesions, and slit-skin
smear results showed a tendency of higher positivity toward
the MB pole. A gradual increase in the number of registered
skin lesions, serology, and slit-skin smears positivity was
observed from TT to BL/LL forms. BL and LL forms showed
comparable results regarding seropositivity, number of skin

Table 1

Clinical and laboratorial features according to R&J classification of leprosy patients

R&J classification Number of lesions (mean/SD) > 6 lesions N (%) Slit skin smear N positive (%) ML Flow N positive (%)

TT 1.2 (0.49) 0 (0) 0 (0) 5 (10.2)
BT 6.3 (3.78) 187 (63.4) 31 (10.5) 96 (32.5)
BB 9.9 (1.99) 154 (97.5) 134 (84.8) 125 (79.1)
BL 10.8 (0.80) 189 (100) 187 (98.9) 172 (91.0)
LL 10.8 (0.80) 139 (100) 139 (100) 127 (91.4)

BB = borderline borderline; BL = borderline lepromatous; BT = borderline tuberculoid; LL = lepromatous; SD = standard deviation; TT = tuberculoid.
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lesions, and positive slit-skin smears. In the BT group, 63.4%
presented 6 or more skin lesions whereas 10.5% had positive
BI and 32.5% had positive ML Flow tests.
Considering the R&J classification system as gold standard

(Table 2), ML Flow tests correctly allocated 70% patients in the
PB group and 87% in the MB group. The classification based
on counting the number of skin lesions correctly allocated 46%
PB patients and 99% MB leprosy cases. Slit-skin smears prop-
erly classified 91% and 97% PB and MB patients, respectively.
For the PB and MB classification, slit-skin smear results

showed the highest area under the curve (AUC) followed by
theML Flow tests and by the number of skin lesions (Figure 1).
The WHO classification criterion showed the highest sensi-
tivity to detect MB cases but the lowest specificity among PB
patients, which lowered the positive predictive value (PPV)
of this criterion. All performance parameters are presented
in Table 3. The ROC curve shows a sensitivity of 99.2% and
specificity of 46.5% when using the cut-off of 5 lesions as the

WHO recommendation. The best performance of the WHO
classification criterion to discriminate MB and PB leprosy was
seen using the threshold of 10 lesions with a sensitivity of
87.7% and specificity of 74.7%.

DISCUSSION

This study used a well-characterized databank of baseline
characteristics of patients enrolled in the U-MDT/CT-BR trial
to describe the performance of different tools to classify lep-
rosy patients. At present, the classification of leprosy patients
into PB and MB orients both the duration of treatment and the
drug regimen. However, there is a concern that misclassifica-
tion might lead to increased risk of relapse because of insuffi-
cient treatment of MB patients, moreover misclassification
may also lead to overtreatment of PB patients with drugs that
present severe side effects. In this context, implementation of a
uniform regimen for all leprosy patients would make classifica-
tion for treatment purposes unnecessary, simplifying leprosy
control and benefitting patients.4 Nevertheless, it is known that

Table 2

Positivity to different classification methods according to R&J
classification

R&J classification*

PB (%) MB (%)

ML Flow test Negative 243 (70) 62 (13)
Positive 101 (30) 424 (87)

Operational classification PB 157 (46) 4 (1)
MB 187 (54) 482 (99)

Bacterial index Negative 313 (91) 26 (5)
Positive 31 (9) 460 (95)

MB = multibacillary; PB = paucibacillary.
*TT (tuberculoid) and BT (borderline tuberculoid) patients were grouped as PB.

BB (borderline borderline), BL (borderline lepromatous), and LL (lepromatous) patients
were grouped as MB. Indeterminate leprosy patients were excluded.

Figure 1. Receiver operating characteristic (ROC) curve for all classification methods evaluated. In (A), plotted ROC curve for World Health
Organization (WHO) classification criteria (diamonds), slit skin smears (crosses), and ML Flow test (squares). In (B), parameters of sensitivity and
specificity for different cut-off values forWHO classification criterion and in (C), area under the curve and standard error for all classificationmethods.

Table 3

Performance parameters for classification methods compared with the
R&J classification

ML Flow WHO classification Bacterial index

Sensitivity 87.2 99.2 94.7
Specificity 70.6 45.7 91.0
PPV 80.8 72.0 93.7
NPV 79.7 97.5 92.3
LR+ 2.97 1.82 10.5
LR− 0.18 0.02 0.06

LR+ = positive likelihood ratio; LR− = negative likelihood ratio; NPV = negative predic-
tive value; PPV = positive predictive value; WHO = World Health Organization.
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patients with high BI have a higher risk of developing reac-
tions,10–12 but besides the high BI other unknown factors play a
role in the susceptibility to leprosy reactions. Previous results
of U-MDT/CT-BR trial showed that there is no statistical
difference between U-MDT or regular-MDT (R-MDT) treat-
ment regimen regarding frequency of reactions among MB
patients, even when BI was stratified as BI ³ or < 3.0.5

When the results were analyzed taking into account the ROC
curve values to asses sensitivity and specificity of different
approaches to properly allocate PB and MB leprosy, the highest
AUC was obtained by slit-skin smear’s BI, but this finding
was expected by definition because MB and PB classification
depends on the BI. However, reliable services with enough well-
trained staff and using high standards for collecting, staining,
and reading smears were hardly available. Considering the pub-
lic health perspective, to reduce the number of MB patients
misclassified as PB, the classification methods must prioritize
sensitivity rather than specificity. In this study, the most sensitive
approach to identify MB leprosy was represented by counting
the number of skin lesions, which identified 99% MB leprosy
patients, but this method showed the lowest specificity (46%).
Nevertheless, there are benefits and limitations in counting the
number of skin lesions for classification of PB and MB leprosy.
Although it is easy and simple to apply it in the field by general
health workers, there is always the risk of a certain proportion of
patients being either under- or overtreated.
In this study, 63.4% patients classified as BT presented

more than 5 skin lesions and therefore would be considered
over treated as MB by WHO classification. INFIR, a cohort
study from India designed to study risk factors for leprosy
reactions among 303 newly diagnosed MB leprosy patients,
showed that 43%MB patients were classified as BT leprosy by
clinical signs. However, when clinical and histopathological
data were compared, 20% of these biopsies showed only min-
imal inflammation pointing out that WHO MB classification
is very heterogeneous including either patients immunologi-
cally active with no detectable bacilli or patients with high
bacillary load. The INFIR study pointed out the important
role that pathologists in leprosy centers play supporting and
helping clinicians with difficult cases.10

This study indicated that slit-skin smear results, serological
tests, and theWHO classification criterion were consistent with
the R&J classification. We acknowledge that all classification
approaches investigated herein had limitations. However, the
bacillary load, the number of skin lesions, and the humoral
immune response were directly correlated as they gradually
increased toward the LL pole of the spectrum of the disease.
Similar results have been reported by other groups.6

MB and PB leprosy classification has been used to guide
treatment and to alert physicians regarding risks of reaction,
that is, which patients to monitor more closely enabling earlier
identification of reaction and nerve injury, which were crucial
for earlier interventions and better outcomes. However, previ-
ous results of U-MDT/CT-BR have strongly shown that both
MB and PB patients have had similar clinical (reactions and
relapses/reinfection) and laboratories (BI decrease) outcomes
regarding the frequency of leprosy reactions. Moreover, similar
BI decrease has been observed among MB patients under
U-MDT and regular MDT, and relapse rates in both groups
were being monitored by longer follow-up.15 It is important to
point out that U-MDT results have shown high efficacy for
both PB and MB patients. In leprosy, the risk of clinical com-

plications may also be associated with host genetic susceptibil-
ity. From a public health perspective, it remains important to
identify, among PB and MB leprosy patients, the ones at a
higher risk to develop reactions and nerve injuries. In this
context, new biomarkers capable of detecting patients with
higher risk of complications are needed.
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a recipient of a fellowship from CNPq (grant # 304869/2008-2).
U-MDT/CT-BR was funded by the Department of Science and Tech-
nology (DECIT) of Brazilian Ministry of Health and CNPq (grant
# 40.3293/2005-7).

Disclaimer: The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.
The NT-P-BSA used for the production of the ML Flow tests was
kindly provided by Fujiwara, Institute for Natural Science, Nara Uni-
versity, Nara, Japan.

Authors’ addresses: Rodrigo Scaliante Moura, Ludimila Paula Vaz
Cardoso, Mariane Martins de Araújo Stefani, and Samira Bührer-
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