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a b s t r a c t
Objectives: Antimicrobial resistance (AMR) is a priority for surveillance in bacterial infections. For leprosy,
AMR has not been assessed because Mycobacterium leprae does not grow in vitro. We aim to obtain AMR
data using molecular detection of resistance genes and to conduct a prospective open survey of resistance
to antileprosy drugs in countries where leprosy is endemic through a WHO surveillance network.
Methods: From 2009 to 2015, multi-bacillary leprosy cases at sentinel sites of 19 countries were studied
for resistance to rifampicin, dapsone and oﬂoxacin by PCR sequencing of the drug-resistancedetermining regions of the genes rpoB, folP1 and gyrA.
Results: Among 1932 (1143 relapse and 789 new) cases studied, 154 (8.0%) M. leprae strains were found
with mutations conferring resistance showing 182 resistance traits (74 for rifampicin, 87 for dapsone and
21 for oﬂoxacin). Twenty cases showed rifampicin and dapsone resistance, four showed oﬂoxacin and
dapsone resistance, but no cases were resistant to rifampicin and oﬂoxacin. Rifampicin resistance was
observed among relapse (58/1143, 5.1%) and new (16/789, 2.0%) cases in 12 countries. India, Brazil and
Colombia reported more than ﬁve rifampicin-resistant cases.
Conclusions: This is the ﬁrst study reporting global data on AMR in leprosy. Rifampicin resistance
emerged, stressing the need for expansion of surveillance. This is also a call for vigilance on the global use
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of antimicrobial agents, because oﬂoxacin resistance probably developed in relation to the general intake
of antibiotics for other infections as it is not part of the multidrug combination used to treat leprosy.
E. Cambau, Clin Microbiol Infect 2018;24:1305
© 2018 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and
Infectious Diseases. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).

Introduction
As treatment of leprosy and tuberculosis, the two main mycobacterial diseases, progressed during the 1950s and 1960s, the
development of drug resistance was recognized as an obstacle to
case management and control [1e3]. Resistance to dapsone, the
ﬁrst effective antileprosy drug, appeared in parallel with the
emergence of resistance to streptomycin, the ﬁrst antituberculosis
agent [2]. To prevent further drug-resistance development, the
treatment of both diseases was standardized with a combination of
antibiotics. For tuberculosis, we know that this policy was only
partially successful because multidrug resistance is unfortunately
common and represents a major constraint on the control of
tuberculosis [4]. For leprosy, to date, there have been no structured
data available on resistance.
Dapsone resistance was evident as clinical failure on long-term
monotherapy, but it was detected through laboratory tests only
with the development of the mouse foot-pad model, because
Mycobacterium leprae cannot be grown on any artiﬁcial media [5].
By 1981, dapsone resistance was widespread and rifampicinresistant cases had emerged, which induced WHO to standardize
multidrug therapy (MDT) for leprosy by combining dapsone with
rifampicin for all cases, plus clofazimine for multi-bacillary cases
[1,6,7]. MDT remains the recommended regimen for treating
leprosy [8]. Although relapses in patients treated with MDT are rare
[9], multiple resistance was eventually reported in different regions
of the world, with the description of M. leprae strains resistant to
dapsone, rifampicin and oﬂoxacin concomitant with treatment
failure [10,11].
The mouse foot-pad model was, until recently, the only method
to test M. leprae for resistance to antimicrobial agents. This method
is cumbersome, time-consuming (results are available only after
6e12 months), expensive and requires highly skilled laboratory
staff [12]. For this reason, very little testing for resistance was done
and only occasional cases of resistant leprosy were reported
[1,2,13]. With the development of PCR and DNA sequencing, genetic
markers of drug resistance in leprosy were identiﬁed for rifampicin,
dapsone and oﬂoxacin (proxy for ﬂuoroquinolones) [10,14,15],
allowing results to become available within 1 day and at a lower
cost. The samples for PCR testing were smear-positive skin-slit
smear or skin biopsies, with sufﬁcient bacillary load to allow
M. leprae DNA to be ampliﬁed reproducibly [15e19]. No similar test
is available for clofazimine because its mode of action and resistance are still unclear.
In view of the fact that MDT was introduced in the 1980s, and
that no information was obtained on resistance rates, the WHO
Global Leprosy Programme established in 2008 a surveillance
network of laboratories able to perform molecular detection of
resistance in leprosy. The primary objective was to monitor the
possible emergence of resistance to rifampicin, the major antibiotic
for leprosy therapy within MDT. Secondary objectives were to
investigate also dapsone resistance, which is the rifampicin companion drug, and also oﬂoxacin resistance since ﬂuoroquinolones
are the second-line antibiotics recommended in case of rifampicin
resistance and for cases with intolerance. This paper presents the

results obtained to date by the network, orientating future antimicrobial resistance surveillance programmes.
Materials and methods
Patients
Patients with leprosy symptoms [20] were included and samples were collected before treatment started. After consent, patients were sampled by slit-skin smear or punch biopsy in active
skin lesions. Inclusion criteria were multi-bacillary leprosy that was
positive for bacteriological examination [21]. From 2009 onwards,
we included relapse cases, deﬁned as the appearance of new skin
lesions and/or an increase in the bacteriological index of two or
more units at any single site compared with the bacteriological
index at the same site at a previous examination, at any time after
the completion of a full course of treatment, after excluding leprosy
reactions [21]. Since 2010, new cases were also included to allow
the surveillance of primary resistance.
Each country applied the protocol under their good practices
and ethics rules in clinics. Only aggregated data were collected and
analysed by WHO and authors.
Network composition and management
The network started in 2008 with six countries where M. leprae
is endemic (Brazil, China, Colombia, India, Myanmar and Vietnam),
and subsequently a total of 19 countries participated in the sentinel
surveillance network (countries are listed in Table 1). Each country
chose one or more ‘sentinel sites’ able to follow the protocol of
antimicrobial resistance (AMR) surveillance. These sites were
supported by governments through national leprosy programmes,
often with the help of non-governmental organizations and international expert laboratories [21,22].
Eight network meetings were organized jointly by WHO and
members of the International Federation of Anti-Leprosy Associations, inviting reference laboratories and national programme
managers to collect and discuss data [22]. Early results were published in the WHO Weekly Epidemiological Record in 2010 and
2011 and in national reports [23e26].
Reference laboratories and molecular testing for drug resistance
Molecular testing was performed in ten national laboratories of
endemic countries (three in India, ﬁve in Brazil, one in Colombia
and one in China) and in four international expert laboratories
(USA, France, Switzerland, Japan) for countries where testing could
not be implemented nationally. Molecular testing for drug resistance involved the detection of mutations in deﬁned genomic loci
(drug-resistance-determining regions): folP1 for dapsone resistance, rpoB for rifampicin and gyrA for oﬂoxacin. Each gene's drugresistance-determining region contains the speciﬁc mutations
associated with resistance in M. leprae in the mouse foot-pad
method (described in the Supplementary material, Fig. S1) [27,28].

E. Cambau et al. / Clinical Microbiology and Infection 24 (2018) 1305e1310

1307

Table 1
Surveillance of rifampicin resistance and number of rifampicin-resistant cases reported by country from 2009 to 2015
Country (WHO region)

Benin (AFR)
Brazil (AMR)
Burkina Faso (AFR)
China (WPR)
Colombia (AMR)
Ethiopia (AFR)
Guinea (AFR)
India (SEAR)
Indonesia (WPR)
Madagascar (AFR)
Mali (AFR)
Mozambique (AFR)
Myanmar (SEAR)
Nepal (SEAR)
Niger (AFR)
Pakistan (SEAR)
Philippines (WPR)
Vietnam (WPR)
Yemen (EMR)
Total

Total leprosy cases

Relapse cases

New cases

Total

Number of
Rif-R cases

Resistance
rate (%)

Total

Number of
Rif-R cases

Resistance
rate (%)

Total

Number of
Rif-R cases

Resistance
rate (%)

83
353
2
125
37
28
23
382
91
118
135
5
139
69
47
9
183
86
17
1932

1
32
0
1
9
0
1
18
3
1
0
1
4
1
1
0
0
0
1
74

1.2
9.1
0*
0.8
24.3
0
4.3
4.7
3.3
0.8
0
20.0*
2.9
1.4
2.1
0*
0
0
5.9
3.8

d
321
2
70
37
1
1
284
91
13
20
5
139
56
12
9
43
28
11
1143

d
27
0
1
9
0
0
10
3
0
0
1
4
1
1
0
0
0
1
58

d
8.4
0*
1.4
24.3
0*
0*
3.9
3.3
0*
0*
20.0*
2.9
1.8
8.3*
0*
0
0
9.1*
5.1

83
32
d
55
d
27
22
98

1
5
d
0
d
0
1
8

105
115
d
d
13
35
d
140
58
6
789

1
0
d
d
0
0
d
0
0
0
16

1.2
15.6
d
0
d
0
4.5
8.2
d
0.9
0
d
d
0*
0
d
0
0
0*
2.0

Abbreviations: AFR, African region; AMR, American region; EMR, Eastern Mediterranean region; SEAR, South-East Asian region; WPR, Western Paciﬁc region.
d, not tested.
Asterisks indicate that reliable rates of resistance cannot be given because only a small number of cases were tested.

A guide standardizing the protocol with details of basic techniques, such as PCR and sequencing, was published by WHO in
2009 [21]. Other techniques, such as automated PCR sequencing
[29], micro-array [30], DNA strip [31], high-resolution melt analysis
[32] and whole genome sequencing [33], which have been validated with regard to basic PCR sequencing and to mouse footpad,
were then used from 2009 onwards according to each laboratory's
expertise. Quality control panels (four M. leprae suspensions from
positive mouse footpads harbouring wild-type or mutated genes)
were prepared by the Baton Rouge and Tokyo expert laboratories
and sent to all laboratories. Results showed 80% sensitivity and
100% speciﬁcity in the detection of M. leprae DNA, and 100%
sensitivity and 99% speciﬁcity were observed for mutation
detection.
Dissemination of results and analysis
Resistance results were sent back from laboratories to programme managers and clinicians. Each year and at each surveillance meeting, data were collected and summarized as aggregated
data. For the 2016 surveillance meeting, standard EXCEL tables were
developed including the following variables: new or relapse case,
presence or absence of mutations associated with resistance to
dapsone, oﬂoxacin or rifampicin. Mutations that have not yet been
associated with resistance were mentioned but were not counted
as AMR cases. The tables were resubmitted to the laboratories for
further veriﬁcation of the results under the coordination of the
WHO Global Leprosy Programme.
Results
Assessment of rifampicin resistance in leprosy
Formal reports were received concerning a total of 1932 cases
tested for resistance to rifampicin. Mutations known to confer
rifampicin resistance were identiﬁed in 74 leprosy cases showing a
3.8% global rifampicin resistance rate. When distinguishing between relapse (n ¼ 1143) and new (n ¼ 789) cases, rifampicin
resistance was detected in 58 relapse cases (5.1% secondary

resistance) and 16 new cases (2.0% primary resistance). Results per
country are summarized in Table 1 and detailed per year and per
country in the Supplementary material (Table S1).
As shown in Table 1 and Fig. 1, rifampicin resistance was
observed in 12 countries with three of them (India, Brazil and
Colombia) reporting more than ﬁve rifampicin-resistant cases over
the study period. Rifampicin resistance was observed not only in
relapse cases (10/18 countries testing) but in new cases (5/13
countries). Although no resistant case was observed in six countries, the number of samples tested was very low in Pakistan,
Ethiopia and Burkina Faso because they stopped the surveillance
for several years (see Supplementary material, Table S1). Resistance
was observed in all four WHO world regions that participated in the
network with 10.5% (41/390) observed in the American region, 1.8%
(23/560) in the South-East Asia region (SEAR), 1.1% (5/441) in the
African region (AFR), 0.7% in the Western Paciﬁc region (WPR) (3/
415) and one case (5.9%, 1/17) in the Eastern Mediterranean region
(EMR) where only Yemen participated with a low number of cases
tested). AMR data was obtained from the two major endemic
countries, Brazil and India that tested 353 (321 relapse, 32 new) and
382 (284 relapse, 98 new) leprosy cases, respectively. Brazil reported twice as many rifampicin-resistant cases as India (32 versus
18 cases, 9.0% and 4.7% resistance rate). A twofold difference was
also observed between the two countries when distinguishing new
and relapse cases: 15.6% (5/32) primary resistance rate in Brazil
compared with 8.2% (8/98) in India, and 8.4% (27/321) secondary
resistance rate in Brazil compared with 3.5% (10/284) in India.
The rifampicin resistance-rates varied during the period of
study with no clear increasing trend although the number of cases
tested increased: 3/135 (2.2%) in 2010, 16/170 (9.4%) in 2011, 15/190
(4.3%) in 2012, 15/348 (4.3%) in 2013, 12/417 (2.9%) in 2014 and 10/
400 (2.5%) in 2015.
Primary and secondary resistance to dapsone and emergence of
oﬂoxacin resistance
Results of molecular testing were obtained for folP1, i.e.
detecting dapsone resistance, in 1639 patients (762 relapse and 877
new cases) and for gyrA, i.e. oﬂoxacin resistance, for 1581 patients
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Fig. 1. Map of countries reporting rifampicin resistance in leprosy between 2009 and 2015. Countries that reported more than ten rifampicin-resistance cases are coloured in red,
those reporting between three and ten are coloured in yellow and those reporting fewer than three cases are shown in green.

(748 relapse and 833 new cases). The results are detailed per
country in Table 2. Dapsone resistance was found in 87 cases (5.3%
resistance rate) with secondary and primary resistance rates of 6.8%
(52/762) and 4.0% (35/880), respectively. Oﬂoxacin resistance was
found in 21 cases (1.3% resistance rate) with rates for relapse (13/
748, 1.7%) and new cases (1.0%), not signiﬁcantly different.

Mono-drug and multi-drug resistance
Among the 1932 cases studied, 154 (8.0%) M. leprae strains were
found overall with mutations conferring resistance showing 182
resistance traits: 74 for rifampicin, 87 for dapsone and 21 for oﬂoxacin. Total resistance case numbers can be hypothesized with regard

Table 2
Results of surveillance for dapsone (DDS) and oﬂoxacin (OFL) resistance (R) detailed per country for the study period 2009e15
Country

Surveillance of dapsone resistance
Relapsea

Benin
Brazil
Burkina Faso
China
Colombia
Ethiopia
Guinea
India
Indonesia
Mali
Madagascar
Mozambique
Myanmar
Nepal
Niger
Philippines
Vietnam
Pakistan
Yemen
Totals
d, not tested.
a
Number of
b
Number of
c
Number of
d
Number of

Surveillance of oﬂoxacin resistance

Newc

No. of cases

DDS-R

0
187
2
61
d
1
1
241
0
20
13
5
106
39
17
43
13
5
8
762

0
25
0
6
d
0
0
15
0
1
0
0
3
0
0
0
2
0
0
52

b

Relapsea

All cases

No. of cases

DDS-R

85
26
0
55
d
27
23
104
70
115
103
0
2
12
47
140
62
0
6
877

4
2
0
2
d
0
4
7
3
2
1
0
0
0
1
4
5
0
0
35

d

relapse leprosy cases for which result was obtained.
resistant cases among relapse cases.
new leprosy cases for which result was obtained.
resistant cases among new cases.

Newc

All cases

No. of cases

DDS-R (%)

No. of cases

OFL-R

No. of cases

OFL-R

No. of cases

OFL-R (%)

85
213
2
116
d
28
24
345
70
135
116
5
108
51
64
183
75
5
14
1639

4 (4.7)
27 (12.7)
0
8 (6.9)
d
0
4 (16.7)
22 (6.4)
3 (4.3)
3 (2.2)
1 (0.9)
0
3 (2.8)
0
1 (1.6)
4 (2.2)
7 (9.3)
0
0
87 (5.3)

0
154
2
61
d
1
1
242
d
20
13
7
106
54
18
43
13
5
8
748

0
3
0
0
d
0
0
10
d
0
0
0
0
0
0
0
0
0
0
13

85
23
0
55
d
27
23
139
d
115
103
0
2
10
47
140
62
0
2
833

1
0
0
0
d
0
0
7
d
0
0
0
0
0
0
0
0
0
0
8

85
177
2
116
d
28
24
381
d
135
116
7
108
64
65
183
75
5
10
1581

1
3
0
0
d
0
0
17
0
0
0
0
0
0
0
0
0
0
21
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to the number of cases tested versus the total number of cases
diagnosed per country (see Supplementary material, Table S2).
Twenty cases had rifampicin and dapsone resistance, while four
had oﬂoxacin and dapsone resistance, but no cases, during this
period of collection, were resistant to both rifampicin and oﬂoxacin
or resistant to the three drugs. Cases with resistance to more than
one drug were identiﬁed in Brazil, India and Indonesia (rifampicin
plus dapsone resistance), and in Brazil and India (dapsone plus
oﬂoxacin resistance).
Discussion
This is the ﬁrst report presenting structured data on AMR in
leprosy and obtained from the main endemic countries globally
over a period of 7 years. We detailed the results on rifampicin
resistance, because it hampers the efﬁcacy of the WHO standardized MDT treatment. Rifampicin-resistant cases were surprisingly
present, even at low rate, in all continents and WHO regions, not
only in relapse but also in new cases. Overall, the 8% resistance rate
shows that the current threat to treatment is low, but it gives a
baseline for future AMR surveillance.
Previous studies on AMR in leprosy have been restricted to one
country or sentinel site [25,26,34,35] or one national laboratory
[11,16]. In studies that distinguished relapse and new cases, resistance rates were higher in relapses, as in our study [25,35]. However, most reports involved a low number of cases and were not
structured over several years. Additionally, the centres usually did
not represent nationwide data and were more research oriented.
Resistance to more than one antibiotic has been already observed
including resistance to the three drugs on which we focused, i.e.
dapsone, rifampicin and oﬂoxacin [10,11]. Our data conﬁrmed that
such resistance exists at a global level and produced basic resistance rates for the main antileprosy agents.
The strengths of this study are (a) that it generated data on AMR
in leprosy over a consistent period of time from 19 endemic
countries for both new cases and relapses, and (b) the successful
partnership between WHO, national programmes, nongovernmental organizations and expert laboratories over 7 years
without much funding. There were some weaknesses, mostly due
to organizational and data management issues. In addition, the use
of molecular detection methods meant that phenotypic resistance
could not be veriﬁed for newly described mutations. Only a handful
of laboratories still perform mouse foot-pad testing, and rarely as a
routine practice. In general, each sample was tested for the three
resistance genes but PCR was occasionally unsuccessful for one or
two of the genes, resulting in different case denominators for
dapsone, rifampicin and oﬂoxacin resistance. In the ﬁrst years of
the surveillance, up to 50% of the cases tested did not give a positive
PCR result [23]. This was mostly due to low bacillary loads as previously shown [16], justifying the subsequent exclusion of paucibacillary cases. Some of the expert laboratories tried out different
techniques to increase the test efﬁciency over the study period.
Although this could be viewed as a methodological weakness,
satisfactory results of quality control studies and former validation
of the techniques assured the quality of the AMR data.
It should be noted that we calculated the resistance rates from a
very limited proportion of the total new and relapse cases of leprosy
reported globally during the 7 years of the study (see Supplementary
material, Table S2). The lack of a strong information system paired
with the testing, might have led to a biased selection of ‘new cases’
that were taking MDT treatment for the ﬁrst time but with limited or
partial clinical response, which seems to apply to the cases tested in
Brazil during the early years of the study. The selection of more severe or complex cases might also have resulted from the fact that
most of the testing laboratories in India and Brazil are located in
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secondary/tertiary referral level centres, possibly leading to artiﬁcially high AMR rates. Lastly, the lack of information regarding the
clinical outcomes of the patients with proven resistance testiﬁes to
the ‘disjunction’ between the laboratory and the national programme, as, until the launch of the new global strategy, this activity
has not been seen as part of the routine programme activities [36].
Within the limited surveillance coverage, we highlight the potential risk of resistance to effective MDT, especially in the highest
burden countries Brazil and India, where the rate of resistance is
becoming noteworthy while acknowledging the limitation that in
those two countries a high number of samples were tested. Because
rifampicin resistance was found in new cases of leprosy, it may
relate to individual medical practices and antibiotic usage [37]. This
was conﬁrmed by the occurrence of oﬂoxacin resistance although
oﬂoxacin and other ﬂuoroquinolones are not used nor recommended for the ﬁrst-line treatment of leprosy.
This study reveals a potential problem that the leprosy scientiﬁc
community did not foresee, and prompts the establishment of an
enhanced and ‘proper’ surveillance system. For these reasons, AMR
monitoring is now mentioned under the core areas of intervention
in the Global Leprosy Strategy 2016e2020 ‘Accelerating towards a
leprosy-free world’ [38] and WHO has recently released an updated
guide on surveillance of antimicrobial resistance in leprosy [39]. In
addition, it provides evidence that robust surveillance systems of
AMR should be developed for all communicable diseases including
leprosy [40,41].
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