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Abstract: Leprosy is a chronic disease caused by Mycobacterium leprae infection. Multidrug 

therapy, which consists of dapsone, rifampicin, clofazimine, and quinolone, is the currently 

accepted strategy for leprosy control. However, drug-resistant cases of M. leprae have been 

reported sporadically in some countries or areas soon after the initiation of dapsone chemotherapy. 

Susceptibility or resistance to antileprosy drugs has been determined using the mouse footpad 

method since the 1960s. Obtaining comprehensive data on the prevalence or dissemination of 

resistant strains has been hampered due to the methodological faults of the method. However, 

recent findings on relationships between resistance to dapsone, rifampicin, and quinolones and 

genetic background have enabled the detection of resistance to these key drugs by analyzing 

amino acid substitution in a drug resistance determining region. Resistance to drugs used in 

multidrug therapy is a concern of the WHO Global Leprosy Programme. Global surveillance 

of drug resistance was instituted in 2008 to assess the level of drug resistance and evaluate the 

efficacy of the current leprosy control strategy. The surveillance network consists of sentinel 

sites in 18 countries for sample collection and 18 reference centers for mutation detection by 

PCR direct sequencing. To date, results indicate that drug-resistant M. leprae does not threaten 

the current globally accepted procedures for the control of leprosy.
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Introduction
Leprosy is a chronic disease caused by infection with the bacterium Mycobacterium 

leprae. It is an old disease, with the evidence of its characteristic pathological altera-

tions in a 4,000-year-old human skeleton in Rajasthan, India.1 During the last decade, 

approximately 150,000 new cases were detected annually worldwide (Figure 1).2 The 

data show that the annual trend in new cases, which is largely governed by the leprosy 

situation in India, is not changed much in other countries. Although rapid control of 

transmission was expected following the treatment of multibacillary (MB) cases with 

bactericidal drugs, the decline in new cases is very gradual. Sequelae such as deformi-

ties, peripheral neuropathy, and disabilities, result if patients are not treated during the 

early stages of the disease. Therefore, timely diagnosis and adequate chemotherapy 

are essential for effective treatment. Although multidrug therapy (MDT) consisting 

of dapsone, rifampicin, clofazimine, and ofloxacine (Table 1) is the current strategy 

for leprosy control programs,3 many drug-resistant cases have been reported sporadi-

cally in many areas of the world.4–9 Drug resistance in many infectious diseases, for 

example tuberculosis, threatens disease control. Comprehensive data on the extent 

of drug resistance in leprosy have not been available. Drug resistance in M. leprae, 
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Figure 1 Global trend of new case detection.

Table 1 wHO/MDT regimen for adults

Criteria Dose Duration

MB $6 skin lesions,  
or positive  
bacterial index

Rifampicin: 600 mg once a month 
Dapsone: 100 mg daily 
Clofazimine: 300 mg once a  
month and 50 mg daily

12 months

PB 5 skin lesions  
and negative  
bacterial index

Rifampicin: 600 mg once a month 
Dapsone: 100 mg daily

6 months

Notes: Rifampicin and clofazimine are given monthly and supervised. Single lesion 
paucibacillary type (SLPB) is treated with a single dose of rifampicin (300 mg), ofloxacin 
(200 mg), and minocycline (50 mg). The report of the 8th wHO expert committee 
on leprosy excluded SLPB. Reprinted from WHO Expert Committee on Leprosy: 8th 
Report. Geneva: world Health Organization. Available from: http://www.searo.who.
int/entity/global_leprosy_programme/publications/8th_expert_comm_2012.pdf. 
Accessed August 3, 2015. Copyright 2012.3 Ofloxacin and minocycline are used for 
patients who refuse to take clofazimine.
Abbreviations: MDT, multi-drug therapy; MB, multibacillary; PB, paucibacillary.
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especially for rifampicin, was a serious concern for the WHO 

Global Leprosy Programme (GLP). Therefore, GLP began 

a sentinel surveillance program to monitor M. leprae drug 

resistance and evaluated the efficacy of MDT. This review 

describes the sentinel surveillance project, the antibiotics 

used for leprosy treatment, the molecular basis of drug 

resistance to these antibiotics, and the methodology used to 

detect resistant strains.

Antileprosy drugs and drug resistance
Chaulmoogra oil is an ancient leprosy treatment, but its 

efficacy was uncertain and relapse was common.10,11 Modern 

chemotherapy began with the introduction of heat-stable, 

water-soluble promin (diaminoazobenzene-4′-sulfonamide) 

in 1941.12 Injectable promin was replaced by a more effective 

oral sulfone, dapsone (4-4′-diaminodiphenyl sulfone, DDS), 

6 years later.13,14 Rifampicin, clofazimine, and minocycline 

were introduced subsequently.

Dapsone
Dapsone is still a fundamental antileprosy compound even 

in the MDT era. It is a bacteriostatic compound that targets 

the folic acid biosynthesis pathway. Dapsone is an analog 

of p-aminobenzoic acid and acts as a competitive inhibitor 

of p-aminobenzoic  acid. Dapsone binds to dihydropteroate 

synthase (DHPS), which is encoded by the folP1 gene, 

and inhibits folic acid synthesis. Due to its bacteriostatic 

property, dapsone was administered as a lifelong mono-

therapy until the advent of MDT in the 1980s. Side effects 

are uncommon, and the drug is well-tolerated; however, a 

rare allergic reaction to dapsone, known as dapsone hyper-

sensitivity syndrome, can occur (Figure 2).15 Resistance to 

dapsone: the first suspected cases of sulfone resistance were 

reported in 1953,16 but a methodology to confirm resistance 

was not available until the mouse footpad assay was devel-

oped in 1960.17 Using this assay, three of seven clinically 

suspected cases of dapsone resistance were confirmed based 

on growth in the footpad of a mouse given a diet contain-

ing 0.1% dapsone.4 The number of dapsone-resistant cases 

http://www.searo.who.int/entity/global_leprosy_programme/publications/8th_expert_comm_2012.pdf
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Figure 2 A case of dapsone hypersensitivity syndrome (DHS). Patient-caused skin 
ulcers with fever and vasculitis. Symptoms are identical to those of Lucio’s phenomenon 
and differential diagnosis was difficult. Photo courtesy of Professor Indropo Agusni, 
institute of Tropical Disease, Airlangga University, Surabaya, indonesia.

Dapsone:    ƒolP1 threonine (ACC) at 53, proline (CCC) at 55

Rifampicin:    rp0B Glutamine (CAG) at 438, aspartic acid (GAT) at 441,

Quinolone: gyrA Glycine (GGC) at 89, alanine (GCA) at 91, serine (TCG) at 92,
                            aspartic acid (GAC) at 95

Histidine (CAC) at 451, serine (TCG) at 456, leucine (CTG) at 458

Figure 3 Mutations confirmed to confer drug resistance. 
Notes: Mutation at codon 428 in the rpoB gene has not been detected in a drug-resistant isolate, but it is assumed the amino acid substitution would confer rifampicin 
resistance based on findings in Mycobacterium tuberculosis. Likewise, mutations at codons 89, 92, and 95 in the gyrA gene are predicted to cause quinolone resistance.

Table 2 Mutations detected in drug-resistant isolates confirmed 
by mouse footpad testing

Reference

folP1 gene: codon and mutation
 53: Tre(ACC) → ile(ATC) 20,22,24,25

 53: Tre(ACC) → val(GTC) 22,23

 53: Tre(ACC) → Ala(GCC) 22,25

 53: Tre(ACC) → Ser(TCC) 21,25

 53: Tre(ACC) → Arg(AGG) 25

 53: Tre(ACC) → Arg(AGA) 23

 55: Pro(CCC) → Ser(TCC) 24,

 55: Pro(CCC) → Leu(CTC) 20–25

 55: Pro(CCC) → Arg(CGC) 22,25

 55: Pro(CCC) → Ala(GCC) 21

 55: Pro(CCC) → Arg(CGT) 22
rpoB* gene: codon and mutation
 438: Gln(CAG) → val(GTG) 30

 441: Asp(GAT) → Tyr(TAT) 24,33

 451: His(CAC) → Try(TAC) 24

 456: Ser(TCG) → Leu(TTG) 24,28–32

 456: Ser(TCG) → Met(ATG) 28

 456: Ser(TCG) → Phe (TTC) 28

 440: Met(ATG) → insertion 
 Lys, Phe (AGTTCA)

28

gyrA gene: codon and mutation
 91: Ala(GCA) → val(GTA) 24,31,32,41

Notes: *Codons are numbered using the M. leprae numbering system. Codon 438 
of the rpoB gene corresponds to 513 in reference 30, codon 441 corresponds to 
516 in reference 24, and 410 in reference 33, codon 451 corresponds to 420 in 
reference 24, codon 456 corresponds to 425 in references 24, 31, and 32, codon 
456 also corresponds to 531 in references 28, 29, and 30 respectively. Codon 440 
in the rpoB gene corresponds to codon 409 in reference 28. Mutations reported 
without confirmation of resistance by the mouse footpad assay are not included.
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including primary resistant strains, resistant bacilli from a 

patient without previous administration of any antileprosy 

drugs, and secondary dapsone resistance increased follow-

ing long periods of monotherapy.4,5,18,19 Therefore, the bac-

teriostatic effect and lifelong treatment facilitated dapsone 

resistance in leprosy patients.

A relationship between amino acid substitutions in DHPS 

and dapsone resistance has been revealed.20,21 Dapsone cannot 

bind DHPS if certain missense mutations are present in the 

folP1 gene, resulting in dapsone-resistant bacilli. Missense 

mutations at codon 53 (ACC) or 55 (CCC), encoding threo-

nine or proline, in folP1 confer dapsone resistance (Figure 3). 

Mutations detected in the folP1 gene in dapsone-resistant 
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M. leprae and confirmed by mouse footpad testing are shown 

in Table 2.20–25

Rifampicin
Semi-synthetic rifampicin, 3-[[(4-methyl-1-piperazinyl)

imino]methyl], is a highly bactericidal compound. As recom-

mended by WHO, rifampicin is currently a key component 

in MDT for leprosy (Table 1). The drug is included in all 

MDT regimens, with a usual adult dose of 600 mg/month, 

by mouth.3 Rifampicin targets the beta (β) subunit of RNA 

polymerase, which is encoded by the rpoB gene, and inhibits 

DNA-dependent mRNA transcription.

Resistance to rifampicin
Rifampicin was initially administered as a monotherapy or 

in combination with dapsone. The first rifampicin-resistant 

case was reported in 1976 in an isolate from a relapsed 

patient on rifampicin monotherapy, who was previously 

treated with dapsone.6 Out of 45 relapsed cases previ-

ously treated with rifampicin alone or in combination with 

dapsone, nine were resistant to rifampicin and seven of 

those nine were also resistant to dapsone.7 Another study 

showed 19 of 35 relapsed cases were resistant to both 

dapsone and rifampicin, with three isolates resistant to 

rifampicin alone.5 The increase in rifampicin resistance led 

to the introduction of MDT in the 1980s to prevent further 

spread of drug-resistant cases.

Susceptible strains shift to rifampicin resistance with the 

introduction of missense mutations at codons 438, 441, 451, 

456, and 458 (Figure 3). The binding of rifampicin to RNA 

polymerase is blocked by these amino acid substitutions in 

the β subunit. Missense mutation TCC (Ser) to TCG (Leu) at 

codon 456 is more frequently observed in rifampicin-resistant 

isolates of M. leprae and Mycobacterium tuberculosis.9,26,27 

An exceptional rifampicin-resistant isolate with a 6-bp inser-

tion in codon 440 has been reported.28 Mutations detected in 

rifampicin-resistant isolates are shown in Table 2.24,28–33

Clofazimine
Clofazimine (B663, Lamprene) [3-(p-chloroanilino)-10-(p-

chlorophenyl)-2,10-dihydro-2-(isopropylimino)phenazine], 

is a weakly bactericidal against M. leprae. The mechanism of 

action has not been fully elucidated; however, a possible bac-

tericidal mechanism of clofazimine is via binding to GC-rich 

domains of bacterial DNA.34 Clofazimine has a weak anti-

inflammatory effect and it helps to control the type 2 reaction 

(erythema nodosum leprosum). Discoloration of the skin, 

with increased pigmentation is a side effect of clofazimine. 

Although skin pigmentation gradually disappears within 

1–2 years after therapy is terminated,35 some patients refuse 

clofazimine treatment due to this side effect.

Resistance to clofazimine
Clofazimine has been used for leprosy treatment for over 

four decades. However, resistance to the drug is rare. Only 

one reported case has shown clear clofazimine resistance 

by the mouse footpad testing.36 Other preliminary reports of 

drug- resistant cases are equivocal since bacillary growth was 

not clear or the amount of clofazimine administrated was not 

adequate. Some strains do not grow in the footpad of a mouse-

given feed supplemented with 0.0001% clofazimine, but other 

strains grow with very low concentration of clofazimine.37,38 

Another study showed no cases of resistance to clofazimine-

resistant cases in 21 isolates tested using the mouse footpad 

assay with 0.001% clofazimine in diet.24 It appears that a con-

centration of 0.0001% is the critical concentration for clofaz-

imine in the mouse footpad susceptibility assay. Although drug 

resistance to clofazimine is not detectable using a molecular 

method, it might nevertheless be negligible.

Ofloxacin
Ofloxacin (4-fluoroquinolone) is a moderately bactericidal 

antibiotic against M. leprae. Ofloxacin binds the A subunit 

of DNA gyrase and inhibits DNA replication. Ofloxacin was 

previously administered with rifampicin and minocycline 

for single legion paucibacillary cases, but the last meeting 

of experts excluded single legion paucibacillary. It is now 

treated with the same regimen as paucibacillary (PB) cases 

(Table 1).3 Ofloxacin is also administered to patients who 

cannot take clofazimine or rifampicin, in combination with 

minocycline.3

Resistance to ofloxacin
Amino acid substitutions in the gyrA subunit of gyrase, 

encoded by the gyrA gene, and quinolone resistance have 

been found in most of the ofloxacin-resistant strains of 

mycobacteria (Figure 3).39,40 The first reported case of M. lep-

rae resistant to ofloxacin was also resistant to dapsone and 

rifampicin, based on the mouse footpad assay and mutation 

detection at codon 91 of the gyrA gene.31 Two other instances 

of ofloxacin-resistant M. leprae in Japan were relapsed cases 

reported in 2000 and 2003.32,41 Altogether, possible ofloxacin-

resistant cases, of which resistance has not been confirmed 

by the mouse footpad method, were found in Japan8, Korea,42 

Mexico,43 and Brazil44 with mutation at codon 91 in eight 

cases and in one case at codon 89.
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Two other amino acid changes, at codon 91 (Ser) and 

codon 94 (Asp) (M. tuberculosis codon numbering sys-

tem), in gyrA of M. tuberculosis have been associated with 

quinolone resistance.45 Consequently, it is predicted that 

mutations at codons 89, 92, and 95 (M. leprae codon number-

ing system) in gyrA of M. leprae will also confer quinolone 

resistance. An in vitro molecular model also forecasts that a 

mutation at this position would cause quinolone resistance.46 

A mutation at codon 89 in the gyrA gene has been detected, 

but resistance to ofloxacin was not assessed with the mouse 

footpad assay.8 Although a mutation has not been found at 

codon 95, in vitro assays strongly suggest that mutation(s) 

at codon 95 confers quinolone resistance to M. leprae.47 The 

prevalence of ofloxacin resistance is still low, even in some 

areas with high leprosy prevalence.23

Minocycline is used as a second line antileprosy drug 

in accordance with the current MDT strategy from WHO.3 

Tetracycline inhibits protein synthesis by binding to the 30S 

ribosomal subunit, blocking the binding of aminoacyl transfer 

RNAs to the messenger RNA ribosomal complex.48

Minocycline resistance has not been reported in 

M. leprae. The susceptibility of 21 clinical isolates to mino-

cycline was examined using the mouse footpad assay.24 No 

cases of minocycline resistance were found among them. 

Other antibiotics such as clarithromycin are also effective 

against leprosy.49 No reports of clarithromycin resistance 

have been made.

Standard multidrug therapy 
recommended by wHO
Dapsone monotherapy continued for many years and led to 

many dapsone-resistant cases until rifampicin was introduced 

for leprosy treatment.18,19 Rifampicin, as a monotherapy or 

combined with dapsone for the treatment of dapsone-resistant 

leprosy led to the rapid selection of rifampicin-resistant 

bacilli.5–8 WHO initiated a global MDT program in 1982 to 

halt the further emergence and spread of drug resistance, 

improve treatment efficacy, and to interrupt transmission of 

infection in the community.50

Leprosy has a wide range of clinical features based on 

host immunity against M. leprae infection: I (indeterminate 

leprosy) TT (tuberculoid); BT (borderline tuberculoid); BB 

(mid-borderline); BL (borderline lepromatous); and LL 

(lepromatous).51 However, for treatment purposes and to 

make diagnosis easier for health workers under field con-

ditions, a simple classification scheme was introduced. 

Different disease groups were divided into two types, PB 

and MB. PB is defined as any new case with up to five skin 

lesions, while MB leprosy is any new case with more than 

five skin lesions. The MDT regimen consists of rifampicin, 

dapsone, and clofazimine (Table 1).3 MB patients are treated 

for 12 months, and PB patients are treated for 6 months.

Methodology for detecting drug-resistant 
leprosy in global surveillance
A method to examine and confirm M. leprae drug resistance 

was not established until mouse footpad assay was developed 

in 1960.17 The method was first applied to susceptibility 

testing of M. leprae in 1964.4 The method is tedious and not 

applicable for many samples. Elucidation of the genomic 

basis of drug resistance to dapsone, rifampicin, and ofloxa-

cin enables the examination of resistance to these drugs by 

detecting mutation in a drug resistance determining region 

(DRDR). Direct sequencing is the method for detecting 

mutations that confer drug resistance. Although clofazimine 

and minocycline are prescribed for some patients, a molecu-

lar test for detecting resistance to these two drugs is not 

available. However, resistance to clofazimine is practically 

nil and no case of minocycline resistance has been reported. 

Therefore, most drug-resistant cases to drugs used in MDT 

are detectable by mutation detection in DRDRs using PCR 

direct sequencing.

Resistance to dapsone is classified into three levels (high, 

intermediate, and low) according to bacillary growth in the 

mouse footpad assay with the diet supplemented with differ-

ent concentrations of dapsone (0.01, 0.001, and 0.0001%). 

Some strains of M. leprae obtained from untreated leprosy 

patients were consistently inhibited by 0.0001% dapsone 

MOH

Form 1
Sequencing results
by Form 2

Form 1

Reference
laboratory

Raw sequencing
data

Global Health
Institute

Sequencing results
by Form 2

Sentinel site
Samples

WHOSequencing results
by Form 1 and 2

Figure 4 Structure of drug resistance surveillance in leprosy. 
Notes: Form 1 includes patient details. Sequence analysis results are reported on 
form 2. Both forms are included in the Guidelines for Global Surveillance of Drug 
Resistance in Leprosy.55 Raw sequence data are compiled at the Global Health 
institute to analyze mutation frequencies.
Abbreviation: MOH, Ministry of Health.
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Table 3 Sentinel sites and reference laboratories

Country Sentinel site Reference laboratory

Brazil 1.  Laboratório de Hanseniase FiOCRUZ, Rio de Janeiro, RJ
2.  Centro de Referência Nacional em Dermatologia Sanitária Dona 

Libânia, Fortaleza, Ce
3.  Fundação Alfredo da Matta, Manaus, AM
4.  instituto Lauro de Souza Lima, Bauru, SP
5.  Centro de Referência estadual em Dermatologia Sanitária e 

Hanseníase, Uberlândia, MG
6.  Unidades de Referência especializada – UReS, Dr Marcello Cândia, 

Marituba, PA

1.  Laboratório de Hanseniase FiOCRUZ, Rio de Janeiro, RJ
2.  Fundação Alfredo da Matta, Manaus, AM
3.  instituto Lauro de Souza Lima, Bauru, SP

Benin National Leprosy Control Programme is responsible for collecting samples 
Raoul Follereau Foundation supports sample collection

1.  National Reference Center on Mycobacteria and 
Resistance to Anti-tuberculosis Drugs, Saint Louis 
Hospital, Paris, France

2.  Global Health institute, École Polytechnique Fédérale de 
Lausanne, Switzerland

People’s  
Republic of  
China

institute of Dermatology and National Center for Leprosy Control, 
Nanjing 

institute of Dermatology and National Center for Leprosy 
Control, Nanjing, People’s Republic of China 
PCR products are analyzed by a commercial company

Colombia instituto Colombiano de Medicina Tropical Universidad, CeS,  
Medellin

instituto Colombiano de Medicina Tropical, Universidad, 
CeS, Medellin, Colombia 
PCR products are analyzed by a commercial company

ethiopia 1.  Dermatology Department, All Africa Leprosy, Tuberculosis and 
Rehabilitation Training (ALeRT) Hospital, Addis Ababa

2.  Armauer Hansen Research institute (AHRi), Addis Ababa

National Reference Center on Mycobacteria and Resistance 
to Anti-tuberculosis Drugs, Saint Louis Hospital, Paris, 
France

Guinea National Leprosy Control Programme is responsible for collecting  
samples 
Raoul Follereau Foundation supports sample collection

1.  National Reference Center on Mycobacteria and Resistance 
to Anti-tuberculosis Drugs, Saint Louis Hospital, Paris, France

2.  Global Health institute, École Polytechnique Fédérale de 
Lausanne, Switzerland

india 1.  The Leprosy Mission (TLM) Community Hospital, Shahdara, New Delhi
2.  National JALMA institute for Leprosy and Other Mycobacterial 

Diseases, Agra
3.  Blue Peter Research Center, Hyderabad

1.  Stanley Brown Laboratory
2.  JALMA, Agra, india
3.  Blue Peter Research Center, Hyderabad, india

indonesia 1.  Soetomo Hospital, Airlangga University, Surabaya
2.  Leprosy Unit, Cipto Mangunkusumo Hospital, Faculty of  

Medicine, University of indonesia, Jakarta

1.  Tropical Disease Center, Airlangga University, Surabaya
2.  Microbiology Department, University of indonesia, Jakarta

ivory Coast National Leprosy Control Programme is responsible for collecting samples 
Raoul Follereau Foundation supports sample collection

National Reference Center on Mycobacteria and Resistance 
to Anti-tuberculosis Drugs, Saint Louis Hospital, Paris, France

Madagascar 1.  Pavillon du Père isidore Depré (PPiD) Tuléar
2.  Salfa Hospital Bekoaka
3.  ekar Marana-
4.  ekar Tsarahonenana-
5.  ekar Marovahy-
6.  ekar St François Ambanja
Raoul Follereau Foundation supports sample collection

National Reference Center on Mycobacteria and Resistance 
to Anti-tuberculosis Drugs, Saint Louis Hospital, Paris, 
France

Mali National Leprosy Control Programme is responsible for collecting samples 
Raoul Follereau Foundation supports sample collection

1.  National Reference Center on Mycobacteria and 
Resistance to Anti-tuberculosis Drugs, Saint Louis 
Hospital, Paris, France

2.  Global Health institute, École Polytechnique Fédérale de 
Lausanne, Switzerland

Mozambique instituto da Saúde in Maputo is responsible for sample collection Leprosy Research Center, Tokyo, Japan
Myanmar 1.  Central Special Skin Clinic, Yangon General Hospital, Yangon

2.  Central Special Skin Clinic, Mandalay General Hospital, Mandalay
Leprosy Research Center, Tokyo, Japan

Niger National Leprosy Control Programme is responsible for collecting samples 
Raoul Follereau Foundation supports sample collection

1.  National Reference Center on Mycobacteria and 
Resistance to Anti-tuberculosis Drugs, Saint Louis 
Hospital, Paris, France

2.  Global Health institute, École Polytechnique Fédérale de 
Lausanne, Switzerland

Nepal Anandaban Hospital, Kathmandu Anandaban Hospital, Kathmandu 
PCR products are analyzed by commercial company

(Continued)
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Table 3 (Continued)

Country Sentinel site Reference laboratory

Pakistan Rawalpindi Leprosy Hospital, Rawalpindi National Hansen’s Disease Programs, Laboratory Research 
Branch, Baton Rouge, USA

Philippines Skin Clinic, Leonard wood Memorial, Cebu National Hansen’s Disease Programs, Laboratory Research 
Branch, Baton Rouge, USA

vietnam 1.  National institute of Dermatology and venereology, Hanoi
2.  Quy Hoa National Leprosy Dermatology Hospital, Quy Nhon

1.  Yonsei University College of Medicine, Seoul, South Korea
2.  Leprosy Research Center, Tokyo, Japan

Yemen Skin and venereal Disease Hospital, Taiz National Reference Center on Mycobacteria and Resistance 
to Anti-tuberculosis Drugs, Saint Louis Hospital, Paris, France
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in the diet,52 although not all isolates are inhibited at this 

concentration.53 Those isolates that grow in the footpad 

of a mouse treated with 0.0001% dapsone in the diet are 

classified as low-degree resistance. None of ten isolates 

with a low degree of dapsone resistance carried mutations 

in the folP1 gene.22,23 However, such cases have no clinical 

significance, since administration of 0.0001 g DDS/100 g 

mouse diet would be similar to humans receiving 1 mg DDS 

daily, much less than the typical dosage of 100 mg daily.3,54 

A dapsone concentration of 0.0001% appears to be a critical 

point: strains grown in the footpad of mice treated at this 

concentration can produce equivocal resistance data.

Although biopsy samples should be kept in child patients, 

the bacillary suspension for footpad inoculation must be 

prepared within 1 week. Clinical samples such as bacilli 

obtained by slit skin smear or biopsy can be kept in 70% 

ethanol at room temperature until DNA extraction for PCR 

and subsequent direct sequencing of DRDRs. Isolates with 

known missense mutations are regarded as drug resistant.

In the mouse foot pad assay, some isolates do not multi-

ply in control mouse footpads, and their drug susceptibility 

cannot be determined using this method. In contrast, DNA 

sequencing of PCR products is independent of M. leprae 

viability. Among 83 isolates, only 46 could be tested for 

drug susceptibility by the mouse footpad method while 

79 could be sequenced and susceptibility determined through 

their genetic profile.22 These results reveal the usefulness of 

molecular applications for susceptibility testing.

Sentinel surveillance of drug  
resistance by the wHO Global  
Leprosy Control Programme
Current leprosy control mainly depends on early disease 

detection and an MDT chemotherapy regimen consisting of 

dapsone, rifampicin, ofloxacin, clofazimine, and minocycline 

(Table 1). Resistance to dapsone, rifampicin, and ofloxacin 

can be detected by molecular techniques as mentioned above. 

Although detecting resistance to clofazimine and minocycline 

by the sequence analysis of specific genes is not applicable, the 

frequency of drug resistance to clofazimine is negligible and 

resistance to minocycline has not been observed.

Understanding the magnitude of drug resistance is essential 

in maintaining the effectiveness of the current MDT strategy, 

and in preventing the spread of drug-resistant strains. Although 

drug-resistant cases or prevalence of resistance in some areas 

have been reported occasionally, global comprehensive data 

were not available. Resistance to rifampicin, a key component 

of MDT, was of great concern for the GLP. Therefore, WHO 

established a sentinel network in 2008 using direct sequencing 

for global surveillance of drug resistance to keep a close vigil 

on drug resistance scenarios at many vulnerable settings.55 

Prior to launching surveillance, an informal consultation was 

held in Agra, India in 2006. The meeting stated the overall 

aims to establish a surveillance network using a standardized 

approach to detect secondary drug resistance, particularly 

rifampicin resistance, among leprosy patients and to moni-

tor resistance trends. The first workshop was held in Hanoi, 

Vietnam in 2008. Sentinel sites were set up in Brazil, Ethio-

pia, India, Mali, Myanmar, and Vietnam. The structure of the 

surveillance is shown in Figure 4. Samples collected at each 

site are sent for mutation analysis at each reference laboratory. 

Sequencing results are returned to the sentinel site and the 

department with oversight over leprosy control in the Ministry 

of Health. Each country reports the results to GLP, and GLP 

compiles data globally and reports it in a weekly epidemiology 

report. The data are also sent to the Global Health Institute, 

École Polytechnique Fédérale de Lausanne. The Global Health 

Institute retains the mutation data to compute the frequency 

of each mutation worldwide in each area. Although the first 

sentinel sites were set in these six countries, many other sen-

tinel sites are currently participating in the project (Table 3). 

A workshop is held annually to discuss method revisions and 

update the data. The guidelines originally recommended ana-

lyzing only relapsed cases. However, during the 5th workshop 

held in Cotonou, Benin, in November 2012, it was agreed that 

samples from new cases would be included in the analysis 

protocol. WHO guidelines provide details for template DNA 

preparation, PCR conditions, and sequencing methods, but 
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in the workshop held in Tokyo, 2010, reference laboratories 

agreed to employ the preferred procedures of each laboratory 

for PCR and direct sequencing. Quality control studies were 

performed four times to evaluate and qualify the capabilities 

of each reference laboratory.

The data obtained in 2009 and 2010 indicate that the level 

of drug resistance has not reached a level that would threaten 

MDT regimens for leprosy control.56,57 Samples of relapsed 

cases from Brazil, People’s Republic of China, Colombia, 

Myanmar, and Vietnam were analyzed in 2009.56 Although 213 

samples were analyzed, some cases were PCR negative and 

could not be sequenced. Of 92 folP1 PCR positives, 12 (13%) 

contained a mutation and were resistant to dapsone; of 108 

rpoB PCR positives, 9 (8%) were rifampicin resistant; and of 

108 gyrA PCR positives, 2 (2%) were quinolone resistant. In 

2010, a total of 88 samples from Brazil, People’s Republic of 

China, Colombia, India, Pakistan, Myanmar, and Vietnam were 

examined.57 Of 63 PCR positives for the folP1 gene, 9 (14%) 

were resistant to dapsone; of 71 PCR positives for the rpoB 

gene, 7 (1%) were resistant to rifampicin; and none of the 63 

gyrA gene PCR positive samples harbored a mutation. Further 

data are not reported in the weekly epidemiology record, but 

informal data reported at the 2012 workshop are available.58 

During 2011, 445 samples were analyzed for relapsed cases in 

Brazil, the Philippines, Colombia, India, Vietnam, and Myan-

mar. The ratios of resistant isolates were 4.5% for dapsone, 

2.0% for rifampicin, and 1.8% for quinolone.

Surveillance found certain cases of dapsone resistance in 

M. leprae. The data obtained to date indicate that the level 

of drug resistance in M. leprae is low enough and is not a 

serious concern for global leprosy control. Multidrug resis-

tance is a major concern, but it has not been detected by the 

current surveillance structure. Improvement of the system 

is required. Results have not been published in the weekly 

epidemiological report since 2011. Continuous information 

would be informative in determining and following resistance 

trends. Looking forward, a surveillance system that can 

provide worldwide comprehensive and longitudinal data for 

drug resistance is needed to prevent dissemination of resistant 

strains and pursue better strategies for leprosy control.
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