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Leprosy is a chronic granulomatous infection of the skin
and peripheral nerves with the intracellular bacterium
Mycobacterium leprae. The damage to peripheral nerves
results in sensory and motor impairment with
characteristic deformities and disability. Leprosy was once
widely distributed in Europe and Asia but now occurs
mainly in resource-poor countries in tropical and warm
temperate regions. However, patients may present with
the disease long after leaving an endemic region, and
clinicians must be able to recognise it. The fact that the
organism cannot be grown in culture has hindered studies
in vitro, and clinical trials are difficult in this slowly
progressive, chronic infection. Over the past 5–10 years,
however, there have been major advances in
understanding of the biology of both M leprae and the host
response to the organism, and more than 11 million
patients have been treated with multi-drug therapy
(MDT).1,2 Currently, leprosy control is being integrated
into general health care, which offers new challenges if
leprosy patients are to be detected and their disease
managed appropriately.

Epidemiology of leprosy
During the 1990s a bold, ambitious leprosy elimination
campaign was launched, after the adoption by the World
Health Assembly of the goal of the “elimination of leprosy
as a public health problem by the year 2000”.3

Elimination was defined as a reduction in the prevalence
of leprosy patients receiving antimicrobial therapy to less
than 1 per 10 000 population. The rationale for this
definition lay in the recognition that combination
antibiotic therapy was highly effective and the assumption
that once the pool of infectious patients was reduced, the
disease would gradually disappear. However, there was no
evidence that achievement of the arbitrarily chosen
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prevalence would reduce transmission of M leprae.4,5

MDT was developed in response to the widespread
emergence of dapsone resistance6 and was based on
effective combinations of antibiotics in experimental
leprosy infection.7 The MDT regimens were very effective
both for individual patients and in leprosy control
programmes and were widely implemented. In 1985,
there were an estimated 12 million people with leprosy
worldwide, a prevalence of 12 per 10 000. In 2002, WHO
reported that there were 597 000 registered cases and
719 000 new cases detected during 2000, resulting in a
global prevalence of registered leprosy patients of just
below 1 per 10 000.2,8 15 endemic countries still have a
prevalence of more than 1 per 10 000, mainly in Asia,
Africa, and South America, but 107 of the 122 countries
endemic for leprosy in 1985 have reached the elimination
target. There is a concentration of 83% of the registered
cases in only six countries: India, Brazil, Burma,
Indonesia, Madagascar, and Nepal, with India accounting
for 64% of all leprosy cases worldwide (table 1). Leprosy
also shows clustering to limited geographical regions or
ethnic groups within a country.9–12

As a result of this outstanding public-health
achievement, more than 11 million people with leprosy
have been cured by MDT, many without any disability.
The fall in the prevalence of leprosy has not, however,
been accompanied by a fall in the rate of detection of new
cases (figure 1). The observed fall in the prevalence could
have been largely caused by shortening of the duration of
treatment (see below) and the removal from the registers
of cured or defaulted patients, rather than a reduction in
the transmission of M leprae infection. The true incidence
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Search strategy and selection criteria

Papers for this review were identified by searches of
MEDLINE and PubMed with the search terms 
“Mycobacterium leprae”, “leprosy”, “immunology”, “leprosy
reactions”, and “treatment” from 1993 to December, 2002.
Only papers published in English were considered.
Furthermore, we both identified any new work of relevance
reported at the International Leprosy Congress in Salvador,
Brazil, in August, 2002. DL was a member of the
International Leprosy Association Technical Forum that
undertook a systematic review of publications on leprosy
diagnosis.4
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of leprosy disease is difficult to measure, and the rate of
leprosy infection in a community cannot be measured, by
contrast with tuberculosis, for which the annual rate of
M tuberculosis infection is estimated from surveys of
tuberculin skin-test reactivity. Therefore the actual case-
detection rate provides the most helpful estimate of
leprosy burden,13 and it has increased during the past 10
years (figure 1).2,4 The rise in the annual case-detection
rate could reflect improved leprosy control and case-
finding activities in endemic countries, rather than an
increase in leprosy incidence. Further observation is
needed to show whether long-term implementation of
MDT programmes leads to the predicted fall in the
incidence of leprosy disease.

The main consequence of leprosy infection for patients
is the disability secondary to impairment of nerve
function. The proportion of new patients with visible
disability, such as skin ulceration or muscle wasting and
contracture, varies between countries (table 1) and is
affected by the type of leprosy and delay in diagnosis. An
estimated 3 million leprosy patients have completed
MDT and have sustained disability from nerve damage;
these patients need continuing care to limit further
secondary damage.4

Leprosy shows a wide range of clinical presentations
from tuberculoid through borderline forms to
lepromatous (figure 2), classified by Ridley and Jopling14

largely on pathological grounds, but later confirmed by
immunological analysis (see below). The incubation
period between infection and overt disease varies widely
from months to 30 years, and the mean is estimated to be
4 years for tuberculoid and 10 years for lepromatous
leprosy.15 A low rate of leprosy transmission can continue
for many decades, as shown by the appearance of new
cases in regions of South Africa with longstanding control
programmes.9 There is a male predominance in leprosy
patients after the age of puberty, with a male to female
ratio of 1·5–2·0 to 1. This difference is real and is not
related to underdiagnosis in women, although in some
countries it is accentuated by delayed presentation by
female patients, which results in higher rates of
deformity.16

The principal means of transmission of M leprae is
probably by aerosol spread of nasal secretions and uptake
through nasal or respiratory mucosa.15 M leprae cannot
traverse intact skin in either direction, and the infection is
not spread by touching. Acid-fast mycobacteria and
M leprae DNA are found in the nasal secretions of patients
with lepromatous leprosy.17 M leprae DNA can also be
detected in nasal swabs from up to 5% of healthy
individuals in India and Indonesia, which suggests that
subclinical infection occurs more frequently in these areas
than previously thought.17,18 Subclinical infection can also
be detected by the development of specific T-cell19 and
antibody responses to M leprae.11 Most individuals with

subclinical infection do not develop clinical disease.
Proximity to leprosy patients is an important determinant
of transmission.15,20 The relative risk for leprosy disease in
household contacts is 8–10 for lepromatous disease and
2–4 for tuberculoid forms.15 As leprosy prevalence falls in
a community, the relative importance of household
transmission increases; this association might justify
prophylactic therapy in family or other close contacts of
leprosy patients.21

Immunity against M leprae depends on intact T-cell
function, but in contrast to tuberculosis, coinfection with
HIV has no strong effect on the development of clinical
leprosy.22 Contrary to expectations early in the HIV
epidemic, case-control studies23–25 have shown that HIV-1
infection is not a risk factor for leprosy. Patients
coinfected with HIV and leprosy have typical skin lesions
and the usual patterns of leprosy histology and granuloma
formation, even in the presence of low numbers of
circulating CD4-positive T cells, and are at continued risk
of developing immune-mediated reactions.26 Immune
reactions can also develop as part of an immune-
reconstitution process in leprosy/HIV-coinfected patients
starting highly active antiretroviral therapy.27

Biology of M leprae
The completion of the genomic sequence of M leprae is a
major advance,28 which will assist in elucidation of the
unique biology of the organism. Previously, detailed
studies on M leprae were prevented by the inability to
grow the mycobacteria in culture. M leprae is an acid-fast
gram-positive bacillus and an obligate intracellular
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Prevalence (per 10 000)* Case detection (per 100 000)† % of cases multibacillary‡ % of cases in children % with disability (grade 2)

Country
India 384 240 (3·8) 559 938 (55·2) 34 2 2
Brazil 77 676 (4·6) 41 070 (24·1) NA NA NA
Burma 10 389 (2·3) 10 286 (22·6) 53 9 7
Madagascar 8662 (5·4) 8445 (53·0) 60 14 8
Nepal 7984 (4·0) 8020 (34·4) 58 7 8
Mozambique 7834 (4·0) 6617 (4·0) 65 12 14

Total 496 785 (3·9) 634 376 (49·2) 35 3 3

NA=not available. *Number of leprosy cases registered at the end of 2000 (rate per 10 000).2 †Number of new leprosy cases detected during 2000 (rate per
100 000).2 ‡Proportion of new cases with >5 skin lesions.

Table 1: Prevalence and case detection of leprosy in the six endemic countries with the highest leprosy burden during 2000 and the
proportions of the new cases in children and cases with multibacillary disease and disability
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Figure 1: Prevalence of registered leprosy patients receiving
antimicrobial therapy at the end of each year and the number
of new cases detected during the year reported to WHO for the
period 1994–20012,8
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parasite with tropism for macrophages and Schwann cells.
The bacilli show preference for growth in cooler regions of
the body. The organism can replicate in the mouse
footpad29 and the nine-banded armadillo,30 which have
provided bacteria for study. The M leprae genome
includes 1605 genes encoding proteins and 50 genes for
stable RNA molecules.28 More than half of the functional
genes in the M tuberculosis genome are absent and have
been replaced by many inactivated genes or pseudogenes.
M leprae seems to have jettisoned genes normally required
for replication ex vivo and assumed a unique ecological
niche with a very limited host range and the need for
growth within cells. This gene decay has removed entire
metabolic pathways and regulatory genes, particularly
those involved in catabolism, but the genes essential for
the formation of a mycobacterial cell wall have been
retained.31 The leprosy bacillus might therefore be
dependent on host metabolic products, which could
explain its long generation time and inability to grow in
culture.28 Future comparative analysis of the genomes of
M leprae and other mycobacteria might reveal the
molecular basis for the slow rate of replication and
dependence on host cells for growth of M leprae. There
appears to be limited genetic diversity in M leprae, less
than in M tuberculosis,32 and there is no evidence that the
observed genetic variations influence the virulence of
M leprae.33,34

The mycobacterial cell wall contains important targets
of the host immune response. These include the species-
specific phenolic glycolipid I (PGL-I), which stimulates a
potent IgM antibody response35 that is in proportion to
the bacterial load in patients and falls with therapy.36,37

Other components include lipoarabinomannan, which
modulates macrophage bactericidal activities,38 and
proteins involved in cell-wall synthesis. Cell-wall proteins
purified free of the immunomodulatory glycolipid
components are potent T-cell antigens, which stimulate
protective immunity in murine M leprae infection.39 The
genes for various protein antigens40 have been identified,
including antigens shared with M tuberculosis41–-43 and
others shared only with environmental mycobacteria.44,45

Both types of antigen can induce protective immunity
against M leprae.46,47 The M leprae genome includes several
novel open reading frames not present in M tuberculosis.28

These proteins restricted to M leprae might provide the
basis for specific skin tests and other diagnostic assays to
detect infection with the mycobacterium.48,49

The unique predilection of M leprae for Schwann cells
is probably determined by the mycobacterium’s binding
to the G domain of the �2 chain of laminin 2, which is a
component of the basal lamina of Schwann cells.50 This
form of laminin is restricted to peripheral nerves, which
explains the specific tropism of M leprae. The subsequent
uptake of M leprae by the Schwann cell depends on 
�-dystroglycan, which is the receptor for laminin within
the cell membrane, and other intracellular components.51

Several candidate molecules on the surface of M leprae
bind to this complex, including the specific terminal
trisaccharide of PGL-I and a 21 kDa protein;52,53 however,
the specificity of these interactions has not been fully
resolved.54 Once inside the Schwann cell, the leprosy
bacilli replicate slowly over years. At some stage, specific
T cells recognise the presence of mycobacterial antigens
within the nerve and initiate a chronic inflammatory
reaction. The Schwann cells can express HLA class 2
molecules and play an active part in the immunological
reaction by presenting mycobacterial peptides to HLA-
class-2-restricted CD4-positive T cells.55 Swelling within
the inflexible perineurium leads to ischaemia, further
nerve damage, and eventually fibrosis with axonal
death.56

Host response
Host genetic factors have a partial effect on both the
development of leprosy and the pattern of disease.
Whole-genome screening has identified susceptibility loci
on chromosome 10p13, close to the gene for the
mannose receptor C type 1, a phagocytic receptor on
macrophages, and on chromosome 6 within the MHC.57

Within this region linkage has been shown to HLA class
II genes in Indian patients with leprosy and to the gene
for tumour necrosis factor (TNF) in Brazilian patients.58

Polymorphisms in the promoters for genes for both TNF
and interleukin 10 are associated with the development of
leprosy,59 and particularly with multibacillary leprosy in
the case of the TNF promoter polymorphisms.60 The
HLA locus also affects the pattern of disease: HLA DR2
and DR3 alleles are associated with tuberculoid disease,
and HLA DQ1 is linked to lepromatous leprosy.61

A mutation in the toll-like receptor 2 (TLR2) gene is
more common in patients with lepromatous leprosy than
in those with other forms in Korea, which suggests that
this TLR2 signalling contributes to susceptibility.62

Polymorphisms in the NRAMP1 gene are associated with
multibacillary leprosy in African patients,63 and this gene
has also been linked with cellular immunity to M leprae.64

The varying clinical forms of leprosy14 are determined
by the underlying immunological response to M leprae
(figure 2). At one pole, patients with tuberculoid leprosy
(TT) have a vigorous cellular immune response to the
mycobacterium, which limits the disease to a few 
well-defined skin patches or nerve trunks.65 The lesions
are infiltrated by interferon-�-secreting CD4-positive
T lymphocytes,66 which form well-demarcated granu-
lomas, containing epithelioid and multinucleate giant
cells, around dermal nerves. Few, if any, acid-fast
mycobacteria can be found in the lesions. Strong cellular
immunity is confirmed by T-cell proliferative and
cytokine responses to M leprae antigens in vitro and by
skin-test reactivity to soluble preparations of M leprae and
to dead whole M leprae organisms (Mitsuda reaction).
Antibody responses to M leprae antigens are absent or
weak. At the other pole, lepromatous leprosy (LL) is
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Figure 2: Clinical-immunopathological range of leprosy
IL=interleukin; IFN=interferon; ENL=erythema nodosum leprosum.
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characterised by the absence of specific cellular immunity
but intact immunity to the related M tuberculosis. There is
therefore uncontrolled proliferation of leprosy bacilli with
many lesions and extensive infiltration of the skin and
nerves. The dermis contains foamy macrophages filled
with many bacteria, but few CD4-positive and CD8-
positive T lymphocytes and no organised granulomas.
There are high titres of antibodies to PGL-I and protein
antigens specific for M leprae,37,44 and mycobacterial
antigens are readily identified in the urine and blood.36

Most patients have the intermediate forms of borderline-
tuberculoid (BT), mid-borderline (BB), and borderline-
lepromatous (BL) leprosy. These forms are characterised
by a progressive reduction from BT to BL leprosy in
cellular responses, associated with an increasing bacillary
load, more frequent skin and nerve lesions, and higher
antibody titres. The borderline forms are clinically
unstable, and patients either show slow change towards
the lepromatous pole or experience sudden type I or
reversal reactions.

Elucidation of the immunological basis of the leprosy
clinical range and the T-cell unresponsiveness in
lepromatous leprosy has been central to research on the
disease. Possible explanations include immune deviation
of the CD4-positive T-cell response, deletion of T cells
reactive to M leprae in patients with lepromatous leprosy,
and the presence of regulatory or suppressor T cells.
Immune deviation is evident since skin and nerve lesions
in tuberculoid leprosy are infiltrated by Th1-like T cells,
which produce abundant interferon �, TNF�, and
interleukins 2 and 15 (T-cell growth factors).66–68

Transcripts for interleukins 12 and 18, which are
required for the development of Th1 T cells, are
abundant in tuberculoid and borderline-tuberculoid skin
lesions.69,70 T cells from patients with tuberculoid, but not
lepromatous, disease express interleukin-12 receptors
and respond to stimulation with interleukins 12 and 18 in
vitro.70,71 By contrast, the lesions from patients with
lepromatous disease contain mRNA for the Th2-like
cytokines interleukins 4 and 10.66 Peripheral-blood T
cells or T-cell clones from some patients with borderline-
lepromatous or lepromatous leprosy produce interleukins
4 and 10;66 however, the T-cell responses are not
completely deviated to the Th2 pattern, since a mixed
Th0-like phenotype with concomitant expression of
interleukins 4 and 10 and interferon � can be detected in
T cells from patients with lepromatous leprosy after
stimulation with M leprae.72,73 In some patients with this
form, T cells responsive to M leprae cannot be
demonstrated, which suggests that deletion has occurred.
Another explanation is that there is active inhibitory or
suppressor T-cell activity in lepromatous leprosy.
Suppressor CD4-positive T-cell clones isolated from
patients with lepromatous leprosy inhibit specific
responses of other T-cell clones from the same patient.74

The combination of recombinant interleukins 12 and 2
restores Th1 responses in lymphocytes from some
patients with borderline-lepromatous or lepromatous
disease, which suggests that the “inhibitory” effect is
reversible.75,76 A similar redirection of the cytokine
production from a Th2-like to a Th1-like pattern was
achieved by presenting M leprae in specialised dendritic
cells to T cells from patients with lepromatous leprosy.77

This finding has implications for vaccines and
immunotherapy in leprosy. Indeed, immunisation with
dead M leprae with BCG or viable mycobacterial vaccines
can reverse the M leprae hyporesponsiveness in some, but
not all, patients with borderline-lepromatous or
lepromatous disease.

Analysis of the cellular responses in leprosy skin lesions
has identified additional classes of T cells recruited to the
site of infection, including T cells expressing �� T-cell
receptors78 and the novel CD4-negative, CD8-negative
(double negative) �� T cells.79 These T cells recognise
non-peptide antigens, including mycobacterial
lipoarabinomannin and mycolic acid, which are presented
by CD1 molecules on antigen-presenting cells
independent of HLA classes I and II.79 CD1 proteins are
strongly expressed on dendritic cells in dermal
granulomas in patients with tuberculoid leprosy, but are
not induced in the lesions of lepromatous leprosy, which
suggests that CD1-restricted T cells contribute to the
control of the pathogen.80

The dynamic nature of the immune response to
M leprae leads to spontaneous fluctuations in the clinical
state, which are termed leprosy reactions. Type 1 leprosy
reactions or reversal reactions, which occur in a third of
patients with borderline forms of disease, are caused by
spontaneous increases in T-cell reactivity to myco-
bacterial antigens.56 Reversal reactions are associated
with the infiltration of interferon � and TNF�-secreting
CD4-positive lymphocytes in skin lesions and nerves,
resulting in oedema and painful inflammation.68,81

Cytokine production by peripheral-blood lymphocytes82

and serum cytokine concentrations83 are also increased
during reversal reactions. They fall with corticosteroid
treatment, but patients with high cytokine responses
have a poor clinical response to treatment and are more
likely to relapse after withdrawal of corticosteroid
therapy.82 The poor outcome emphasises that rapid and
sustained reversal of the inflammatory process in type 1
reactions is essential to prevent continuing nerve
damage.

Type 2 reaction or erythema nodosum leprosum (ENL)
is a systemic inflammatory response to the deposition of
extravascular immune complexes leading to neutrophil
infiltration and activation of complement in many
organs.84 This reaction is accompanied by high circulating
concentrations of TNF�83 and striking systemic toxicity.
ENL occurs only in borderline-lepromatous and
lepromatous leprosy.
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Figure 3: Leprosy appearance
A: Borderline-tuberculoid leprosy—many, clear-edged, anaesthetic lesions
on the trunk and buttocks; the bacterial index (BI) on skin smear was 1.
B: Lepromatous leprosy—widespread, non-anaesthetic plaques and early
nodules; BI=4. C: Borderline-tuberculoid leprosy in reversal reaction—the
patient has two lesions on his hand and a tender painful ulnar nerve; the
skin lesions had been anaesthetic and had recently become
erythematous; BI=0. D: bilateral lagophthalmos secondary to the
involvement of the VIIth nerve with leprosy.
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Clinical features of disease
Leprosy affects skin, nerves, and eyes, and causes systemic
features in lepromatous disease. Patients commonly
present with skin lesions, weakness or numbness caused
by a peripheral-nerve lesion, or a burn or ulcer in an
anaesthetic hand or foot. Borderline patients may present
in leprosy reactions with nerve pain, sudden palsy, many
new skin lesions, eye pain, or a systemic febrile illness.

Skin involvement
The commonest skin lesions are macules or plaques; more
rarely papules and nodules are seen.65 Lesions are
hypopigmented in borderline-tuberculoid and tuberculoid
leprosy and infiltrated with a raised edge (figure 3). On
pale skins, lesions can appear erythematous. In
lepromatous leprosy, diffuse infiltration of the skin
commonly occurs. Patients with tuberculoid disease have
few, hypopigmented lesions with reduced sensation,
whereas those with lepromatous forms have many lesions,
confluent in some cases, and many of them are not
hypoaesthetic (figure 3). Inspection of the whole body in
good light is important because otherwise lesions might be
missed, particularly on the buttocks in borderline disease.
Skin lesions should be examined for hypoaesthesia to light
touch, pin-prick, and temperature and for anhidrosis.

Nerve damage
Damage to the nerves occurs in two settings—peripheral
nerve trunks and small dermal nerves. Peripheral nerves
are affected in fibro-osseous tunnels near the surface of
the skin, including the great auricular nerve (neck), ulnar
nerve (elbow), radial-cutaneous nerve (wrist), median
nerve (wrist), lateral popliteal nerve (neck of the fibula),
and posterior tibial nerve (medial malleolus). The
posterior tibial nerve is the most commonly affected,
followed by the ulnar, median, lateral popliteal, and facial
nerves.85,86 Involvement of these nerves produces
enlargement, with or without tenderness, and standard
regional patterns of sensory and motor loss. Small dermal
sensory and autonomic nerves are affected producing
hypoaesthesia and anhidrosis within borderline-
tuberculoid and tuberculoid lesions and glove and
stocking sensory loss in lepromatous disease. Sensation on
the hands and feet can be assessed and monitored by use
of Semmes-Weins monofilaments.87

Pure neuritic leprosy presents with asymmetrical
involvement of peripheral nerve trunks and no visible skin
lesions. Histology of a cutaneous-nerve biopsy sample
might reveal any type of leprosy.88 This form is seen most
frequently, but not exclusively, in India and Nepal, where
it accounts for 5–10% of patients.89,90

Systemic features
These features are seen mainly in lepromatous patients
and are due to bacillary infiltration affecting nasal
mucosa, bones, and testes.91 Testicular atrophy results
from diffuse infiltration and the acute orchiitis that occurs
with ENL reactions. The consequent loss of testosterone
leads to azoospermia and gynaecomastia. Renal
involvement and amyloidosis are now rarely seen with
effective MDT.

Eye involvement
Blindness resulting from leprosy is devastating for a
patient with anaesthetic hands and feet. Eye damage
results from both nerve damage and direct bacillary
invasion. A recent cohort study found that 2·8% of
multibacillary patients were blind at diagnosis and a
further 11% had potentially blinding ocular pathology.92

Lagophthalmos results from paresis of the orbicularis
oculi caused by involvement of the zygomatic and
temporal branches of the facial (VIIth) nerve (figure 3).
Facial lesions are associated with a ten-fold increase in the
risk of facial nerve damage.93 In lepromatous disease
lagophthalmos occurs later and is bilateral in most cases.
Damage to the ophthalmic branch of the trigeminal (Vth)
nerve causes anaesthesia of the cornea and conjunctiva,
which results in a dry, insensitive cornea and a reduction
in blinking. These effects leave the cornea at risk of minor
trauma and ulceration.

Diagnostic criteria for leprosy
Diagnosis of leprosy is clinical and is based on patients
having one or more of three cardinal signs (panel).1 The
reliability of these signs has been extensively reviewed.4 In
Ethiopia, use of these three criteria resulted in sensitivity
of 97% with a positive predictive value of 98% for the
diagnosis of leprosy.4 In Bangladeshi and Ethiopian
cohorts of patients, 96% and 91% of patients with
multibacillary disease and 86% and 76% of those with
paucibacillary disease had enlargement of one or more
nerves.94,95 Skin smears, taken to detect intradermal acid-
fast bacilli, have high specificity, but low sensitivity,
because about 70% of all leprosy patients are smear
negative.5 Nevertheless, skin smears are important
because they identify the most infectious patients and
those at greatest risk of relapse. Histological diagnosis,
when available, is deemed the gold standard for diagnosis.
The presence of neural inflammation histologically
differentiates leprosy from other granulomatous disorders.

The proposal that leprosy might be diagnosed by the
presence of an anaesthetic skin lesion alone does not pass
critical assessment.4 Although 70% of leprosy skin lesions
have reduced sensation, the non-anaesthetic 30% of
lesions occur in patients with multibacillary disease,96 who
are infectious and have a higher risk of developing
disability than those with paucibacillary disease.
Therefore the other criteria should also be used.

Outside leprosy-endemic areas the diagnosis of leprosy
is commonly not considered. Of new leprosy patients seen
during 1995–99 at the Hospital for Tropical Diseases in
London, UK, diagnosis had been delayed in more than
80% of cases, despite review by dermatologists,
neurologists, orthopaedic surgeons, and rheumatologists.97

These delays had serious consequences for patients, with
over 50% having nerve damage and disability. Leprosy
should be considered as a cause of peripheral neuropathy
or persistent skin lesions in patients from leprosy-endemic
countries.

Classification of disease
Classification of patients according to the Ridley-Jopling
scale14 is clinically useful. Borderline-tuberculoid leprosy
can be associated with rapid and severe nerve damage,
whereas lepromatous disease is associated with chronicity
and long-term complications. Borderline disease is
unstable and can be complicated by reactions. There is
also a simpler field classification determined by the
number of skin patches: single skin lesion (one patch),
paucibacillary (two to five patches), and multibacillary
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Diagnostic signs of leprosy

● Hypopigmented or reddish patches with definite loss of
sensation

● Thickened peripheral nerves
● Acid-fast bacilli on skin smears or biopsy material
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(more than five patches). Patients with multibacillary
leprosy are more likely than those with the other forms to
develop reversal reactions and impairment of nerve
function.98

Serology and PCR for diagnosis
A simple diagnostic test to support the diagnosis of
paucibacillary leprosy would be useful. Neither serology
nor PCR has a role for this at present.4 Antibodies to the
M leprae specific PGL-I are present in 90% of patients
with untreated lepromatous disease, but only 40–50% of
patients with paucibacillary disease, and 1–5% of healthy
controls.37,99 PCR for detection of M leprae DNA encoding
specific genes or repeat sequences is potentially highly
sensitive and specific, since it detects M leprae DNA in
95% of multibacillary and 55% of paucibacillary
patients.100,101 Currently PCR is not used in clinical
practice.

Treatment of leprosy
Chemotherapy
The first-line drugs against leprosy are rifampicin,
clofazimine, and dapsone. All patients should receive a
multidrug combination with monthly supervision
(table 2). Current controversies focus on the length of
treatment, the mode of treatment, and relapse rates.
Dapsone was the first effective antimicrobial agent against
M leprae.65 The multidrug combinations were introduced
without formal clinical trials in the 1982 when rates of
primary and secondary dapsone resistance of 30% were
reported.102 Since then multiple-drug-resistant organisms
have not arisen; however, there has been little standard
monitoring of clinical outcomes and relapse rates. The
few studies of drug sensitivity in patients relapsing after
MDT have shown that relapse occurred with drug-
sensitive M leprae.103 Dapsone resistance is associated with
missense mutations in the folP1 gene encoding
dihydropteroate synthase,104,105 and these mutations can be
identified by a PCR assay that detects the presence of
M leprae in skin biopsy material and its susceptibility to
dapsone.106

Rifampicin is a potent bactericidal for M leprae. 4 days
after a single 600 mg dose, bacilli from a previously
untreated multibacillary patient are no longer viable in the
mouse footpad test.107 Rifampicin acts by inhibiting the
DNA-dependent RNA polymerase, and resistance is due
to mutations in a small region of rpoB.108 This feature
permitted the development of a PCR-based assay for
detecting rifampicin resistance in M leprae organisms in
clinical samples without the need for the long mouse
footpad assay.109 Because M leprae resistance to rifampicin
can develop as a one-step process, the drug should always
be given in combination with other agents against
leprosy.109 In untreated lepromatous patients, a single
monthly dose of rifampicin (1200 mg) plus daily dapsone

was as effective as daily rifampicin (450 mg) plus
dapsone;110 thus, monthly rifampicin is satisfactory
therapy.

Clofazimine has a weakly bactericidal action, the
mechanism of which is unknown. It also has an anti-
inflammatory effect that has reduced the incidence of
ENL reactions.84 Skin discolouration is the most
troublesome side-effect, ranging from red to purple-black.
The pigmentation fades slowly in most cases after
withdrawal of clofazimine. This drug also produces a
characteristic icthyosis on the shins and forearms.

Published clinical outcomes for patients treated with
the paucibacillary regimen show that 2–44% of patients
have clinically active skin lesions at the end of 6 months of
treatment.5 Nerve impairment occurred de novo in 2·5%
of patients, and visible disabilities increased from 4% at
enrolment to 7% after 8–10 years of follow-up. Relapse
rates in paucibacillary leprosy are low, ranging from zero
in Ethiopia111 to 2·5% over 4 years in Malawi.112

One study in Thailand found that in patients treated
with the multibacillary regimen for 24 months, 29% of
skin lesions were still active after 3 years and that visible
disabilities increased from 5% at enrolment to 13% at
8–10 years of follow-up.113 Relapse rates reported from six
observational studies range from zero in China and
Ethiopia to 2·04 per 100 person-years in India.5 Data
from west Africa114 and India115 show that patients with a
high initial bacterial load (bacterial index 4) treated with
rifampicin, clofazimine, and dapsone for 2 years had a
relapse rate of 8 per 100 person-years, whereas patients
treated to smear negativity had a relapse rate of 2 per
100 person-years. These patients with a high bacillary
load could be a subgroup who need treatment until skin
smear negativity.116

Minocycline, the macrolide clarithromycin, and the
fluoroquinolones pefloxacin and ofloxacin are all highly
active against M leprae in mouse footpad infection and in
patients,117 but because of their cost are rarely used in field
programmes. They can, however, be used as second-line
drugs in the case of dapsone allergy1 or if clofazimine
pigmentation is challenging for the patient. Minocycline
can also cause a long-lasting grey-black pigmentation of
active leprosy lesions.118

The recommended duration of treatment for
multibacillary patients has lately been reduced from
24 months to 12 months.1 There was no evidence from
controlled trials to guide this decision, but the
classification of multibacillary patients had been widened
so that some patients who previously would have received
paucibacillary treatment from 6 months were now
receiving multibacillary treatment for 12 months. The
effect of this change requires continuing assessment. New
proposals include a clinical trial to test a common 
6-month regimen of dapsone, clofazimine, and rifampicin
for all leprosy patients.12 This approach would simplify
leprosy treatment but might cause problems because the
regimen would significantly undertreat patients with a
high bacterial load and would treat 60% of patients with a
third drug that they do not require.5

The place of the drug combination rifampicin,
ofloxacin, and minocycline is also unclear. It was
recommended for single skin lesions1 (table 2), but it is
less effective than the 6-month paucibacillary MDT
regimen.119 Monthly doses of this regimen have been used
in both paucibacillary and multibacillary disease with
good clinical responses.120 Although there may be a good
initial response to rifampicin, ofloxacin, and minocycline,
the important issue is the relapse rate over the next
10 years; careful long-term studies are needed before this
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Type of Drug treatment Duration of 
leprosy* Monthly Daily, self 

treatment

supervised administered
(months)

Paucibacillary Rifampicin 600 mg Dapsone 100 mg 6

Multibacillary Rifampicin 600 mg, Clofazimine 50 mg, 24
clofazimine 300 mg dapsone 100 mg

Paucibacillary Rifampicin 600 mg, ofloxacin 400 mg, Single dose
single lesion minocycline 100 mg

*WHO classification1 for field use when slit skin smears are not available. In
field control programmes, WHO recommends treatment of multibacillary
patients for 12 months only.1

Table 2: Modified WHO-recommended MDT regimens

For personal use. Only reproduce with permission from The Lancet.



treatment is extended. At this point use of the WHO
regimens is recommended, since they are supported by
20 years of experience.

Monitoring and treatment of nerve damage
Impairment of nerve function can occur before diagnosis
and during or after MDT. It can develop during a
reaction or without overt signs of nerve or skin
inflammation (silent neuropathy). In field cohort studies,
16–56% of newly diagnosed patients had impairment of
nerve function.121 In a Bangladeshi study, 25% of
multibacillary patients developed nerve damage during
treatment.122 Patients at the highest risk of impairment of
nerve function during and after treatment are those with
multibacillary leprosy, pre-existing impairment of nerve
function, or both features, and such patients ideally
should be under surveillance for 2 years from diagnosis.98

Analysis from a large cohort study in Ethiopia showed that
standard nerve-function testing was needed monthly to
detect new nerve damage early.86

Management of reactions and neuritis
Reversal reactions (type 1 reactions) manifest clinically
with erythema and oedema of skin lesions and tender
peripheral nerves (figure 3). Loss of nerve function can be
dramatic. The peak time for reversal reactions is in the
first 2 months of treatment, but they can continue to
occur for 12 months, and occasionally after MDT is
completed.56,122 The treatment of reactions is aimed at
controlling acute inflammation, easing pain, reversing
nerve and eye damage, and reassuring the patient. MDT
should be continued. Neuritis (nerve tenderness, new
anaesthesia, and/or motor loss) or moderately inflamed
skin lesions should be treated with corticosteroids.
Standard courses of prednisolone have been used, starting
at 40–60 mg daily, decreasing by 5 mg every 2–4 weeks
after evidence of improvement.56,123 Patients with
borderline-tuberculoid reactions commonly need
corticosteroids for 3–4 months, whereas those with
borderline-lepromatous reactions may need treatment for
6 months. Inflammation is slow to settle, and even after
6 months of steroid treatment some patients still have
high concentrations of proinflammmatory cytokines in
their skin lesions.68 In a recent Indian study different
starting doses (60 vs 30 mg) and durations of therapy
(12 vs 20 weeks) were compared; the longer duration of
treatment gave the best outcomes (Sundar Rao PSS,
personal communication). The expected recovery rate for
nerve function is 60–70%. Recovery is less in patients with
pre-existing impairment of nerve function or with chronic
or recurrent reactions.

A different approach is to prevent the development of
reversal reactions.124 The feasibility of this approach was
tested in a randomised controlled trial in multibacillary
patients who received prednisolone (20 mg daily for the
first 3 months and tapered for the 4th month) or placebo.
There had been significantly fewer reactional episodes in
the prednisolone-treated group at the end of treatment,
but the protective effect was lost at the end of
12 months.125 These studies show that reversal reactions
are difficult to prevent and to switch off once established.
Other established immunosuppressant drugs might have a
role in treating reactions. In a pilot study in Nepal,
patients had equivalent outcomes whether treated with an
azathioprine/prednisolone combination or prednisolone
alone.126 Ciclosporin has also been used to treat reactions56

and was effective in reducing skin and nerve
inflammation; however, patients relapsed when the drug
was withdrawn.127

Silent neuropathy should be treated similarly to reversal
reactions, with prednisolone 40 mg daily and reducing
over 4 months. Response rates vary according to the
severity of initial damage, but even promptly treated nerve
damage will improve in only 60% of cases.122

ENL (type 2 reactions) occur in about 20% of
lepromatous and 10% of borderline-lepromatous patients,
and patients with skin infiltration and bacterial index of 4
or more are at increased risk.128 Patients are febrile with
crops of small pink skin nodules; other signs are iritis,
neuritis, lymphadenitis, orchiitis, bone pain, dactylitis,
arthritis, and proteinuria. ENL can start during the first or
second year of antimicrobial therapy and can relapse
intermittently over several years. It is difficult to treat,
necessitating repeated courses of corticosteroids.84

Clofazimine has a useful anti-inflammatory effect in ENL
and can be used at 300 mg daily for several months. Other
agents have targeted the overproduction of TNF� that
occurs in this disorder.83 Thalidomide (400 mg daily) is
better than steroids in controlling ENL and is the drug of
choice for young men with severe ENL.129 Use of
thalidomide in women with severe ENL is a difficult
decision for the woman and her physician, and careful
discussion of the benefits and risks, particularly
phocomelia when thalidomide is taken in the first
trimester, is needed. Pentoxifylline, which inhibits TNF�
production, has been used to treat ENL but was inferior
to both thalidomide and steroids.130 Neutralisation of
TNF� with monoclonal antibodies or soluble inhibitors,
as used in rheumatoid arthritis and Crohn’s disease,
would also be a logical choice for treating ENL and needs
to be formally assessed in controlled studies.

Education of patients
Teaching leprosy patients about their disease is the key to
successful management. The patient needs to be
reassured that within a few days of the start of antibiotics
he or she will not be infectious and can lead a normal
social life. A clear explanation of the disease and
refutation of myths about leprosy will help the patient
come to terms with the diagnosis and might well improve
adherence with treatment. The physician should
emphasise that gross deformities are not the inevitable
endpoint of disease, and that care and awareness of the
limbs is as important as antibiotics. One advantage of
supervised MDT is that the monthly visits permit
continued education and surveillance for reactions.86

Prevention of disability
The morbidity and disability associated with leprosy are
secondary to nerve damage. The patient’s self-awareness
is crucial so that damage is minimised. A patient with an
anaesthetic hand or foot needs to understand the
importance of daily self care, especially protection when
undertaking potentially dangerous tasks, and inspection
for trauma. Studies of self care show a reduction in hand
and foot ulcers when patients are trained.131 Anaesthetic
feet need protective footwear, but special shoes are
difficult to produce and can increase stigma.
A randomised controlled trial of footwear for leprosy
patients showed that cheap canvas shoes with cushioned
insoles were protective, cost-effective, and preferred to
orthopaedic shoes.132 Plantar ulceration is secondary to
increased pressure over bony prominences, exacerbated
by loss of protective sensation or deformity. Ulcers should
be treated with rest because, unlike ulcers in diabetic or
ischaemic feet, ulcers in leprosy heal if they are protected
from weight-bearing.133 No weight-bearing should be
permitted until the ulcer has healed. More complicated
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ulcers require surgical management by removal of dead
tissue with wide exploration and good drainage.
Antibiotics should be used only for deep bony infection or
septicaemia. Contractures of hands and feet, foot drop,
lagophthalmos, entropion, and ectropion are amenable to
reconstructive surgery.134

Socioeconomic rehabilitation
Recent assessments of socioeconomic rehabilitation have
highlighted the importance of involvement of the client,
the family, and the community in the rehabilitation
process, and suggested that such involvement is best
delivered through general community-based rehabilitation
programmes.135 IDEA (International Association for
Integration, Dignity and Economic Advancement) has
assisted in the development of community-based
approaches to the integration and support of people
previously affected by leprosy.136

Prophylaxis against leprosy
BCG gives variable protective efficacy against leprosy in
different countries, ranging from 34% to 80%. In a trial in
Malawi, BCG induced 50% protective efficacy against
clinical leprosy, both tuberculoid and lepromatous
forms,137 and reimmunisation with BCG increased the
protective effect by a further 50%. This protective effect
of BCG has been confirmed in many case-control studies.
Therefore, BCG immunisation of children for
tuberculosis can also contribute to leprosy control. The
addition of heat-killed M leprae to BCG did not increase
the protective effect of BCG in two trials in Malawi and
Venezuela137,138 but did in a recent large study in India,
resulting in a protective efficacy of 64%.139 That study also
showed significant protective efficacy (65%) with the
cultivable mycobacterium, ICRC.139

In endemic countries, contact with leprosy patients is a
risk factor for disease,20 and chemoprophylaxis of close
contacts of leprosy patients can be an effective control
strategy.21 A major prospective study of chemoprophylaxis
with bactericidal drugs in contacts of leprosy patients is
under way in Bangladesh to address this issue.140 In non-
endemic areas disease presenting in the contacts of
leprosy patients is rare. The last case of secondary
transmission in the UK was in 1923. Household contacts
of new patients should be examined for clinical signs of
leprosy and advised to report any new skin lesions
promptly and to tell their physicians that they have had
contact with a known case of leprosy. In the UK, BCG
vaccination is given to household contacts under the age
of 12 years. Close contacts of lepromatous cases under
12 years old are given prophylaxis with rifampicin
15 mg/kg once a month for 6 months.

Women and leprosy
Women with leprosy are in double jeopardy, because not
only might they develop postpartum nerve damage, but
also they are at particular risk of social ostracism with
rejection by spouses and family.141 There is little evidence
that pregnancy itself causes new disease or relapse. There
is, however, a clear temporal association between the
development of type 1 reactions and neuritis and
parturition, when cell-mediated immunity returns to
prepregnancy intensity.142 In an Ethiopian study, 42% of
pregnancies in patients with borderline-lepromatous
disease were complicated by a type 1 reaction during the
postpartum period. In the same cohort, patients with
lepromatous leprosy experienced ENL reactions
throughout pregnancy and lactation. ENL in pregnancy is
associated with earlier loss of nerve function than in non-

pregnant individuals. Rifampicin, dapsone, and
clofazimine are safe during pregnancy. Ideally,
pregnancies should be planned when leprosy is well
controlled.

What is necessary to eradicate leprosy?
The major commitment of national governments, WHO,
non-governmental organisations, and international donor
bodies has resulted in improved leprosy control and the
large fall in leprosy prevalence observed over the past
decade. However, the perception that leprosy has reached
an arbitrary point at which it is no longer a public-health
problem could lead to a reduction in control measures at
the very time when further efforts are required. The
continuing detection of new leprosy cases at an
unchanged rate indicates that sustainable leprosy control
programmes should be maintained so that the recent gains
are not lost. What will be required to eradicate leprosy
completely as a human disease? The cornerstone of any
effective programme will remain MDT and early case
detection based on passive case finding. Leprosy control
activities are being integrated into general health services
in many endemic countries, and this period of integration
requires careful planning and implementation or the
needs of leprosy control will be swamped by other
pressing health problems, such as HIV/AIDS and
tuberculosis. Elements of an effective programme will
include the continuing provision of standard MDT drug
packs through primary-health-care facilities, training of
general health staff in leprosy diagnosis and treatment, the
early treatment and referral of leprosy complications, the
maintenance of expertise in leprosy in endemic countries,
effective supervision and monitoring, and in some
situations, special programmes for “difficult to reach”
groups of patients. One positive outcome of MDT has
been the wide recognition in leprosy-endemic
communities that leprosy is curable. Appropriate
community health education, that leprosy is treatable
before disability occurs, is an important component of
leprosy control to promote early presentation before the
appearance of impairment of nerve function and
disability. The development of tools to recognise infection
with M leprae before the disease manifests itself might help
to target prophylactic approaches. Finally, continued
political commitment to leprosy control is essential,
because these measures will be required for decades
before leprosy can be judged a disease of the past.

Conflict of interest statement
W J Britton: none declared. D N J Lockwood was a paid adviser to
Pharmion during their application to the European Medicines Agency to
have thalidomide licensed for use in ENL.

Role of the funding source
No source of funding had any role in the writing of this seminar.

Acknowledgments
We thank the National Health and Medical Research Council of
Australia, the Tropical Disease and Research Programme of the World
Health Organization, and LEPRA for their support for leprosy research
projects in our laboratories.

References
1 WHO. Expert Committee on Leprosy, 7th Report, 1998: 1–43.
2 WHO. Leprosy global situation. Wkly Epidemiol Rec 2002; 77: 1–8.
3 World Health Assembly. Leprosy resolution WHA 44.9, Forty-fourth

World Health Assembly, May 13, 1991.
4 Report of the International Leprosy Association Technical Forum. 

Int J Lepr Other Mycobact Dis 2002; 70 (suppl): S1–S62.
5 Lockwood DN. Leprosy elimination: a virtual phenomenon or a

reality? BMJ 2002; 324: 1516–18.

SEMINAR

1216 THE LANCET • Vol 363 • April 10, 2004 • www.thelancet.com

For personal use. Only reproduce with permission from The Lancet.



6 WHO. Chemotherapy of leprosy for control programmes. 
World Health Organ Tech Rep Ser 1982; 675: 1–33.

7 Shepard CC. Experimental leprosy. In: Hastings RC, ed. Leprosy.
Edinburgh: Churchill Livingstone, 1985: 269–42. 

8 WHO. http://www.who.int/lep/ (accessed Jan 13, 2004).
9 Durrheim DN, Fourie A, Balt E, et al. Leprosy in Mpumalanga

Province, South Africa: eliminated or hidden. Lepr Rev 2002; 73:
326–33.

10 Bakker MI, Hatta M, Kwenang A, Klatser PR, Oskam L.
Epidemiology of leprosy on five isolated islands in the Flores Sea,
Indonesia. Trop Med Int Health 2002; 7: 780–87.

11 Baumgart KW, Britton WJ, Mullins RJ, Basten A, Barnetson RSC.
Subclinical infection with Mycobacterium leprae: a problem for leprosy
control strategies. Trans R Soc Trop Med Hyg 1993; 87: 412-415.

12 WHO. Report on the third meeting of the WHO Technical Advisory
Group on the elimination of leprosy. Geneva, WHO: 2002,
WHO/CDS/CPE/CEE/2002.29.

13 Smith WCS. We need to know what is happening to the incidence of
leprosy. Lepr Rev 1997; 68: 165–72.

14 Ridley DS, Jopling WH. Classification of leprosy according to
immunity: a five group system. Int J Lepr 1966; 34: 255–73.

15 Noordeen SK. The epidemiology of leprosy. In: Hastings RC, ed.
Leprosy, 2nd edn. Edinburgh: Churchill-Livingstone, 1994: 29–48.

16 Peters ES, Eshiet AL. Male-female (sex) differences in leprosy
patients in south eastern Nigeria: females present late for diagnosis
and treatment and have higher rates of deformity. Lepr Rev 2002; 73:
262–67.

17 Hatta M, van Beers SM, Madjid B, Djumadi A, de Wit MY, 
Klatser PR. Distribution and persistence of Mycobacterium leprae nasal
carriage among a population in which leprosy is endemic in
Indonesia. Trans R Soc Trop Med Hyg 1995; 89: 381–85.

18 Ramaprasad P, Fernando A, Madhale S, et al. Transmission and
protection in leprosy: indications of the role of mucosal immunity.
Lepr Rev 1997; 68: 301–15.

19 Godal T, Negassi K. Subclinical infection in leprosy. BMJ 1973; 3:
557–59.

20 van Beers SM, Hatta M, Klatser PR. Patient contact is the major
determinant in incident leprosy: implications for future control. 
Int J Lepr Other Mycobact Dis 1999; 67: 119–28.

21 Smith CM, Smith WC. Chemoprophylaxis is effective in the
prevention of leprosy in endemic countries: a systematic review and
meta-analysis. J Infect 2000; 41: 137–42.

22 Lucas SB. Human immunodeficiency virus and leprosy. Lepr Rev
1993; 64: 97–103.

23 Kawuma HJ, Bwire R, Adatu-Engwau F. Leprosy and infection with
the human immunodeficiency virus in Uganda; a case-control study.
Int J Lepr Other Mycobact Dis 1994; 62: 521–26.

24 Lienhardt C, Kamate B, Jamet P, et al. Effect of HIV infection on
leprosy: a three-year survey in Bamako, Mali. Int J Lepr Other
Mycobact Dis 1996; 64: 383–91.

25 Sekar B, Jayasheela M, Chattopadhya D, et al. Prevalence of HIV
infection and high-risk characteristics among leprosy patients of south
India; a case-control study. Int J Lepr Other Mycobact Dis 1994; 62:
527–31.

26 Sampaio EP, Caneshi JR, Nery JA, et al. Cellular immune response to
Mycobacterium leprae infection in human immunodeficiency virus-
infected individuals. Infect Immun 1995; 63: 1848–54.

27 Lawn SD, Wood C, Lockwood DN. Borderline tuberculoid leprosy:
an immune reconstitution phenomenon in a human
immunodeficiency virus-infected person. Clin Infect Dis 2003; 36: 5–6.

28 Cole ST, Eiglmeier K, Parkhill J, et al. Massive gene decay in the
leprosy bacillus. Nature 2001; 409: 1007–11.

29 Shepard CC. The experimental disease that follows the injection of
the human leprosy bacilli into the footpads of mice. J Exp Med 1960;
112: 445–51.

30 Kirchheimer WF, Storrs EE. Attempts to establish the armadillo
(Dasypus novemcinctus) as a model for the study of leprosy: I, report of
lepromatoid leprosy in an experimentally infected armadillo. 
Int J Lepr 1971; 39: 693–701.

31 Brennan PJ, Vissa VD. Genomic evidence for the retention of the
essential mycobacterial cell wall in the otherwise defective
Mycobacterium leprae. Lepr Rev 2001; 72: 415–28.

32 Young DB. Prospects for molecular epidemiology of leprosy. Lepr Rev
2003; 74: 11–17.

33 Shin YC, Lee H, Walsh GP, Kim JD, Cho SN. Variable numbers of
TTC repeats in Mycobacterium leprae DNA from leprosy patients and
use in strain differentiation. J Clin Microbiol 2000; 38: 4535–38.

34 Matsuoka M, Maeda S, Kai M, et al. Mycobacterium leprae typing
by genomic diversity and global distribution of genotypes. 
Int J Lepr Other Mycobact Dis 2000; 68: 121–28.

35 Cho S-N, Yanagihara DL, Hunter SW, Gelber PH, Brennan PJ.
Serological specificity of phenolic glycolipid I from Mycobacterium

leprae and use in serodiagnosis of leprosy. Infect Immun 1983; 41:
1077–83.

36 Roche PW, Britton WJ, Neupane KD, Failbus SS, Cho S-N,
Theuvenet WJ. The response to chemotherapy of serum
Mycobacterium leprae-specific antigen in multibacillary leprosy
patients. Am J Trop Med Hyg 1991; 44: 702–08.

37 Cho SN, Cellona RV, Villahermosa LG, et al. Detection of phenolic
glycolipid I of Mycobacterium leprae in sera from leprosy patients
before and after start of multidrug therapy. Clin Diagn Lab Immunol
2001; 8: 138–42.

38 Roach TIA, Barton CH, Chatterjee D, Blackwell JM. Macrophage
activation: lipoarabinomannan from avirulent and virulent strains of
Mycobacterium tuberculosis differentially induces the early genes c-fos,
KC, JE and tumor necrosis factor-�. J Immunol 1993; 150: 1886–96.

39 Ngamying M, Sawanpanyalert P, Butraporn R, et al. Effect of
vaccination with refined components of the organism on infection of
mice with Mycobacterium leprae. Infect Immun 2003; 71: 1596–98.

40 Thole JER, Wieles B, Clark-Curtiss JE, Ottenhoff THM, 
Rinke de Wit TF. Immunological and functional characterisation of
Mycobacterium leprae protein antigens: an overview. Mol Microbiol
1995; 18: 791–800.

41 Thole JE, Janson AA, Cornelisse Y, et al. HLA-class II-associated
control of antigen recognition by T cells in leprosy: a prominent role
for the 30/31-kDa antigens. J Immunol 1999; 162: 6912–18.

42 Geluk A, van Meijgaarden KE, Franken KL, et al. Identification and
characterization of the ESAT-6 homologue of Mycobacterium leprae
and T-cell cross-reactivity with Mycobacterium tuberculosis.
Infect Immun 2002; 70: 2544–48.

43 Roche PW, Theuvenet WJ, Britton WJ. Cellular immune responses to
mycobacterial heat shock proteins in Nepali leprosy patients. 
Int J Lepr Other Mycobact Dis 1992; 60: 36–43.

44 Triccas JA, Roche PW, Winter N, Feng CG, Butlin R, Britton WJ.
A 35 kDa protein is a major target of the human immune response to
Mycobacterium leprae. Infect Immun 1996; 64: 5171–77.

45 Triccas JA, Roche PW, Britton WJ. Specific serological detection of
leprosy with a recombinant Mycobacterium leprae protein purified from
a rapidly growing mycobacterial host. J Clin Microbiol 1998; 36:
2363–65.

46 Roche PW, Neupane KD, Failbus SS, Kamath AT, Britton WJ.
Vaccination with DNA of the Mycobacterium tuberculosis 85B antigen
protects the mouse footpad against infection with M leprae.
Int J Lepr Other Mycobact Dis 2001; 69: 93–98.

47 Martin E, Roche PW, Triccas JA, Britton WJ. DNA encoding a single
mycobacterial antigen protects against leprosy infection. 
Vaccine 2001; 19: 1391–96.

48 Dockrell HM, Brahmbhatt S, Robertson BD, et al. A postgenomic
approach to identification of Mycobacterium leprae-specific peptides as
T-cell reagents. Infect Immun 2000; 68: 5846–55.

49 Brennan PJ. Skin test development in leprosy: progress with first-
generation skin test antigens, and an approach to the second
generation. Lepr Rev 2000; 71 (suppl): S50–54.

50 Rambukkana A, Salzer JL, Yurchenco PD, Tuomanen EI. Neural
targeting of Mycobacterium leprae mediated by the G domain of the
laminin-alpha2 chain. Cell 1997; 88: 811–21.

51 Rambukkana A, Yamada H, Zanazzi G, et al. Role of alpha-
dystroglycan as a Schwann cell receptor for Mycobacterium leprae.
Science 1998; 282: 2076–79.

52 Ng V, Zanazzi G, Timpl R, et al. Role of the cell wall phenolic
glycolipid-1 in the peripheral nerve predilection of Mycobacterium
leprae. Cell 2000; 103: 511–24.

53 Shimoji Y, Ng V, Matsumura K, Fischetti VA, Rambukkana A. 
A 21-kDa surface protein of Mycobacterium leprae binds peripheral
nerve laminin-2 and mediates Schwann cell invasion. 
Proc Natl Acad Sci USA 1999; 96: 9857–62.

54 Marques MA, Ant nio VL, Sarno EN, Brennan PJ, Pessolani MC.
Binding of alpha2-laminins by pathogenic and non-pathogenic
mycobacteria and adherence to Schwann cells. J Med Microbiol 2001;
50: 23–28.

55 Spierings E, de Boer T, Wieles B, Adams LB, Marani E,
Ottenhoff TH. Mycobacterium leprae-specific, HLA class II-restricted
killing of human Schwann cells by CD4+ Th1 cells: a novel
immunopathogenic mechanism of nerve damage in leprosy. J Immunol
2001; 166: 5883–88.

56 Britton WJ. The management of leprosy reversal reactions. Lepr Rev
1998; 69: 225–34.

57 Siddiqui MR, Clerc P, Bruns G, et al. A major susceptibility locus for
leprosy in India maps to chromosome 10p13. Nat Genet 2001; 11:
439–41.

58 Shaw MA, Donaldson IJ, Collins A, et al. Association and linkage of
leprosy phenotypes with HLA class II and tumour necrosis factor
genes. Genes Immun 2001; 2: 196–204.

59 Santos AR, Suffys PN, Vanderborght PR, et al. Role of tumor

SEMINAR

THE LANCET • Vol 363 • April 10, 2004 • www.thelancet.com 1217

For personal use. Only reproduce with permission from The Lancet.



necrosis factor-alpha and interleukin-10 promoter gene
polymorphisms in leprosy. J Infect Dis 2002; 186: 1687–91.

60 Roy S, McGuire W, Mascie-Taylor CG, et al. Tumor necrosis factor
promoter polymorphism and susceptibility to lepromatous leprosy. 
J Infect Dis 1997; 176: 530–32.

61 Cooke GS, Hill AVS. Genetics of susceptibility to human infectious
disease. Nat Rev Genet 2001; 2: 967–77.

62 Kang TJ, Chae GT. Detection of Toll-like receptor 2 (TLR2)
mutation in the lepromatous leprosy patients. 
FEMS Immunol Med Microbiol 2001; 31: 53–58.

63 Meisner SJ, Mucklow S, Warner G, Sow SO, Lienhardt C, Hill AV.
Association of NRAMP1 polymorphism with leprosy type but not
susceptibility to leprosy per se in west Africans. Am J Trop Med Hyg
2001; 65: 733–35.

64 Alcais A, Sanchez FO, Thuc NV, et al. Granulomatous reaction to
intradermal injection of lepromin (Mitsuda reaction) is linked to the
human NRAMP1 gene in Vietnamese leprosy sibships. J Infect Dis
2000; 181: 302–08.

65 Britton WJ. Leprosy. In: Cohen J, Powerly WG, eds. Infectious
diseases, 2nd edn. London: Mosby, 2004: 1507–13.

66 Yamamura M, Wang X-H, Ohmen JD, et al. Cytokine patterns of
immunological mediated tissue damage. J Immunol 1992; 149:
1470–75.

67 Jullien D, Sieling PA, Uyemura K, Mar ND, Rea TH, Modlin RL.
IL-15, an immunomodulator of T cell responses in intracellular
infection. J Immunol 1997; 158: 800–06.

68 Little D, Khanolkar-Young S, Coulthart A, Suneetha S, 
Lockwood DN. Immunohistochemical analysis of cellular infiltrate
and gamma interferon, interleukin-12, and inducible nitric oxide
synthase expression in leprosy type 1 (reversal) reactions before and
during prednisolone treatment. Infect Immun 2001; 69: 3413–17.

69 Sieling PA, Wang XH, Gately MK, et al. IL-12 regulates T helper
type 1 cytokine responses in human infectious disease. J Immunol
1994; 153: 3639–47.

70 Garcia VE, Uyemura K, Sieling PA, et al. IL-18 promotes type 1
cytokine production from NK cells and T cells in human intracellular
infection. J Immunol 1999; 162: 6114–21.

71 Kim J, Uyemura K, Van Dyke MK, et al. A role for IL-12 receptor
expression and signal transduction in host defense in leprosy. 
J Immunol 2001; 167: 779–86.

72 Mutis T, Kraakman EM, Cornelisse YE, et al. Analysis of cytokine
production by mycobacterium-reactive T cells: failure to explain
Mycobacterium leprae-specific nonresponsiveness of peripheral blood
T cells from lepromatous leprosy patients. J Immunol 1993; 150:
4641–51.

73 Misra N, Murtaza A, Walker B, et al. Cytokine profile of circulating
T cells of leprosy patients reflects both indiscriminate and polarized
T-helper subsets: T-helper phenotype is stable and uninfluenced by
related antigens of Mycobacterium leprae. Immunology 1995; 86:
97–103.

74 Mutis T, Cornelisse YE, Datema G, van den Elsen PJ, Ottenhoff TH,
de Vries RR. Definition of a human suppressor T-cell epitope.
Proc Natl Acad Sci USA 1994; 91: 9456–60.

75 Sieling PA, Modlin RL. Cytokine patterns at the site of mycobacterial
infection. Immunobiology 1994; 191: 378–87.

76 de Jong R, Janson AA, Faber WR, Naafs B, Ottenhoff TH. IL-2 and
IL-12 act in synergy to overcome antigen-specific T cell
unresponsiveness in mycobacterial disease. J Immunol 1997; 159:
786–93.

77 Nath I, Vemuri N, Reddi AL, et al. The effect of antigen presenting
cells on the cytokine profiles of stable and reactional lepromatous
leprosy patients. Immunol Lett 2000; 75: 69–76.

78 Garcia VE, Sieling PA, Gong J, et al. Single-cell cytokine analysis of
gamma delta T cell responses to nonpeptide mycobacterial antigens. 
J Immunol 1997; 159: 1328–35.

79 Porcelli SA, Modlin RL. The CD1 system: antigen presenting
molecules for T cell recognition of lipids and glycolipids.
Annu Rev Immunol 1999; 17: 297–329.

80 Sieling PA, Jullien D, Dahlem M, et al. CD1 expression by dendritic
cells in human leprosy lesions: correlation with effective host
immunity. J Immunol 1999; 162: 1851–58.

81 Khanolkar-Young S, Rayment N, Brickell PM, et al. Tumour
necrosis factor-alpha (TNF-alpha) synthesis is associated with the
skin and peripheral nerve pathology of leprosy reversal reactions. 
Clin Exp Immunol 1995; 99: 196–202.

82 Manandhar R, Shrestha N, Butlin CR, Roche PW. High levels of
inflammatory cytokines are associated with poor clinical response to
steroid treatment and recurrent episodes of type 1 reactions in
leprosy. Clin Exp Immunol 2002; 128: 333–38.

83 Sarno EN, Grau GE, Vieira LMM, Nery JA. Serum levels of tumour
necrosis factor-alpha and interleukin-1� during leprosy reactional
states. Clin Exp Immunol 1991; 84: 103–08.

84 Lockwood DNJ. The management of erythema nodosum leprosum:
current and future options. Lepr Rev 1996; 67: 253–59.

85 Croft RP, Richardus JH, Nicholls PG, Smith WC. Nerve function
impairment in leprosy: design, methodology, and intake status of a
prospective cohort study of 2664 new leprosy cases in Bangladesh: the
Bangladesh Acute Nerve Damage Study. Lepr Rev 1999; 70: 140–59.

86 Saunderson P, Gebre S, Desta K, Byass P, Lockwood DN. The
pattern of leprosy-related neuropathy in the AMFES patients in
Ethiopia: definitions, incidence, risk factors and outcome. Lepr Rev
2000; 71: 285–308.

87 Bell-Krotoski J, Tomancik E. The repeatability of testing with
Semmes-Weinstein monofilaments. J Hand Surg [Am] 1987; 12:
155–61.

88 Suneetha S, Arunthathi S, Chandi S, Kurian N, Chacko CJ.
Histological studies in primary neuritic leprosy: changes in the
apparently normal skin. Lepr Rev 1998; 69: 351–57.

89 Mahajan PM, Jogaikar DG, Mehta JM. A study of pure neuritic
leprosy: clinical experience. Indian J Lepr 1996; 68: 137–41.

90 Van Brakel WH, de Soldenhoff R, McDougall AC. The allocation of
leprosy patients into paucibacillary and multibacillary groups for
multidrug therapy, taking into account the number of body areas
affected by skin, or skin and nerve lesions. Lepr Rev 1992; 63:
231–46.

91 Ishikawa A, Ishikawa S, Hirakawa M. Osteoporosis, bone turnover
and hypogonadism in elderly men treated with treated leprosy. 
Lepr Rev 2001; 72: 322–29.

92 Courtright P, Daniel E, Sundarrao PSS, et al. Eye disease in
multibacillary leprosy patients at the time of their leprosy diagnosis:
findings from the Longitudinal Study of Ocular Leprosy (LOSOL) in
India, the Philippines and Ethiopia. Lepr Rev 2002; 73: 225–38.

93 Hogeweg M, Kiran KU, Suneetha S. The significance of facial
patches and type I reaction for the development of facial nerve
damage in leprosy: a retrospective study among 1226 paucibacillary
patients. Lepr Rev 1991; 62: 143–49.

94 Groenen G, Saha NG, Rashid MA, Hamid MA, Pattyn SR.
Classification of leprosy cases under field conditions in Bangladesh:
II, reliability of clinical criteria. Lepr Rev 1995; 66: 134–43.

95 Saunderson P. The epidemiology of reactions and nerve damage. 
Lepr Rev 2000; 71 (suppl): S106–10.

96 Saunderson P, Groenen G. Which physical signs help most in the
diagnosis of leprosy? A proposal based on experience in the AMFES
project, ALERT, Ethiopia. Lepr Rev 2000; 71: 34–42.

97 Lockwood DN, Reid AJ. The diagnosis of leprosy is delayed in the
United Kingdom. QJM 2001; 94: 207–12.

98 Croft RP, Nicholls PG, Steyerberg EW, Richardus JH, Cairns W,
Smith S. A clinical prediction rule for nerve-function impairment in
leprosy patients. Lancet 2000; 355: 1603–06.

99 Roche PW, Britton WJ, Failbus SS, Ludwig H, Theuvenet WJ, 
Adiga RB. Heterogeneity of serological responses in paucibacillary
leprosy: differential responses to protein and carbohydrate antigens
and correlation with clinical parameters. Int J Lepr 1990; 58: 319–27.

100 Williams DL, Gillis TP, Booth RJ, Looker D, Watson JD. The use of
a specific probe and polymerase chain reaction for the detection of
Mycobacterium leprae. J Infect Dis 1990; 162: 193–200.

101 Kampirapap K, Singtham N, Klatser PR, Wiriyawipart S. DNA
amplification for detection of leprosy and assessment of efficacy of
leprosy chemotherapy. Int J Lepr Other Mycobact Dis 1998; 66: 16–21.

102 Ji BH. Drug resistance in leprosy: a review. Lepr Rev 1985; 56:
265–78.

103 Soares DJ, Neupane K, Britton WJ. Relapse with multibacillary
leprosy caused by rifampicin sensitive organisms following
paucibacillary multi-drug therapy. Lepr Rev 1995; 66: 210–13.

104 Kai M, Matsuoka M, Nakata N, et al. Diaminodiphenylsulfone
resistance of Mycobacterium leprae due to mutations in the
dihydropteroate synthase gene. FEMS Microbiol Lett 1999; 177:
231–35.

105 Williams DL, Spring L, Harris E, Roche P, Gillis TP.
Dihydropteroate synthase of Mycobacterium leprae and dapsone
resistance. Antimicrob Agents Chemother 2000; 44: 1530–37.

106 Williams DL, Pittman TL, Gillis TP, Matsuoka M, Kashiwabara Y.
Simultaneous detection of Mycobacterium leprae and its susceptibility
to dapsone using DNA heteroduplex analysis. J Clin Microbiol 2001;
39: 2083–88.

107 Levy L, Moon N, Murray LP, O’Neill SM, Gustafson LE, Evans MJ.
Studies of the mouse foot pad technic for cultivation of Mycobacterium
leprae: 1, fate of inoculated organisms. Int J Lepr Other Mycobact Dis
1974; 42: 165–73.

108 Honore N, Cole ST. Molecular basis of rifampicin resistance in
Mycobacterium leprae. Antimicrob Agents Chemother 1993; 37: 414–18.

109 Honore N, Roche PW, Grosset JH, Cole ST. A method for rapid
detection of rifampicin-resistant isolates of Mycobacterium leprae.
Lepr Rev 2001; 72: 441–48.

SEMINAR

1218 THE LANCET • Vol 363 • April 10, 2004 • www.thelancet.com

For personal use. Only reproduce with permission from The Lancet.



110 Yawalkar SJ, McDougall AC, Languillon J, et al. Once-monthly
rifampicin plus daily dapsone in initial treatment of lepromatous
leprosy. Lancet 1982; 1: 1199–202.

111 Gebre S, Saunderson P, Byass P. Relapses after fixed duration
multiple drug therapy: the AMFES cohort. Lepr Rev 2000; 71:
325–31.

112 Boerrigter G, Ponnighaus JM, Fine PE, Wilson RJ. Four-year follow-
up results of a WHO-recommended multiple-drug regimen in
paucibacillary leprosy patients in Malawi. 
Int J Lepr Other Mycobact Dis 1991; 59: 255–61.

113 Dasananjali K, Schreuder PA, Pirayavaraporn C. A study on the
effectiveness and safety of the WHO/MDT regimen in the northeast
of Thailand; a prospective study, 1984–1996. 
Int J Lepr Other Mycobact Dis 1997; 65: 28–36.

114 Jamet P, Ji B. Relapse after long-term follow up of multibacillary
patients treated by WHO multidrug regimen: Marchoux
Chemotherapy Study Group. Int J Lepr Other Mycobact Dis 1995; 63:
195–201.

115 Girdhar BK, Girdhar A, Kumar A. Relapses in multibacillary leprosy
patients: effect of length of therapy. Lepr Rev 2000; 71: 144–53.

116 Ji B. Does dapsone resistance really matter in the MDT era? 
Int J Lepr Other Mycobact Dis 2001; 69: 54–55.

117 Rea TH. Trials of daily, long-term minocycline and rifampin or
clarithromycin and rifampin in the treatment of borderline
lepromatous and lepromatous leprosy. Int J Lepr Other Mycobact Dis
2000; 68: 129–35.

118 Fleming CJ, Hunt MJ, Salisbury EL, McCarthy SW, Barnetson RS.
Minocycline-induced hyperpigmentation in leprosy. Br J Dermatol
1996; 134: 784–87.

119 Lockwood DN. Rifampicin/minocycline and ofloxacin (ROM) for
single lesions: what is the evidence? Lepr Rev 1997; 68: 299–300.

120 Villahermosa L, Fajardo T, Abalos R, et al. Parallel assessment of
24 monthly doses of rifampicin, ofloxacin and minocycline (ROM)
versus 2 year WHO multidrug therapy (MDT) in multi-bacillary
leprosy. Am J Trop Med Hyg 2004; 70: 197–200.

121 Van Brakel WH. Peripheral neuropathy in leprosy and its
consequences. Lepr Rev 2000; 71 (suppl): S146–53.

122 Croft RP, Nicholls PG, Richardus JH, Smith WC. Incidence rates of
acute nerve function impairment in leprosy: a prospective cohort
analysis after 24 months. Lepr Rev 2000; 71: 18–33.

123 Kiran KU, Hogeweg M, Suneetha S. Treatment of recent facial nerve
damage with lagophthalmos, using a semistandardized steroid
regimen. Lepr Rev 1991; 62: 150–54.

124 Smith WCS. Review of current research in the prevention of nerve
damage in leprosy. Lepr Rev 2000; 71S: 138–45.

125 Anderson AM, van Brakel WH, Withington SG, et al. Prophylactic
steroids to prevent nerve function impairment in leprosy: a
randomised controlled trial (TRIPOD 1). Proceedings 16th

International Leprosy Congress, Salvador, Brazil. 2002; abstr 63.
126 Marlowe SNS, Hawksworth RA, Butlin CR, Nicholls PG, 

Lockwood DNJ. Clinical outcomes in a randomised controlled 
study comparing azathioprine and prednisolone versus prednisolone
alone in the treatment of severe leprosy type 1 reactions in Nepal.
Trans R Soc Trop Med Hyg (in press).

127 Marlowe SNS, Knuutilla, Herm F, Bizuneh E, Lekassa R, 
Lockwood DNJ. Clinical response to cyclosporin A treatment in
severe leprosy type 1 reactions(T1R) patients in Nepal and Ethiopia.
Proceedings16th International Leprosy Congress, Salvador, Brazil.
2002; abstr OCA7.

128 Manandhar R, LeMaster JW, Roche PW. Risk factors for erythema
nodosum leprosum. Int J Lepr Other Mycobact Dis 1999; 67:
270–78.

129 Jakeman P, Smith WCS. Thalidomide in leprosy reaction. Lancet
1994; 343: 432–33.

130 Moreira AL, Kaplan G, Villahermosa LG, et al. Comparison of
pentoxifylline, thalidomide and prednisone in the treatment of ENL.
Int J Lepr Other Mycobact Dis 1998; 66: 61–65.

131 Cross H, Newcombe L. An intensive self care training programme
reduces admissions for the treatment of plantar ulcers. Lepr Rev 2001;
72: 276–84.

132 Seboka G, Saunderson P, Currie H. Footwear for farmers affected by
leprosy. Lepr Rev 1998; 69: 182–83.

133 Kazen RO. Management of plantar ulcers in leprosy. Lepr Rev 1999;
70: 63–69.

134 Srinivasin H. Rehabilitation in leprosy. In: Hasting RC, ed. Leprosy,
2nd edn. Edinburgh: Churchill Livingstone, 1994: 411–48.

135 Nicholls PG. Guidelines for social and economic rehabilitation. 
Lepr Rev 2000; 71: 422–65.

136 International Association for Dignity and Economic Advancement.
2002; www.idealeprosydignity.org (accessed Jan 13, 2004).

137 Karonga Prevention Trial Group. Trial of BCG vaccine for protection
against tuberculosis and leprosy in Karonga District, Malawi. 
Lancet 1996; 348: 17–24.

138 Convit J, Sampson C, Zuniga M, et al. Immunoprophylactic trial with
combined Mycobacterium leprae/BCG vaccine against leprosy:
preliminary results. Lancet 1992; 339: 446–50.

139 Gupte MD, Vallishayee RS, Anantharaman DS, et al. Comparative
leprosy vaccine trial in south India. Indian J Lepr 1998; 70: 369–88.

140 Richardus JH, Moet FJ, Oskam L, Pahan D, Withington SJ. A
prospective sero-epidemiological study on contact transmission and
chemoprophylaxis in leprosy (COLEP). Proceedings 16th
International Leprosy Congress, Salvador, Brazil. 2002: abstr 67.

141 Morrison A. A woman with leprosy is in double jeopardy. Lepr Rev
2000; 71: 128–43.

142 Lockwood DN, Sinha HH. Pregnancy and leprosy: a comprehensive
literature review. Int J Lepr Other Mycobact Dis 1999; 67: 6–12.

SEMINAR

THE LANCET • Vol 363 • April 10, 2004 • www.thelancet.com 1219

For personal use. Only reproduce with permission from The Lancet.


	Leprosy
	Epidemiology of leprosy
	Biology of M leprae
	Host response
	Clinical features of disease
	Skin involvement
	Nerve damage
	Systemic features
	Eye involvement

	Diagnostic criteria for leprosy
	Classification of disease
	Serology and PCR for diagnosis
	Treatment of leprosy
	Chemotherapy
	Monitoring and treatment of nerve damage
	Management of reactions and neuritis
	Education of patients
	Prevention of disability
	Socioeconomic rehabilitation
	Prophylaxis against leprosy
	Women and leprosy
	What is necessary to eradicate leprosy?

	Acknowledgments
	References


