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SUMMARY

Despite significant improvements in leprosy (Hansen’s disease)
treatment and outlook for patients since the introduction of mul-
tidrug therapy (MDT) 3 decades ago, the global incidence remains
high, and patients often have long-term complications associated
with the disease. In this article, we discuss recent findings related
to genetics, susceptibility, and disease reservoirs and the implica-
tions of these findings for Hansen’s disease control and health
outcomes for patients. We describe the continued difficulties as-
sociated with treatment of inflammatory episodes known as “lep-
rosy reactions,” which cause much of the disability associated with
the disease and can affect people for many years after MDT is
complete. We also discuss some of the contemporary challenges
for physicians and patients, including international and internal
migration of people affected by the disease. We suggest some im-
portant areas of focus for future Hansen’s disease research.

INTRODUCTION

Leprosy, or Hansen’s disease (HD), is an ancient bacterial dis-
ease that, although curable, continues to be a significant health

problem in many parts of the world. HD results from infection
with the Mycobacterium leprae bacillus, which produces a chronic
infection in humans that affects mainly peripheral nerves and skin
but may also affect sites such as the eyes, mucous membranes,
bones, and testes and produces a spectrum of clinical phenotypes
(1–3). In the skin, M. leprae has an affinity for keratinocytes, mac-
rophages, and histiocytes (3, 4). In peripheral nerves, M. leprae can
be found in Schwann cells (2). Keratinocytes seem to play a key
role in the release of the antimicrobial peptide �-defensin in re-
sponse to M. leprae antigens (4). Once inside the host cell, M.
leprae interacts with the host cell lipid metabolism to foster bac-
terial intracellular survival (5). The predilection for the Schwann
cell initiates after its attachment to �2-laminin and adhesins lo-
cated in the basal lamina and to �-dystroglycan and ErbB2 recep-
tors on its cell surface (6). The entry of M. leprae bacilli into

Schwann cells triggers cells to dedifferentiate into immature cells
through the activation of signaling of the Erk1/2 pathway. This
transformation creates a suitable environment for the bacteria to
proliferate (7). More recently, it has been shown that further ded-
ifferentiation leads to the reprogramming the Schwann cell to a
“stem cell-like” cell with a plethora of new capabilities, such as
redifferentiation into mesenchymal cells with the ability to spread
infection or attracting macrophages to develop granulomas that
could then serve as a Trojan horse for systemic dissemination of
M. leprae (3, 8). The presence of bacilli in the skin produces the
dermatological manifestations of the disease, and nerve infection
produces axonal dysfunction and demyelination, leading to sen-
sory loss and its consequences of disability and deformity (2, 9). In
this sense, the degenerative changes associated with infection of
the peripheral sensory nerves are considered a crucial event in the
natural history of HD (7, 8). Once the infection is established, the
occurrence of leprosy reactions, because of their inflammatory
impact on peripheral nerves, remain an important contributor to
sensory loss and dysfunction (9–12).

In the last few decades, particularly with the advent of multi-
drug therapy (MDT) and the use of anti-inflammatory therapies,
there have been substantial improvements in long-term health
outcomes for individuals diagnosed with HD. Although the
worldwide prevalence of this disease has significantly decreased,
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HD is still a poorly understood illness, and often, the statistics do
not capture the disability and dysfunction that remain after MDT
is complete. A 1991 World Health Assembly resolution for HD
“elimination” (reducing the prevalence to 1 case of HD per 10,000
people) by the year 2000 was achieved at the global level (13).
However, in many regions where HD is endemic, this goal is still
far from being met, and the incidence of the disease has not de-
creased significantly over the past decade. Among the millions of
people who have been cured with multidrug therapy, there are a
large number who still suffer from long-term complications of the
disease, including temporary and permanent disability, defor-
mity, and social stigma.

There were 219,075 new cases of HD reported in 2011, under-
scoring the persistent transmission of the disease despite an over-
all decrease in its prevalence (14). Under the current WHO-rec-
ommended treatment scheme, many people complete the
treatment in less than a year, so the global prevalence of leprosy is
often lower than the incidence; the total number of registered
cases at the beginning of 2012 was 181,941 (14). India and Brazil
account for the majority of these cases. In this article, after a brief
discussion of the history of HD and its treatment, we touch on
some of the contemporary challenges associated with HD treat-
ment in nations where the disease is and is not endemic as well as
some of the more recent findings that may have a positive impact
on HD control and patient well-being in the future.

HD PAST AND PRESENT: A BRIEF SUMMARY

Skeletal and genetic evidence of the antiquity of HD provides
some clues to understanding the disease in the present context.
While there is only speculative evidence that the disease that we
understand today to be a result of infection by M. leprae bacilli was
among the skin afflictions described in ancient texts from the Old
World, concrete skeletal evidence of the disease’s existence in the
past has been found, including a find dated to 4,000 years ago in
India (15). Sequencing of the HD genome and discoveries of ge-
netic material in human skeletal material from previous centuries
also give us more information about the movement of the disease
as well as about human migration. For example, Schuenemann et
al. (16) compared genome sequences of M. leprae from skeletons
dated to �1,000 years ago in Europe to contemporary strains,
indicating that contemporary M. leprae strains share an ancestor
dating back to �4,000 years ago.

In many (but not all) parts of the world, the deformities and
disabilities caused by HD, as well as religious and social meanings
associated with the disease or the physical changes that might
result from it, have resulted in and continue to generate stigma-
tizing attitudes toward and negative beliefs about people affected
by the disease. In 1943, Guy Faget, working at Carville Hospital in
Louisiana, demonstrated that sulfone drugs were effective in kill-
ing M. leprae bacilli (17), but confinement policies in many coun-
tries were in place for many years after this. In Japan, mandatory
confinement continued until the mid-1990s. As noted by Sato and
Narita, the scientific understanding of HD as a disease with low
transmissibility did not always dictate policy decisions, which
were more influenced by societal stigma coupled with dilemmas
associated with providing services for reintegration of those peo-
ple who had been isolated (18).

In 1982, multidrug therapy was introduced, which remedied
many of the problems associated with monotherapy (17); previ-
ously, most patients had to take daily doses of sulfone mono-

therapy for life, and if there was an interruption in taking the
medication, drug resistance could develop. Many patients world-
wide complete MDT, which consists of a combination of the med-
ications rifampin, clofazimine, and dapsone, in a year or less. Al-
though patients are considered “cured” after the completion of
MDT, many experience complications after MDT is completed,
including a lifelong stigma associated with having had the disease,
leprosy reactions, permanent disability, and occasional relapse/
reinfection. Complications associated with leprosy reactions are
significant causes of disability and create particular challenges for
patients and physicians over the long term (2).

THE HD BACILLUS AND ITS IMPACT

HD results from infection with Mycobacterium leprae, an intracel-
lular acid-fast bacillus. Most people (an estimated 95% of the
world’s population) are not genetically susceptible to the disease
(11), but there seems to be variation among population groups
that may be related to both genetic factors and ancestral exposure
to the bacillus. The traditional model of interaction of an infec-
tious agent that includes host, pathogen, and environment is a
unique one in the case of HD. Overall, there seems to be little
pathogen variability and virulence to explain the different clinical
forms, with the possible exception of the recently discovered spe-
cies Mycobacterium lepromatosis in patients with HD who had
diffuse leprosy of Lucio and Latapí (3, 19, 20). Confirmation of
this as a new species that could cause HD requires further research,
as defined by Gillis et al. (21). However, most of the clinical phe-
notypes may be due to genetic variability determined by different
biological pathways modulated by M. leprae and reprogramming
of adult Schwann cells and interactions of innate and adaptive
immunity (3, 8).

Some population groups exhibit higher prevalence rates of HD
than others. For example, among populations of the Western Pa-
cific, particularly Micronesia, the prevalence (number of cases per
10,000 people) is among the highest in the world (22). This could
have to do with greater genetic susceptibility, but it could also be
related to the recent introduction of HD to this part of the world.
Among susceptible individuals, there is great variety in terms of
the individual immune response to the bacilli in the body, such
that physicians who work with the disease for many years see the
value in looking at each person’s disease as unique.

The classification of leprosy should be determined by clinical
prognosis and to distinguish which cases may be potentially infec-
tious (1, 23, 24). The World Health Organization suggests a simple
scheme for distinguishing different types of HD, which is used as
the basis of the current treatment model; in this model, HD is
classified based on visible symptoms and (ideally) the presence or
absence of bacilli in slit-skin smears from cooler regions of the
body (generally from earlobes, elbows, and/or knees) where bacilli
proliferate: those patients with just 1 to 5 diagnostic skin patches
and no apparent bacilli in slit-skin smears are classified as having
“paucibacillary” disease, and those with �5 skin patches and ba-
cilli visible by microscopic analyses of skin smears are classified as
having “multibacillary” disease. In areas without access to slit-skin
smears, the criterion for diagnosis is the number of visible lesions.
Gupta et al. (25) found that this fairly arbitrary model based on the
number of lesions that are identifiable can result in both over- and
underdiagnosis of HD; they suggested adding additional criteria
that take into account the size of the lesions and accompanying
nerve enlargement. Prasad and Kaviarisan (26) note that the
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WHO classification system contains no treatment protocol for
cases of neuritic HD in which no skin lesions or changes are pres-
ent. A more nuanced system of classification recognizes a spec-
trum of cell-mediated responses to the disease, with five categories
of the disease (23, 24); these include, from the least to the most
severe (or the greatest to the least immune response), tuberculoid
(TT) (Fig. 1), borderline tuberculoid (BT) (Fig. 2), borderline
borderline (BB) (Fig. 3), borderline lepromatous (BL) (Fig. 4),
and lepromatous (LL) (Fig. 5) (23, 24). The lepromatous leprosy
(LL) group was redefined to include the subpolar and polar com-
ponents of the original description (24). In the United States, the
National Hansen’s Disease Program uses this system (Ridley-Jop-
ling classification system) (23, 24). This classification correlates
with the immune response to M. leprae infection and thus can be
used to identify patients who are considered “immunologically
unstable” and at risk of developing leprosy reactions. By using this
framework, those patients with borderline forms of the disease can
suffer either upgrading or downgrading reactions (1). Upgrading
reactions are associated with increased cell-mediated immune re-
sponses (which tend to occur when patients are receiving MDT),
while downgrading reactions take place when patients develop le-
sions in the lepromatous pole of the spectrum after beginning with
borderline forms (usually prior to initiation of MDT) (1, 8, 24).

HD in its early stages is mild, often manifesting as a reaction
that has prompted the patient to seek medical attention. These
symptoms often do not manifest for many years after transmis-
sion because of an often extended incubation period. Although
there are reported cases of infants and young children with HD
(27, 28), suggesting a brief period between transmission and man-
ifestation of symptoms in these cases, the World Health Organi-

zation states that the incubation period is generally close to 5
years, although it can be up to 20 years (29). The lack of severity of
HD when it begins to appear on the body can result in delays in
patients seeking diagnosis as well as delays in receiving a correct
diagnosis from a health care professional: HD is often mistaken
for other conditions that manifest on the skin (such as allergic
reactions, autoimmune diseases such as midline granuloma, fun-
gal infections, vitiligo, other mycobacterial infections, mucocuta-
neous leishmaniasis, and syphilis) or for conditions with nerve
involvement (such as diabetes and rheumatoid arthritis) (29, 30).
Diagnosis is particularly problematic for health care professionals
in countries where HD is not endemic (31). Depending on the
individual immune response, HD can remain a mild disease with
no apparent physical changes and even (rarely) spontaneous cure,
or, at the other end of the spectrum of immunity, it can progress so
that the proliferation of M. leprae bacilli in the body causes exten-
sive peripheral nerve damage, which in turn can result in changes
in physical appearance and physical mobility.

Peripheral nerve sensorimotor dysfunction in patients with
HD is a result of primary infection with M. leprae and is frequently
exacerbated by episodes of leprosy reactions (9, 10). Reactions
affect 30 to 50% of patients with leprosy; they are inflammatory
conditions that often appear at the initiation of treatment. How-
ever, they may occur at any time during the course of the disease.
Reactions may cause permanent damage to nerves and can affect
skin and other organs as well (1, 32). Reactions have been catego-
rized into two primary types: type 1 reactions, also known as re-
versal reactions (RRs), and type 2 reactions, or erythema nodosum
leprosum (ENL) reactions (Table 1). In order to diagnose a lep-
rosy reaction, physicians should do a physical examination and

FIG 1 A 23-year-old female with the tuberculoid leprosy form, manifesting as
a single well-defined hypopigmented macular lesion associated with
anesthesia.

FIG 2 A 42-year-old male with borderline tuberculoid leprosy, manifesting as
multiple (�5) polymorphic, partially raised, confluent, hypopigmented mac-
ules associated with anesthesia. The patient also had irregular enlargement of
several large nerves in an asymmetrical pattern.
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collect information on a patient’s medical history (1). The types of
reactions are associated with different forms of HD. Generally,
patients with type 1 reactions are those who have been diagnosed
with a form that falls into the spectrum of borderline types of HD
(BT, BB, and BL). Generally, patients with the BL or LL form of

HD experience type 2 reactions (1, 32, 33). Patients who exhibit
high levels of skin infiltration with HD bacilli run a higher risk of
developing type 2 reactions, since these reactions occur in patients
with polar lepromatous phenotypes (34). The greatest risk factor
for the occurrence of type 1 reactions seems to be the initiation of

FIG 3 A 53-year-old male with the borderline borderline form of leprosy, manifesting as multiple infiltrated plaques with punched-out centers associated with
anesthesia. The patient had many nerves involved in a symmetrical pattern.

FIG 4 A 29-year-old male with the borderline lepromatous form of leprosy, presenting with diffuse thickening of the skin with associated anesthesia and paresis.
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MDT (32). Another potential type of leprosy reaction is the Lucio
phenomenon, associated with a form of lepromatous leprosy
known as diffuse leprosy of Lucio and Latapí. This form of HD is
associated with endothelial cell injury; it causes diffuse necrotizing
lesions that result from nonocclusive or occlusive vasculopathy
associated with direct M. leprae or M. lepromatosis endothelial cell
injury (20). Corticosteroids, which serve to reduce inflammatory
reactions in skin and nerves that can cause severe nerve damage,

are the primary treatment recommended by the World Health
Organization for leprosy reactions (9, 32, 33).

Type 1 Reaction (Reversal Reaction)

Type 1 reactions occur in borderline leprosy, and they are under-
stood to be an intensification in the cell-mediated immune re-
sponse to HD bacilli (1, 12, 32, 35–37). Patients with type 1 reac-
tions generally have fewer HD bacilli and lower levels of antibodies

FIG 5 A 17-year-old male with the lepromatous leprosy form of leprosy, manifesting as diffuse thickening with innumerable discrete as well as confluent
nodules.

TABLE 1 Overview of clinical manifestations and management of leprosy reactions

Characteristic

Description for reaction typea:

1 (RR) 2 (ENL)

Clinical phenotype Occurs mainly in borderline disease (BT, BB, BL); it may also occur
with TT and also within pure neural leprosy

Occurs in BL and LL

Skin manifestations Acute onset of redness and swelling in previously existing skin
lesions, and lesions may sometimes ulcerate; marked edema of
the hands, feet, and face may occur; no new lesions appear

New painful and tender red papules or nodules, which occur
in crops in limbs or on trunk and face; ulceration of
nodules may occur; edema of the hands, feet, or face may
occur; original leprosy skin patches remain as they were

Nerve signs and
symptoms

Pain or tenderness in one or more nerves, with or without loss of
nerve function; new nerve damage manifesting as numbness or
muscle weakness in the hands, feet, or face

New nerve damage manifesting as numbness or muscle
weakness in the hands, feet, or face; pain or tenderness in
one or more nerves, with or without loss of nerve
function

Systemic manifestations Unusual Fever, malaise, lymphadenitis, uveitis, neuritis, arthritis,
dactylitis, orchitis

Diagnosis Clinicalb Clinicalc

Treatment Corticosteroidsd Corticosteroids/thalidomide
a BT, borderline tuberculoid; BB, borderline borderline; BL, borderline lepromatous; LL, lepromatous.
b Key features in skin biopsy specimens include dermal edema, granuloma edema, and the presence of giant cells and plasma cells.
c Skin biopsy specimens demonstrate a mixed dermal infiltrate of neutrophils and lymphocytes and fragmented bacilli in macrophages.
d For mild reactions, nonsteroidal anti-inflammatory drugs maybe sufficient.
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to HD than patients with the lepromatous form of HD (38, 39).
Type 1 reactions typically result in inflammation and pain in pre-
existing lesions, which may also ulcerate (Fig. 6). These reactions
may also produce increased neuritis manifested as tenderness and
nerve damage (10, 11, 40). Damage that occurs to nerves in the
face can cause facial paralysis, including loss of the ability to close
the eyelids (lagophthalmos). Associated inflammatory eye condi-
tions, including iritis and scleritis, can lead to blindness. In addi-
tion, nerve injury to feet can result in the sudden onset of foot
drop, which can lead to further permanent disability (1, 9, 39).

Type I reactions typically occur within the first 6 months after
the start of MDT, although they can happen at any stage of the
disease process (including after MDT is completed) (2, 32, 37).
Edema or erythema in existing lesions and stimulus-independent
(spontaneous) nerve pains are clinical signs of a type I reaction
(39). Verification of the diagnosis can be accomplished by skin
biopsy (Fig. 7). The presence of granuloma edema, dermal edema,
plasma cells, and giant cells in the biopsy specimen is a good indi-
cator that a type I reaction is taking place (1, 9, 38).

Type 2 Reaction (Erythema Nodosum Leprosum)

ENL results in cellular dysfunction as well as in antigen-antibody
complexes being deposited directly into tissues (40). This can
cause acute nerve and skin inflammation (Fig. 8) (10, 12). With
type 2 reactions, there is an inflammatory infiltration of polymor-
phonuclear cells (neutrophils) accompanied by vasculitis and/or
inflammation of the subcutaneous layer of fatty tissue (pannicu-
litis) (Fig. 9) (12, 40). ENL is also associated with increased pro-
inflammatory cytokine levels (12).

Type 2 reactions can be diagnosed based on a variety of symp-
toms in patients with borderline lepromatous or lepromatous lep-
rosy. Patients may develop new subcutaneous nodules that are
painful (40). These nodules may be accompanied by fever and

malaise as well as inflammation of nerves, lymph nodes, eyes, and
extremities. (Fig. 8) (1, 9, 32). As with type 1 reactions, ENL can
come about during different points in the natural history of pa-
tients with the BL or LL form of the disease, although these reac-
tions often emerge when patients are taking MDT. Some patients
continue to experience episodes of ENL reactions for many years
after they have been declared “cured” of HD, sometimes resulting
in confusion for patients about the definition of “cure” (1, 9, 34).

In skin biopsy specimens from patients experiencing an ENL
reaction, dead (fragmented) bacilli, neutrophils, and lymphocytes
may be apparent within macrophages (2, 9, 40). Nerve involve-
ment is common with these reactions (10, 11). Some patients,
with the exception of those with borderline lepromatous HD, ex-
perience both type 1 and 2 reactions (2, 32, 37). Type 2 reactions
can also take different forms. While some patients experience a
single acute episode, others have multiple/recurring acute epi-
sodes or experience chronic ENL, the latter being most common
(32, 34, 37).

High-risk factors for developing type 2 reactions include having
the lepromatous form of leprosy, certain life changes in women (in-
cluding puberty, pregnancy, and lactation, which result in hormonal
changes), and a high bacteriological index (3 or more) (34, 37). Emo-
tional and psychological stress, and the corresponding immunologi-
cal and hormonal changes, may also be a factor in triggering reac-
tions, although this has not been verified by large-scale, longitudinal
studies (2, 32, 34, 37). Type 2 reactions tend to be more complicated
to treat than type 1 reactions, because of their systemic nature and the
likelihood of recurrent episodes (34, 37).

Genetics and HD

Research focusing on the relationship among human genetics, the
HD genome, and HD susceptibility is useful toward developing a
greater understanding of how and why people develop the disease

FIG 6 A 38-year-old male with a type 1 reaction with acute inflammation of existing plaques. (Adapted from reference 32.)
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(41–44). In a Clinical Microbiology Reviews article from 2006, Scol-
lard et al. (12) provided a comprehensive summary of the part that
genetics plays in HD susceptibility. The presence of the PARK2/
PACRG gene, located on chromosome 6q25-q27, and the pres-
ence of the NRAMP1 gene (on chromosome 2q35) are associated
with leprosy susceptibility (12). The chromosome 10p13 locus,
the TAP1 and TAP2 (transporter associated with antigen process-
ing) genes (located on chromosome 6p21), TNF-� (tumor necro-
sis factor alpha) (located on chromosome 6p21), and the VDR
(vitamin D receptor) gene (on chromosome 12q12) have been
found to be associated with susceptibility to HD, as have a variety

of factors associated with innate and adaptive immunity (42–45).
Over the last few years, there have been increasing numbers of
reports that demonstrate a key role of the innate immune response
in determining susceptibility to leprosy and its reactional states.
Genetic regulation of the innate immune response, as shown by
different polymorphisms of the NOD2 gene, has been linked with
increased susceptibility to leprosy and also to the development of
leprosy reactions (3, 46, 47). A key role of the innate immune
system in a dysregulated inflammatory response during leprosy
reactions is demonstrated by genetic variability in polymorphisms
associated with Toll-like receptors (3). A particular human poly-

FIG 7 Histopathological progression of cutaneous lesions in type 1 reactions. (A) The initial skin biopsy specimen revealed features of borderline lepromatous
leprosy, with a disorganized inflammatory infiltrate in which vacuolated macrophages predominated. Occasional multinucleated giant cells were also noted. Fite
stains revealed moderate numbers of bacilli (inset and thin bold arrow). (B) A biopsy specimen 1 month later revealed greater organization of the inflammatory
infiltrate and increased lymphocytic clustering, with more numerous multinucleated giant cells, consistent with a type 1 leprosy reaction (thick dotted arrow)
(original magnification for photographs of hematoxylin- and eosin-stained sections, �250; original magnification for photographs of Fite-stained sec-
tions, �1,000). (Adapted from reference 100 by permission of Oxford University Press and the Infectious Diseases Society of America.)
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morphism in Toll-like receptor 1 (T1805G variant), which is as-
sociated with impaired mycobacterial intracellular signaling, has
been shown to provide protection against the occurrence of type 1
reactions (44).

On a genomic scale, studies have also confirmed a correlation
among specific aspects of individual genetics and immunity with
HD susceptibility. A large-scale GWAS (genome-wide association
study) was conducted with 706 patients and 1,225 controls in
China (45). The researchers of that study identified six genes in-
volved in the innate immune response to be associated with HD
susceptibility (listed with their respective chromosomes):
CCDC122 (13q14), C13orf31 (13q14), NOD2 (16q12), TNFSF15
(9q32), HLA-DR (6p21), and RIPK2 (8q21). That study con-
firmed that variants of genes in the NOD2-mediated signaling
pathway are indeed associated with susceptibility to M. leprae in-
fection (45–47). Subsequent studies have further elucidated that
the differential expression of some of these genes is associated with
different forms of HD. In this sense, the expression of NOD2 is
associated with the tuberculoid form by promoting monocyte dif-
ferentiation into dendritic cells. The expression of galectin-3 is
associated with differentiation of monocytes into macrophages in
the case of lepromatous leprosy (3).

With regard to identifying a genetic signature associated with
leprosy reactions, a recent report demonstrated a 44-gene set that
regulates three different functional components of the inflamma-

tory response, associated with type 1 reactions: regulators of the
arachidonic acid metabolism mediators and anti-inflammatory
and proinflammatory regulators (47). The key finding from that
report is that among individuals with type 1 reactions, there seems
to be a defect in the regulation of the inflammatory response
against M. leprae antigens, since both components of the innate
immune response (anti-inflammatory and proinflammatory) are
involved. These findings may contribute to the understanding of
the pathogenesis of the disease and to the development of new
early diagnostic markers to identify and predict which patients
will be at a higher risk of developing leprosy reactions (45–47).

Genome Sequencing and Recent Research on Armadillos in
the Americas

It was only recently confirmed that strains of M. leprae present in
armadillos in the U.S. South are of a single clonotype that has been
matched, through whole-genome sequencing, to the clonotype
found in the majority of U.S.-born residents in these regions with
the disease and who have consumed armadillo meat or otherwise
been in contact with armadillos (48). This form of infection with
M. leprae may account for many of the cases in areas where the
disease is endemic, in which people born in the United States who
have had no known contact with people affected by the disease are
diagnosed. The correlation between HD infection in humans and
contact with armadillos has been demonstrated previously in
studies in the United States and Brazil (49–52).

In regions of the Americas where there is a high prevalence of
the disease (principally Brazil), person-to-person contact is still
the most probable mode of HD transmission. Even among people
affected by the disease who have had armadillo contact but who
report no known contact with people who have the disease, their
regular exposure to HD-affected people who have no visible
symptoms is still a likely cause of the disease. However, Deps et al.
(51) found that direct exposure (through hunting/meat con-
sumption) to armadillos was associated with a significant increase
in the HD incidence among a studied population in the state of
Vitória in southern Brazil. In several regions of Brazil where HD is

FIG 8 A 51-year-old male with erythema nodosum leprosum, manifesting as
newly appearing red, painful, tender red papules and nodules in crops in the
extensor surface of the arm.

FIG 9 Erythema nodosum leprosum. Several polymorphonuclear cells are
seen (top left, thick bold arrow) against a background of foamy histiocytes
(seen best at the bottom right [thin dotted arrow]) (hematoxylin and eosin
staining; original magnification, �400).
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still a public health problem, consumption of armadillo meat is a
common practice, although it is unclear if meat consumption
transmits the disease; it is possible that transmission may take
place through human contact with armadillos that are captured
and kept in pens before consumption. In a case-control study in
the state of Espirito Santo in southern Brazil, Schmitt et al. (52)
did not find an association between the consumption of armadillo
meat and HD, although the prevalence of HD among armadillos
in this area has not yet been mapped. Generally, the presence of M.
leprae among armadillos in the Americas should be considered in
HD control efforts in the future, as transmission between humans
and armadillos may provide a continued reservoir for the disease,
potentially complicating attempts to eliminate the disease in the
Americas.

Management of HD

For adults diagnosed with multibacillary HD, the World Health
Organization currently recommends a year of treatment with a
combination of 600 mg of rifampin once per month, 300 mg of
clofazimine once per month, and daily doses of clofazimine (50
mg) and dapsone (100 mg) for a total of 12 months. The recom-
mendation for paucibacillary patients is a 600-mg dose of rifam-
pin once per month and daily 100-mg doses of dapsone for 6
months. For those patients with paucibacillary HD who have only
one skin patch, a single-dose “ROM” treatment (which includes
rifampin, ofloxacin, and minocycline) is recommended (53). Al-
though, according to the WHO, side effects of MDT are “mild”
and serious side effects are rare (53), some common side effects are
troubling for patients. While not physically serious or permanent,
the side effects of clofazimine (which include darkening of the skin
and dry skin/scaliness of the skin [ichthyosis]) can have social and
emotional consequences for patients. Changes in skin tone from
clofazimine can alert others to the fact that patients are being
treated for HD (in areas where this side effect is recognized or
known), alert others to a general problem that patients are having
(which can also generate stigma), affect patients’ self-perception
or self-esteem, and/or, in some cases, change a person’s racial
category (as reported for patients in the United States and Brazil,
for example), which can have consequences in terms of how these
patients are treated by others and could potentially affect employ-
ment status and social relationships, among other things (54, 55).

The World Health Organization recommends treating HD re-
actions with analgesics, clofazimine, thalidomide, and/or cortico-
steroids. While the drug thalidomide is an important drug in HD
reactions, it is unavailable in most countries today because of the
risk of severe birth defects in children of mothers who take the
drug during pregnancy. Before 1998, the duration of MDT was 2
years for multibacillary patients and 1 year for paucibacillary pa-
tients. The reduction in the recommended treatment duration
and the introduction of the ROM treatment scheme are contro-
versial, primarily because of concerns of incomplete treatment
and relapse with this shorter regimen. The move to ROM treat-
ment for patients with single lesions is motivated in part by a lack
of funds to support HD treatment in many countries (12). The
reduction in treatment time (and, thus, a reduction in the amount
of time that patients are registered as active cases of HD) has been
misinterpreted by some to represent an attempt to demonstrate
dramatic changes in global prevalence (56, 57).

Management of reactions is crucial in preventing sensorimotor
dysfunction stemming from sensory loss (1, 9, 32). In treating

patients with reactions, treatment should be geared toward con-
trolling pain and inflammation and reversing nerve damage (2).
In this regard, corticosteroids are generally recommended (2, 32),
but MDT should be continued along with antireaction drugs for
both kinds of reactions. For mild reactions, nonsteroidal anti-
inflammatory medications can be used (11, 32). Although the
WHO suggests tapered doses of corticosteroids over 12 weeks
(39), controlling type 1 reactions requires tapered steroid doses
for an extended period of time (up to 20 weeks). Clofazimine is
sometimes used at higher doses in conjunction with corticoste-
roids to achieve control of ENL, but its effect is usually seen after
many weeks. The use of other immune-suppressive drugs such as
cyclosporine or methotrexate has been shown to be helpful in lieu
of steroids for patients who develop an intolerance to steroids or
who experience severe side effects from steroids (32).

Prolonged use of corticosteroids may lead to side effects (dia-
betes, weight gain, facial swelling, and anxiety) with emotional,
social, and physical consequences (2, 32). Particular challenges
arise when patients experience an HD reaction, and physicians
have to craft a treatment plan that both effectively addresses the
reaction and does not cause significant side effects in patients.
Although corticosteroids are standard in treating reactions, tha-
lidomide has shown important anti-inflammatory effects in type 2
reactions as well (1, 58), but its teratogenic effects necessitate ex-
treme caution in prescribing it not only to women of reproductive
age but also to all patients, who should be given special instruc-
tions never to share this medication. The generation of the cyto-
kines interleukin-2 (IL-2) and gamma interferon by activated
CD4� and CD8� lymphocytes may explain the effectiveness of
thalidomide (35). Based on the inflammatory pattern of cytokine
production (59, 60), tumor necrosis factor inhibitors may have an
effect on treatment of type 2 reactions. Some success has been
reported for the use of the drug azathioprine in patients with fre-
quent ENL recurrences (32).

The loss of peripheral nerve function for 6 months or longer is
classified as permanent nerve damage, and its management fo-
cuses on patient counseling and harm reduction. These interven-
tions include preventing complications in the eyes when lagoph-
thalmos is present, preventing damage to the upper extremities,
and preventing ulcerations of the lower extremities. Home-based
self-care is a central preventive strategy that includes daily inspec-
tions of hands, feet, and eyes as well as the regular use of artificial
tears. It is also important to encourage patients to blink frequently
and wear sunglasses and other forms of eye protection, to keep
hands and feet moisturized, to use sterile cloths to cover any
wounds, to perform exercises to avoid contractures and deforma-
tions of muscles and tendons, and, finally, to find ways (such as
staying off their feet as much as possible and wearing proper
shoes) to decrease pressure in the case of ulcers of the lower limbs.
Additionally, referral of patients to specialists and physicians close
to their homes is also considered part of the adequate manage-
ment of patients with sensorineural loss and its complications.

The availability of MDT in providing a microbiological cure is
not enough to prevent nerve damage and sequelae associated with
leprosy reactions (32, 35). Antimicrobial drug-resistant M. leprae
has been documented mostly with the use of dapsone in some
areas of endemicity where dapsone has been used as monotherapy
(61, 62). Fortunately, there have been only a limited number of
multidrug-resistant cases identified through representative muta-
tions in more than two genes reported in the literature (62, 63).
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Therefore, in comparison to the increasing concern of multidrug-
resistant Mycobacterium tuberculosis, MDT in patients with M.
leprae infection continues to preserve its overall efficacy. The kill-
ing of M. leprae by the use of MDT does not reverse existing nerve
damage, and reactions occurring after completion of MDT may
produce further nerve degeneration. The precise mechanisms
leading to severe nerve damage during reactions remain to be fully
elucidated (10–12). For decades, scientists have focused on attrib-
uting a cell-mediated T-cell response to type 1 reactions and, in
the case of type 2 reactions, to the production and deposition of
immune complexes.

From a clinical perspective, it is clear that there is a need for
further research to address the prevention of leprosy reactions and
reduce their impact. One important consideration is the potential
role of the microbiome in modulating the inflammatory response
among patients with leprosy reactions (64, 65). For example, her-
pesviruses are considered part of the human microbiome through
persistent latent infection, with periodic reactivation, interacting
with the human genome in complex pathways influencing inflam-
matory responses and, thus, the occurrence of some diseases
(65–67). It is tempting to speculate that during the homeostatic
process of autophagy, where cells digest or break down their com-
ponent parts, herpesviruses may predisopose some individuals
with HD to the occurrence of either type 1 or type 2 reactions (66,
68). While this is a relatively new area of inquiry, there is ample
evidence in other clinical scenarios to illustrate that herpesviruses
modulate inflammatory responses during particular pathological
conditions, including Epstein-Barr virus (EBV) causing an exan-
them associated with the use of penicillin-based antibiotics, cyto-
megalovirus (CMV) infection in transplant recipients, human
herpesvirus 6 (HHV-6) causing the occurrence of severe drug re-
actions such as DRESS (drug reaction with eosinophilia and sys-
temic symptoms) (69), or herpes simplex virus infections, in our
susceptibility to bacterial infections (70). Immune modulation by
herpesviruses leading to dysregulation of autophagy is an area of
research that may provide important insight into the pathogenesis
of leprosy reactions (66, 67). We believe that an innovative ap-
proach should be undertaken to improve our understanding of
leprosy reactions and the potential relationship with herpesviruses
and their influence in autophagy.

SOCIAL, ECONOMIC, AND ENVIRONMENTAL FACTORS IN HD
TRANSMISSION AND CONTROL

Structural Inequality

While the proximate cause of HD is infection with M. leprae bacilli
among individuals with genetic susceptibility, there are many so-
cial determinants, as termed by the World Health Organization
(71), that are associated with the continuation of this disease in
areas of endemicity. These determinants include social and cul-
tural factors but also the conditions of everyday life and structural
inequalities that affect overall health and immunity. There is a
relationship between poverty and HD, but it is important to iden-
tify what specific aspects of poverty and inequality are involved in
either increasing susceptibility in individuals or providing the
conditions for the spread of the disease. For example, in a study in
Pará, Brazil, Barreto et al. (72) noted that numbers of reports of
“starvation” (defined as having experienced full days with no
meals) were higher than the average for the general population of
the region and five times higher than that for the national popu-

lation of Brazil. Rao and John (73) studied the relationship of
nutrition in HD and found that in a comparative study of 150
people with HD and a control group of 100 people who did not
have the disease, undernutrition was more common in the former
group, although this undernutrition may be a result of stigma,
disability, and/or depression (all of which could impact employ-
ment or access to community resources and could result in re-
duced income) that comes after the disease or diagnosis.

The number of people living in a household may also be a factor
in HD transmission. In a study of populations on five islands of
Indonesia, Bakker et al. (74) found that homes with more than
seven people per household showed a significantly higher inci-
dence of HD than those with four people or fewer. In the state of
Pará in Brazil, which has a high average household population
density (an average of 4.1 persons per household), Barreto et al.
(72) noted that more than half of the people affected by HD sur-
veyed lived in homes in which two or more people shared a bed-
room. Pará also has an alarming incidence (20.4 new cases per
100,000 residents in 2008) of HD in people �15 years of age (72).

Several studies in Brazil have illustrated the role of internal mi-
gration and rural development trends in the spread of HD. Kerr-
Pontes et al. (75) found that social inequality and “rapid, un-
planned, and uncontrolled” migration correlated with high rates
of HD in the state of Ceará in Brazil. Those researchers also noted
that towns and cities with railroads (which were once the main
form of interstate transportation) in Ceará also had higher rates of
HD than did those without railroads. In another study, also in
Ceará, Kerr-Pontes et al. (76) found an increased risk of HD to be
associated with infrequent changing of bed linens, hunting activ-
ities in general, hunting of armadillo (a possible risk factor dis-
cussed above), and bathing in open water, such as rivers and lakes,
within the 10 years prior to the study. In the state of Maranhão in
Brazil, Murto et al. (77) found higher rates of HD among those
who had migrated between states in the past 5 years. The mining
industry in the Amazon region is responsible for the movement of
people to this area from other regions where HD is hyperendemic;
Penna et al. (78) note that strip miners often move between homes
in different states for seasonal work, thus potentially increasing
the potential for the spread of infection, particularly in regions of
high endemicity. Future research that further examines the spe-
cific ways in which living conditions might be related to HD sus-
ceptibility could identify changes or improvements that will im-
pact not only HD control efforts but also other areas of health (i.e.,
other neglected tropical infections) and quality of life in areas of
endemicity.

International Migration

Some of the latest challenges facing HD control are not necessarily
new. The movement of peoples within nations and around the
globe has always been a factor in shaping the epidemiological por-
trait of HD. However, migration poses unique challenges to HD
control in the 21st century. One such challenge created by the
movement of people affected by HD to nations where there are
relatively few cases of the disease is that in these host countries,
services for HD treatment may be scarce (31). General practitio-
ners and even dermatologists may be unlikely to diagnose the
disease in its early stages. When they do associate a person’s symp-
toms with HD, they may have little knowledge of where to begin
with treatment. In the United States, for example, although there
is a National Hansen’s Disease Clinical Center and a network of
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regional Hansen’s disease clinics around the country, many U.S.
physicians are not familiar with these options.

Kuhns (79) learned of several “knowledge gaps” related to HD
within general U.S. medicine. In qualitative interviews, she asked
HD specialists who work at U.S. ambulatory care centers for HD
as well as officials who work in HD control in the United States to
identify knowledge gaps that they have observed in working with
general practitioners, dermatologists, and other health care pro-
fessionals who are not specialized in HD treatment. Interviewees
mentioned that these knowledge gaps include the inability to rec-
ognize HD in its early stages, a lack of information about where
and how to refer patients for HD treatment, and confusion about
how to help undocumented immigrants who lack health insur-
ance.

Massone et al. expressed concern over cases of HD in Europe,
noting that inexperience related to diagnosing HD often results in
long delays in patients beginning their treatment, which can in
turn increase the chance of disability (80). Rongioletti et al. (81)
described an example from Italy of the difficulty for dermatolo-
gists who are not familiar with HD to interpret possible HD symp-
toms. Boggild et al. (27) analyzed records of HD cases in Toronto,
Canada, reported between 1979 and 2002. Those researchers
found that people coming from low-prevalence regions had a
greater delay between the onset of symptoms and the beginning of
treatment; this may be because patients from nations where the
disease is endemic are themselves more familiar with early symp-
toms of HD, or it could be that physicians are more likely to
consider HD among people from regions or nations where the
disease is highly endemic. Their general recommendation was that
HD should be considered by physicians more often as a potential
diagnosis when foreign-born patients present with chronic der-
matitis accompanied by peripheral nerve involvement (27).

International migration is an issue not only in terms of patients
receiving a diagnosis but also (or perhaps especially) in terms of
the long-term, sometimes lifelong care that many people require.
One of the main reasons for requiring medical care is to manage
permanent neurological disability and its consequences, such as
skin and soft tissue infections, chronic nonhealing ulcers associ-
ated with neuropathic (Charcot) joints secondary to peripheral
nerve dysfunction, and chronic leprosy reactions, which can take
place months or even years after the completion of MDT (82). If
diagnosis is delayed because of problems of access to health care
and unfamiliarity with HD among physicians in the host country,
long-term problems associated with nerve damage are more likely.

Stigma in the context of international migration is also an im-
portant concern. In a study of former HD patients in the Nether-
lands, De Groot et al. (83) found that many people interviewed
tended to self-stigmatize and exclude themselves from participa-
tion in social activities and said that they felt that it was difficult to
find HD-related information. Many participants said that they
would like to have (but could not find) access to formal or infor-
mal support groups. Stigma may also arise during the medical
encounter in cases where health care workers carry their own stig-
matizing ideas about the disease. In qualitative research with first-
generation immigrants to north Georgia who are in treatment for
HD, White (coauthor of this article) interviewed one man who
recalled how the physician who first gave him his diagnosis said
that there was no treatment for his disease. The physician told him
he would have to be isolated in the intensive care unit (ICU), with
no contact with others. Stigmatizing practices by health care pro-

fessionals, which may also be compounded by xenophobic atti-
tudes toward and preconceptions about first-generation immi-
grants, can be a significant problem for people seeking diagnosis
and treatment of HD.

HD COMMUNITIES AND COLONIES IN THE 21st CENTURY

Providing services for people affected by HD (and their families)
who are living in communities that resulted from societal stigma
or forced isolation is another important challenge that has re-
ceived little global attention, since it is not viewed to be a signifi-
cant concern in terms of controlling the disease. Although HD is
largely treated on an outpatient basis today, there are still many
cured patients who are living in communities, villages, or “colo-
nies” composed largely of other people affected by the disease and,
often, their families. Many former patients continue to live in
these communities because of permanent disability and stigma
that they experienced (or anticipate experiencing) outside these
communities. Families sometimes choose to live in these commu-
nities as well because of the lack of housing and employment op-
portunities on the “outside” (84). In regions of the world where
the disease is endemic, societal stigma coupled with delays in
treatment seeking and/or diagnosis can result in patients moving
into these communities, so their numbers in some areas may be
growing. There are many of these communities around the world
today, including hundreds of such communities in India and 33 in
Brazil.

Anthropologist James Staples (85) described the daily chal-
lenges that residents face, particularly in terms of generating suf-
ficient income, within one such village in India. Ron Barrett (86),
who also conducted ethnographic research among people affected
by HD in India, noted the ways in which the stigma associated
with seeking treatment for HD results in patients hiding their
illness and avoiding treatment; this can result in severe disabilities
and stigma, which result in people choosing or feeling compelled
to move into these HD communities. Participants in a 2005 work-
shop in Brazil to assess the needs of residents of these communities
noted that limited health care access, limited rehabilitation ser-
vices, poor sanitation, building decay, lack of employment oppor-
tunities, and mental health issues were among the many problems
that needed to be addressed (87). Ebenso et al. (88), in an applied
study of a socioeconomic rehabilitation project among HD com-
munities in Nigeria, identified several areas that could be im-
proved for residents of these communities, including increased
access to loans, collaboration with village heads and local govern-
ments, and inclusion of those with non-HD-related disabilities in
socioeconomic rehabilitation programs. Future research may
identify unmet health, social, and economic needs for these HD
communities around the world, but researchers should also at-
tempt to note the specific challenges faced by residents of these
communities in different national and cultural contexts.

Restoration of citizenship to people who were forcibly isolated
during the confinement era or whose rights as citizens are com-
promised because of their current disease status should also be a
focus of efforts related to HD control in the 21st century. During
the confinement era of the late 19th century and much of the 20th
century, in many parts of the world (including the United States,
Brazil, South Korea, Japan, and the Philippines, for example),
children were isolated from parents diagnosed with the disease
and were sometimes adopted by non-family members. In Brazil,
nongovernmental organization (NGO) efforts have facilitated ge-
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netic testing and reunions between now-adult children and their
parents and other relatives from whom they had been separated
when their parents were diagnosed with HD. There have also been
petitions for economic reparations (89).

FUTURE DIRECTIONS

HD continues to represent a significant global health problem and
one for which we are still lacking answers for many aspects of the
natural history of the disease. Generating more interest in and
funding for research on HD is an important challenge for the
future. Gelber and Grosset (17) suggest that as resources for HD
control are diminishing, HD may “reemerge” as a significant
problem. Since the incidence of HD worldwide remains high, “re-
emergence” is perhaps not the proper term, so globally, it is im-
portant that the WHO and other organizations that have worked
with HD in the past make it known that this is still a disease of
important concern, one that affects the lives of millions of people
and extracts a significant social and economic toll on local com-
munities.

In a recent commentary article, Scollard (90) noted that the
shift from confinement to outpatient treatment of HD, although
unquestionably better for patients’ families and social lives, has
resulted in fewer opportunities for research on the disease.
Throughout much of the 20th century, breakthroughs associated
with HD treatment were made possible in part through the pres-
ence of a large number of people in closed communities who acted
as voluntary or involuntary guinea pigs. This also means that
fewer physicians specialize in the disease in general, and in coun-
tries where the disease is not endemic, very few physicians have
experience with people with HD in its early stages.

The shift in many countries from a vertical treatment plan, in
specialized centers for HD, to horizontalization, in which general
health posts provide MDT and care for HD patients, also affects
the degree of specialization among those who are working with
people affected by the disease. Although greater access to MDT
may be achieved through horizontalization, health posts that act
primarily as pharmaceutical distribution locations cannot provide
the same quality of care as centers with physicians, physical ther-
apists, psychologists, and social workers familiar with HD and its
long-term physical and social effects. In nations where the disease
is endemic and in regions of high endemicity, as in parts of Brazil,
the use of community health agents (local people trained in basic
health education, diagnosis, and treatment follow-up for com-
mon health problems) is particularly promising in terms of case
detection and patient follow-up as well as potential research assis-
tants and fonts of information regarding HD in local communities
(91).

Another potentially positive step in HD control is the recent
development of a new diagnostic tool, a lateral flow test that re-
quires a drop of blood to measure the presence of antibodies to
HD bacilli before symptoms appear, specifically through the use of
the M. leprae-specific phenolic glycolipid I (PGL-I) antigen (John
Spencer, personal communication). The findings of a number of
studies (92–95) contributed to the development of this test, which
is being produced by the Infectious Disease Research Institute
(IDRI) in conjunction with OrangeLife Laboratories in Rio de
Janeiro, Brazil (96). Those researchers are investigating whether
this test could be potentially useful with family contacts (95). If
effective, such a test could potentially address the crucial need for
more sensitive diagnostic tools for case detection in HD control

today (35). If implemented on a large scale in areas with high
prevalence rates, as a standard test conducted at primary care vis-
its, early case detection could be improved, but it is not yet known
if prophylactic treatment would be the procedure used in the case
of positive tests. Consideration must be taken regarding the po-
tential stigma that a diagnosis of HD might bring, particularly for
individuals with no symptoms and (possibly) no perception that
they might have a disease. There is also the possibility of underdi-
agnois of paucibacillary cases, since most of these cases are sero-
negative in response to this test (94, 95).

Funding for HD research and interest among scientists in na-
tions where the disease is and is not endemic might be generated
through the suggestion that understanding more about M. leprae,
its effects on the body, and its evolution as a bacillus can give us
insight into many other diseases and conditions as well as a greater
understanding of population genetics. For example, a study dem-
onstrating the ability of M. leprae bacilli to reprogram Schwann
cells in the human body to become more like stem cells may have
applications for stem cell research in the future (8). While this
finding may not have direct applications in terms of HD control,
applications in other areas of health and medicine may encourage
continued research on this complex disease, which ultimately
could lead to its true elimination (if not eradication). The poten-
tial use of vaccinations to control leprosy needs to be reassessed.
The Mycobacterium bovis BCG (bacillus Calmette-Guérin) vac-
cine used to prevent disseminated forms of tuberculosis has been
reported to impart protection against HD in different populations
(97). However, we believe that a key public health outcome, along
with decreasing further transmission (98), is to focus control ef-
forts on preventing HD-associated disability and to foster im-
provements in the quality of life for those affected by HD (99).
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