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Chapter 3
A Current Perspective on Leprosy
(Hansen’s Disease)

Khushboo Borah Slater

Abstract Leprosy, also known as Hansen’s disease, is an ancient chronic infec-
tious disease that remains a major problem in the world today, infecting over
200,000 people each year, particularly affecting resource-limited and the most dis-
advantaged sections of society in under-developed countries of the world.
Mycobacterium leprae, a slow-growing mycobacterium, causes leprosy in humans.
Leprosy causes nerve damage and permanent disabilities including blindness and
paralysis. People affected by leprosy face stigma and discrimination in society.
Although multidrug therapy is available, millions of people are still affected by
leprosy, so new vaccine, drug and disease management approaches are urgently
needed for control, prevention and treatment of this disease. This chapter is a gen-
eral review of leprosy, the current treatment and prevention measures and chal-
lenges that need to be addressed for complete eradication of this disease.
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3.1 Introduction

Leprosy, also known as Hansen’s disease, is an ancient chronic human infectious
disease that remains a major public health problem in many developing countries.
Leprosy is caused by the pathogen Mycobacterium leprae, first discovered over a
century ago by the Norwegian scientist Gerhard-Henrik Armauer Hansen. M. leprae
is a slow-growing mycobacterium and an obligate intracellular pathogen, which can
survive out of the human host for up to 45 days [1-3]. The genome sequence analy-
sis of M. leprae revealed massive gene decay and reductive evolution with
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functional genes accounting for less than half of the genome and pseudogenes
accounting for the remaining more than half of the genome [3]. The genome size of
M. leprae is 3.27 megabase which is extremely reduced in comparison to its related
pathogen, M. tuberculosis (4.41 megabase) [3]. Gene deletions include those pri-
marily involved in energy metabolism (a curtailed respiratory chain resulting in no
ATP formation from NADH oxidation), microaerophilic and anaerobic respiratory
chains, catabolism of carbon and nitrogen compounds and regulatory pathways
[2—4]. The disease incubation period averages over 5 years, and the symptoms may
take between 1 and 20 years to occur [5]. Leprosy affects the nerves, skin, respira-
tory tract, bones, testes and eyes, and can cause permanent deformity and disability
if left untreated [6-8].

Historically, the first cases of leprosy were described in parts of China, India and
Egypt: around third BC in China and around 600 BC in an Indian treaty Sushruta
Sambhita. There are hypotheses about the origin of this disease in Africa or in Asia
and then its spread towards the European and American continents through human
migrations [9, 10]. The global number of cases reported between 1960 and 1980
was 10—12 million. The number of cases declined drastically to 5.5 million in 1991
with the approval and use of multidrug therapy (MDT) since 1981. The number of
cases further declined to 265,661 in 2006. Between 2006 and 2013, the number of
cases was largely stable (215,656 in 2013) with a very slow reduction in case num-
bers [6]. Over the past 8 years, around 200,000 leprosy cases are being registered
every year. According to the World Health Organisation (WHO) (https://www.who.
int/news-room/fact-sheets/detail/leprosy), there were 202,256 new leprosy cases
registered in 2019. The prevalence of leprosy differs from one region to another. For
instance, the highest prevalence of this infection is in South-east Asia accounting for
over 70% of the total cases globally as per records in 2013. India, Brazil and
Indonesia are three countries with the highest number of new cases annually [11].
Bloke et al. [11] correctly predicted the unlikely elimination of future leprosy inci-
dences in these high-endemic countries by 2020 (WHO’s previous target for global
leprosy elimination by 2020) using the current methods for passive and active case
detection and current MDT [11]. There are gender and age-related distributions; the
proportion of women in the detected cases were lower than men (for instance, 0.5%
in Pakistan, 56% in South Sudan); the proportion of children in detected cases were
0.6% in Argentina and Mexico and 39.5% in the Federated States of Micronesia [9].
Gender inequalities in physical appearance and social stigma are some of the rea-
sons for gender-related leprosy distributions [12]. The sociocultural outcomes of the
disease have been found to affect women more than men, such as more social and
family rejections and restrictions.


https://www.who.int/news-room/fact-sheets/detail/leprosy
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3.2 Disease Transmission and Infection

M. leprae transmission occurs through air droplets and close contact with infected
individuals. Lepromatous leprosy patients are usually most contagious due to the
large number of bacilli (up to seven billion) in their infected tissues [9]. The main
dissemination and entry route for the leprosy bacilli have been found to be the upper
respiratory tract, as determined with experimental mouse models [3, 9, 13, 14]. A
summary of leprosy transmission routes, infection and symptoms is shown in
Fig. 3.1. Identification of leprosy transmission is hindered because clinical manifes-
tations of the infection can usually take up to 10-15 years in the close contacts [15].
People living within leprosy-endemic communities are exposed to M. leprae, but
few develop diseases, likely because most of the population develop protective
immunity. Ramaprasad et al. [15] demonstrated the subclinical transmission of
M. leprae involving transient infection of nose detected by PCR and a consequent
mucosal immune response measured by salivary anti-M. leprae IgA (sMLIgA) tests.

The distinct phases in the immunology of leprosy are not completely understood.
At the site of infection such as in the nasal mucosa, M. leprae encounters
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Fig. 3.1 Overview of leprosy transmission routes, infection and symptoms. Mycobacterium lep-
rae is the causative agent of leprosy. The symptoms are nodules, lumps, bumps, lesions and patches
on the skin, blindness, nerve damage, muscle weakness and paralysis to the hands, arms, legs and
feet. The main route is transmission through air droplets from infected individuals and through
contact with infected skin and tissues. Transmission can occur through close contact, such as living
with a leprosy patient in the same household. The main factors are poverty, inadequate housing and
unhygienic conditions, poor diet and contaminated water
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macrophages or dendritic cells as the first contacts in the absence of an adaptive
immune response. The bacilli are taken up by these immune cells with concomitant
production of cytokines and chemokines and stimulation of cell-mediated Thl or
Th2 immune responses [4]. M. leprae-infected dendritic cells present phenolic gly-
colipid-1 (PGL-1) antigen on their cell surface with subsequent antibody responses
and T cell stimulations. Monocytes and dendritic cells in the tuberculoid lesions
express Toll-like receptors (TLRs) that recognize M. leprae antigens and induce
Th-1 type cell-mediated immune responses for proinflammatory cytokine produc-
tion and granuloma formation [4, 16]. In macrophages, the bacilli are challenged
with antimicrobial peptides and reactive oxygen and nitrogen species to eliminate
the infection. Schwann cells (both myelinated and nonmyelinated) are one of the
primary targets of M. leprae infection [4, 17, 18]. M. leprae adheres to the Schwann
cell surface through binding of the PGL-1 to laminin-2 of the axon unit, followed by
ingestion of the bacilli by the Schwann cells [19]. M. leprae can proliferate in the
Schwann cells, and it uses host cell nutrients to synthesize its biomass [2, 18].
Schwann cells are also able to present M. leprae antigens to T cells, which may be
responsible for the inflammatory responses and consequent nerve damage [4].

Several genetic factors have been identified to be involved in specific host
immune responses to M. leprae and in heterogeneity of the clinical manifestations
of the disease [20-23]. Mi et al. [21] provided a comprehensive review of the cell
type-specific immunological and genetic factors associated with various clinical
forms of the disease: genes VDR, OPAl, SLC7A2, RAB32, SLC29A3, LRRK2,
IRGM, CTSB, DEFBI, PARK2, PACRG and TNF are associated with macrophage-
specific immune responses; TLR1, TLR2, NOD2, HLA, MICA and MICB are associ-
ated with dendritic cell responses; FLG is associated with keratinocytes; IL23R,
ILI12B, TNFSF15, TYK2, SOCS1, ILISRI and LTA are associated with T cells [21].
A genome-wide association analysis identified single nucleotide polymorphisms in
C13orf31, LRRK2, NOD2 and RIPK2 genes strongly associated with multibacil-
lary leprosy and that variants of genes in the NOD2-mediated signalling pathway
are involved in susceptibility to M. leprae infection [24]. Distinct cytokine expres-
sion was found to be associated with the multibacillary and resistant form of the
disease. Yamamura et al. [25] demonstrated a predominant expression of interleukin
(IL)-4, IL-5 and IL-10 in multibacillary leprosy and the expression of IL-2 and
interferon gamma (IFN)-y in the lesions analysed from 16 patients with leproma-
tous and tuberculoid leprosy.

M. leprae infection induces host cell metabolic reprogramming. Formation of
lipid droplets and accumulation of oxidised phospholipids, cholesterol and fatty
acids that results in “foamy cells” is a characteristic of infected cells such as that
observed in the infected skin lesions, macrophages and Schwann cells [26]. Foamy
cell formation is also a characteristic of the related M. tuberculosis infection [27]. In
addition to up-regulation of lipid metabolism genes in infected host cells, a decrease
in mitochondrial ATP formation with a concomitant rise in glycolytic activity has
been reported. Infected Schwann cells showed increased glucose uptake and pen-
tose phosphate pathway activity during M. leprae infection [17]. These changes in
host cell metabolism are linked to innate immune responses during infection. In
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infected Schwann cells and macrophages, lipid droplet formation regulates the pro-
duction of Prostaglandin E2 (PGE2) immunomodulator that controls regulatory T
cell (Treg) and macrophage bactericidal activity [26]. Inhibition of lipid droplet
formation has been shown to down-regulate production of the anti-inflammatory
cytokine IL-10 and cause a switch from an anti-inflammatory to a pro-inflammatory
phenotype [28, 29]. M. leprae infection induces an elevated expression of indole-
amine 2,3-dioxygenase (IDO-1) in macrophages and dendritic cells of lepromatous
lesions that increases tryptophan degradation and suppression of innate and adap-
tive immunity, which in turn decelerates immune signalling to eradicate the infec-
tion and supports the survival of M. leprae in the host environment [26, 30].
Accumulation of iron in infected host macrophages has been hypothesised to ben-
efit the survival of M. leprae. The increase in iron metabolism is linked to the non-
responsiveness of macrophages to IFN-y signalling and promotion to an
anti-inflammatory M2-like phenotype [26].

3.3 Disease Classification and Pathophysiology

In infected individuals, the bacillus is generally found in the macrophages, keratino-
cytes and histiocytes of the skin causing dermatological conditions and in the
Schwann cells of peripheral nerves causing axonal dysfunction and demyelination
[3, 7]. Infection of Schwann cells leads to their de-differentiation and reprogram-
ming, which consequently leads to degeneration and deformation of the peripheral
nerves. White et al. [7] reviewed the various clinical manifestations of the disease
and provided a summary of the various clinical forms of leprosy and their classifica-
tions. The different clinical forms of leprosy are likely due to the genetic and bio-
logical variability between infected individuals. According to the WHO, different
forms of leprosy are classified based on the symptoms such as the presence of bacilli
in the skin smears and visible lesions [7, 8]. Infection is classified as “paucibacil-
lary” with 1-5 skin patches and no apparent bacteria in skin smears. Individuals
with more than five skin patches and visible bacteria in the skin smears are classi-
fied as “multibacillary” [7]. A study by Pardillo et al. [31] compared the practice of
counting lesions to assign treatment regimens in 264 untreated leprosy patients.
This study found misclassification, where 38-51% of patients assigned as pauci-
bacillary cases (according to the WHO classification) had multibacillary infection
and were therefore at risk of under-treatment and developing drug resistance [31].
The classifications based on the immune responses to infection are tuberculoid
(TT), borderline tuberculoid (BT), borderline borderline (BB), borderline leproma-
tous (BL) and lepromatous (LL), with the last one being the most severe form of the
disease, causing extensive nerve damage and physical disability [7, 32, 33] (Fig. 3.2).
An alternative WHO classification categorises TT and BT types as paucibacillary
and BB, BL and LL as multibacillary [34].

The clinical manifestations of TT are skin lesions (large hypochromic macules,
large thickened infiltrated plaques) and nerve damage (usually around skin lesions)
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Fig. 3.2 Classification of different forms of leprosy. (a) Tuberculoid (TT) leprosy: this shows a
leprosy lesion on the lower back that has healed spontaneously and remains only a thin scar with a
complete loss of sensation. (b) Borderline tuberculoid (BT) leprosy: this shows an annular lesion
on the cheek of a boy with BT. (¢) Borderline borderline (BB): this shows a scarred lesion on the
right cheek. (d) Borderline lepromatous (BL) leprosy: this shows a few raised and erythematous
lesions on the arm of a patient. (e) Lepromatous leprosy: this leprosy patient has marked loss of the
eyebrows and eyelashes and thickening of the facial skin. (The images are from the Wellcome
Collection with 4.0 International (CC BY 4.0) licence)

and sensory impairment affecting mainly the hands and feet [9]. LL patients present
with multiple lepromas on the skin, (most frequently on the face, earlobes, fingers
and toes) and peripheral nerve damage with hypertrophy, sensory and motor impair-
ment [9, 35]. BT patients present with several large asymmetrical and hypoaesthetic
skin lesions; BB patients present with non-anaesthetic annular lesions, and BL
patients present with more than ten bilateral and non-anaesthetic lepromas and
annular lesions [9]. The clinical manifestations associated with various forms of
leprosy are summarised in Table 3.1. The immunological responses correlated with
tuberculoid TT and BT are Thl cell-mediated responses involving IL-2 and IFN-y
signalling and formation of delineated granulomas to arrest bacterial growth [34]. A
Th2 immune response with IL-10 and IL-4 signalling that impedes granuloma for-
mation, allowing bacterial replication and causing infiltration of skin and nerves and
severe clinical manifestations, is associated with BL and LL disease types [34, 36].

Reactions or inflammatory responses to M. leprae that occur during the disease or
during treatments are the causes of nerve and skin damage. Reactions are categorised
into type 1 reactions, type 2 reactions and diffuse lepromatous leprosy [8, 10, 16, 37,
38] (Table 3.2). Type 1 or reversal reactions are associated with BT, BB and BL forms
of the disease driven by the cell-mediated immune response to M. leprae [8, 39].
Patients with type 1 reactions suffer pain in lesions, nerve damage such as lagophthal-
mos, the loss of ability to close the eyelids, inflammatory eye conditions leading to
blindness and nerve injury in the feet leading to disability [4, 7, 8]. There is an increase
in the levels of proinflammatory cytokines such as tumour necrosis factor (TNF)-a,
IL-1, IL-2 and IFN-y. Type 1 reactions typically occur at the onset or after the comple-
tion of MDT treatment. An analysis of patient records from India between 1983 and
1998 revealed widespread disease and multibacillary cases as the main risk factors for
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Table 3.1 Classification based on clinical manifestations [7, 8]
Clinical manifestations Number of
Classification | Skin Nerve Systemic bacilli
Tuberculoid | — Skin lesions (large — Nerve damage - Paucibacillary
(TT) hypochromic macules, | (usually around (1-5 lesions/
large thickened skin lesions) skin patches)
infiltrated plaques)
— Sensory
impairment
affecting mainly
the hands and feet
Borderline Several large — Pain or tenderness | — Paucibacillary
tuberculoid asymmetrical and in nerves, with or (1-5 lesions/
(BT) hypoaesthetic skin without loss of skin patches)
lesions nerve function
Borderline Non-anaesthetic — Nerve damage in | — Multibacillary
borderline annular lesions the hands, feet or (>5 lesions/skin
(BB) face patches)
Borderline More than 10 bilateral Fever, malaise, | Multibacillary
lepromatous | and non-anaesthetic lymphadenitis, | (>5 lesions/skin
(BL) lepromas and annular uveitis, patches)
lesions neuritis,
Lepromatous |— Multiple lepromas on | Peripheral nerve arthritis, Multibacillary
(LL) the skin (most damage with dactylitis, (>5 lesions/skin
frequently on the hypertrophy, orchitis patches)
face, earlobes, sensory and motor
fingers and toes) impairment
Table 3.2 Classification of leprosy reactions
Leprosy
Reaction type forms Reaction manifestations References
Type 1 or reversal BT, BB, — Driven by the cell-mediated immune | [4, 7, 8]
BL response to M. leprae
— Increase in proinflammatory cytokines
— Pain in lesions
— Nerve damage such as lagophthalmos
— Inflammatory eye conditions leading
to blindness
— Nerve injury in the feet leading to
disability
Type 2 or erythema nodosum | BL, LL — Nerve, eyes, lymph nodes, skin 14,7, 41]
leprosum (ENL) inflammation
— Painful subcutaneous nodules
Lucio phenomenon or LL — Diffuse skin infiltration, soft [38, 43]
“pretty leprosy” wrinkles, painful irregular lesions
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Type 1 reactions, with the incidences typically recorded after 6-12 months of MDT
[40]. Type 2 reaction, also known as erythema nodosum leprosum (ENL), is a cellular
dysfunction characterised by acute fever and acute nerve, eye, lymph node and skin
(painful subcutaneous nodules) inflammation and is primarily associated with BL and
LL forms of the disease [4, 7, 41]. The levels of C3 immune complexes in serum and
its complement activation product C3d in plasma were higher in ENL patients, show-
ing a hyper-catabolism of C3 as a feature of ENL that could be useful for early diag-
nosis [42]. ENL can occur during different periods of the disease and during MDT
treatment, with some patients experiencing Type 2 reactions after being cured. Kumar
et al. [40] found the occurrence of ENL reactions during the second or third year of
MDT treatment in patients in Chandigarh, India, and identified LL and a bacterial
index >3 as risk factors for ENL. Interestingly, Kumar et al. [40] identified the female
gender as the common risk factor for both Type 1 and ENL reactions. Diffuse lepro-
matous leprosy is a non-nodular form of lepromatous leprosy characterised by diffuse
skin infiltration and soft wrinkles [38, 43]. This clinical form is also termed as “pretty
leprosy”. Lucio phenomenon is a thrombotic reaction associated with the diffuse lep-
romatous leprosy characterised by the presence of nodules and diffuse infiltration and
pure diffuse leprosy. Patients with the Lucio phenomenon suffer from fever, anaemia,
hepatosplenomegaly, lymphadenopathy and painful irregular lesions [38, 43].

3.4 Diagnosis and Treatment

Leprosy can be cured with timely diagnosis and MDT treatment [44]. Untreated, it
can cause progressive and permanent damage to the skin, nerves, limbs and eyes.
According to the WHO, a case of leprosy was identified as hypopigmented or reddish
skin lesions, thickening of peripheral nerves and loss of sensation and skin-smear
positive for acid fast bacilli. Skin lesions as the dermatological condition are the indi-
cators in 90% of leprosy cases [9]. A clinical review by Moschella et al. [45] discussed
the limitations of using only skin lesions as a diagnostic sign. In multibacillary infec-
tions presenting with reduced hypopigmentation and reduced lesions, following the
diagnostic sign of skin lesions resulted in non-identification of around 30% of leprosy
cases. Moschella et al. [45] proposed a combination of diagnostic signs including the
presence of thickened nerve and hypopigmented or erythematous skin lesions with
and without sensory loss, or impaired nerve function, to improve diagnostic efficacy.
Certain leprosy cases can show solely neuronal symptoms without skin lesions termed
as neuritic leprosy, and a nerve biopsy is a 100% confirmatory diagnosis for this.
Lepromin is a widely used skin antigen test used to measure the ability of an individ-
ual to develop a granulomatous response to a mixture of antigens derived from M. lep-
rae from different sources [4, 39]. However, lepromin test is not 100% leprosy-specific,
as individuals without any contact with M. leprae can also show a positive lepromin
reaction [4]. Skin lesions are used for smear tests and biopsies, which are gold stan-
dard laboratory diagnostic tests for leprosy. The smear test is rapid and effective for
earlobe smears, but this test is usually negative for paucibacillary and tuberculoid
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leprosy [9]. Microscopic examination using Ziehl-Neelsen staining for acid-fast
bacilli is a standard diagnostic technique for samples such as tissue fluid smears and
skin biopsies. Slit-skin smear is a commonly used procedure for assessing acid-fast
bacilli in infected skin lesions during and after treatment [4].

Skin biopsies used to detect multibacillary and relapse infections are highly spe-
cific with almost 100% diagnostic accuracy, but the sensitivity of this test is around
50%. The reduced sensitivity is caused by the technicalities of the test including sam-
ple handling, staining and interpretation [45]. Other diagnostic tests include histologi-
cal examination, serological anti-PGL-1 antigen, skin, fluorescent leprosy antibody
(FLA)-abs and PCR tests. The PGL-1 serological test is highly sensitive and specific
for patients with multibacillary disease, but not for paucibacillary cases. This test can-
not predict who amongst the close contacts will develop the disease. PCR is a highly
sensitive molecular diagnostic test with 100% specificity and sensitivity between 34%
and 74% for tuberculoid forms of the disease and 80% in lepromatous diseases [15,
46, 47]. Several gene targets including Pra-36 KDa, Pra-18 KDa, RLEP, Ag85B,
16SRNA, folP, rpoB and gyrA are used [9, 48]. PCR was useful in confirming cases
with atypical clinical and histopathological features. However, PCR diagnosis is lim-
ited when it comes to detecting paucibacillary cases and cannot distinguish between
live and dead bacteria [15]. Clinical diagnosis also includes examination of patient’s
medical history, e.g. if they lived in nations with endemic leprosy.

Dapsone, the first drug discovered for treating leprosy in 1941, was a break-
through for leprosy cure. Clofazimine and rifampicin (discovered later than dap-
sone) were the other two effective antibiotics for leprosy treatment. MDT was first
approved in 1981 by the WHO and consists of these three first-line antibiotics. The
recommended duration for MDT treatment for multibacillary (LL, BL and BB dis-
ease forms) is 12-24 months and for paucibacillary cases is 6 months. This treat-
ment regime has been proven to produce effective clinical responses and low rates
of relapses [9, 38, 49, 50]. Dapsone at a dose of 100 mg daily and rifampicin at
600 mg monthly are prescribed for paucibacillary cases in adults, and clofazimine
at 50 mg daily along with dapsone (100 mg daily) and rifampicin (600 mg daily) are
prescribed for multibacillary cases [38, 50]. Fluoroquinolones are the second-line
antibiotics administered to patients showing intolerance, resistance such as
rifampicin-resistant leprosy and clinical failures to first-line antibiotics [9]. A com-
bination of ofloxacin (400 mg/day), minocycline (100 mg/day), clofazimine (50 mg/
day) or clarithromycin (500 mg/day) is used to treat rifampicin-resistant cases [38].
Rifampicin- and ofloxacin-resistant cases are treated with a combination of minocy-
cline (100 mg/day), clarithromycin (500 mg/day) and clofazimine (50 mg/day) [38].

Leprosy relapses are also treated with standard MDT [9]. There are geographical
variations in the relapse rate of the infection. The risk of relapse is very low for both
paucibacillary and multibacillary patients who have completed MDT [51, 52]. The
risk of relapses is higher in patients with irregular and inadequate therapy, in patients
with failure to respond to therapies and in patients with persistent M. leprae infec-
tion and co-infections such as human immunodeficiency virus (HIV). Relapse cases
are identified by the reappearance of positive acid-fast bacilli, appearance of active
lesions and increase in bacterial index after the patient has been negative [51].
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Techniques such as measuring bacterial viability through cultivation of M. leprae in
mouse foot pads and through staining microscopy and PCR analysis are used to
monitor relapses during treatment. Immunological tests such as anti-PGL1 and
anti-35 kD antibodies and PGL-1 serum antigen ELISA are used to monitor treat-
ment and to detect early infection and relapse cases [51]. Cell-mediated immuno-
logical response such as Thl and Th2 levels can aid in identifying the type of
relapses, e.g. the relapse of BL/LL patients to TT/BT is associated with an elevated
Thl response (increased IFN-y and IL-2 cytokines and IgG2 antibodies), while
relapse of TT/BT to BL/LL is associated with an elevated Th2 response (increases
in IL-4, IL-5, IL-6 and IL-10 cytokines and IgG1 antibodies) [51].

Early detection and treatment of nerve damage are critical to preventing deformity in
leprosy patients. Patients should be assessed routinely during and after MDT treatment
for peripheral nerve function and damage [50, 53]. Steroids have been used to treat neu-
ropathy in leprosy since the 1970s [53]. Corticosteroids are administered to treat Type 1
and 2 leprosy reactions with a treatment duration of more than 12 weeks [9]. Prednisolone
at a dose of 40-60 mg daily is recommended for treating sensory loss and muscle weak-
ness in Type 1 reactions. For treating Type 2 reactions, thalidomide is administered at a
dose of 400 mg daily [50, 54, 55]. It is important to monitor the response of patients to
steroid treatments, and alternative therapies would be required to overcome the non-
responsiveness and any adverse effects. In some cases, intolerance and adverse side
effects are observed with corticosteroid treatments. A case study by Biosca et al. [55]
investigated the use of methotrexate at a low dose of 5-7.5 mg per week as an alternative
to corticosteroid treatment, which had adverse effects (such as insulin-dependent diabe-
tes, hypertension, heart failure, depression, polyphagia, centripetal obesity and facial
plethora) on a 58-year-old patient suffering from borderline lepromatous leprosy.
Methotrexate improved Type 1 reaction treatment in this patient; skin lesions were
reduced, and bacterial index was reduced from 5+ to 1+ [55].

Prevention of leprosy infection requires appropriate monitoring and manage-
ment of the transmission process and tracing contacts of both symptomatic and
asymptomatic individuals. There are several risk factors for close contacts of
patients to acquire leprosy such as genetic relationship (children, parents, siblings)
and physical distance (living under the same roof and next-door neighbours). A
cohort study of 1037 newly diagnosed patients and their 21,870 contacts identified
age of the contact and disease classification of the patient as two other factors, in
addition to genetic relationship and physical distance associated with the risk of the
contact in acquiring leprosy [56]. Contacts with older ages and those that have been
in close contact with paucibacillary (2-5 lesions) and multibacillary patients are at
a higher risk in acquiring the disease [56]. Moet et al. [56] recommended contact
surveys to be extended beyond the household contacts to neighbours and consan-
guineous relatives of patients with paucibacillary (2-5 lesions) and multibacillary
leprosy. There is a need to develop better diagnostic approaches to detect early-
stage infection in contacts. MDT alone is insufficient to prevent new cases of lep-
rosy or relapse. Follow-up post-treatment is important to evaluate the efficacy of
MDT. According to Smith et al. [44], symptomatic contacts should be given the
MDT regimen, and a combination of chemoprophylaxis and rifampicin was
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recommended for asymptomatic contacts. Rifampicin used at a single dose for con-
tacts in a randomized control trial provided a protective efficacy of ~60% [57].
Administration of immunoprophylaxis with Bacillus Calmette-Guérin (BCG) vac-
cination along with single dose of rifampicin had a greater protective efficacy of
~80% [57].

3.5 Challenges and Future Direction

3.5.1 The WHO Roadmap

According to the current WHO strategy to end leprosy by 2030, the following road-
map and targets are outlined: 120 countries with zero new autochthonous cases;
70% reduction in annual number of new cases detected; 90% reduction in rate per
million population of new cases with grade 2 disability; 90% reduction in rate per
million children of new child cases with leprosy [5, 58]. To achieve these targets,
integrated efforts and national and international partnerships are required. For exam-
ple, the WHO has listed political commitment for resources, engaging stakeholders;
improving healthcare systems, surveillance and data management; and monitoring
transmission, treatment and drug reactions, research and innovation for developing
vaccines, preventative chemotherapy and management of leprosy reactions, neuritis
and disabilities. It is important to develop interventions to monitor and reduce dis-
crimination and stigma associated with leprosy-affected individuals [5, 58].

To improve diagnosis, treatment, management and monitoring of leprosy, a gov-
ernment and public/private sector intervention is required to meet the political,
health and financial requirements to tackle the endemic. Interventions such as
school surveys and epidemiological mapping can provide an alternative for system-
atic contact tracing [44, 57]. Leprosy education in schools such as signs and symp-
toms of the disease could provide a way of increasing social and disease awareness
in endemic regions. Screening of school children with the support of healthcare
systems could enhance case detection in families and communities [59, 60].

Poverty and socio-economic status are major risk factors for leprosy, and com-
plete elimination of leprosy will require addressing these factors in affected com-
munities [9, 22, 61]. There are multiple social determinants such as undernutrition
and poverty in the transmission of leprosy. Poverty and leprosy are linked; disease
transmission is higher at an individual level, such as living in a crowded household,
and at community level, such as living in an endemic area with high population [36,
49, 62]. People living in poor conditions with inadequate housing, contaminated
water, insufficient diet and co-infections or other diseases affecting the immune
system are at a high risk of acquiring leprosy [22]. Implementation of poverty
reduction programmes such as identification of factors responsible for poverty and
inequality will need to be incorporated into public health approaches to eliminate
leprosy [36]. Measurement of detection rates provides information about the known
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prevalence of the disease and helps to implement control measures. Between 2005
and 2007, Penna et al. [63] used spatial span statistics to demonstrate that detection
rates varied significantly in the north, north-east and central-west endemic regions
of Brazil. The study concluded a time-dependent behaviour of case detection across
the three regions, which may be attributed to the ease of access to primary health-
care [63]. Identification of such spatial distribution of leprosy prevalence will help
to implement control measures. Chemoprophylaxis and immunoprophylaxis of
“contacts” of leprosy patients could be used routinely in referral centres to break
any transmission chain [10, 57, 64].

The services for diagnosis, treatment, care, rehabilitation and management for
leprosy reactions need to be made easily and equally accessible to patients [10]. The
main challenge for under-developed countries is that patients suffer delays in detec-
tion, treatment and care. Nerve damage can occur any time before, during or after
treatment, and the degree of damage reflects the delay between the onset of symp-
toms and diagnosis, which can occur over many years [10]. A survey conducted by
Raffe et al. [65] amongst patients in Nepal revealed a delay of up to 24 months from
detection to receiving drugs such as corticosteroids for treating leprosy reactions.
Raffe et al. [65] found inconsistencies in drug availabilities and treatment follow-
ups. Research on epidemiology and clinical trials would need to adopt standardized
tools, so that the outcomes from various research studies can be compared. Genetic
studies on heterogenous populations could identify risk factors for the development
of disease and neuropathy across different endemic regions of the world [53].
Identification of biomarkers of the disease would lead to rapid diagnosis and early
treatment to prevent nerve damage and deformity [66].

3.5.2 Stigma and Discrimination

Stigma and discrimination are two major problems faced by leprosy patients. “The
biggest disease today is not leprosy or tuberculosis, but rather the feeling of being
unwanted” (Mother Teresa). The stigma associated with leprosy is the perception of
physical deformity that leads to social discrimination and reduced opportunities
[67]. The stigma and disabilities in individuals with leprosy patients lead to many
devastating problems such as loss of employment, community rejection and in some
cases forced isolation [36]. In endemic nations such as Brazil and India, leprosy-
affected individuals are isolated into communities because of the lack of housing
and employment opportunities [66, 68—70]. There is a need to place laws against
discrimination to fight the stigma of leprosy and to adopt measures such as introduc-
ing patients with leprosy into the community [36]. A way to remove stigma and
change perception is to eliminate the fear and prejudice about deformity through
education about the disease in communities. An understanding and knowledge of
leprosy will reduce misconceptions around the cause, transmission and treatment of
the disease [67]. The effects of stigma and discrimination are greater in women
patients than in men [67, 71]. Social awareness, health programmes and future
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research are needed to identify the factors contributing to gender inequalities and to
improve women’s compliance with anti-leprosy therapy [12]. Alves et al. [72]
reviewed the importance of having knowledge, information and training about lep-
rosy in education and in healthcare settings to improve patient care. In particular,
the involvement of dermatologists in training sessions for healthcare professionals
working at different levels and in education such as undergraduate courses is essen-
tial to raise awareness about this neglected disease and to remove social stigma and
discrimination of affected individuals. The role of dermatologists is important for
leprosy patient treatment and care as they can identify and treat deformities and skin
lesions and assure patients about the treatment and cure [73]. Programmes that
involve training of dermatologists to assess neurological damage, sensory testing,
use of monofilaments and physiotherapy has been suggested for improving leprosy
treatment and patient care [50]. The current COVID-19 pandemic had adverse
effects on other infectious diseases including leprosy in terms of care, disease con-
trol, treatment and management. Leprosy patients may suffer from elevated reac-
tions because of COVID-19 infection. In addition, leprosy treatment may interfere
with inflammatory responses and make leprosy patients more susceptible to con-
tracting COVID-19 [74].

3.5.3 Alternative Therapies

These are needed to overcome the limitations of current regimens [44]. There are
commonly associated side effects with the current MDT such as haemolytic anae-
mia, hepatotoxicity, gastrointestinal symptoms, headaches, dizziness, renal failure
and pigmentation [38, 53, 75]. New drugs such as ofloxacin and minocycline have
reduced adverse effects and have enhanced bactericidal activity in mice and in
humans [53]. Multidrug-resistant strains exhibiting resistance to dapsone, rifampi-
cin and in some cases fluoroquinolone have emerged and added to the threat of
leprosy. Dapsone resistance in M. leprae is due to a mutation in the dihydropteroate
synthase, folP1 gene; rifampicin resistance is due to mutations in the sub-unit B of
the RNA polymerase rpoB gene; quinolone resistance is due to mutation in the
DNA gyrase gyrA gene [9]. There are adverse effects also with steroid therapy such
as bruising, muscle weakness, peripheral neuropathy, teratogenicity, drowsiness,
mood disorder and insulin resistance [38].

3.5.4 Animal and Ex Vivo Models

The inability to culture M. leprae in vitro has limited research on this pathogen [2].
There is no suitable animal model, and disease pathogenesis in mice is different to that
in humans, and the use of armadillos is not practical for drug and vaccine testing [10].
There have been some efforts to identify the physiology and metabolism of M. leprae
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during its intracellular growth in human host cells [2, 18]. Borah et al. [18] used iso-
topic tracing in a M. leprae-Schwann cell model and demonstrated that M. leprae used
host glucose pools to synthesize amino acids during infection. Although the metabolic
profile of the pathogen could be predicted in this ex vivo model system, the intracel-
lular metabolic fluxes of the pathogen and the vulnerable metabolic nodes that can be
targeted for novel drug development could not be measured.

The inability to culture M. leprae in vitro has also hampered investigations on
drug resistance and screening for new drugs. Mouse foot pads have been the only
feasible method to measure drug susceptibility of a M. leprae strain [9]. However,
using mouse foot pads for M. leprae cultivation is lengthy and technically challeng-
ing and is therefore of limited use for studying drug resistance and for compound
screening. New antibiotic therapy such as bedaquiline (newly approved for tubercu-
losis treatment) has shown similar anti-leprosy efficacy as rifampicin in mouse
models, but clinical trials on leprosy patients are outstanding.

3.5.5 Diagnostics

PCR as a diagnostic tool is one of the most reliable and robust techniques. However,
PCR primer targets, amplicon sizes and primers need to be standardized across vari-
ous diagnostic settings and reference centres to achieve comparable epidemiologi-
cal data across endemic regions of the world. Real-time PCR has been used for
diagnostic purposes and holds greater promise for sensitive detection than conven-
tional PCR [64]. However, the equipment and reagents needed for this technique are
expensive, and the availability of appropriate laboratory facilities such as storage of
RNA at —80 °C for analysis will need to be considered. Recent research efforts have
made breakthroughs in developing sensitive and efficient techniques such as
nanotechnology-based biosensors and imaging. However, we need to consider the
applicability of such tools across various reference centres and laboratories in
endemic regions and if they are cost effective.

3.5.6 M. leprae Vaccine

There is no specific vaccine against M. leprae, and this makes disease prevention a
major challenge. There are several bottlenecks for leprosy vaccine research, includ-
ing our incomplete knowledge about the immunological processes that are respon-
sible for pathogenesis and nerve damage. Identification of M. leprae antigens is
required to develop a leprosy-specific vaccine. The available information about the
M. leprae genome enables the engineering of antigens that can be expressed in fast-
growing bacteria and their follow-on assessment for vaccine development. Young
et al. [76] used such a strategy and constructed a M. leprae recombinant DNA
library using bacteriophage Agtll to drive recombinant DNA expression in
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Escherichia coli. Antigens were isolated from the recombinant DNA library using
monoclonal antibodies that recognized the M. leprae epitopes produced in E. coli
[76]. In addition to identification of suitable antigens, extensive research will be
required to identify the complex immunoregulatory mechanisms to avoid any
immune reactions that can elicit nerve injury from exposure to antigens. The cur-
rently used preventative strategy that includes using BCG vaccine needs reviewing,
and more research is needed to improve the efficacy of this vaccine. Multiple trials
have highlighted ambiguities in the efficacy of BCG vaccine to protect against lep-
rosy [1, 75]. For example, a low protection of 20% was reported in Myanmar, and a
high protection rate of 80% was reported in Uganda [1].

Vaccine development for leprosy has been severely hampered by the limited
research on pathogen biology, mainly due to an inability to cultivate M. leprae in vitro.
Recently, Borah et al. [2] provided a mixture of nutrients that could be used a starting
point in the formulation of an axenic growth medium for M. leprae. This study used
genome-scale modelling to investigate in vitro growth of the pathogen and nutritional
requirements through interrogation of RNA-seq data of the pathogen isolated from
mouse foot pads [2]. The usefulness of this media is yet to be tested experimentally.

3.6 Conclusions

Leprosy remains an endemic disease despite the availability of MDT therapy. To
eradicate leprosy completely, we need to develop alternative therapies to overcome
the problems of drug resistance and drug-associated side effects. New interventions
are required to tackle the current limitations in disease diagnosis, treatment, man-
agement and care. Acceleration of research focused on the pathogen’s biology, and
the nature of the host’s cellular immune response is needed to devise therapeutics
such as new vaccines for disease prevention and management.
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