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Leprosy, a chronic granulomatous disease generally
caused by Mycobacterium leprae and Mycobacterium
lepromatosis, remains a serious public health concern,
particularly in developing countries. With the introduc-
tion of multi-drug therapy (MDT) by the World Health
Organization in 1980, the prevalence of leprosy has de-
clined globally. In the past, acid-fast bacilli frequently
developed resistance to both first-line (dapsone, rifampi-
cin and clofazimine) and second-line drugs (fluoroquin-
olones, minocycline and clarithromycin). According to
previous research, it is reported that genes like rpoB,
gyrA and folP play a role in drug resistance. Considering
its exceptionally modest pace of growth, it is challeng-
ing to cultivate M. leprae in a laboratory environment
on a synthetic medium. Thus, studies on animal models
have assisted in evaluating anti-leprosy drugs and docu-
mentation of drug-resistant strains, as well as other
basic immunological investigations examining the effi-
cacy of vaccinations. In addition to the conventionally
administered MDT treatments, several newly developed
drugs have shown more impressive results, along with
combinational therapies of moxifloxacin-based regimens,
having much better efficacy. This review focuses on the
increscent journey of anti-leprosy drugs to treat the
disease and highlights the relevance of animal models
in the research and development of anti-leprosy drugs.

Keywords: Animal models, antibiotic, drugs-mode of
action, Mycobacterium leprae, pharmacokinetics, vaccine.

THE etiological agents of leprosy, Mycobacterium leprae
and Mycobacterium lepromatosis, the second causal agent
of Hansen’s disease, are still prevalent in several countries,
making it an important public health concern. Skin lesions,
damage to tissues, abnormalities, and a weakened immune
system that leads to nerve damage are the prominent
symptoms of the disease'. The disease has various clinical
manifestations, with tuberculoid leprosy (TL) and lepro-
matous leprosy (LL) occupying opposing ends of the
spectrum. The inability to cultivate M. leprae in vitro has
led to the use of animal models to test novel medications,
vaccines and fundamental pathogenesis mechanisms”.
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The incidence of leprosy has decreased worldwide since
the 1980s, with the introduction of multi-drug therapy
(MDT) by the World Health Organization (WHO). How-
ever, the global annual new case detection rate has remained
almost constant over the last decade. This has been evi-
denced by the fact that M. leprae is still spread by untreated
patients®. Previous studies have examined mechanisms of
resistance of leprosy to dapsone (folP1)*, rifampicin (rpoB)’
and ofloxacin (gyrA4)°. However, only a small number of
mice footpad experiments have shown clofazimine resi-
stance’.

Nerve damage may occur before diagnosis, during treat-
ment or even after, which should be detected and treated
promptly to avoid deformity. The major reason for nerve
injury and lifelong impairments are lepra reactions (LR).
These can be either Type 1 leprosy reaction (T1LR) or Type
2 leprosy reaction (T2LR)®. Currently, there are no gener-
ally accepted laboratory markers for LR. Developing more
pharmacological and immunotherapeutic strategies to pro-
tect neurologic function is necessary as neuropathy still
poses a challenge, particularly if diagnosis and treatment
are deferred’.

Current findings by Yamaguchi et al.'® revealed that
fluoroquinolones DC-159a and sitafloxacin are more effective
than moxifloxacin against wild-type and mutant M. leprae
DNA gyrases. Gautam et al.'' have recently reviewed the
biomarkers for M. leprae diagnosis and the efficacy of
immunization in reducing leprosy cases. A critical MDT
approach is important in addition to an accurate disease
diagnosis'".

Leprosy classification

Ridley and Jopling'? classified leprosy in 1966 based on
immunological, pathological and microbiological criteria'.
In 1981, WHO categorized leprosy into paucibacillary (PB)
and multibacillary (MB) based on the presence or absence
of acid-fast bacilli with clinical symptoms'’. The classifica-
tion of leprosy according to the WHO and Ridley—Jopling
systems is depicted in Figure 1. Arif et al.'* comprehen-
sively reviewed the classification of leprosy and suggested
that it would be cost-effective and safe for patients if the
correct classification strategies were used to ensure the ef-
fectiveness of the control programme'*.
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Figure 1. A schematic representation of classification of leprosy given by WHO, and Ridley and Jopling'?.

Importance of animal models in anti-leprosy
drugs development

Research on live animal models since the early 20th century
has aided in developing therapeutic drugs and assessing
drug toxicity. Due to the anatomical and physiological
similarities between humans and animals, particularly
mammals, researchers have examined new therapies in ani-
mal models before utilizing them in humans. Animal models
are used in leprosy research to evaluate anti-leprosy medi-
cations, cataloguing drug-resistant strains, and conducting
basic immunological studies, including vaccine efficacy
testing. Johnstone" discussed the early attempts to develop
M. leprae in diverse species, including mammals, birds
and cold-blooded species. The expensive and logistically
challenging mouse footpad assay (MFP) requires months
of care for dozens or hundreds of mice. The usual time for
MFP studies to provide data on ‘culture and sensitivity’
for M. leprae is 12 months or more. It enabled researchers
to assess the effectiveness of anti-M. leprae medications
before starting a clinical investigation and was still the
best approach available 40—50 years ago'’.

Apart from humans, armadillos served as a model for M.
leprae infection in 1971 (ref. 17). Many functional, physio-
logical and anatomical features of armadillo’s leprosy were
comparable to human leprosy. Armadillos also exhibited
the whole clinical spectrum of leprosy and severe peripheral
nerve damage. This knowledge improvement has permitted
the testing of novel therapeutic and diagnostic regimens in
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armadillos that have provided new insights into the oldest
known neurodegenerative disease'®. The liver, spleen,
lymph nodes, lips, tongue, nose, nasal mucosa, skin, bone
marrow, eyes, lungs and nerves are among the organs where
M. leprae-infected macrophages have been shown to infil-
trate the armadillo’®. Using the leprae-specific repetitive
element (RLEP) of DNA extracted from an armadillo’s
ear, liver and lungs, Vera-Cabrera et al.*® established the
presence of M. leprae in tissues by polymerase chain reac-
tion (PCR) testing™.

Recent research on mice and armadillos led to the discov-
ery of LepVax, a specialized subunit vaccine that provides
excellent pre- and post-exposure prophylaxis against M.
leprae infection. Mice vaccinated with the LepVax vaccine
had about 85% lower bacterial loads than those seen in an-
imals 12 months later. A study found that when LepVax
was given to armadillos exposed to M. leprae, it prevented
and slowed down the damage to the motor and sensory
nerves”'. Adams et al.” recently discussed M. leprae suscep-
tibility and drug resistance, focusing on M. leprae-induced
granuloma, its histopathology, cellular composition, im-
munological agents produced by the cells, and their ability
to kill or, conversely, provide a niche for M. leprae.

Anti-leprosy drugs

Efforts have been made to develop new treatment plans
that can shorten treatment time and increase compliance
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while keeping or improving the therapeutic benefits of exi-
sting plans. Based on pathophysiological data, the WHO
made very useful medication blister packs. Numerous drugs
and methods were used to treat leprosy, such as potassium
iodide, arsenic, antimony, copper, vaccines, aniline dyes,
mercury, gold, iodine, thymol, strychnine, sodium salicy-
late, carbolic acid, various kinds of baths, radium, electric
current, X-ray, and surgical procedures such as nerve
stretching, bleeding and ulcer removal® and so on.

Before the development of antibiotics, chaulmoogra oil
was the first drug used to treat leprosy in the early 20th
century, and it was widely regarded as an effective leprosy
therapy. The oil is extracted from the seeds of Hydnocar-
pus wightianus and was originally administered topically
to leprous regions of the body or consumed internally™*.
Cyclopentenyl fatty acids in seed oil were linked to its anti-
leprotic properties®. When taken orally and intramuscularly,
chaulmoogra oil had little effect and produced nausea and
stomach discomfort. Therefore, patients used to refuse to
take it. Also use of chaulmoogra oil deep injections was
disliked as very painful. As a result, it was replaced with a
sulfone medication®. In 1941, Promin was the first sulfone
medication used to treat leprosy. Dr Guy Faget of Car-
ville, Louisiana, was the first to test it*.

First-line drugs

Since 1982, WHO has recommended Clofazimine, Rifampic-
in and Dapsone as the first-line medications for leprosy".
They are the cornerstone antibiotics of MDT.

Dapsone

Compound name: 4,4'-diaminodiphenylsulfone. The usage of
dapsone (DDS) was spurred by the side effect of promin.
It possesses antimicrobial/antiprotozoal and anti-inflamma-
tory properties’’.

Mode of action: It prevents dihydrofolic acid production
by competing with para-aminobenzoic acid (PABA) for the
active site of dihydropteroate synthase (DHPS). Dihydro-
folic acid is a critical component of M. leprae in nucleic
acid biosynthesis®®.

Clinical pharmacokinetics profile: Dapsone has an approxi-
mate bio-availability of 86% and is rapidly absorbed by
the digestive tract. In severe leprosy, the absorption rate is
impaired®’. When it reaches the liver through enterohepatic
circulation, it is metabolized by N-hydroxylation to produce
lethal hydroxylamines or acetylation to produce innocuous
acetyl-dapsone, with an elimination half-life of 24-30 h
(refs 30, 31). Hemolytic anaemia and dapsone hypersensi-
tivity syndrome (DHS) are the consequences that emerge
from hydroxylamine (a toxic metabolite of dapsone)™.
Peak serum concentrations are attained in 2—8 h (ref. 33),

CURRENT SCIENCE, VOL. 125, NO. 3, 10 AUGUST 2023

and dosage recommendations are 1-2 mg/kg (ref. 34). It is
excreted unaltered in urine (conc. 20%), but after being
conjugated with glucuronic acid, is eliminated as water-
soluble metabolites (conc. 70-85%)”.

Resistance to dapsone: Resistance to dapsone is caused
due to mutation in codon 55 of the fol/P gene prompted by
substituting leucine with proline®. According to Nisha et
al*®, CID21480113 (4-(2-fluorophenylsulfonyl) benzena-
mine) can be developed as a medication for dapsone-resistant
leprosy patients*®.

Rifampicin (RFP) or rifampin

Compound name: 3-(4-methyl-1-piperazinyl)-imino-methyl-
rifamycin.

Mode of action: Rifampin inhibits RNA synthesis by binding
the S sub-unit of DNA-dependent RNA polymerase. Thus,
no bacterial protein is synthesized, and M. leprae does not
replicate’”.

Clinical pharmacokinetics profile: Rifampicin is almost
fully absorbed from the digestive system when taken on
an empty stomach. It mostly undergoes deacetylation in the
hepatocytes. It is eliminated through urine (30%), and faeces
(60—65%), and its half-life is approximately 2.5 h. Serum
peak concentrations of 10 g/ml are observed between 1 and
2 h. A single dosage of 600 mg of rifampin kills 92.1% of
the total bacilli**.

Resistance to rifampicin: Rifampin resistance in M. leprae
is caused by a missense mutation in the rpoB gene, which
codes for the fS-sub-unit of the essential enzyme RNA
polymerase. This was assessed by PCR amplification of a
specific region of the rpoB gene, followed by single-strand
conformational polymorphism analysis (PCR-SSCP).
Richardus et al.* reported that single-dose rifampicin (SDR)
for post-exposure prophylaxis was safe and interpreted that it
could be implemented into various leprosy control pro-
grammes.

Clofazimine

Compound name: 3-(p-chloroanilino)-10-(p-chlorophenyl)-
2,10]-dihydro (isopropylimino)-phenazine). Clofazimine
(CLF), initially known as B663, is a lipophilic rimino-
phenazine antibiotic with anti-mycobacterial action and
anti-inflammatory properties*'. An important feature of
riminophenazine is the phenazine nucleus with an alkyl-
imino and phenyl substituent necessary for antibacterial
activity”. Accumulation of CLF crystals in the colon can
lead to fatal and severe CLF-induced enteropathy and skin
pigmentation®’.
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Mode of action: CLF’s mode of action has been the subject
of several investigations. It binds to DNA primarily in G-C
(guanine—cytosine) rich regions of mycobacterial DNA
and inhibits DNA replication. Its lipophilicity may result
in membrane disruption and dysfunction. Intracellular reac-
tive oxygen species (ROS) like H,O, and super oxide,
which have antibacterial characteristics, are generated by
CLF via redox cycling. It was later discovered that the
bactericidal efficacy of CLF was due to its interaction with
the bacterial membrane phospholipids to generate antimi-
crobial lysophospholipids, which might result from the
combined membrane destabilizing effects of both CLF and
lysophospholipids, interfering with K uptake and eventually
adenosine triphosphate (ATP) production*. Although CLF’s
anti-inflammatory effects are probably due to suppressing T
lymphocyte activation and proliferation, it might also
block the function of the Kv1.3 potassium channel®.

Clinical pharmacokinetics profile: Oral absorption of CLF is
gradual and dose-dependent™. According to Feng et al.*,
metabolite I was the result of a hydrolytic dehalogenation
process, whereas metabolite II was the result of hydrolytic
deamination followed by glucuronidation, and its half-life
varied, ranging from 10 to 70 days in single and multiple-
dose studies. Its peak plasma concentration was 407.6 ng/g
between 4 and 8 h, after a 200 mg oral dosage was admin-
istered 10 min after breakfast. When the dosage is raised,
the drug’s faecal excretion rises, and approximately 1% of
the dosage’s metabolites are excreted in urine®. Recently,
Yuan et al.*’ suggested that CLF might be important in
controlling future coronavirus outbreaks.

Second-line drugs

Second-line drugs are mainly fluoroquinolones, minocy-
cline and clarithromycin.

Fluoroquinolones

Fluoroquinolones (FQs), viz. pefloxacin, ofloxacin, norfloxa-
cin, ciprofloxacin and enoxacin, are most well-investigated
for their antibacterial activity against gram-negative and
gram-positive microorganisms> . For PB individuals with
a single lesion, ofloxacin is recommended in current MDT

regimens®.

Mode of action: Fluoroquinolones mainly target two bacterial
enzymes — gyrase and topoisomerase IV as ternary comple-
xes on DNA and prevent replication forks and transcrip-
tion complexes from progressing, killing certain bacteria
within hours*’.

Clinical pharmacokinetic profile: The absorption rate of
ofloxacin (OFLO) is around 98%. It is mostly eliminated
unaltered by the kidneys, and its half-life is approximately
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5-8 h, while pefloxacin is 10—12 h. After 2 h, serum concen-
trations peak at 2.9 g/ml (refs 50, 51). Except for ofloxacin,
all fluoroquinolones are metabolized by the liver’'. Moxi-
floxacin has strong immunomodulatory characteristics, like
suppression of tumour necrosis factor-alpha (TNF-«a) and
interleukin-6 (IL-6), which are implicated in the develop-
ment of LR, particularly type 2, and contribute to LL pa-
tients’ homeostasis™’.

Resistance to fluoroquinolone: Employing PCR experiment,
Raharolahy et al.>> demonstrated that the A91V (Ala—Val
at position 91) mutation in the gyr4 gene, which codes for
the A sub-unit of DNA gyrase, is the major cause of quin-
olone resistance.

Minocycline

Compound name: 7T-dimethylamino-6-dimethyl-6-deoxy-
tetracycline. Minocycline (MINO), lipophilic in nature, is
a tetracycline antibiotic with significant activity against
M. leprae, which enables it to penetrate the bacterial cell
wall®*. According to Narang et al.”, neuritis improved
when minocycline was administered to patients with type
2 lepra response. MINO is most effective against M.
leprae when used with DDS, RFP and clarithromycin®®.

Mode of action: Minocycline’s mechanism of action against
M. leprae is unknown, although it is presumed to be iden-
tical to all tetracyclines, which inhibit protein synthesis.
Tetracyclines bind reversibly to the 30S sub-unit of the ribo-
some, preventing aminoacyl-tRNA from binding to the
mRNA-ribosome complex and inhibiting protein synthe-
sis’’. The molecular basis of minocycline resistance in M.
leprae has not been investigated due to the absence of re-
sistant mutants and also because minocycline has mostly
been used with rifampin and ofloxacin to treat single-lesion
PB leprosy™®.

Clinical pharmacokinetics profile: Absorption of minocy-
cline in the jejunum ranges from 95% to 100% (ref. 59),
and it metabolizes in the liver. Mass spectral studies show
it is metabolized into 9-hydroxyminocycline and two other
mono-N-demethylated derivatives®. Within 2 h of a 0.2 g/ml
administration, peak serum concentrations of 2—4 g/ml
(mean 1.84 g/ml) were detected, and the half-life was esti-
mated to be between 6 and 11 h. The recommended daily
dose is 100 mg. It is mostly excreted in the faeces and at a
modest rate (5-12%) in urine™’.

Clarithromycin

Compound name: 6-O-methylerythromycin. Clarithromycin
(CLZ) is a semisynthetic macrolide with bactericidal activity
against Hansen’s bacilli. It differs from erythromycin by
possessing a methyl substitution at the 6th position of
macrolide ring®'. It has anti-inflammatory actions and
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Table 1. Anti-leprosy medicines’ side effects
Drugs Severity Incidence Reference
Dapsone Fever, hepatitis, skin reactions, headache Very common (>80%) 83
Lymphadenopathy, pruritus, leukocytosis, anemia, eosinophilia Common (50-80%)
Mucosal involvement, exfoliative dermatitis splenomegaly, nausea Less common (10-50%)
and vomiting, atypical lymphocytosis, hemolytic anemia
Rifampicin Cutaneous problem Uncommon (<5%) 84
Gastrointestinal manifestations Variable
Hepatitis Common (£1%)
Thrombocytopenic purpura Very uncommon
Hemolytic anemia, shortness of breath, renal failure Rare
Flu Syndrome: fever, chills, and sometimes headache, dizziness, and Uncommon during the initial weeks
bone pain
Clofazimine Skin reactions NA 85
Gastrointestinal manifestation
Eye toxicity
Fluoroquinolones Gastrointestinal symptoms 15.3% 86
Cutaneous symptoms 20.3%
Musculoskeletal problems 6.8%
Central nervous system problems 11.9%
Peripheral nervous system problems 6.8%
Cardiovascular problem 18.6%
Other 20.3%
Minocycline Headache (up to 23%) very common 87
Gastrointestinal symptoms Common (1-10%)
Clarithromycin Gastrointestinal manifestations, Cutaneous problem NA 88

*NA, Not available.

modulatory effects on cytokines and chemokine production,
while it has immuno-modulatory effects on inflammatory
cells, fibroblasts and epithelial cells®.

Mode of action: Its mode of action against M. leprae is un-
clear; it is assumed to be comparable to macrolides, which
inhibit protein synthesis by binding to the 50S sub-unit of
the mycobacterial ribosome specifically targeting the 23S
(ref. 54).

Clinical pharmacokinetics profile: Clarithromycin is readily
absorbed from the gastrointestinal tract, but its systemic
availability is decreased due to first-pass metabolism (roughly
55%). It degrades quickly and is transformed into an active
14-hydroxy (R) metabolite with a half-life of 6—7 h. The
drug concentration peaks at 1 g/ml after 1-4 h and is mostly
eliminated in urine with the parent component”".

Resistance to clarithromycin: Resistance to macrolides
appears to be related to a reduction in the drug binding to
ribosomes and is associated with alterations or missense
mutations in 23S rRNA inside the large ribosomal subunit.
For leprosy cases with rifampicin resistance or allergy, CLZ
may be recommended as an alternative treatment®"%*,

Significant side effects of first- and second-line
anti-leprosy drugs

During the treatment, patients experienced some common
side effects after taking first-line and second-line drugs.
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Table 1 represents the side effects of drugs according to
the incidence and severity.

Multi-drug therapy

Initially, MDT was prescribed for two years or until the
smear of an MB case tested negative'**. Six months course
of rifampicin and dapsone, followed by rifampicin once a
month, was advised for PB case. Reducing the set dura-
tions of MB therapy from 24 months to 12 months in 1988
was the most significant modification made®. WHO also
recommended a single-dose regimen for individuals with
just one PB lesion®®. Despite this development, new-case
detection rates are still steady in Brazil and India, with the
highest endemic leprosy prevalence. This indicates that
using antibiotics alone is ineffective in controlling the
illness. Table 2 shows the detailed profile of drug thera-
pies.

According to Anusuya and Natarajan®’, the novel multi-
targeted therapy for leprosy aims to reduce drug resistance
and increase therapeutic efficacy. Multi-targeted therapy
aims to prevent drug resistance by focusing on several signif-
icant enzymes in the bacterial metabolic pathway (Mur C,
D, E and F). Conserved active sites of these enzymes were
selected for multi-targeted therapy. An overview of the
drug discovery is represented in Figure 2. There are three
main stages here: The infection stage, when the disease
spreads to a healthy person; the observation stage, when
main symptoms develop and are observed; and the exper-
imental stage, when animals and the person affected with
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leprosy are subjected to treatment. After the investigations
and validation of a particular drug, the WHO approves it.

MDT regimens for treating leprosy have changed signifi-
cantly, particularly in terms of treatment durations. The
potential benefits of such a modification include simpli-
fication of the treatment regimen, shortened time period
for MB cases, and reduced impact of misclassification of
leprosy cases. According to Manickam e al.%®, uniform
MDT (U-MDT) for six months was well accepted and appea-
red to have minimal therapeutic impact on PB leprosy, but
it was too brief a regimen to adequately treat MB leprosy.
WHO recommended accompanied-MDT (A-MDT) to aid
populations who live in remote border regions, urban slums,
and areas of civil unrest, as well as migrant workers®. Ini-
tially, MB cases had fixed-duration therapy (FDT) for 24
months; later, it was reduced to 12 months, whereas PB
cases received treatment for 6 months’®

In treating leprosy, other drugs with distinct modes of
action have been introduced. These drugs inhibit various
molecular processes like replication, transcription and trans-
lation. In the fluoroquinolone family, moxifloxacin (MXFX),
sparfloxacin (SPFX) and levofloxacin (LVFX) are bacteri-
cidal antibiotics. LVFX inhibits bacterial DNA synthesis,
SPFX inhibits topoisomerase II (DNA gyrase) and topoiso-
merase, and MXFX inhibits the replication-required DNA
gyrase™®. Ansamycins rifabutin (LM 427), rifapentine (DL
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473) and R-76-1 (isobutyl piperazinyl rifampicin SV) inhibit
the DNA-dependent RNA polymerase of bacteria. Fusidic
acid inhibits the translocation factor G during protein syn-
thesis”'. Beta-lactam antibiotics cephaloridine, cefuroxime
and amoxicillin plus clavulanic acid inhibit the formation
of the cell wall peptidoglycan layer. Bedaquiline or diaryl-
quinoline (TMC207 or R207910) blocks the proton pump
of mycobacterial adenosine 5'-triphosphate synthase (108),
and nitazoxanide (NTZ) inhibits respiration completely in
M. leprae”’

Other leprosy drugs

Several contemporary drugs have been discovered and some
new combinations of drugs are also under study for treat-
ing leprosy. Table 3 represents a detailed account of such
drugs and their recommended doses, along with the details
of the research undertaken so far.

New tools and their scope in elimination of leprosy

The administration of MDT to newly diagnosed leprosy
cases continues to be the cornerstone of leprosy treatment.
The ineffective MDT-approach requires a novel method
suited to the current epidemiological scenario. Failure of

CURRENT SCIENCE, VOL. 125, NO. 3, 10 AUGUST 2023



REVIEW ARTICLES

(pruoD)
wnLIe)oRq 20.4da] Jy Y} JO
saje[osI jeredas om) Jsurede
uonoe [epIoLIsloeq jusjod
s 3n1p oy} SunjersuoOwap
‘sped}ooy 901w 9y} ojur
AJInyssaoons pajuejdu Ajjeniur o1om JySrom 016,02
10w payeas) aq 18y} 1[[10€q 20.1do] £poq jo Sx/Sw 001 10L0TONL)
Kew Aso1dd] ‘ONIIN Y} JO %66 Uey) pue 33w Gg aurjournbjArerg
Qouel] Jo peaisul INJN U3 a1ow pA[IY 016,02 predayg Jo osop 9[3urs Se umouy os[e
96 ‘wnigog ut pasn st O[6L0TH 31 Jo asop By/5w ¢g o[3uls v JO pPoyIeIN pediooy 201 9OIAl  © SB UDAIS SBM 0[6L0TH  900T our[inbepog
(449 £q AJuo 121180
pakerdsip Kjanoe
[epIoLIIoRq) an.Lda] Py 10]
[ep1oL)oeq Aprder aq 03
pue ‘s109JJ9 dpIs [njurrey
ou 9ARY 0} (51091J9
Sune[npowounuwl
pue K10jewwie[juI-1jue yoom 1ad sowny
SYo9M 10 sKep S XAXIN JO 2Al BY/3uW 0§ XAXIN
UIYIIM BLISIOBQ QAL jInsai e se £[qissod) 1901W 10,
S1BUIWI[D 0] PUB ISOP Apyomb Ajuwiojiun 96 Kep 01 g Aep woxy
9[3uis e ul avada] pue A[1e[n3a1 suoIs9 upys Kep 12d Sw of uayl
111 A3u31s1su0d 0} I3[0 03 punoy sem XX (9) skesse puUe JUSWIRAL) JNOYIIM
PIAIISQO OS[k sem ‘syuaned Anpiqera pedjooj pedjooj sKep / £q pamo][o}
XAX ‘dId £q umoys 8 a3 Jo Aue ur punoy asnour Jo synsal Q01w pue 9o1W pue asop [entul [3uls ay
sourddijiyg A[oAisnjoxa Ajsnoraaid sem av.daj ‘py dqeIA asA[eue 0} poyjow sjuaned jo sjuaned Asoxda| se X IXIA Jo Sw oot
S6 ‘nge) 9el 9y} 0} Je[IWIg ou ‘g¢ pue g7 sAep 1y (8)  1oqred—uewredads sorsdoiq unys dIA peeanun g :sjuonjed 104 800C XAXIN
(Bw 001 ONIN
+3W 00§ XAAT
+3W 009 d4¥)
uowgar T
81000 :dnoa3 Apmg
anjeA g ym syuened % 1°9¢ (Bur 001
JUdU BT snl parean uawidar WO ONIIN + Sw Q0¥
£soxdoy ur (3w 001) ur 0740 1nq ‘siudped ur dnoig Apms 9¢  OTAO + Sw 009 dAA)
(erpuy) 07140 < (8w 00S) juowdAoldwr 9,6/ pIynsal Jeaws upys  ‘dnoid [onuod 9¢ uowidal WOY
¥6 reuuay) XAAT JO 91el $5909Ng uowiSal NTY Ul XAAT 1593 198X S I9USL] J1[s pue poojg :syuenjed gd 7L :dnoi3 jonuo)y 0107 XAAT
8y/3w o1 18
d.1y 03 Je[iwis uonoe uonendsar an.da)
[e110308qOOAWI-TIUE 9SBAIOdP ‘TouuEW MOI
PAIIqIYXd 201w juapuadap-asop & ur onssny B UI S)09M IN0J 10J
poloajuI-av.da] P ‘ued 31 90UIS 2p.4da] Py UO 1S9} WS Yuel pedjooy Qo1 yoom © sAep ¢ — do1w
L edLRUWY ojur 8y/8uwr gz 1e ZIN  1oedur Kroyqryur ue sey ZIN Kowyrym—uue pue uryS 9/ THLSD dewd pajodyur Ul $/SW ¢ L10T ZIN
Q0UIRJY Apnys SYIRWY QwoonQ sisA[euy pajesnsoAul Ppa3InIoal s302fqng udAIS 93esoq JBO X s3nig
Jo uo13oy uowroadg

s3nip Asoxda] Surdiowd soy30 3 Jo 9[ijod pajreloq

‘€olqel

261

CURRENT SCIENCE, VOL. 125, NO. 3, 10 AUGUST 2023



(puo))

86 sourddryryq

+ 1 uey) 1938213 1911}
[-1Dd ® pey 1uaned ou

‘Aderayy jo syoom 71 1YV (p)

‘sonjeA juawjean-aid

01 uostredwod ul 9% 66<
JO UOo1ONPAI UBIPIW B
:Kesse o1owolrdsalorpey
'§1s9) sjuenjed ayy Jo

Kue ur punoj oIaMm IJ[10eq
Surureys-pijos ou ‘Aderoyy

Jo syPam 1YY (TN (q)

10°0 > onjeA 4 YPIM 6°¢
JO [ UBIpaW jUsUI}BaI}
-1s0d yoam-g ue 0}

Sw oy POONPAI ST JO [ UBIPAW

0140 < (£ep & 20u0)
8w 00T XddS

J0 109139 TepronRIdeg [N ponpal Apuedyrusdis X4dS

Sad yim uonounfuod
ul pue av.da) W

juounean-aid v :1g  (®)

‘WNISS Ul SI3)) [- 1D pue

A10An0adsal (10°0 > d “%S6
Jo uononpai) %g000°0 Pue
(UO[e PAIASIUTWIPL UYM
%08 JO UOIINPRI) %00
QJOM “PAUIqUIOD UIYM UOT}
-1qIyuI 93o[dW0d dAJIYOR
01 papaau S pue wirdor

-1da jo suonenuaouod Yyl (q)

"(10°0 > J) Teprolaeq
AI9M SAWOIINO A %G00
JO 3s0p & Je JaIp Asnow
pasapamod 0} pappe usym

)

skesse
Aniqera
pedjoo} asnow
JO synsax
asAeue 0}
poyjow Jaqrey]

—uewreadg (q)

BJRp Anow
-oJidsarorper
pue [N ‘14
3sAJeue 0} 159}
Suel paugis

uoxod[ip  (®)

pedjooj ur
I[[toeq Jsej pioe
M paje[noout
ot o/gI1vd

srewd) 01 (q)

%I<

(I xaput
[es13ojoydiow

pue +f uey)

1918213 (19)

xapur Are[jroeq

U)IM UOTSI[ SUO

SurAey o[ewWY

I pue so[euwr g

wniog :syuenied gIN
pue Asdorg

pajeanun g (®)

S)oOM T

Jo3 A[rep X AdS SW 00T  $661

jsurede pasn aq OS[e ULd spediooj so1w ut 20.1da; uone[no[ed
wdoards ‘avada) W Juejsisal-ouosdep Aniqeqoxd Jreway apada] ‘py IsureSe
vSsn juelsIsaI-SQ Jo JO yImoIs oy payqryur JoBX3 S JOYSI] pIO-YoaMm-9 [/Sw o[ Jo K1AnIOE
L6 QUINOQIN doud3iowd ay) dois o], Ajo1eidwos widondy  (B)  pue 1s9)-7 S,Judpnyg pedioo] 201\ ‘o1 9/gTvd  AIouqiyul wnwiuiw
snoIquue wnioads molreu
® SI $78-Vd 1By} UONBAIISQO
oy Sunoddns ‘1ayeom
A]qeadomI0U SEM JUSUIIRAT)
Jo sKep oAl I0)Jk 109)J0
UOWIZAI UOIIRUIQUIOD  [BPIJLIAIOBQ A} PUR ‘A)IATIOR
paIdlsIUTWpE [epIoLId)ORq JUBDTUSIS
Qouo Aypuow & jo yred J1qIYX9 10U PIp ISOp
o1qerdadoe ue dn oyew 3y/8w 001 9[3uls & :MmO|
pI[OZuI] 10U $78-Vd K[oAnB[a1 SeM av.ida] W 3y/3w 001
dduelg 1op1au ‘Asoxda] jsurege prjozaulf 1o piedays prjozaul|
96 ‘wnidjog JO Juownean oY) 104  $78-Vd JO SSOUAIIIRJJS AU, JO poloN pedioog so1A I pue +78-vd
0UIdJY Apmis SyIRWY QwoonQ sIsA[euy pajesnsaAul PaIINIoal s103[qng uaA13 a8esoq
Jo uor3oy uowoadg

REVIEW ARTICLES

CURRENT SCIENCE, VOL. 125, NO. 3, 10 AUGUST 2023

262



REVIEW ARTICLES

‘UIOBXO[JIXON ‘XAXIN Pue apruexozeiiN ‘ZIN ‘uroexo[jreds ‘X JdS ‘UIOeXo[JOAdT ‘XAAT

sanfeA
9s0p SNo1oJUI
UBIPIW Ul
SuonjeLIRA 3T}
Jo doueoiyudis

"dINY JO ey} ueyy ask[eue 0}
Sunse[-103u0] sem ¢/t ‘poyjou 19gIe|
1d JO ANANOR wntmnuw —ueuueads  (q)
JINY UBY) dAT}OR av.da] -nue 2y (9) uoads
210w A[jeurdrew ‘dINY s.dnoi3 yoeo
snfsem ¢/p 7 UBYH JUSIOLJS aloW sawny WOIJ PAJOBIIXd
SBAIOUM ‘BLI9)0BQOIAW 221y} punore sem [-9/-¥(q) wngnut
9[qeAT}ND JO AJJLIBA B ‘winrinuw av.aday av.ada) W
jsurege suoleIIuUIOU0d Surpnjour ‘er10)oeqodIAW Jo Kinuenb oy
K1o031qryur 9[qeAnNd jo Ayurofew Jo uosuedwod sjuoned siuaned /8w 01-¢
[ewIuIw JO SuLo)} Ay} Isurese 9A1}09JJ0 10} :Xopul Jo saisdoiq T10C (@) €Ly 1d (sSnip 1omou
ur JINY UeY) o414 u1 oJ0wW SeMm [-9/-Y snnaderayy pue do1W Jo1W oulq[e ‘sypuowr g1 01 9 om}aIe ¢/
9AI}OB JI0W SawWI} ‘suroAuresue Iay)o /1891-7 JUApNIS Jo pedjooy SSIMS woJy 10} Sut oG Jo 1d pue 1-9,-¥)
101 BUIYD 8 A[ysnoi1 sem [-9/-Y ot 03 uostredwod uj (8) pajrel-om], (®) pue uoo[dg Jrewd (e) oFesop A[rep e :1-9/.-9 9861 suAwesuy
JudUIIBAI)
Kso1day Arerodwaiuos jo
qU0ISIdUI0D Ay} ‘S 10)
paA1asqo Asnoraaid jey)
£soida] snorewoda] 01 9[qeredwod av.daj
21nd 0} paxmbar 10j KJATOR [BPIOLIS)IR]
H:.—oww [epIoLId)oRq @ooﬂ_uo(_a proe drue[nAe[d
PUO0O3S AU} SB JAIIS 0] pue ul[[Iorxowe
suewny ur [epIoraloeq Jo uoneurquod dyJ,(q) (sonoiquyue
Apuaroryyns oq 03 AjyIun ‘[epIoLId)ORq poyjaul 1aqres| Wwejoe[-812q 10)
s1 proe orue[nae[o snjd ST pIOE OIUB[NAR]O pUB —ueweadg (q) Jjeue[nAe[o wnissejod QleuB[NARIO
ul[[IoIxowe jey) 1sa83ns UI[[IOIXOWE JO dIN)XIW paedays LM UI[[IOIXOWE JO winissejod
001 BUBISINOT SUOLIBSNISIAUL [BIIUI[D) oy ‘av.da] py 104 (B) Jopoyroy (e) pediooy oot ootw o/g TV e 9s0p Jo /3w 009-00C 1661 UM UI[[OIXOWY
sAesse A1[1qeIA
pedioo] asnow
JO s)nsa1 asA[eue
*SHO9M g 0] SYOIM T 0] poyjouw 19ge| syoam § 10} Aep/Su
woly AaAIssaidord —ueureads (q) (Ksdoiq 00§ £q penunuod
[ep1o119)oeq PIseaI09p [IN UBIPIN (Q)  eyep Answouaids yound unys AL s)yooMm  10J Aep/Sw
Apdwoid jou s1 11 319qR Juauean) -dI01pel pue [N wuw 9 dALY I PUe + ¢ I 0GL 10 S}29Mm 7
‘pasn sa3esop Yy} Je JO S)99Mm g 19)Je pue ‘19 9sAeue 01 pamoje Jey) UM S9[BWd) 10§ Aep/3w 00S
Ksoido] uewINy JO SaSBI 210J9q (L t) paioyeun 1593 Muel paugIs az1s) Asdorg 7 pue safew / Jay319 syuaned 0y
66 sourddijiyd ur 9A1)991J9 SI PIO. JIpISn paurewal [g uelipaz (&) uoxoo[ip (e) pue wnIog :syuonjed JT 6 UQAIS sem proe oIpisng  $661 pIoe o1pIsn
JouaIR)eyY Apmis I REEN| awoonQ sisA[euy pajesnsaAul PaIINIoal s302[qng uaa1g a8esoq 189X sSniq
Jo uoi3ay uowroadg
(proD) -galqeL

263

CURRENT SCIENCE, VOL. 125, NO. 3, 10 AUGUST 2023



REVIEW ARTICLES

MDT to eliminate leprosy is not due to the ineffectiveness
but the long incubation period and skin signs that are often
difficult for an inexperienced diagnostician. This results in
a persistent infectious population giving rise to cross-infection
before MDT treatment is administered. This dependence on
skilled diagnosis could receive greater emphasis, as could
social factors making cross-infection more likely, such as
overcrowding and poor nutrition, particularly to explain
why so many children present with advanced disease. One
skill that ensures diagnosis is skin scraping. With HIV, it
became unpopular, but the Bombay Leprosy Centre finds
it still very valuable.

In the general population, the possibility of transmitting
leprosy is quite low. Nonetheless, direct contact with newly
diagnosed, untreated individuals provides the highest risk.
Interactions within the home will increase new cases. When
implementing contact tracing in practice, practical and
ethical factors must be taken into account. In recent years,
advancements in chemotherapy and immunoprophylaxis
for leprosy prevention have been made, with the main bene-
ficiaries of these therapies being close relatives’”. Rifam-
picin chemoprophylaxis with a single dose is cost-effective,
but additional research is required to evaluate its applica-
bility. Control efforts will greatly benefit from knowing if
leprosy contacts have M. leprae infection and, more impor-
tantly, whether they are prone to getting the disease. In
this situation, preventive treatment could be offered. It is
also challenging to develop tests based on immunological
biomarkers that can distinguish between healthy and un-
well individuals. It is also challenging to develop immuno-
logical biomarker-based assays that can distinguish between
healthy individuals and affected cases”.

Currently, a significant amount of effort is being devoted
to developing specific T-cell diagnostic assays and evalu-
ating their accuracy and utility. Depending on the results
of one or more of these tests, the selected intervention for
the contact could be MDT, chemoprophylaxis, or immuno-
prophylaxis. Modelling studies indicate that all three in-
terventions — chemoprophylaxis, bacille Calmette-Guérin
(BCG) vaccination, and diagnosis of sub-clinical infection
and treatment — will reduce the prevalence of leprosy in
the general population if implemented routinely in household

contacts of leprosy cases’.

Vaccines

Vaccines for leprosy should generate a robust, long-lasting
T-cell response against M. leprae, consequently protecting
against the disease and reducing its transmission rate. To
combat leprosy, sub-unit vaccinations would be more focu-
sed, targeted and have long-lasting effects. Since the M.
leprae genome sequencing was completed in 2001, the
production of recombinant antigens has become easier. It
is believed that the cellularity of a draining sub-unit
lymph node (DLN) may be utilized to assess the level of
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infection’”. Antigen identification is critical for effective
vaccination. With the support of the American Leprosy Mis-
sions, the Infectious Disease Research Institute, Seattle,
US, has identified many antigens recognized by PB cases
that, in turn, trigger alpha interferon (IFN-¢) production.
Increased T-cell concentration indicated that the DLN cellu-
larity at the infection site had increased””. However, these
alterations were not seen when dead M. leprae was injected,
and the infection was treated with rifampicin. A recent
study demonstrated potent antigen-specific Thl responses,
which lowered disease-related inflammation but not redu-
cing bacterial burden.

Leprosy is also associated with defective cell-mediated
immunity (CMI), which decreases from PB to MB. Although
MDT kills bacilli, it has no role in enhancing CMI. It can-
not prevent the susceptibility to acquired infection nor ef-
fectively remove dead bacilli from the body, rendering the
individual to dead bacilli-related complications like hyper-
sensitivity reaction. To enhance the CMI of the host, various
vaccines have been explored. Vaccine trials have utilized
live or killed whole mycobacterium, including BCG, ICRC
(Indian Cancer Research Centre) bacilli, and MIP (Myco-
bacterium indicus pranii), formerly known as Mycobacte-
rium w (M.w) developed from either heat-killed whole M.
leprae alone, or in combination with live BCG have been
considered safe’®. Gupte er al’’ revealed that BCG/M.
leprae offered 64%, ICRC bacilli 65.5%, M.w 25.7% and
BCG alone 34.1% protection. In contrast to previous studies
of Venezuela and Malawi, the South India experiment
showed both ICRC and BCG/M. leprae vaccines met the
criteria for public health”.

Sharma et al.”” published the outcome of a double-blind
immunoprophylactic study of M.w vaccine conducted in
Kanpur Dehat, India. At the culmination of the first, second,
and third follow-up periods, protective efficacies of 43%,
31% and 3% were detected. The use of Mycobacterium
habana as a vaccine has also been suggested due to its
protective effects in mice and its ability to stimulate lep-
romin reactions in monkeys’®”’. After receiving the M.
habana vaccine, 100% of LL cases and their household
contacts who tested negative for lepromin had a consistent
conversion, while 100% of those who tested positive for
lepromin experienced an increase in lepromin reactivity™.
Enhanced lepromin reactivity indicated that M. habana
vaccination promoted specific CMI against M. leprae.

Future perspectives in leprosy treatment

Leprosy has a significant worldwide frequency, and patients
often suffer long-term repercussions. Microbiologically,
MDT may cure leprosy; nevertheless, the treatment is insuf-
ficient to prevent nerve damage and other complications
associated with leprosy reactions. Despite the efforts of
statisticians, it is important to remember that the disabili-
ties and dysfunction of many patients persist even after

CURRENT SCIENCE, VOL. 125, NO. 3, 10 AUGUST 2023
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therapy. In the past, cases of leprosy recurrence have also
been reported, and reactional episodes raise additional
treatment-related concerns. Antibiotic-resistant microor-
ganisms are also a serious threat to the present treatment
methods. Next-generation research is needed to define and
improve the criteria for treatment failure after WHO’s
MDT and predict the elements that lead to treatment non-
response. Extending anti-leprosy therapy in non-responsive
patients compared to the standard multi-drug multi-baci-
llary regimen (MDT-MBR25) should be intriguing.
Vaccines such as BCG, LepVax and MIP have been utili-
zed to reduce the challenges of leprosy therapy. The inclu-
sion of vaccination in MDT treatment is recommended for
future clinical assessment®'. A more practical method for
monitoring the disease progression in a shorter time is to
focus on early diagnosis of leprosy by employing leprosy
biomarkers and therapies on the most susceptible people
(contacts of highly infected cases), many of whom may
already be infected with M. leprae. However, success as a
chemo- and immuno-therapeutic intervention after exposure
bode well for transitioning from therapeutic to preventative
administration in a larger population. Leprosy treatment
efficacy may be improved using nano-emulsions (less water-
soluble medicines) for effective medication absorption.

Conclusion

M. leprae infection is curable using anti-leprosy therapies.
It undergoes genome reduction, drug resistance, and envi-
ronmental adaptation process, which has made it necessary
for the continuous hunt for new drugs over time. Since the
diagnosis of leprosy has always posed a challenge in the
people of non-endemic regions, its transmission to these
regions is highly suspected through travellers from endemic
regions. On a global scale, a combination of MDT and ap-
propriate vaccinations can be utilized to reduce disease
transmission among travellers returning from endemic re-
gions. As a result of this data, several other assays for
identifying drug resistance in M. leprae have been develo-
ped. Currently, laboratories all around the world utilize
PCR/direct DNA sequencing to identify M. leprae drug
resistance strains. These innovative assays are anticipated
to develop into low-cost, point-of-care diagnostic tools for
tracking drug resistance in leprosy, which is urgently re-
quired.

Conflict of interest: The authors declare no conflict of in-
terest.
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