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Abstract

Leprosy is a chronic infectious disease caused by the Gram-positive Mycobacterium leprae or
M. lepromatosis. Leprosy is a significant public health concern in many parts of the world. It remains
a persistent global health challenge, particularly in low-resource settings, despite the success of
multidrug therapy (MDT) in reducing disease prevalence. The increasing number of drug-resistant case
patients, non-adherence to treatment, and the failure of existing regimens to completely eradicate
Mycobacterium leprae underscore the pressing need for novel therapeutic research toward effective
treatment. In this review, we explore current conventional therapies. This essay critically examines
the challenges posed by prolonged treatment regimens and medication resistance. This review also
discusses new developments in leprosy treatment, including the study of new chemical entities in
preclinical and clinical settings, as well as promising medication prospects. New drug discovery methods,
including high-throughput screening, artificial intelligence, and genomics-guided target identification,
are also covered. In addition to new drug discovery, innovative drug delivery methods are also crucial
for targeting drug delivery, such as transdermal patches, nanocarriers, and long-acting injectables,
which are developed with a focus on improving patient adherence, decreasing the frequency of doses,
and enhancing therapeutic efficacy. Collectively, these emerging approaches show promise for a shift
toward more efficient, targeted, and patient-friendly leprosy treatments, potentially paving the way
for the eventual elimination of the disease.
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INTRODUCTION

Leprosy is a chronic infectious disease
caused by the bacterium Mycobacterium leprae
and M. lepromatosis. It is a rod-shaped, non-
motile, aerobic, and acid-fast bacterium discovered
by G.H. Armauer Hansen in 1873. Leprosy can be
traced back thousands of years in ancient texts
from Egypt, India, China, and the Mediterranean
world, where it was often associated with social
isolation and moral judgment.! Leprosy colonies
were established and isolation practices continued
far into the 20™ century because of the widespread
ostracization of leprosy patients throughout
centuries due to apparent abnormalities and
false beliefs about the disease’s contagiousness.
Leprosy is still a public health issue in many low and
middle-income nations today, despite tremendous
advancements in our knowledge of and ability
to treat it.? According to the World Health
Organization (WHO), over 200,000 new cases of
leprosy are recorded each year, indicating that
the disease’s worldwide impact is still significant.
More than 120 nations still have endemicinstances
of the illness, with Brazil, Indonesia, and India
accounting for the majority of new cases. Nearly
75% of all cases worldwide are from these three
nations alone. A significant number of new cases
are also reported annually by other countries,
including Bangladesh, Nepal, Myanmar, and
numerous African states.? Due to worldwide travel
and migration, imported cases from endemic
areas continue to be a concern, even in affluent
nations, which report far lower numbers (Figure 1).
Leprosy’s protracted incubation phase, which can
last anywhere from a few years to over 20 years,
is one of its most challenging features.*

The primary obstacle with leprosy
is the period between infection and clinical
manifestation, which makes early diagnosis
and effective therapy more complicated. The
progressive cause of leprosy, such as nerve
damage, skin sores, muscular weakness, and long-
term impairments like blindness and facial, foot,
and hand abnormalities, can result from untreated
leprosy.® The illness itself is not as devastating as
the cycles of poverty, social exclusion, and stigma
that these disabilities intensify. The importance of
effective treatment in controlling leprosy cannot
be emphasized. When the WHO launched MDT

in 1982, leprosy treatment was revolutionized,
marking a significant milestone in the fight against
this disease.® MDT is a combination of clofazimine,
rifampicin, and dapsone that successfully cures
patients and prevents the disease from spreading.”

The WHO'’s MDT initiative has significantly
decreased the burden of leprosy worldwide
and prevented millions of disabilities caused by
leprosy. Despite the successes, the early diagnosis
and prompt MDT treatment initiation remain
significant challenges, especially in remote and
rural places of developing and underdeveloped
countries. The untreated cases of the disease
contribute to spread it throughout communities,
and patients who do not receive treatment face
the risk of suffering irreversible repercussions.
The WHO launched “Zero Leprosy Global Leprosy
Strategy 2021-2030”. The main aim is to eradicate
leprosy-related stigma and prejudice, as well as
infection and disability due to the illness.

To achieve this challenging aim, strong
political unity and international collaboration are
both required and necessary. There are consistent
efforts in case identification, contact tracking,
public health education, and rehabilitation
programs. This review aims to provide a historical
overview of leprosy, highlighting its social, cultural,
and medical significance throughout time, and
to describe the current worldwide burden of
leprosy, with a focus on endemic countries, recent
epidemiological trends, and regional disparities.

Current standard treatments

The management of leprosy has
undergone significant development over the
last century. Initially managed with single-agent
therapies such as dapsone, the treatment of
the disease necessitated the introduction of
combination regimens due to the emergence of
drug-resistance.® Currently, MDT, as recommended
by the WHO, is the globally accepted standard for
treating leprosy. MDT demonstrated high efficacy
in achieving bacteriological cure, preventing
complications, and reducing disease transmission
in the community (Table 1). Since 1982, the WHO
has classified leprosy into two clinical categories:
paucibacillary (PB) and multibacillary (MB), based
on the number of skin lesions and the results
of slit-skin smears.’ Treatment regimens are
determined accordingly.
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The WHO recommends that contacts of
diagnosed cases can be managed with a single
dose of Rifampicin (SDR) to lower the risk of
transmission among close contacts of leprosy
patients. Based on the study results, when SDR is
administered soon after exposure, it can reduce
the likelihood of contacts contracting leprosy by
approximately 60%, and it helps to decrease new
cases of leprosy. Other antileprotic medicines,
such as ofloxacin, minocycline, clarithromycin,
and moxifloxacin, have been tested in situations of
intolerance, adverse events, or documented drug
resistance. Although their use is typically restricted
to specific clinical settings, these medications
are regarded as second-line options. They are
invaluable in cases when the bacillus is resistant
to dapsone and rifampicin.?
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Figure 1. The folate biosynthesis pathway begins with
the combination of p-aminobenzoic acid (PABA) and
pteridine to form dihydropteroic acid, a step inhibited
by dapsone. Dihydropteroic acid is then converted into
dihydropteroate, which is acted upon by dihydrofolate
synthetase to form dihydrofolate. Dihydrofolate
is subsequently reduced to tetrahydrofolate by
dihydrofolate reductase. Tetrahydrofolate serves as
a critical cofactor for purine base synthesis, which is
essential for DNA replication. Inhibition of any of these
enzymatic steps disrupts nucleotide production and
hinders bacterial growth

Mechanism of action of anti-leprosy drugs
Dapsone

Dapsone is a sulfone derivative drug; it has
played a critical role in the treatment of leprosy for
several decades. It acts by interfering with the folic
acid synthesis in M. leprae. Folic acid is essential for
purine base synthesis in DNA replication and the
multiplication of bacteria.’ Dapsone is a structural
analog of para-aminobenzoic acid (PABA), a key
substrate in bacterial folate synthesis. It works
primarily by competitively inhibiting the enzyme
dihydropteroate synthase (DHPS), which catalyzes
the condensation of dihydrofolic acid (DHFA) and
para-aminobenzoic acid (PABA). This disrupts
the production of tetrahydrofolate (THF), an
essential cofactor for DNA and protein synthesis in
bacteria.!* Dapsone acts by preventing this reaction
and lowering the amount of tetrahydrofolate
present in the bacterial cell, thereby inhibiting
nucleic acid synthesis and bacterial growth (Figure
1). The Dapsone stops M. leprae from multiplying
but does not kill the bacteria directly because its
action is bacteriostatic rather than bactericidal.
This was confirmed through both animal studies
and clinical observations. In experimental models,
such as the mouse footpad technique, dapsone has
demonstrated the ability to suppress M. leprae
multiplication at very low concentrations, with a
minimum inhibitory concentration (MIC) reported
to be around 0.01 pug/mL. However, its slow
action and lack of bactericidal effect necessitated
the introduction of combination therapy to
prevent drug-resistance and enhance treatment
outcomes.??

Rifampicin

Rifampin is a semisynthetic derivative of
rifampicin B; it is the most powerful bactericidal
drug used in the WHO’s MDR-TB regimen
for leprosy. Rifampicin primarily targets the
B-subunit of the bacterial DNA-dependent RNA
polymerase enzyme.'®* This enzyme is essential
for the transcription process, during which genetic
information from DNA is converted into messenger
RNA (mRNA). Rifampicin works by binding to the
[B-subunit of RNA polymerase, blocking its ability
to attach to DNA, which results in the stoppage of
MRNA production (Figure 2), a process necessary
for protein synthesis and bacterial survival.
Without mRNA, the bacteria cannot produce the
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proteins needed for growth and maintenance,
ultimately leading to the death of Mycobacterium
leprae, which is why the drug is known for its rapid
and strong bactericidal activity. Hu et al. found that
High-dose rifampicin (20-35 mg/kg) eradicated
RPF-dependent Mycobacterium tuberculosis
persisters in vitro and in murine models, enabling
faster organ clearance and preventing relapse. This
dose-dependent effect supports shortening TB
therapy duration and reducing resistance, offering
potential for improved human tuberculosis
treatment.?

Clofazimine

Clofazimine is a highly lipophilic dye
belonging to the riminophenazine group and has
been widely used as part of multidrug therapy
(MDT) for the treatment of leprosy. Although
the exact mechanism of action against M. leprae
is not fully understood, several studies have
provided insights into how this drug works.'® The
highly lipophilic character of the drug allows it
to accumulate within bacterial cells. Few studies
show the mechanism of action via binding
strongly to the bacterial DNA, particularly at
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the B-subunit of the bacterial DNA-
dependent RNA polymerase

regions rich in guanine-cytosine base pairs."’
This interaction may interfere with essential DNA
functions, ultimately disrupting bacterial growth
and survival. The selective binding to the guanine-
cytosine base-rich genomes of mycobacteria,
as opposed to human DNA, contributes to its
targeted antimycobacterial activity.® Additionally,
clofazimine may generate reactive oxygen species
(ROS) during its metabolism within bacterial cells,
leading to oxidative damage and contributing to
its bactericidal effect.’® Few evidence also indicate
that clofazimine promotes the accumulation
of lysophospholipids, which act as membrane-
damaging agents in certain gram-positive aerobic
bacteria.?® Although the precise mechanism of
action of clofazimine is incompletely understood,
its proven clinical effectiveness in reducing
bacterial load and controlling leprosy symptoms
has made it an essential component of standard
leprosy treatment.

Challenges in Current Therapy

Although MDT has helped bring leprosy
under control in many parts of the world, several
significant challenges remain in its management.
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Figure 2. Rifampicin enters the bacterial cell and binds specifically to the a-subunit of the DNA-dependent RNA
polymerase enzyme in Mycobacterium leprae. This binding inhibits the initiation of transcription by preventing the
polymerase from synthesizing messenger RNA (mRNA) from the bacterial DNA template. As a result, the production
of mRNA is halted, leading to suppression of protein synthesis and interruption of essential cellular functions,

ultimately inhibiting bacterial replication
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These problems impact both the success of
treatment and the ultimate goal of eradicating the
disease.

Drug-resistance

One of the significant problems in
current leprosy treatment is the appearance of
drug-resistant M. leprae. A study by Williams et
al. found that resistance to dapsone has been
linked explicitly to missense mutations in the
drug resistance-determining region (DRDR) of
the folP1 gene, which encodes the DHPS enzyme.
One of the most common observed mutations
associated with dapsone resistance is at codons
53 and 55 of the folP1 gene. These types of
mutations change the structure of the DHPS
enzyme and also reduce the drug’s ability to
bind effectively, thereby rendering the bacteria
resistant to dapsone.’®* Whole-gene sequencing
of rpoBin 175 M. tuberculosis isolates revealed 34
mutations, with 25 altering rpoB-rifampin binding.
Key mutations (S450L, H445D/Y/R) conferred high-
level resistance. Structural analysis supports their
role in resistance, aiding novel drug and diagnostic
development.??

Long duration of treatment

Leprosy is a chronic bacterial infectious
disease that requires long-term treatment therapy.
Patients with Multibacillary (MB) leprosy need
to take medicines for at least 12 months,?® while
those with Paucibacillary (PB) leprosy need at
least 6 months of continuous treatment.?* Since
this disease commonly affects people living in
poor and remote areas, it becomes difficult for
many patients to continue taking the medicines
for such a long time. Many of them stop taking the
medication when they start feeling better, without
completing the full treatment course. This can lead

Table 1. Treatment of leprosy

to the disease returning (relapse) and increase
the risk of spreading the infection to others in the
community, and also resistance to drugs.?

Drug Side Effects and Compliance Problems

Nowadays, leprosy is treated using an
MDT regimen recommended by the WHO, which
includes Rifampicin, Dapsone, and Clofazimine.
Although this combination is highly effective in
eliminating the infection, it is associated with
side effects that may interfere with patient
compliance.* Rifampicin can cause discoloration
of urine, sweat, and tears, turning them reddish
orange, along with symptoms such as nausea,
vomiting, and a flu-like syndrome. More seriously,
it can lead to liver toxicity.?® Dapsone is known to
produce gastrointestinal discomfort, headaches,
and skin rashes. In individuals with a deficiency
of glucose-6-phosphate dehydrogenase (G6PD), it
can cause haemolyticanaemia and, in some cases,
methemoglobinemia.”’

Clofazimine is a significant drug, but it is
associated with pigmentation of the skin, ranging
from reddish-brown to nearly black. It may also
cause abdominal pain, diarrhoea, and skin dryness.
Patients undergoing antileprosy therapy often face
compliance problems due to the long duration of
treatment, adverse effects, and the social stigma
attached to the disease.?® Skin discoloration,
systemic side effects, lack of awareness, poor
counselling, and fear of discrimination discourage
patients from continuing their medications. To
address these types of issues, patient education
and regular counselling are essential to help
patients understand the importance of completing
the full course of therapy.? Early management
of side effects and adjustments to treatment,
when necessary, can improve patient tolerance.
Promoting community awareness and reducing

Paucibacillary Leprosy

Multibacillary leprosy

Rifampicin 600 mg once monthly Rifampicin 600 mg once monthly
Dapsone 100 mg daily Clofazimine 300 mg once monthly
Duration 6 months Dapsone 100 mg daily
Duration 12 months
Journal of Pure and Applied Microbiology 1573 www.microbiologyjournal.org
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stigma play a significant role in encouraging
patients to adhere to therapy and complete their
treatment.®

Reactions and relapse

Leprosy can trigger severe immune
reactions in the body, even while the patient
is undergoing treatment or after completing it.
These reactions can cause painful swelling, skin
nodules, fever, and nerve damage, resulting in loss
of sensation for the patient.?! If not treated in time,
these reactions can lead to serious complications,
such as permanent disabilities or deformities.
Managing these reactions often requires additional
medication, such as corticosteroids, for several
months, which can lead to immune suppression
and other side effects.?? Relapse, when the disease
returns after treatment, is another problem. MDT
is designed to reduce relapse rates, but relapse still
happens, especially if the patient did not complete
the full course or if the bacteria were resistant to

Table 2. Clinical Trials and Regulatory Landscape

one or more drugs. Distinguish between relapse
and post-treatment reactions is difficult without
proper tests and specialist doctors, which are not
always available in rural and resource-poor areas.*

Recent advances and emerging drug candidates
Anti-leprosy drugs have been effective in
eliminating leprosy. However, adverse reactions
such as reactional episodes can still occur months
or even years after completing treatment, making
it a significant challenge due to their potential to
cause nerve damage and disability.>
Corticosteroids are the main drugs used to
treat these reactions, but they can cause significant
side effects or toxic effects. To avoid this condition,
careful dose adjustments and the addition of other
drugs to treatments targeting different pathways
are required. Over time, a range of alternative
drugs has been identified to help manage
reactional episodes, including the repurposing of
drugs like thalidomide. Thalidomide treats ENL by

Section Details
Recent and LepVax Vaccine studies: Safety and immunogenicity were validated in phase 1
Ongoing studies conducted in the United States. In Brazil, a Phase 1b clinical trial is being

Clinical Trials

conducted to assess the immunological response and safety in endemic areas.®

Single-Dose Rifampicin (SDR) Prophylaxis: The COLEP trial, conducted in Bangladesh,
revealed that contacts who received single-dose rifampicin had a 57% lower incidence

of leprosy. Its efficacy was validated by other tests performed in Nepal, Indonesia, and India.
Immunomodulatory and host-directed therapies: Research is ongoing on recombinant
cytokines, such as IFN-y, immune checkpoint inhibitors, and adjuvant immunotherapies,
which aim to enhance immunity and mitigate nerve damage.

Fast-Tracking
and Orphan
Drug Status

In the US and the EU, several leprosy therapies have been designated as Orphan Drugs.
Market exclusivity, lower regulatory fees, tax breaks, and regulatory assistance are among
the advantages. Drugs that address unmet medical needs, including LepVax and host-directed

treatments, are eligible for priority review systems and fast-track approvals.

Challenges in
Clinical Trial Design

Long Incubation Period: The design of preventative trials is complicated by leprosy's prolonged
incubation period, which can last for several years.

Low Incidence in Some Regions: Multinational trials are required due to declining case

numbers.

Because of clinical heterogeneity, patients must be categorized into several illness

categories (TT, BT, BB, BL, LL).

Ethical and Social Barriers: Informed consent and patient recruitment are hampered

by social issues and stigma.

Absence of Standard Biomarkers: For effective therapy monitoring and early diagnosis,

reliable biomarkers are essential.

Nerve Damage Assessment: In endemic, resource-constrained locations, it might be difficult
to conduct long-term, specialized monitoring of peripheral nerve function.®
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suppressing TNF-a production and degrading its
mMRNA, thereby reducing inflammation, fever, and
tissue damage. It also modulates T-cell responses
towards an anti-inflammatory Th2 profile, lowers
cytokines such as IL-6, IL-8, and IFN-y, and inhibits
angiogenesis.?® Overall, it effectively controls
type 2 leprosy reactions by reducing painful
nodules and nerve inflammation; however, it is
highly teratogenic, causing severe birth defects
such as limb malformations. A few other drugs,
such as minocycline, apremilast, also used.*%%’
Some novel drug therapy treatments are also
employed, including plasma exchange, intravenous
immunoglobulins, and immunotherapy. However,
most of these treatments still focus only on
the symptoms and underlying processes of the
reaction. To better manage reactional episodes,
new approaches are required, and the use of
biomarkers, such as genetic, tissue, and serological
markers, is necessary to monitor and prevent
the recurrence of reactional episodes. There is a
necessity of discovering new therapeutic targets
and drugs that can offer more effective and long-
lasting solutions for managing leprosy reactional
episodes.

Recent advances and emerging drug candidates

Currently, Leprosy is treated using
a combination of dapsone, rifampicin, and
clofazimine, known as multidrug therapy (MDT),
which has been recommended by the WHO since
1981. However, over the past decade, the global
number of new leprosy cases has remained
steady, and instances of drug resistance have
been reported in different regions, even though
relapses are still uncommon among patients
treated with MDT.?® One of the significant
challenges in controlling leprosy is the inability
to culture M. leprae in laboratory conditions,
which limits the ability to perform antimicrobial
resistance testing or evaluate the effectiveness
of new drugs.* Moreover, developing entirely
new medications for leprosy is not financially
appealing for pharmaceutical companies, given
the limited commercial market. In this situation,
an encouraging alternative is to explore the
potential of existing approved drugs, a strategy
known as drug repurposing. This approach involves
identifying new therapeutic uses for existing drugs
that are already approved for other conditions.

Combining these repurposed drugs with existing
first-line (MDT) or second-line medications could
enhance their bactericidal and synergistic effects,
offering a more powerful strategy against drug-
resistant leprosy. Such combinations may bring us
a step closer to the long-standing goal of a leprosy-
free world. In this part of review, we will explore
new possibilities for repurposing medications to
strengthen the fight against drug resistance in
leprosy treatment.*

Minocycline

In a retrospective cohort study conducted
by Sivakumaran et al., the efficacy and safety of
a monthly regimen of rifampicin, ofloxacin, and
minocycline (MROM) in the treatment of leprosy
were evaluated. Minocycline, a highly potent
and lipophilic tetracycline-class antibiotic, was
included in the regimen for its proven activity
against M. leprae. It works by inhibiting bacterial
protein synthesis through binding to the 30S
ribosomal subunit, thereby preventing the
addition of amino acids to the growing peptide
chain.** Among 29 patients treated with mROM, 26
(89.7%) successfully finished the treatment course.
The combination was generally well tolerated,
with most adverse effects being mild, and no cases
required treatment discontinuation. The study
concluded that minocycline, as part of the mROM
regimen, is a safe and effective alternative for
leprosy management, particularly in non-endemic,
resource-rich settings, offering a fully bactericidal
therapeutic option.*

Similarly, a clinical trial was conducted
by Gelber et al. In this study, the efficacy of
minocycline in treating lepromatous leprosy was
evaluated. Patients received either a single 200
mg dose or 100 mg twice daily for up to 3 months.
The single-dose regimen of minocycline did not
significantly reduce M. leprae viability. Still, the
twice-daily dose showed regular clearance of
viable M. leprae from the dermis by a month’s
course. An increase in side effects was observed
with higher dosing frequencies, leading to the
recommendation of a 100 mg twice daily regimen
for managing lepromatous leprosy.*?

A study conducted by Celestino et al. ata
National Reference Center in Brazil compared the
safety profiles of two leprosy treatment regimens:
MDT/WHO (Rifampicin, Clofazimine, Dapsone)
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and ROM (Rifampicin, Ofloxacin, Minocycline).
Among 433 patients treated between 2010 and
2021, adverse drug reactions were assessed using
clinical and laboratory data. The minocycline
regimen was associated with a 44% reduction
in the risk of adverse reactions, although this
was not statistically significant. Minocycline was
responsible for only 1.9% of all adverse events
reported; Minocycline adverse reactions included
urticaria and scalp itching. These reactions
appeared later, with a median onset of around 470
days, likely due to the monthly dosing schedule.
The study concluded that the ROM regimen,
containing minocycline, was associated with
fewer and milder adverse reactions compared
to the MDT/WHO regimen. It indicates a safer
therapeutic option for treating leprosy.

Ofloxacin

Ofloxacin is a DNA gyrase inhibitor and
a major class of antibiotics. There are few studies
conduct on anti-leprotic activity of ofloxacin. A
study conducted by Sivakumaran et al. at the
Hospital for Tropical Diseases, London, evaluated
the efficacy and safety of a monthly regimen of
rifampicin, ofloxacin, and minocycline (MROM) in
the treatment of leprosy. It is acting by inhibiting
bacterial DNA gyrase. Among 29 patients treated
with mROM, 26 (89.7%) successfully completed
the treatment course. The regimen was well
tolerated by 29 patients, with adverse effects
being mild and no cases leading to discontinuation.
The study concluded that ofloxacin, major key
component of the mROM regimen, contributes to
a safe, effective, and fully bactericidal alternative
for managing leprosy in non-endemic, resource-
rich settings. Recently research by Ahuja et al. at
Purulia, West Bengal, investigated the prevalence
of ofloxacin resistance among newly diagnosed
multibacillary leprosy patients. In this study,
clinical samples were obtained from patients with
new MB cases, and molecular diagnostic methods,
including polymerase chain reaction (PCR)
and DNA sequencing, were utilized to identify
mutations in the gyrA gene, which are known
markers of ofloxacin resistance. The findings
revealed a significant proportion of cases with
primary resistance to ofloxacin, with mutations
frequently detected at critical positions within the
gyrA gene of bacteria.

The identification of ofloxacin resistance
in newly diagnosed MB cases is a serious concern.
This is an indicator of the potential circulation of
drug-resistant Mycobacterium leprae strains within
the local population, which could compromise
the efficacy of second-line treatment protocols,
especially for cases resistant to rifampicin and
dapsone. The occurrence of primary resistance
in these patients, despite no prior exposure to
ofloxacin and other fluoroquinolones, suggests
community-level transmission of resistant strains,
representing a concerning development for
leprosy control efforts.*

Similarly, Chhabra et al. conducted a
study to assess the frequency and resistance
patterns of ofloxacin in Mycobacterium leprae
isolates obtained from various regions in India.*
Ofloxacin is an essential second line drug,
especially for the treatment of rifampicin-resistant
leprosy cases. In the study, clinical samples from
multibacillary leprosy patients were examined by
using polymerase chain reaction (PCR) and DNA
sequencing to detect mutations in the gyrA gene,
which is responsible for mediating resistance to
fluoroquinolones. The findings showed a high rate
of ofloxacin resistance, with frequent mutations
identified at key positions, particularly at codons
91 and 94 of the gyrA gene. These mutations
are directly linked with reduced susceptibility
to ofloxacin in leprosy patients. The findings
highlighted the increasing problem of both primary
and acquired resistance to ofloxacin and pointed to
the need for regular drug-resistance monitoring.*

Another study conducted by Priyanto
et al. at the National Referral Hospital, Jakarta,
Indonesia, aimed to improve the treatment of
lepromatous leprosy by adding ofloxacin to the
standard multidrug therapy (MDT) regimen.
Lepromatous leprosy, being a severe and highly
infectious form of the disease, often demands
extended treatment. This study evaluated the
effect of including ofloxacin, a fluoroquinolone
antibiotic known for its antibacterial action against
M. leprae in combination with the MDT regimen.
The objective was to assess whether ofloxacin
could enhance bacterial clearance, enhance clinical
outcomes, and potentially reduce treatment
duration. Clinical and bacteriological evaluations
of patients on this combined MDT regimen were
part of these evaluations. The findings showed

Journal of Pure and Applied Microbiology

1576 www.microbiologyjournal.org



Khan et al | J Pure Appl Microbiol. 2025;19(3):1569-1586. https://doi.org/10.22207/JPAM.19.3.65

that adding ofloxacin to the regimen resulted in
a quicker drop in the bacterial index and positive
clinical outcomes with no notable side effects.
Ofloxacin may be a valuable supplement to current
treatment regimens, according to the study,
especially when leprosy who have a high bacterial
load and extensive disease involvement.?

Moxifloxacin

Moxifloxacin, a broad-spectrum antibiotic
that is a derivative of fluoroquinolones, kills
bacteria by preventing their DNA replication.
Research was conducted by Pardillo et al. to
evaluate the bactericidal activity of moxifloxacin
in the treatment of leprosy. The fourth-generation
fluoroquinolone called doxifloxacin had showed
significant action against M. leprae in earlier
preclinical experiments, particularly in mouse
footpad models used to assess bacterial
multiplication, but nothing was known about how
well it worked in human clinical trials. Moxifloxacin
was used in this study to treat multibacillary
leprosy patients. Before and after therapy,
bacterial viability was assessed using molecular
methods and the mouse footpad method. The
findings showed that moxifloxacin significantly
decreases M. leprae viability, with a 99% reduction
in viable bacteria observed after just five days of
treatment. This research provided evidence of the
strong bactericidal effect of moxifloxacin in human
leprosy, supporting its possible use in alternative
or second-line treatment regimens, particularly in
cases where resistance or intolerance to standard
drugs occurs.*

Similarly, a study by Paredes et al.
reported a case series from the United States
evaluating a novel MDT regimen consisting of
monthly rifampin, moxifloxacin, and minocycline
(RMM) for the treatment of Hansen’s disease. This
approach was used particularly in patients who
required alternative therapy due to intolerance or
limitations with standard regimens. Moxifloxacin,
known for its vigorous bactericidal activity against
Mycobacterium leprae, is a key component of
this combination. The study observed favourable
clinical outcomes in patients, showing remarkable
improvement in skin lesions and decline in
bacterial index. This regimen was well-tolerated
without any significant adverse effects. These
findings highlighted the potential of moxifloxacin

as an effective agent in modified multidrug therapy
(MDT) protocols for leprosy. It is an essential
option in cases where standard treatment is not
feasible.*

Another study by Pardillo
et al. demonstrated that moxifloxacin had
a rapid bactericidal effect on two patients
with lepromatous leprosy. Both patients got
moxifloxacin for the investigation of bactericidal
activity, and the mouse footpad technique was
used to determine the bacterial viability both
before and after therapy. A significant decrease in
M. leprae viability was noted after a few days of
therapy. The bacterial index rapidly decreased in
both cases, demonstrating moxifloxacin’s potent
and quick bactericidal effect on leprosy patients.
These results showed that moxifloxacin was
efficient in rapidly lowering the bacterial burden
and indicated that it may be used to treat leprosy,
especially in situations when swift bacterial
clearance is necessary.>®

Thalidomide and its analogues

Thalidomide was initially used in the
1950’s as a non-sedative treatment for the
management of morning ailment. However, it
was pulled back in early 1960s due to its high
teratogenic activity. The drug is a derivative
of glutamic acid that comprises of a chiral
centre and two amide ring and classified as an
immunomodulatory agent that has antiangiogenic
activity. Thalidomide is a racemic mixture of R
and S isomers at physiologic pH. The S isomer is
responsible for teratogenicity; the Risomer results
in sedative property. Recent studies have found
that currently thalidomide and its analogues are
effective in the treatment of leprosy and leprosy
reactions.

The research by Lockwood et al. focused
on the established use of thalidomide in managing
erythema nodosum leprosum (ENL), a common
and severe inflammatory complication seen in
multibacillary leprosy. The findings explained how
thalidomide act by reducing the production of
tumour necrosis factor alpha (TNF-a) and it is a key
factor in the development of erythema nodosum
leprosum. They also discussed the potential
benefits of newer thalidomide analogues that
may offer similar anti-inflammatory effects with
fewer adverse effects. The results highlight the
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importance of thalidomide analogues in controlling
leprosy reactions and emphasize the need for safer
and more effective alternatives for long-term use
in patients. Similarly, Tadesse et al. studied the
effect of thalidomide on the expression of TNF-a.
mMRNA and the production of TNF-a in cells from
leprosy patients undergoing reversal reactions.
Reversal reaction is a severe inflammatory episode
that can lead to nerve damage during leprosy
treatment. According to the study, thalidomide
dramatically reduces the production of TNF-a
protein and TNF-a. mRNA in the patient’s cells. A
decrease in the inflammatory response has been
associated to a drop in TNF-a levels. By decreasing
the generation of pro-inflammatory cytokines,
thalidomide can help regulate reversal responses,
reduce inflammation, and stop further nerve
damage in leprosy patients.>*

One more study was done by Hernandez
et al. They studied the effect of thalidomide on
the immune response caused by Mycobacterium
leprae, focusing on the NF-«kB signalling pathway.
This pathway is known to regulate the release of
inflammatory cytokines, which are responsible
for the reactions seen in leprosy, particularly in
conditions like erythema nodosum leprosum and
reversal reactions. The study discovered that when
M. leprae activated immune cells, thalidomide
decreased the activation of the NF-kB pathway.
Consequently, the production of pro-inflammatory
cytokines such as TNF-q, IL-6, and IL-13 was
significantly decreased. Based on these results, the
researcher’s teams clarified that thalidomide helps
patients with severe leprosy symptoms avoid nerve
and tissue damage and minimize inflammation
because it is associated with all reactions. This
research demonstrates that thalidomide is a useful
immunomodulatory medication for controlling
leprosy reaction states.>?

New molecules in the pipeline

Another severe type of leprosy known
as lepromatous leprosy is distinguished by a high
bacterial load and weak cell mediated immune
response. Even while multidrug treatment has
been successful in reducing infection, nerve
injury and inflammatory consequences still pose
serious management challenges.>® New treatment
approaches, such as the repurposing of already
approved immunomodulatory medications, are

being investigated to address these problems.
Gary et al. applied a bioinformatic approach to
identify potential immunomodulatory drugs for
lepromatous leprosy. By studying gene expression
profiles and immune-related pathways involved
in the disease, they identified several drug
candidates with the potential to modulate immune
responses in patients affected by the disease.**
The study highlighted new molecules currently
under investigation that could provide additional
options for managing the complex immunological
reactions associated with lepromatous leprosy. This
approach opens new possibilities for improving
treatment outcomes and reducing complications
in these patients.

A study conducted by Jaiswal et al.
aimed to identify potential shared therapeutic
and vaccine targets against both species, utilizing
subtractive genomics and reverse vaccinology.
The genomes of M. leprae and M. lepromatosis
were analysed in this work using a comparative
bioinformatics technique. The objective was to
find conserved, essential, non-host homologous
proteins that may serve as broad-spectrum
therapeutic targets. The focus is concentrating
on surface-exposed and secretory proteins that
are likely accessible targets for medications
or immunological responses. The researchers
screened away human homologs and non-
essential proteins. According to their research,
the two species share several high-priority targets
that may be useful in the development of novel
medications and vaccines effective against both
types of leprosy. This dual targeting approach
presents a potential direction for further study
into inclusive and efficient therapies.*®

In recent years, drug repurposing has
emerged as a valuable approach to identify new
therapeutic uses for pre-existing drugs, particularly
for neglected diseases like leprosy.

A study done by Thangaraju et al.
investigated the potential antileprotic activities
of three antiviral agents, Tenofovir, Emtricitabine,
and Lamivudine, collectively termed 'TEL'.
Through molecular docking studies, these drugs
were evaluated for their binding affinity with
phosphoglycerate mutase (gpm1), an essential
enzyme in Mycobacterium leprae. Using BIOVIA
Discovery Studio software, the enzyme structure
(PDB ID: 4EQ9) was first energy minimized to
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stabilize its conformation, reducing its energy
from +14,264.5 kcal/mol to -17,588.1 kcal/mol.
The docking results demonstrated that all three
drugs could interact with the enzyme, with
Tenofovir showing the highest binding affinity,
indicated by a docking score of -37.7297 kcal/
mol. These results suggest that Tenofovir may
effectively inhibit the activity of key enzymes, and
it may potentially interfere with the survival and
metabolism of M. leprae. This study highlights
the potential of incorporating Tenofovir and
related molecules into a novel approach to leprosy
treatment, and encourages further laboratory
and clinical investigations to confirm their
therapeutic potential. These types of approaches
may significantly contribute to the development
of new and effective treatment options aimed at
achieving a future free from leprosy.®®

Barreto et al. have examined the
possibility of bedaquiline monotherapy in the
treatment of multibacillary leprosy in a proof-of-
concept phase 2 open label research carried out in
Brazil. Primary use of bedaquiline in MDR TB first
time. This drug acts by blocking the ATP synthase
enzyme, which alters mycobacteria’s ability
to produce ATP. Nine patients with untreated
multibacillary leprosy who had at least six skin
lesions at the time of enrolment were included in
the research. In therapy, 200 mg of bedaquiline
was administered orally daily for two weeks,
followed by 100 mg three times a week for the
next six weeks. Patients started the standard WHO
combination medication after completing the
8-week monotherapy and were observed for 112
weeks. The primary objective was to evaluate the
change in the growth of Mycobacterium leprae
in mouse footpads, while secondary outcomes
included assessments of safety, clinical response,
and bacterial viability. The results showed a rapid
bactericidal effect, with the odds of M. leprae
growth dropping from 100% at baseline to no
detectable growth by week 4 in all patients.
Clinically, noticeable improvements in skin lesions
were observed by week 7. In terms of safety,
7 out of 9 patients experienced mild adverse
events, none of which were severe. The study
concluded that bedaquiline monotherapy resulted
in significant bacterial clearance and clinical
improvement within a short period, suggesting
its potential role as a valuable addition and

alternative to current leprosy treatments. These
encouraging findings support further research
into the integration of bedaquiline into future
multidrug or shortened regimens for multibacillary
leprosy.’

Advances in drug discovery techniques

Mycobacterium leprae is a complex
organism, and the primary difficulties in cultivating
it in a laboratory setting have made the process
of discovering novel antileprotic medications slow
and challenging. New avenues for finding leprosy
medicines have been made possible in recent years
by developments in drug discovery methods (Figure
3). Molecular docking and in silico screening are
two of them that have shown the most promise.
To predict how different chemical compounds
interact with specific biological targets, in silico
screening employs computer-based techniques.
This technology is faster and less expensive than
standard laboratory techniques because it allows
researchers to digitally screen vast chemical
libraries against the three-dimensional structures
of essential M. leprae proteins.

One crucial technique in in silico screening
is molecular docking, which predicts the optimal
orientation and binding affinity of small molecules
within the active sites of target proteins. This
method facilitates the selection of compounds
for further experimental testing that exhibit the
most promising interactions. These computational
techniques limit the amount of chemicals that
require in vitro assessment and the necessity for
substantial biological culture; they are particularly
significant in leprosy research. In addition to
studying possible drug-protein interactions that
might enhance the effectiveness of currently
available medications, such as dapsone and
rifampicin. These approaches have been utilized
to identify inhibitors of key M. leprae enzymes,
including dihydropteroate synthase (DHPS), DNA
gyrase, and RNA polymerase.

Additionally, through computational
screening of natural products, synthetic
compounds and phytochemicals, new candidates
with potential antileprotic properties have been
identified. Modern computational methods enable
scientists to rationally develop novel medicines
and modify current ones to enhance their efficacy
and reduce research time, particularly when it
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comes to drug-resistant strains of M. leprae.
Considering all these factors, the application
of in silico screening and molecular docking in
antileprotic drug discovery represents a significant
advancement, offering speedier, more efficient,
and economically feasible methods to identify new
therapeutic options for a neglected disease.

Novel drug delivery systems

Leprosy continues to affect many people
globally, but India, Brazil, and Indonesia are the
most affected countries. The introduction of
MDT in the 1980s by the WHO, using dapsone,
rifampicin, and clofazimine, has dramatically
reduced the disease burden worldwide; however,
the treatment still faces several challenges. One
of the major problems is the poor water solubility
of most antileprotic drugs, which affects their
pharmacokinetic parameters, including absorption
and bioavailability. To overcome these, higher
doses are required to achieve adequate blood
levels, which increases the chances of side effects
and can lead to irregular drug concentrations
and promote drug-resistance. Rifampicin and
clofazimine also face an additional challenge,
such as degradation in the stomach and changes

in drug behaviour depending on pH. Minocycline,
although water-soluble, has poor absorption
through the intestine. To address these issues,
the role of drug delivery systems has become
crucial in leprosy treatment. New formulations and
delivery methods are being explored to enhance
the absorption, distribution, and release of these
drugs in the body. By improving the bioavailability
and stability of antileprotic drugs, these systems
can help reduce the required doses, lower side
effects, and achieve better control over drug levels
in the blood. New drug delivery makes treatment
safer and helps in preventing the development
of drug resistance, improving drug delivery. It is
a crucial step towards making leprosy treatment
more effective, patient-friendly, and reliable,
especially in areas where long-term treatment
adherence remains a challenge.

We aim to summarize various innovative
drug formulations developed to enhance the
treatment of leprosy, focusing on improving the
bioavailability, solubility, and controlled release of
key leprosy medications, including dapsone (DAP),
rifampicin (RIF), clofazimine (CFZ), ofloxacin (OFL),
and minocycline (MINO).

ADVANCES IN LEPROSY TREATMENT

IMMUNO MODULATORY
DRUG CANDIDATES

aliil

IMMUNE
MODULATION

RECENT
ADVANCES IN
LEPROSY
TREATMENT

REPURPOSING
OF DRUG

ANTI VIRAL DRUG
REPURPOSING

Tenofovir \
@ blocking phosphoglycerate
mutase enzyme

DUAL THERAPEUTIC AND
VACCINE TARGETS

ANTI TB DRUG
BEDAQUILINE
MONOTHERAPY

Figure 3. Recent advances in leprosy treatment involve four key strategies: immune modulation, drug repurposing,
dual therapeutic and vaccine targets, and antiviral drug repositioning. Immune modulation studies using animal
models aim to enhance host immune responses against Mycobacterium leprae. Drug repurposing, particularly
with existing therapeutics, is being explored to improve treatment outcomes. Tenofovir, an antiviral drug, is
being repurposed to block the phosphoglycerate mutase enzyme in M. leprae, demonstrating promising activity.
Additionally, targeting dual-purpose molecules for both therapeutic and vaccine development offers a synergistic

approach for long-term disease control and prevention
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For Dapsone (DAP), Several strategies
have been investigated to increase the release
and solubility of dapsone. When compared to
a physical combination, solid dispersion (SD)
formulations had a roughly two-fold increase in
drug release, and in the first ten minutes, they
were 7.5 times more than pure DAP. Furthermore,
82% of the DAP was released over 24 hours
when combined with clofazimine in polymeric
nanoparticles. The solubility and controlled release
of co-crystal and hydrogel formulations were also
improved; hydrogels maintained release of up to
20% over 24 hours.%®

For Rifampicin (RIF), the solubility and
bioavailability of the drug have been tested using
new formulations like solid lipid nanoparticles
(SLNs) and hydrogel beads. The solid lipid
nanoparticles formulation released only 70.12%
of the drug over 9 days, whereas free RIF released
over 90% in 24 hours. However, the SLNs showed
significantly higher plasma concentrations with
bioavailability that increased 8.16 times when
compared to free Rifampicin. Other formulations,
such as particulate hydrogel beads and chitosan-
based nanoparticles, also showed improved drug
release profiles and solubility.>®

For clofazimine (CFZ) formulations,
progress has also advanced significantly. Enzyme-
mediated carriers and nanoporous silica particles
enhanced permeability and solubility; in simulated
stomach fluid, nanoporous silica increased
the solubility of CFZ by 20 times. Additionally,
polymeric nanoparticles improved the overall
therapeutic efficacy of CFZ by delivering a
regulated release of the medication for up to eight
hours.®®

In the case of ofloxacin, innovative
formulations such as co-crystals and inclusion
complexes improved the solubility of ofloxacin
(OFL) by up to 3.7 times when compared to
the antibiotic in its pure form. Additionally,
nanoparticles and polymeric complexes offered
regulated release and enhanced pharmacokinetics.
For example, PEGylated nanoparticles released
96% of the medication over 36 hours, as opposed
to the free drug’s fast release of less than 4 hours.
Additionally, these formulations showed enhanced
antibacterial efficacy.®

In case of minocycline, to enhance its
release profile, minocycline (MINO) has been

added to hydrogels, solid lipid nanoparticles, and
nanoparticles. After a first burst of release, the
hydrogel formulation demonstrated persistent
drug release, reaching 100% release only 48 hours
later. Specifically, the regulated and continuous
release of nanoparticles demonstrated better
release kinetics and antibacterial efficacy that was
equivalent to that of the free medication.®

Immunomodulators and host-directed therapies

Although the frequency of leprosy has
significantly decreased worldwide because of
MDT introduced by WHO, there is still persistent
transmission, medication resistance, and nerve
injury, which necessitate the development
of supplemental therapeutic approaches. To
boost immune responses, improve treatment
outcomes, and prevent long-term problems,
immunomodulators and host-directed therapies
are becoming increasingly attractive. The primary
purpose of immunotherapy is to modulate the
host immune response, thereby improving the
control of Mycobacterium leprae infection and
reducing disease-associated nerve damage. The
host immune response plays a significant role in
determining the clinical spectrum of leprosy, being
substantial in tuberculoid leprosy and minimal in
lepromatous forms. Adjuvant immunotherapies,
such as the use of immune modulators or
recombinant cytokines, have been studied for
their ability to shift immune responses towards
a more protective Thl profile. Among these, BCG
(Bacillus Calmette-Guerin) immunotherapy has
been explored for its potential to enhance cell-
mediated immunity against M. leprae. Studies
have shown that BCG vaccination, either alone
or in combination with killed M. leprae vaccines,
can boost Thl-type responses, improve bacterial
clearance, and reduce nerve involvement and
reactional episodes. These treatments thus hold
promise in not only minimizing immune-mediated
complications but also in enhancing the overall
efficacy of leprosy management.

LepVax

LepVax is a vaccine developed by Duthie
et al. aimed at providing both pre-exposure and
post-exposure prophylaxis against Mycobacterium
leprae infection. The vaccine is composed of
a fusion protein (LEP-F1) incorporating three
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M. leprae specific antigens, combined with the
adjuvant GLA-SE to promote a strong Thl-type
immune response. In this study, LepVax was tested
in nine-banded armadillo and mouse models of
leprosy. The findings showed that while post-
exposure immunization successfully postponed
disease development and reduced nerve
damage, pre-exposure vaccination dramatically
decreased bacterial loads. LepVax prevented
nerve involvement, a key cause of leprosy-related
impairment, in the armadillo model in addition to
limiting bacterial growth. LepVax was advanced
into Phase 1 clinical trials to assess its safety
and immunogenicity in humans after the study
demonstrated that it was a viable candidate for
both therapeutic and preventive uses in leprosy.®

Action of statins against Mycobacteria
Lobato et al. study examined the effects
of atorvastatin and simvastatin on Mycobacterium

leprae and M. tuberculosis infections. M. leprae
induces lipid droplet formation in host cells, relying
on host cholesterol for survival. Although it lacks
HMG-CoA reductase, inhibiting host cholesterol
pathways with statins showed mycobactericidal
activity within infected macrophages without
causing toxicity. Statins alone did not kill M.
tuberculosis in culture but enhanced bacterial
killing when combined with rifampin, due
to preventing cholesterol accumulation and
inhibiting ESAT-6 mediated phagosomal escape.
In mice, high-dose atorvastatin reduced M. leprae
viability and inflammation, though such doses
are impractical in humans. Overall, combining
statins with rifampin enhanced mycobacterial
clearance, reduced tissue inflammation, and may
lower reactional episodes in leprosy. This suggests
statins could be useful adjuncts to standard MDT,
especially in treating MDR and XDR strains.

Current Drug therapy Future advancing therapy
Multi Drug Therapy (MDT) Next-Generation Vaccine and
Antibiotics and — Imunotherapy
Rifampicin — 600 mg once monthly Combination regimens | Al . LepVax
Dapsone — 100 mg daily . MDT Uniform Therapy (@ . BCG Revaccination
Clofazimine - 300 mg once monthly . Minocycline Offoxacin W C» | - ONA&RNAvaccin
Calithromycin

Host-Directed Therapy

Genetic and Biomarker
Based Personalized

(HDT) e

. Thalidomide Analogues Medicine

. Statins and metformin - Genomic Sequencing

(TNF-a Inhibitor) . Biomarkers for Early
Diagnosis and Relapse

Nanotechnology and Al and Digital Tool in

Additional Medication Drug Delivery W Management
Innovations ‘ . Al for Early Diagnosis
Type 1 Reaction - Prednisolone . Nanocarriers ST/ . Teledermatology and E-

Type 2 Reaction - Thalidomide,

Clofazimine, Steroids NSAID Deljvery

. Transdermal and intranasal

DPDIN

Health Platforms

Figure 4. Current leprosy treatment involves Multidrug Therapy (MDT) with rifampicin, dapsone, and clofazimine,
along with additional medications for reaction management. Advancing therapies include next-generation antibiotics,
host-directed therapies like thalidomide analogues and TNF-a. inhibitors, and nanotechnology-based drug delivery
systems. Vaccine developments such as LepVax and DNA/RNA vaccines, and genomic tools for personalized medicine
are also emerging. Al-driven diagnostic tools and digital health platforms are being integrated to enhance early
detection, treatment monitoring, and individualized care in leprosy management
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Future advancements in Leprosy therapy

Future advancements in leprosy therapy
aim to overcome the limitations of current
multidrug treatment regimens and improve
disease management. Next-generation antibiotics
and combination regimens, such as MDT uniform
therapy and the use of drugs like minocycline,
ofloxacin, and clarithromycin, are being explored
to enhance bactericidal activity and shorten
treatment duration.® Host-directed therapies
(HDT) represent a promising approach, targeting
the hostimmune response rather than the bacteria
alone. This includes thalidomide analogues,
statins, and metformin, which act as TNF-a
inhibitors to reduce inflammation and nerve
damage. Additionally, vaccine and immunotherapy
advancements, such as LepVax, BCG revaccination,
and novel DNA and RNA-based vaccines, are under
development to enhance protective immunity and
reduce transmission.®® Genetic and biomarker-
based personalized medicine is another emerging
area, focusing on genomic sequencing and
identification of biomarkers for early diagnosis
and tailored treatment strategies.®® Figure 4
shows these future advancements, including
nanotechnology applications in drug delivery
through innovations such as nanocarriers for
transdermal and intranasal delivery, potentially
improving drug absorption and patient compliance.
Furthermore, integrating Al and digital tools into
leprosy management can aid in early diagnosis,
teledermatology, and e-health platforms to
enhance patient monitoring and healthcare
accessibility. Together, these advancements
hold promise for more effective, personalized,
and accessible leprosy care in the future. Future
advancements in leprosy therapy (Table 2).

CONCLUSION

In many endemic areas of the world,
leprosy remains a serious public health problem
while being overlooked in the global health
landscape. Although the WHO’s MDT has made
strides, there are still many obstacles to overcome,
such as the lengthy course of treatment (minimum
six months to one year), drug-resistance,
and the possibility of nerve damage-related
incapacity. New therapeutic approaches, such as
immunomodulatory medicines, novel therapeutic

compounds, and repurposed medications,
give promise for more affordable and efficient
solutions. Advances in drug discovery techniques,
such as high-throughput screening and genomic
tools, are also paving the way for more targeted
and efficient therapies. The development of
new drug delivery systems promises to enhance
drug efficacy while minimizing side effects by
increasing drug absorption and bioavailability.
Immunotherapy and vaccines (such as LepVax)
are emerging as adjunctive treatments to bolster
the immune response against disease, potentially
shortening treatment duration and reducing
relapse rates. However, the challenges in clinical
trial design, including recruitment issues, stigma,
and regulatory hurdles, continue to impede
progress. The future of leprosy treatment depends
on continued research and collaboration between
the public and private health sectors to ensure
that new drug therapies are not only practical
but also accessible to the populations. The aim to
eradicate leprosy can be achieved by sustained
efforts in drug development, integration into
national control programs, and overcoming socio-
economic barriers that will enable us to control
and ultimately eliminate leprosy as a public health
threat.
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