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Abstract
Neuropathy and related disabilities are the major medical consequences of leprosy, which remains a global medical concern. 
Despite major advances in understanding the mechanisms of M. leprae entry into peripheral nerves, most aspects of the 
pathogenesis of leprosy neuropathy remain poorly understood. Sensory loss is characteristic of leprosy, but neuropathic pain 
is sometimes observed. Effective anti-microbial therapy is available, but neuropathy remains a problem especially if diagno-
sis and treatment are delayed. Currently there is intense interest in post-exposure prophylaxis with single-dose rifampin in 
endemic areas, as well as with enhanced prophylactic regimens in some situations. Some degree of nerve involvement is seen 
in all cases and neuritis may occur in the absence of leprosy reactions, but acute neuritis commonly accompanies both Type 
1 and Type 2 leprosy reactions and may be difficult to manage. A variety of established as well as new methods for the early 
diagnosis and assessment of leprosy neuropathy are reviewed. Corticosteroids offer the primary treatment for neuritis and 
for subclinical neuropathy in leprosy, but success is limited if nerve function impairment is present at the time of diagnosis. 
A candidate vaccine has shown apparent benefit in preventing nerve injury in the armadillo model. The development of new 
therapeutics for leprosy neuropathy is greatly needed.
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Introduction

Leprosy (Hansen’s disease) remains a common infectious 
cause of neuropathy. The causative organisms are Mycobac-
terium leprae (M. leprae) and the more recently identified 
M. lepromatosis [1], now considered to be the M. leprae 
complex. M. leprae and M. lepromatosis are the only known 
species of mycobacteria that cannot be cultivated in vitro. 
They are obligate intracellular pathogens that prefer a low 
temperature (33–34 °C). Growth in mouse footpads reveals a 
division time of approximately 13 days [2]. Although show-
ing genomic differences, they cause the same symptoms, 
present the same clinical and pathological spectrum, and 
respond to the same anti-microbial drugs.

Leprosy produces a spectrum of disease that Ridley 
and Jopling classified into five types based on clinical, 

bacteriological, histological, and immunological features. 
M. leprae has a predilection for peripheral nerves and skin, 
and peripheral nerves are implicated across the spectrum of 
the disease[3, 4] (Fig. 1). The WHO classification defines 
only two types based primarily on the number of lesions: 
paucibacillary (PB) and multibacillary (MB) [5].

Leprosy neuritis widely differs based on the type of cel-
lular inflammation of nerves and on the type of leprosy. In 
tuberculoid leprosy, ulnar and common peroneal nerves are 
typically affected. In lepromatous leprosy, the heavy bacte-
rial load produces more diffuse involvement of the periph-
eral nerves and often presents with a symmetrical poly-
neuropathy. The facial and trigeminal nerves may also be 
involved. Larger nerves degenerate in more advanced stages, 
and motor manifestations occur during the latter stages of 
the disease.

The first neurological manifestation is often the develop-
ment of sensory loss or paresthesia in one or more  skin 
patches [6]. The patients are usually seen by general derma-
tologists, and often a delay in the diagnosis or misdiagno- 
sis of leprosy neuropathy occurs. A substantial proportion 
of patients with leprosy have chronic grade 2 disabilities 
(visible impairments and deformities) at the time of their 
initial presentation [7, 8]. Other than peripheral nerves in 
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the skin, corneal nerves are known to undergo beading and 
thickening due to bacillary and inflammatory cell collections 
in and around the nerves of the stroma in lepromatous eyes 
impairing corneal sensation, promoting corneal ulceration 
and subsequent blindness [9–11].

Neural Entry

Possible routes of entry of M. leprae into the peripheral 
nerves are direct access to the terminal cutaneous nerves 
and a nasal route with vascular dissemination. Autopsy stud-
ies have shown that M. leprae bind to the exposed Remak 
Schwann cells in the papillary dermis and ascend directly 
from cutaneous nerves to the nerve trunks that carry both 
mixed sensory and motor nerve fibers trunks. There is pos-
sibility that the epidermis exposed to repeated abrasions at 
sites not protected especially the distal limbs [6, 12]. Bacte-
remia has been documented in lepromatous and borderline 
lepromatous leprosy [13, 14], possibly through the nasal 
entry, and the presence of M. leprae within endothelial cells 
has been well documented [15]. Studies have shown the 
presence of focal collections of M. leprae within epineural 
blood vessels and entry into the intraneural blood vessels 
in experimentally infected armadillos. Within the neural 
endoneurium, the bacilli are ingested by resident mac-
rophages, or they may bind to the basal lamina of a Schwann 
cells, which then engulfs them and initiates cellular inflam-
matory episodes [16, 17].

Leprosy Neuritis‑Tissue Sites and Temperature

Local factors play a major role in localizing the lesions. 
Brand observed that pathologic neural changes were con-
centrated in certain nerves and occur more frequently in 
areas where the peripheral nerves traverse joints, passing 
through unyielding fibro-osseous tunnels [18]. Leprosy pref-
erentially involves superficially located nerves such as the 
facial, greater auricular, ulnar, median, radial, peroneal, and 
posterior tibial nerves. The superficial subcutaneous location 
of these nerves with relatively cooler tissue temperatures 
favors M. leprae proliferation [19, 20].

Pathogenesis of Leprosy Neuritis

M. leprae has a unique affinity for Schwann cells, and the 
Schwann cells serve as an important habitat for M. leprae in 
the midst of the cellular events that orchestrate nerve injury. 
An important advance made in the understanding of the 
pathogenesis of leprosy neuropathy has been the identifica-
tion of host Schwann cell proteins that bind to M leprae. It 
has been shown that the organism binds to the G domain 
of the laminin alpha-2 chain which is expressed on the sur-
face of the Schwann cell-axon unit through a receptor on M 

leprae which has been shown to be a 21 kDa histone-like 
protein. This protein, LBP21, coded by the ML1683 gene, 
is a major surface exposed antigen on M. leprae and prob-
ably serves as an adhesin for its interaction with peripheral 
nerves. Similarly, the terminal trisaccharide of phenolic gly-
colipid 1 (PGL-1) which is a surface exposed M. leprae spe-
cific antigen binds to laminin-2, indicating that PGL-1 also 
plays a part in the penetration of M. leprae into Schwann 
cells [21–24].

Mechanisms Involved in Damage 
to the Peripheral Nerves

1. Direct: M. leprae directly injure nerve fibers. Nonmyeli-
nated Remak Schwann cells are highly susceptible to M. 
leprae colonization and multiplication (Fig. 2). Several 
different molecules on Schwann cells bind M. leprae and 
facilitate ingestion. Intraneural resident macrophages also 
engulf M. leprae and dwell in this intracytoplasmic milieu 
without evoking any inflammatory response (e.g., lepro-
matous leprosy). Based on innate and acquired immunity, 
a stepwise progression of neuritis occurs: stimulated by 
M. leprae, an immune-mediated inflammation triggered 
by T-cell/Schwann cell and macrophagic interactions, 
production of several proteins, a wide array of cytokines 
and chemokines resulting in macrophage and epithelioid 
granuloma formation, eventually disrupting and induc- 
ing axonal degeneration and demyelination (e.g., tuber- 
culoid leprosy).

2. Indirect: A “bystander” type of nerve injury. Due to 
the large influx of cells and edema during the course of 
immune responses to M. leprae in type 1 reversal reac-
tions [25–30].

Refer for further reading on pathogenesis of nerve dam-
age in leprosy at https:// inter natio nalte xtboo kofle prosy. org.

Clinical Presentation

Neuritis Associated with the Disease

Peripheral nerves are infected with M. leprae very early 
in the course of the disease, possibly even before a cellu-
lar immune response (CMI) has developed. In a follow-up 
of a prospective cohort of 2664 new leprosy cases, 67% of 
multibacillary (MB) patients and 91% of paucibacillary (PB) 
patients developed nerve function impairment (NFI) during 
the first year of registration for therapy [31]. Since intra-
neural inflammatory lesions in leprosy are multifocal and 
patchy, the peripheral neuropathy of leprosy is classified as 
“mononeuritis multiplex.” Mononeuritis affecting a single 
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nerve without skin lesions are classified as “pure neuritic 
leprosy” [32–36]. Neuritis triggered by intraneural inflam-
matory response, edema, and granuloma formation clinically 
produces chronic low grade nerve pain.

A cross-sectional deep profiling study conducted in 86 
patients with leprosy (with and without pain) using an exten-
sive battery of phenotyping measures has shown that lep-
rosy patients exhibit a profile of sensory loss to thermal and 
tactile stimuli combined but preserved vibration and deep 
pressure sensations. A high degree of impaired thermal sen-
sation was found in subclinical neuropathy, a parameter that 
could be clinically implemented to enhance identification of 
leprosy neuropathy at an early stage [37].

Acute Neuritis

Acute neuritis in leprosy predominantly occurs in MB and 
borderline leprosy, commonly associated with type 1 and 
type 2 reactions. A change in immunological response to 
the bacteria can precipitate the type 1 reaction and can 
occur before starting, during, or after the completion of 
MDT. Increased T-cell reactivity to mycobacterial antigens 
is associated with the infiltration of interferon gamma (IFN-
γ) and TNF-α secreting CD-4-positive lymphocytes into the 
skin and nerves, resulting in edema and painful inflamma-
tion as well as an increase in serum cytokine concentration 
[38–40]. The onset of acute neuritis often starts with spon-
taneous nerve pain, paresthesia, and nerve tenderness. These 
symptoms are followed by nerve function impairment with 
sensory-motor loss.

Silent Nerve Paralysis

Silent nerve paralysis (SNP) is characterized by neurological 
deficit without any skin manifestations or nerve tenderness, 
and patients do not report with clinical symptoms. Stud-
ies have reported that when the functioning of the main 
peripheral nerve trunks known to be affected in leprosy was 
assessed using a nylon filament to test touch thresholds and 
a manual voluntary muscle test to quantify muscle strength, 
as many as 7% of newly presenting patients had silent nerve 
paralysis at their initial examination, and 75% of all silent 
nerve paralysis episodes occurred during the first year of 
MDT [41, 42].

Subclinical Neuropathy

Patients with leprosy skin lesions but with no clinical evi-
dence of mechanosensory and/or motor impairment in an 
area of the hand innervated by one or more nerves, but hav-
ing abnormal nerve conduction studies, are categorized as 
“subclinical neuropathy.” To detect early detection of nerve 
impairment, one hundred and eighty-eight multibacillary 

(MB) leprosy patients from a cohort of 303 were fol-
lowed for 2 years, subclinical neuropathy was found to be 
extensive (20–50%), and that was not evident when only 
Semmes–Weinstein monofilament testing (MFT) and voluntary  
muscle testing (VMT) were used [42, 43]. A detailed discus-
sion of nerve function assessment in leprosy is available in 
recent guidelines published by the World Health Organiza-
tion (WHO 2020) [44].

Neuropathic Pain

Pain is rarely recognized as a symptom in leprosy, as lep-
rosy is well known to cause loss of sensation, disability, and 
disfigurement. Neuropathic pain in leprosy is not routinely 
investigated in population-based studies; however, recent 
studies have shown that neuropathic pain can develop several 
years after the completion of leprosy chemotherapy [45] and 
the prevalence of pain ranges from 11 to 66%, probably due 
to differences in study design and clinical setting [45–47].

A recent study has reported that neuropathic pain in lep-
rosy is as heterogeneous as neuropathic pain of other eti-
ologies. Neuropathic pain in leprosy may respond to drugs 
usually used to control pain of neuropathic origin in general. 
Amitriptyline may be a potential candidate to be tested in 
clinical drug trials aimed at controlling neuropathic pain in 
leprosy [46].

Treatment of Leprosy Neuritis

Microscopic presence of M. leprae within nerves has been 
demonstrated in all types of leprosy. So, the management 
of leprosy neuritis are treatment of leprosy with MDT, 
treatment of type 1 and type 2 reactions, anti-inflammatory 
treatment, reconstructive surgeries, physiotherapy, and 
rest. Neuropathic pain may be treated with gabapentin or 
amitriptyline.

Anti‑bacterial Treatment

Though the causative organism for leprosy M. leprae was 
demonstrated in 1873 by Armauer Hansen, the first medical 
treatment for leprosy was promin, a sodium glucosulfone 
introduced after half a century, in 1943. A few years later, a 
more effective oral long-term dapsone monotherapy against 
leprosy came into effect [48]. As resistance to this antibiotic 
was observed over the decades, newer drugs were subse-
quently identified and combined regimens recommended by 
the WHO [49–51]. The multidrug therapy (MDT) recom-
mended in 1982 by the World Health Organization (WHO) 
as the standard treatment for leprosy is a combination of 
dapsone, rifampin, and clofazimine [5, 52] (Table 1). Anti-
leprosy drugs have multiple targets in the leprosy bacillus, 
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and MDT combination therapy is an effective means of cur-
ing the bacterial infection and lowering the risk of develop-
ing drug resistance. Notably, however, dead M. leprae are 
cleared from tissue very slowly, and the bacterial carcasses 
may therefore remain visible in biopsies for years after they 
have been killed. The antigens of these dead organisms 
may continue to elicit immunological and inflammatory 
responses [53, 54].

Mode of Action of Multidrug Therapy

Dapsone

Sulfone drugs target the dihydropteroate synthase (DHPS), 
a key enzyme in the folate biosynthesis pathway that is 
encoded by the folP gene. Dapsone is bacteriostatic, compet-
itively inhibiting para-aminobenzoic acid (PABA), a critical 
substrate for folate biosynthesis. Dapsone has been shown 
to be effective in inhibiting the multiplication of M. leprae 
in both experimental mouse models and in humans [55–57].

Rifampin

Rifampin, a rifamycin derivative, is the key bactericidal 
component of the WHO-recommended MDT for leprosy 
treatment [58, 59]. The target of rifampin in bacteria is the 
β-subunit of the DNA-dependent RNA polymerase, encoded 
by the rpoB gene. Rifampin interrupts the binding of the 
β-subunit with DNA, which uncouples the production of 
mRNA and results in the death of the organism. Rifampin 
has shown to be highly bactericidal in mice and humans, and 
experimental studies have shown no viable bacteria detected 
after MDT [60, 61], although recurrence of infection (either 
re-activation or re-infection) sometimes does occur [62].

Clofazimine

Clofazimine is a lipophilic riminophenazine compound and 
has antimycobacterial properties. Clofazimine is weakly 
bactericidal against M. leprae in the mouse model but has 
been used successfully as a combination therapy in the MDT 
for leprosy [63, 64]. Clofazimine also has anti-inflammatory 
effects that make it especially valuable in preventing or 
reducing the severity of type 2 (ENL) reactions in multi-
bacillary patients.

Duration of Treatment The classification of patients for 
treatment and the duration of treatment with the WHO regi-
men have changed several times. The WHO originally rec-
ommended 24 months of MDT for MB patients, and the 
current recommended duration of treatment is 12 months, 
and the treatment regimen is given in Table 1. Recent trials 
from Bangladesh and Brazil have shown no relapse from 
patients treated with 6 or 12 months of WHO-recommended 
MDT or with uniform MDT regimen. The rate of decline of 
the BI was similar in the groups tested [65, 66]. In a meta-
analysis on twenty five studies conducted to evaluate the 
effectiveness on diverse treatment regimens, the WHO anti-
biotic regimen for leprosy was found to be the most effective 
treatment available so far [67].

The program for Global Sentinel Surveillance for drug 
resistance in leprosy was established by the WHO in 2009 to 
monitor drug resistance among patients of relapse http:// apps. 
who. int/ iris/ handle/ 10665/ 205158. Although the prevalence 
of leprosy is declining, emergence of multidrug-resistant 
organisms have been documented over the decades in many 
dedicated leprosy centers equipped with mouse foot pad labo-
ratories. Mutations associated with drug resistance have been 
identified for the folP, rpoB, and gyrA genes in M. leprae. 

Table 1  WHO recommendations for multi-drug treatment of Hansen’s disease

In the USA, PB patients are treated with rifampin 600 mg and dapsone 100 mg daily for 12 months. MB patients are treated with rifampin 
600 mg, clofazimine 50 mg daily, and dapsone 100 mg for 24 months

WHO

Drugs Paucibacillary Multibacillary

Dapsone Adult 100 mg daily 100 mg daily
Child (10–14 yrs.) 50 mg 50 mg
Child under 10 25 mg 25 mg

Rifampin Adult 600 mg once/month 600 mg once/month
Child (10–14 yrs.) 450 mg once/month 450 mg once/month
Child under 10 300 mg once/month 300 mg once/month

Clofazimine Adult – 50 mg daily plus 300 mg once/month
Child (10–14 yrs.) – 50 mg daily plus 150 mg once/month
Child under 10 – 50 mg twice a week and 100 mg once a month

Duration (months) 6 doses (6 blisters) that can be 
taken until 9 months

12 doses (12 blisters) that can be taken until 9 months
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As PCR testing for Mycobacterium leprae identification has 
been well established, routine monitoring for these mutations 
should be implemented during MDT surveillance and after 
completion of MDT [68–76].

Alternative Treatment Regimens

Fluoroquinolones

The target of fluoroquinolones is the DNA gyrase, a tetramer 
composed of two A-subunits (GyrA) and two B-subunits 
(GyrB) and is required for the bacterial DNA replication. 
Among the fluoroquinolones, moxifloxacin has shown to be 
a powerful bactericidal agent and have been shown to inhibit 
the M. leprae DNA gyrase at concentrations similar to those 
necessary to inhibit the M. tuberculosis gyrase. Ofloxacin is 
a fluorinated carboxyquinalone, and studies in lepromatous 
leprosy patients have demonstrated bactericidal activity kill-
ing 99.99% of viable bacteria but not acceptable as a single 
drug due to side effects in human [77–79].

Macrolides

Clarithromycin is the only macrolide that displays signifi-
cant bactericidal activity against M. leprae, inhibiting protein 
synthesis by binding to the 50S subunit of the mycobacterial 
ribosome, targeting 23S rRNA of the bacteria. Clarithromy-
cin at an estimated MIC of 0.12 μg/ml in mouse experiments 
found to have potent M. leprae activity. Clarithromycin has 
also been shown to be bactericidal in humans, where the daily 
administration of 500 mg of clarithromycin killed 99% of via-
ble M. leprae within 28 days and 99.9% by 56 days [80–82].

Tetracycline

Tetracyclines inhibit protein synthesis and bind reversibly to 
the 30S ribosomal subunit, blocking the binding of aminoacyl-
tRNA to the 16S rRNA-ribosome complex of bacteria. Mino-
cycline is the only tetracycline effective against M. leprae, and 
it is bactericidal. Its lipophilic nature probably enhances cell 
wall penetration. Minocycline has shown to have an additive 
effect when given with clarithromycin either in a single or in 
multiple doses. Minocycline has also shown good companion 
drug activity when combined with other drugs, especially in 
combination with rifampin + ofloxacin + minocycline (ROM) 
combination, or with another fluoroquinolone, in the rifap-
entine + moxifloxacin + minocycline (PMM) combination 
[83–86].

To further improve the efficacy of treatment and reduce the 
duration of treatment, several drugs have undergone research 
trials with rifampin as one of the components to achieve a 
better cure for leprosy. However, none of the trials particularly 

analyzed the efficacy of the drugs on nerve functions to man-
age neuropathy.

The WHO 7th expert committee (1997) recommended 
the use of single dose of rifampin (600  mg) + ofloxacin 
(400 mg) + minocycline (100 mg) for single lesion and two or 
three PB lesions. ROM combinations underwent multicentric 
randomized double-blind control trials. A systematic review 
has assessed 14 studies comparing ROM with MDT, and both 
groups had a similar fall in BI (3.5 to 2.5) after 24 months of 
treatment, as well as similar clinical and histological improve-
ments [86–90]. For operational reasons, ROM therapy has 
been withdrawn from routine implementation as a therapy for 
paucibacillary leprosy.

Chemoprophylaxis

Probably the most active area of current research with respect 
to leprosy treatment is the evaluation of post-exposure chem- 
oprophylaxis (PEP) with single-dose rifampin (SDR). A  
cluster-randomized, placebo-controlled trial in Bangladesh 
evaluated 21,711 contacts of 1037 patients receiving either 
150 mg rifampin or placebo and followed up for 4 years 
[91]. Results revealed an overall 57% reduction in new cases 
at 2 years among recipients of SDR-PEP vs placebo, but 
no difference at 4 years. The benefits were greatest among 
neighbors and social contacts but were minimal among 
household contacts. SDR-PEP and contact tracing have been  
enthusiastically embraced by the WHO (WHO; https:// www. 
who. int/ docs/ defau lt- source/ ntds/ lepro sy/ global- consu ltati on- 
on- global- lepro sy- strat egy- 2021- 2030/ 10- conta ct- trace- pep- 
who- guida nce. pdf, accessed 23–6-2021) and by many national  
programs [92], but some experts remain strongly critical [93].

To attempt to achieve better protection among household 
contacts, an enhanced, a 3 dose regimen of rifampin and moxi-
floxacin (PEP + +), has been recommended by a study group 
[94]. After the European Medicines Agency issued a warning 
regarding the use of minocycline, the PEP +  + regimen was 
modified to rifampin + clarithromycin (Wim van Brakel, per-
sonal communication), and a multi-center trial is underway.

Anti‑inflammatory Treatment

Though MDT kill bacteria and reduce the antigenic burden 
responsible for the reactions and neuritis, corticosteroids 
play the most vital role as an anti-inflammatory therapy for 
the management of neuritis.

Corticosteroids in Leprosy

Mechanism of action: Corticosteroids have both anti- 
inflammatory and immunosuppressive actions and exert their 
actions through classic genomic and non-genomic pathways 
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[95, 96]. The strong anti-inflammatory and immunosuppres-
sive effects of glucocorticoids are mediated primarily by 
the cytosolic glucocorticoid receptors. These receptors are 
members of the steroid hormone receptor family, a super-
family of ligand-inducible transcription factors, and exert 
genomic effects that can result in increased expression of 
anti-inflammatory or decreased production of proinflamma-
tory proteins. The non-genomic effects were mediated (in 
part) by the same glucocorticoid receptors, as well as by 
other specific membrane interactions [97, 98].

Steroids in Leprosy Reactions

Prednisolone is generally considered an important drug for 
improving nerve function impairment (NFI). However, opti-
mal dose and duration of prednisolone treatment has not 
been established yet. The WHO recommends a standard field 
regimen of 12 weeks of steroid therapy to treat acute neuritis 
and starts with 40 mg of prednisolone and tapered over the 
next 12 weeks. Rao et al.compared three steroid regimens in 
leprosy patients with type 1 reaction (T1R) and concluded 
that prolonged duration of therapy (5 months) is more effec-
tive than shorter duration (3 months) and initial high-dose 
therapy, as TIR persist over many months [99]. Various stud-
ies lend further support to the use of more prolonged courses 
of steroid for the treatment of T1R [100–102].

When high dose (60 mg) was compared with low dose 
(40 mg) in the management of T1R, recurrence noted was 
16% and 48.3%, respectively, and both regimens were effec-
tive, but the majority of the recurrences of reaction occurred 
within a period of 6 months after completion of the low-dose 
regimen [103].

Steroids in Acute and Chronic Neuritis

Observational studies in leprosy neuropathy have shown that 
prednisolone improves nerve function [99, 104, 105]. The 
effects of steroids on neuritis have been analyzed in a few 
large longitudinal field evaluation studies and have shown 
varied responses probably due to varied research settings, 
inclusion criteria, and treatment regimens.

In a retrospective cohort study at Nepal, when one hun-
dred and sixty-eight leprosy patients were treated with one 
of four different corticosteroid regimens for impairment of 
nerve function, nerve function improved in 30–84% (depend-
ing on the type of nerve) of patients. The study concluded 
that improvement was directly related to the severity of the 
nerve damage observed at the beginning of treatment [106].

Analysis across studies indicates that a high propor-
tion of patients (33–75%) experience spontaneous nerve 
function improvement even if left untreated based on the 
severity of NFI and type of nerve. This has become a major 

confounding factor in determining the duration and dosage 
for the steroid treatment. At the ALERT MDT Field Evalu-
ation Study, 300 multibacillary (MB) and 294 paucibacillary 
(PB) cases were followed over a period of 10 years. Two 
steroid regimens were used, both starting with 40 mg of 
prednisolone daily and decreasing regularly: for multibacil-
lary patients, the treatment continued for 24 weeks and for 
paucibacillary patients for 12 weeks only. In patients with 
no impairment at the start of the study, treatment with ster-
oids resulted in full recovery in 88% of nerves with acute 
neuropathy but only 51% of those with chronic or recurrent 
neuropathy. The median time to full recovery from acute 
neuropathy was approximately 6 months. Of nerves with 
acute neuropathy that were not treated with steroids, 42% 
were found to have fully recovered [104].

In a multicenter, randomized, double-blind placebo-
controlled trial conducted in Nepal and Bangladesh, 92 MB 
patients with untreated NFI between 6- and 24-month dura-
tion were given the standard corticosteroid therapy regi-
men; prednisolone treatment starting at 40 mg/day, tapered 
by 5 mg every 2 weeks, and completed after 16 weeks. The 
results revealed that prednisolone did not provide any addi-
tional nerve function improvement in comparison to pla-
cebo group nor did it prevent further leprosy reactions. The 
trial highlights the spontaneous recovery of nerve function 
without steroid treatment and the importance of not to treat 
long-standing NFI with prednisolone [107].

In a randomized controlled trial, the effectiveness of the 
duration of steroid treatment on nerve function impairment 
was tested. The group concluded that a 20-week course 
of prednisolone was as effective as a 32-week course to 
improve and restore the recent-onset clinical NFI in leprosy 
patients [108].

The addition of low-dose prophylactic prednisolone with 
multidrug treatment for leprosy reduced the incidence of 
new reactions and nerve function impairment in the short 
term, but the effect was not a sustainable long term [109]. 
The long-term use of corticosteroids for the control of lep-
rosy reactions with neuritis (see below) increases the risk of 
serious morbidity from the side effects of these drugs [110]. 
As a result, there is increased interest in the use of steroid-
sparing agents such as methotrexate [111].

Other Anti‑inflammatory Agents

Other than prednisolone, no other drugs has been proven to 
be effective for NFI. Clofazimine and thalidomide have been 
used in the treatment of leprosy reactions but have shown 
to produce significant adverse effects when given for longer 
durations [112]. Immunosuppressants like azathioprine and 
cyclosporine for the treatment of reactions have been shown 
not to have any specific improvement on NFI [113–117].
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Non‑pharmacological Considerations 
in Management of Neuritis

Guidance from the WHO [44] recommends that in addi-
tion to the use of anti-inflammatory agents, the treatment of 
neuritis— alone or as part of leprosy reactions—should also 
include the following:

1. Resting of the affected limb, possibly including splinting 
at night

2. In the post-acute phase, passive stretching of weakened 
muscles and active exercises to strengthen them

3. Moisturizing and oiling dry skin to minimize cracking 
and prevent superficial wounds

Reversal (Type 1) Reactions and Treatment

Reversal reactions occur among patients in the broad border-
line portion of the leprosy spectrum, from borderline tubercu-
loid to borderline lepromatous. They are characterized by the 
insidious onset of exacerbation of existing cutaneous lesions 
which become indurated and erythematous, often with acute 
neuritis, accompanied by fever and malaise. They may occur 
before, during, or after MDT; when they develop after initia-
tion of treatment, patients (and inexperienced physicians) often 
are alarmed that the treatment has “made the disease worse.” 
Reversal reactions result from spontaneous enhancement of the 
Th1 cell-mediated immune response to M. leprae. The incit-
ing factors are usually unknown, but it is notable that reversal 
reactions have been observed as an immune reconstitution 
inflammatory syndrome (IRIS) in patients with leprosy after 
discontinuation of infliximab [118] as well as in patients co-
infected with HIV after initiation of antiviral treatment [119].

ENL (Type 2 reactions) and Treatment

ENL occurs in lepromatous leprosy and borderline-lepromatous 
patients. The reaction can manifest even years after completion 
of treatment. Patients present with fever and crops of small pink 
skin nodules. The other signs are iritis, neuritis, lymphadenitis, 
orchitis, bone pain, dactylitis, arthritis, and proteinuria. Cutane-
ous ENL lesions are characterized by an influx of polymorphs, 
and patients have very high circulating levels of TNFα. The 
immunological mechanism responsible for the symptoms 
and signs is widely considered to be a systemic inflammatory 
response to the deposition of extravascular immune complexes. 
Thalidomide (400 mg daily) is the drug of choice for treatment 
(mainly in young men), but because of the risk of birth defects 
and the resulting restrictions and difficulties in using thalido-
mide, corticosteroids, with or without a high dose of clofazi-
mine, are more frequently used. Small clinical trials have shown 
that methotrexate administered with low-dose corticosteroids is 

effective and safe as a corticosteroid-sparing agent. Pentoxifyl-
line, which inhibits tumor necrosis factor (TNF) production, has 
also been used to treat ENL [120–123]. Inhibitors of TNFα such 
as infliximab have been used in cases of severe ENL refractory 
to other agents [124].

Leprosy Vaccine

Because of the dormant nature of M. leprae, the long incubation 
period, effective treatment with MDT, low prevalence of the 
disease, and poor funding resources, vaccine development has 
taken a backseat, and only a few vaccines have been developed 
over the last half a century. Both live attenuated (BCG) and 
killed mycobacteria vaccines have been generally well toler-
ated, and both BCG and Mycobacterium indicus pranii (MIP) 
have a potential immunoprophylactic role against leprosy and 
tuberculosis [125–127]. However, the effect of vaccination on 
M. leprae-associated neuropathy has not been investigated or 
carefully analyzed in any multicentric post-vaccination follow-
up trials, although there is evidence that a small set of BCG 
recipients have precipitated PB leprosy [128, 129]

A major breakthrough in the development of vaccine 
candidates against intracellular M. leprae occurred with 
the identification of adjuvants capable of stimulating mac-
rophages and dendritic cells inducing Th1 responses. This 
has resulted in developing a new generation of T-cell vac-
cines. Another major advancement is the development of 
new adjuvants using formulated TLR ligands (TLRL), 
designing and optimizing a new generation of ligands.

When mice were immunized with LEP-F1 (a single tetrava- 
lent 89kD fusion protein, designated Lep-F1 with a cocktail  
of ML2055, ML2380, and ML2028 antigens) in conjunction 
with glucopyranosyl lipid adjuvant in stable emulsion GLA-SE  
(LepVax), the M. leprae infection levels was reduced   
[130–133]. To further understand effect of immunization on 
M. leprae-associated neuropathy, the vaccine LepVax was  
tested in Armadillos, an experimental animal model for 
lepromatous neuropathy. The study provided evidence that 
provision of LepVax after M. leprae infection (post-exposure 
immunoprophylaxis) was not only safe but effective, reducing 
sensory nerve damage and delaying motor nerve damage in 
animals infected with high doses of M. leprae. LepVax that 
underwent experimental trials have advanced to a phase 1, 
open-label clinical trial in healthy adult subjects [134, 135].

Diagnostic Techniques for Leprosy 
Neuropathy

The WHO expert committee on leprosy (8th report) has 
defined a case of leprosy as an individual who has one of 
the following cardinal signs of leprosy:

2343Treatment and Evaluation Advances in Leprosy Neuropathy



1 3

• A definite loss of sensation in a pale (hypopigmented) 
or reddish skin patch

• A thickened or enlarged peripheral nerve with a loss of 
sensation and/or weakness in the muscles supplied by 
the nerve

• The presence of acid-fast bacilli in a slit-skin smear 
(SSS)

The above-mentioned cardinal signs can be tested by 
the following methods:

Nerve Biopsy

The nerves usually chosen for biopsy are a branch of sural 
nerve at the level just above the ankle or a branch of the 
radial cutaneous nerve at the wrist region. In the tubercu-
loid spectrum of disease, a cutaneous nerve adjacent to a 
skin if enlarged may be chosen for biopsy.

The following are well-established techniques that are 
available to examine histopathological changes in leprosy 
affected nerves:

1. Job-Chacko modification of Fite-Faraco stain for AFB* 
[136]

2. Gomori’s-Grocott methanamine silver stain to demon-
strate remnants of M. leprae

3. Luxol fast blue stain for myelin
4. Van Gieson’s stain for collagen fibers
5. Bodian's silver stain for axons
6. Immunohistochemical stains for nerves: antibodies to 

PGP9.5 to identify axons, S-100 and nerve growth fac-
tor receptor (p75) for Schwann cells and myelin basic 
protein for myelin

7. Immunohistochemistry and immunofluorescent micros-
copy to demonstrate mycobacterial antigens

8. In situ hybridization and PCR studies

*Note: M. leprae is weakly acid-fast and standard 
Ziehl-Neelsen staining may not demonstrate all organisms.

In the histopathological work up, finding M. leprae in 
tissues and/or granulomatous destruction of nerves are the 
two important findings in confirming leprosy diagnosis 
(Fig. 1). Immunohistochemical staining of M. leprae, nerve 

Fig. 1  Inflammation and infection of cutaneous nerves across the lep-
rosy spectrum. The inflammatory responses in and around cutaneous 
nerves are shown in the upper panel; arrows highlight recognizable 
nerve twigs. The immunopathologic classifications of leprosy, TT to 
LL, are indicated at the top of the figure (see text; mid-borderline, 
BB, is not shown). The TT lesion (upper left) is composed of a well-
organized epithelioid granuloma that has nearly destroyed the nerve, 
remnants of which are shown by S-100 staining. The granulomatous 
inflammatory response becomes less organized across the spectrum 
until, at the LL extreme, it is composed of disorganized aggregates of 
foamy histiocytes, seen here surrounding a nerve (upper right). (TT, 

S-100, original magnification × 10; BT, BL, LL, hematoxylin–eosin, 
original magnification × 250). The demonstration of acid-fast bacilli 
within nerves is pathognomonic of leprosy. In the lower panel, Fite-
stained sections reveal the corresponding intensity of M leprae infec-
tion in cutaneous nerves across the spectrum. M. leprae are rare and 
difficult to demonstrate in nerves of TT and BT lesions; they have 
been photographically enlarged in the insets. In contrast, bacilli are 
abundant and easily recognized in BL and LL lesions. (Fite/methyl-
ene blue, original magnification × 1000.) (From Scollard et  al., The 
Continuing Challenges of Leprosy. 2006. Clinical Microbiology 
Reviews, 19: 338–381
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components, PCR amplification of M. leprae DNA, and 
whole-genome analysis have enhanced the sensitivity of his-
topathological diagnosis though the usage is limited by cost 
and availability of specialized equipment in low-resourced 
countries. Electron microscopic studies have been exten-
sively used to localize the M. leprae organisms in quantita-
tive experimental research studies [32, 134, 137–145].

Skin Biopsy to Evaluate Epidermal Nerve Fibers

Quantification of intraepidermal nerve fibers (IENF) in skin 
biopsies has emerged as a standard and sensitive clinical 
tool to diagnose small fiber sensory neuropathy and many 
academic groups in western countries now routinely perform 
IENF analysis as the primary morphologic indicator of sen-
sory nerve damage and as a research tool in experimental 
animal models [142, 146–148].

A major challenge in leprosy endemic countries is to 
detect early leprosy skin lesions that mimic other derma-
tological lesions. Over the decades, a few studies have 
reported early disappearance of neuropeptide immunoreac-
tivity in leprosy lesions and loss of epidermal nerve fibers 
in distal extremities [134, 149–152]. This technique can be 
utilized in leprosy hands and feet to evaluate autonomic fiber 
involvement and regenerative effort of fibers during and after 
multidrug therapy.

Neurophysiological Studies

The standard routine examination to assess nerve function 
impairment in leprosy neuropathy is done in the hands, feet, 

and eyes. However, evaluation of facial cutaneous sensation 
is not routinely performed.

The nerve function evaluation techniques tested in lep-
rosy neuropathy include nerve conduction studies (NCS), 
quantitative sensory test (QST), tactile sensitivity of skin 
lesions assessment with Semmes–Weinstein MFT or ball-
point tests, and motor function assessment with voluntary 
muscle tests. Conventional electrophysiological recording 
generally involves evaluation of median, ulnar, radial, tibial, 
and common peroneal nerves.

Nerve conduction studies have demonstrated predominantly 
axonal neuropathy in leprosy, i.e., reduction in sensory nerve 
action potential (SNAP) and compound muscle action potential 
(CMAP) amplitude. Sensory nerves are more commonly affected 
than motor, and SNAP amplitudes are altered more than CMAP. 
Nerve conduction was found to be affected most frequently, fol-
lowed by warm detection thresholds (WDT) with QST. These 
two methods were able to detect abnormalities in the nerves up to 
12 weeks before MFT becomes abnormal. Multibacillary leprosy 
patients had significantly more severe changes in nerve conduc-
tion parameters compared with paucibacillary leprosy. The lower 
extremity was more frequently and severely involved than the 
upper limbs in both groups of patients [153–160].

High‑Resolution Ultrasonography with Color 
Doppler

Recently, high-frequency ultrasound with color Doppler 
(HFUS with CD) have been used to describe characteristic 
changes in leprosy neuropathy to further facilitate diagno-
sis and treatment. Studies have described nerve thickening 
at entrapment sites, cross-sectional area difference between 

Fig. 2  Electron micrographs of Mycobacterium leprae–infected 
peripheral nerves of Armadillos. A Electron micrograph of a M. 
leprae-infected tibial nerve section containing Remak bundles 
(unmyelinated axons) with M. leprae (arrows) in axoplasm and 
Schwann cell cytoplasm. Many Schwann cell process are dener-

vated (broken arrows) but contain M. leprae. Scale bar: A = 1 µm. B 
Cross section of a myelinated axon with M. leprae within axoplasm 
(arrows). The nerve shows extensive demyelination (broken arrows) 
and axonal disruption. Scale bar: B = 2 µm
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tuberculoid and lepromatous diseases, and increased intra-
neural or perineural vascularization [161–165].

Laser Doppler and infrared thermography are other tech-
niques used to investigate autonomic fiber involvement in 
leprosy. Some small studies have documented a high preva-
lence of autonomic dysfunction in newly diagnosed leprosy 
patients [166–168].

Conclusion

The introduction of MDT has reduced the prevalence of 
leprosy over the decades, and patients who have completed 
treatment are considered as bacteriologically cured of M. 
leprae infection. However, the nerve damage caused by M. 
leprae leaves many patients living with impaired sensation 
and physical deformities. Tremendous progress has been 
made in the field of M. leprae gene sequencing, diagnostic 
advances to identify nerve damage and vaccine develop-
ment. The only animal model of leprosy neuropathy, the 
nine-banded armadillo, has been shown to be an excellent 
experimental model to test newer therapeutic drugs and has 
given us a tool to stimulate and modulate regeneration of 
nerve fibers. A great need exists for the development of new 
agents for the treatment of neuropathy in leprosy.
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