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Introduction
Leprosy is a neglected tropical disease (NTD) 
that predominates in resource-constrained com-
munities of the rural tropics. Despite being elimi-
nated as a public health concern by the World 
Health Organization (WHO) in 2000, nearly 
200,000 active leprosy cases still occur annu-
ally.1,2 The pathogen, Mycobacterium leprae, pre-
vails in low- and middle-income countries 
(LMICs) where socioeconomic barriers can sig-
nificantly reduce treatment adherence. Prevalence 
of leprosy continues to rise in nonendemic regions 

due to increasing travel and migration; thus, the 
disease is of increasing relevance from a Western 
perspective.3–5 Patients experience hypopig-
mented cutaneous lesions, disabling sensory neu-
ropathies and debilitating peripheral neuropathic 
pain (PNP), often leading to stigma and social 
ostracization.3,6–9 Standard pharmacological 
treatment of PNP using antidepressants, anticon-
vulsants and opioids results in a less than 30% 
reduction of pain at best.10 In addition, a signifi-
cant side-effect profile including anticholinergic 
effects, dizziness, confusion, hypertension and 
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weight fluctuation contribute to poor treatment 
adherence overall.11 Likewise, despite the devel-
opment of effective therapeutics via multidrug 
therapy (MDT) for leprosy, many barriers to 
treatment adherence and effective immunological 
control of the pathogen are still evident, due to its 
complex relationship with both nutrition and 
immunity.

Socioeconomic barriers, such as disability-related 
social stigma and rampant nutritional deficien-
cies, have resulted in heightened disease severity. 
Comprehensive systematic reviews assessing 
these relationships suggest that nutrient defi-
ciency is common in leprosy-endemic regions, 
potentially contributing to pathogenesis and 
severity. Nutrient deficiencies have been shown 
to weaken the immune system, resulting in a 
diminished host immune response to invading 
pathogens. This phenomenon is additionally 
enhanced by leprosy’s innate ability to increase 
host oxidative stress.12–14 Given these extensive 
barriers, patients with leprosy continue to experi-
ence a reduced quality of life even with adequate 
access to gold standard therapeutics.9,15,16 In the 
absence of effective pharmaceuticals for PNP, 
alternative interventions must be explored to 
reduce overall morbidity.

Pathogen elimination is predicated upon a bal-
anced immune response in which inflammatory 
mediators aid in host recovery while antioxidant 
substances protect the host environment.12,13,17 
Supplementation of vitamins A, C, D, E and B12 
and minerals zinc, magnesium and selenium in 
leprosy cohorts, where nutrient deficiency is com-
mon, has been shown to enhance the antioxidant 
response and decrease morbidity overall.12–14,17–20 
Nutrient supplementation has been instrumental 
in reducing host oxidative stress, strengthening 
the immune system and mitigating potential 
adverse events in leprosy.17,21–24 Likewise, dietary 
interventions have been specifically shown to 
reduce overall symptomatology and improve the 
quality of life of individuals suffering from PNP 
due to diabetes, a significant and common comor-
bidity of leprosy.25–29 Overall, strategies seeking to 
improve physiological wellness, including those 
that reduce inflammation and enhance immune 
responsiveness to neurotoxic factors, are powerful 
tools that can influence underlying neuropathic 
etiologies. This review seeks to synthesize this lit-
erature surrounding the intersection of nutrition, 

PNP and leprosy, providing a knowledge base for 
further development of nonpharmacological ther-
apeutics for leprous PNP.

Peripheral neuropathic pain

Pathogenesis
Peripheral sensitization. The International Asso-
ciation for the Study of Pain defines PNP as ‘pain 
caused by a lesion or disease of the peripheral 
somatosensory nervous system’. As such, PNP 
may arise as a consequence of many distinct and 
complex mechanisms. Mechanical, chemical and 
infectious etiologies result in peripheral nerve 
damage or injury to the nerves from the dorsal 
root to the sensory receptors, causing a shift in 
the cellular and molecular environment.16 Fol-
lowing the initial injury, macrophages and molec-
ular inflammatory mediators are recruited to 
simultaneously clear damaged tissue and modu-
late neurotrophin expression to aid in regenera-
tion. Inflammatory mediators alongside injured 
Aβ afferent nerves produce a hyperexcitable state 
causing peripheral sensitization. During this pro-
cess, several mechanisms promote ectopic dis-
charge, in which axons spontaneously fire.10,16,30,31 
Typically, this phenomenon subsides over time; 
however, frequent injury due to a chronic disease 
can lead to perpetual sensitization, allodynia and 
hyperalgesia, typical of PNP.10

Mechanisms behind sensitization (local response).  
Several mechanisms can contribute to the hyper-
sensitive state underlying PNP. Molecular inflam-
matory mediators are situated at the foundation of 
this response. Neuropeptides and neurotransmit-
ters, such as calcitonin gene-related peptide, sub-
stance P, nitric oxide, glutamate, serotonin and 
histamine, work to activate pain receptors, known 
as nociceptors. By-products of injury such as cyto-
kines, prostaglandins, leukotrienes, bradykinin 
and growth factors may then sensitize nociceptors. 
In addition to the neuroinflammatory response, 
altered expression of several ion channels play a 
significant role in neuropathic pain pathogene-
sis.16,30 Following nerve damage, sodium, calcium 
and potassium channels are abundantly expressed, 
actively lowering the action potential threshold. 
The neuroinflammatory response and hyperex-
pression of these ion channels work to enhance 
and promote sensitization, allowing for ectopic 
discharge, contributing to neuropathic pain.10,16,30
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Mechanisms behind sensitization (neighbouring 
response). In addition to local peripheral sensiti-
zation, mechanisms involving neighbouring intact 
nerves also contribute to PNP. Ephaptic crosstalk 
is the process by which adjacent connected nerve 
fibres propagate an action potential synchro-
nously. During a PNP state, this process is 
hijacked as the spontaneous ectopic discharge of 
an injured nerve is propagated throughout con-
nected intact nerve fibres.16,30 As ectopic release 
continues, neurotransmitters begin to over-accu-
mulate in the extracellular space and may diffuse 
to affect neighbouring unconnected nerves caus-
ing spontaneous excitation, in a process known as 
nonephaptic crosstalk. Consequently, ephaptic 
and nonephaptic crosstalk diffuses the hypersen-
sitive state of injured nerves throughout a larger 
area, effectively altering one’s response to stimuli, 
contributing to a final diagnosis of PNP.16,30

Diagnosis
History and physical examination. By definition, 
neuropathy manifests in the presence of a lesion or 
underlying disease. As such, a comprehensive his-
tory and physical examination are critical during 
assessment. Due to the subjective nature of pain, 
specific inquiry concerning pain onset, location, 
duration, intensity, quality, progression and known 
history of pathogen exposure or trauma are 
required.10,16,32 Likewise, relevant literature suggests 
that specific patient pain descriptors, such as burn-
ing, electric shock and aching, have been associated 
with neuropathic pain versus non-neuropathic mani-
festations and therefore remain significant to a final 
diagnosis.33 In addition to patient’s history, charac-
teristic signs could be assessed on physical examina-
tion via quantitative sensory testing. Sensitivity to 
pain is a critical component of PNP and may be 
ascertained by exposing the affected neuropathic 
area to stimuli. Mechanical (brush, pin prick) or 
thermal (cold, hot) stimuli to assess the presence of 
allodynia, hypoesthesia and hypo- or hyperalgesia 
have emerged as powerful diagnostic tools.10,33–37 
Finally, significant comorbidities can heighten the 
severity of PNP. As a result, a discussion of sleep 
patterns, stress levels, potential substance use, avail-
able social support and a psychological assessment 
for anxiety and depression are paramount to achiev-
ing a final diagnosis.10,35

Screening tools. Several comprehensive ques-
tionnaires have been established to guide physi-
cians and patients in the diagnosis of PNP. These 

include the Neuropathic Pain Scale (NPS), Neu-
ropathic Pain Questionnaire (NPQ), Neuropathic 
Pain Symptom Inventory (NPSI), Pain Quality 
Assessment Scale (PQAS), the Michigan Neu-
ropathy Screening Instrument (MNSI), the 
McGill Pain Questionnaire (MPQ), the Leeds 
Assessment of Neuropathic Symptoms and Signs 
(LANSS), Douleur Neuropathique en 4 ques-
tions (DN4), ID Pain and painDE-
TECT.10,16,33,35,37 The most common verbal 
descriptors utilized throughout these screening 
tools include tingling, needles, burning and shoot-
ing, which are often associated with PNP. 
Although many of these screening tools have been 
validated in over 90 languages, they cannot 
replace clinical judgement. These tools have a 
sensitivity of 74–85% and specificity of 76–90%, 
suggesting that 15–26% of patients with PNP 
remain undetected.10,33,37

Laboratory testing. Laboratory testing is required 
to confirm both the presence and underlying 
cause of PNP. Electrophysiological techniques 
have been essential in assessing nerve function 
and the presence of neuropathy. Specifically, 
nerve conduction studies, via somatosensory-
evoked potentials (contact heat and laser-evoked 
potentials), and quantitative axon reflex mea-
sures, via the quantitative sudomotor axon reflex 
test, are utilized to measure nerve injury and 
activity.10,32,33,35–38 Although these techniques are 
well established in the diagnosis of PNP, small, 
unmyelinated nerve fibres are often overlooked. 
As such, skin and nerve biopsy, in conjunction 
with electrophysiological techniques, must be 
carried out to assess intraepidermal nerve fib
res.10,32,33,35–39 Finally, to determine the presence 
of a neuronal lesion, basic imaging such as com-
puted tomography (CT) and magnetic resonance 
imaging (MRI) can be utilized.32–34 If a lesion is 
not detected, the underlying disease mechanism 
responsible for PNP must be examined for. Stan-
dard biochemistry including complete blood 
count with white blood cell differential, sedimen-
tation rate, thyroid function, basic metabolic 
panel and nutritional assessment should be com-
pleted. Specific testing to rule out underlying eti-
ology, such as cancers, infection, rheumatologic 
syndromes and chemical intoxications, should be 
undertaken along with neuropathy-focused test-
ing.16,32,33,40 As such, the combination of a com-
prehensive history, screening tools and laboratory 
testing is required for a definitive diagnosis of 
PNP.
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Symptoms
Overview. Due to the multivariate nature of the 
mechanisms underlying PNP, the clinical spec-
trum of disease varies immensely. Excessive ecto-
pic discharge produces a heightened sensitivity to 
stimuli (positive sensory symptoms), while exten-
sive nerve damage may simultaneously result in a 
loss of sensory function (negative sensory symp-
toms). Patients experiencing PNP present with a 
combination of both positive and negative symp-
toms, which do not necessarily correspond to the 
primary etiology.10,16,32,33,37 PNP also often results 
in a reduced quality of life, as it has a significant 
negative impact on the physical and mental well-
being of the patient.16

Positive sensory symptoms. Positive sensory 
symptoms include those that result in a height-
ened response to stimuli and may be categorized 
as spontaneous or evoked pain. Spontaneous pos-
itive sensory symptoms include paresthesia, par-
oxysmal pain and superficial pain, often described 
as an ongoing sensation of pins and needles, elec-
tric shock attacks and burning, respectively. 
Evoked positive sensory symptoms include allo-
dynia, or pain brought on by nonpainful stimuli, 
and hyperalgesia, or pain brought on by painful 
stimuli. Hyperalgesia may be further categorized 
by the stimuli that elicits the response, including 
pressure and pin prick (mechanical), or cold and 
hot (thermal) subtypes. Finally, patients may also 
experience temporal summation in which 
repeated mechanical stimuli evokes increasing 
levels of pain.10,16,32,33,37

Negative sensory symptoms. Negative sensory 
symptoms include those that result in a diminished 
or absent response to stimuli due to a loss of sen-
sory function. These include hypoesthesia and 
hypoalgesia, in which patients experience a reduced 
response to nonpainful and painful stimuli, respec-
tively. Depending on the type of stimuli engaged, 
both negative sensory symptoms may be further 
subdivided as mechanical or thermal.10,16,32,33,37 
Symptoms of PNP may dictate the underlying 
mechanism to which they are being caused, result-
ing in mechanism-based therapeutics.

Treatment
Overview. Treatment of PNP may only be initi-
ated after an adequate assessment of the underly-
ing disease. If symptoms persist despite suitable 

or appropriate management, therapeutics for 
PNP may be considered. Prior to treatment it is 
crucial to establish comprehensive and realistic 
goals with the patient, as complete pain resolution 
is typically not feasible. A 30–50% reduction of 
pain is considered ‘much improved’ as 20–40% of 
individuals are unlikely to achieve a pain reduc-
tion greater than 30%.10,37,41–43 Due to the addi-
tional psychosocial burden often associated with 
PNP, an interdisciplinary therapeutic approach is 
often utilized. Nonpharmacological management 
works to mitigate sleep disturbances, diminished 
quality of life, depression and anxiety which 
actively enhance the severity of PNP. In combina-
tion with first-, second- and third-line pharma-
ceuticals, a cumulative approach to PNP remains 
the gold standard of management.10,37,41

First-line therapeutics. First-line therapeutics 
include pharmaceuticals with the greatest effi-
cacy, effectiveness and tolerance based on the lit-
erature. These include antidepressants and 
anticonvulsants. Antidepressants work to inhibit 
serotonin and norepinephrine reuptake while also 
blocking sodium channels that contribute to ecto-
pic discharge. Specifically, the tricyclic antide-
pressants amitriptyline, nortriptyline and 
desipramine have been utilized for the treatment 
of PNP. In addition, selective serotonin-norepi-
nephrine reuptake inhibitors (SSNRIs) such as 
duloxetine and venlafaxine have also proven to be 
efficacious. Although side effects such as seda-
tion, nausea, ataxia and anticholinergic effects are 
common with antidepressants, they also work to 
mitigate psychological comorbidities common in 
PNP.10,11,16,32,35,37,41–45 Likewise, anticonvulsants 
that decrease the release of neuropeptides and 
neurotransmitters such as glutamate, norepineph-
rine and substance P, which significantly contrib-
ute to peripheral sensitization, are also considered 
first-line therapeutics. Calcium channel α2-δ 
ligands gabapentin and pregabalin, and sodium 
channel inhibitors, such as carbamazepine and 
oxcarbazepene, have been shown to be effective 
treatments for PNP. Common side effects include 
sedation, dizziness and peripheral oedema  
(Table 1).10,11,16,32,35,37,41–45

Second- and third-line therapeutics. Second- and 
third-line therapeutics include opioids and topi-
cal agents that are reserved for patients who did 
not respond well to first-line treatment. Similar to 
antidepressants, opioids inhibit norepinephrine 

https://journals.sagepub.com/home/tai


M Klowak and AK Boggild 

journals.sagepub.com/home/tai 5

and serotonin reuptake. The weak opioid trama-
dol and stronger opioids morphine, oxycodone, 
methadone and levorphanol are known to be suf-
ficient pain-relieving pharmaceuticals. However, 
due to their propensity for addiction and possibil-
ity of significant side effects, including nausea, 
vomiting, constipation, lethargy, seizures, ataxia 
and potential respiratory depression, opioids  
are often avoided. Finally, topical agents 

that temporarily block sodium channels are also 
second-line therapeutic options utilized for PNP. 
Lidocaine patches and capsaicin cream and 
patches have been shown to alleviate PNP, 
although occasionally causing local erythema and 
rash (Table 1).10,11,16,32,35,37,41–44

Alternative and exploratory therapeutics. Non-
pharmaceutical therapeutics have been essential 

Table 1. Peripheral neuropathic pain therapeutics and side effects.

First-line therapeutics Dose (mg/day) Side effects

Antidepressants Tricyclic 
antidepressants

Amitriptyline 10–150 Anticholinergic effects (blurred 
vision, constipation, dry mouth, 
urinary retention), cardiac 
conduction block, confusion, 
orthostatic hypotension, sedation, 
weight gain

Nortriptyline 10–150

Desipramine 25–150

Serotonin-
norepinephrine 
reuptake inhibitors

Duloxetine 30–120 Anxiety, appetite loss, constipation, dry 
mouth, hyperhidrosis, hypertension, 
insomnia, nausea, sedation

Venlafaxine 150–225

Anticonvulsants Calcium channel 
ligands

Gabapentin 100–3600 Blurred vision, dizziness, lethargy, 
peripheral oedema, sedation, 
weight gain

Pregabalin 150–600

Sodium channel 
inhibitors

Carbamazepine 200–400 Hepatotoxicity, hyponatraemia, 
sedation

Oxcarbazepine 300–600

Second/third-line therapeutics Dose (mg/day) Side effects

Opioids Weak Tramadol 25–400 Constipation, dizziness, nausea/
vomiting

Strong Morphine 10–20 Addiction, ataxia, constipation, 
dizziness, lethargy, nausea/
vomiting, seizures

Oxycodone

Methadone

Levorphanol

Topical Lidocaine patch 1–4/3 months Local erythema and rashes

Capsaicin cream 1–3 uses/day

Source: Adapted from Cavalli et al.11

https://journals.sagepub.com/home/tai


Therapeutic Advances in Infectious Disease 9

6 journals.sagepub.com/home/tai

in alleviating the burden of PNP. Rather than a 
biochemical intervention, these treatments 
broadly target the gross anatomy, and psychologi-
cal aspects of PNP, potentially mitigating side 
effects. Nerve stimulation techniques such as 
transcutaneous electrical or peripheral nerve 
stimulation, spinal cord, and deep brain stimula-
tion, and direct current stimulation are being 
explored as potential therapeutic options, as well 
as surgical nerve decompression.32,42,46,47 Like-
wise, nonpharmaceutical techniques that work to 
alleviate the psychological burden of PNP have 
been implicated as therapeutics. These include 
behavioural, cognitive and animal therapy; guided 
imagery; diaphragmatic breathing; mindfulness-
based stress reduction; acupuncture; and exer-
cise.42 Many nonpharmaceutical therapeutics 
have been shown to mitigate pain at various lev-
els; however, further research is required to vali-
date efficacy.

Recent literature exploring the treatment of 
chronic pain has grown in specificity. Notably, 
research has been focusing on alternative phar-
maceuticals that are biochemically similar to the 
current standard of care. Opioid antagonist, spe-
cific to the presynaptic N-methyl-d-aspartate 
receptor, which inhibits the neurotransmitter glu-
tamate, has been explored with variable efficacy.48 
Likewise, drugs that act on PNP pathway targets 
such as sodium channel blockers (BIIB074 and 
Oxcarbazepine), angiotensin II type 2 receptor 
antagonists and nerve growth factor antagonists 
are being actively researched as potential thera-
peutics for pain reduction; however, more infor-
mation is needed to determine effectiveness.47,48 
As the current standard of care for PNP is both 
ineffective and prone to side effects, additional 
research into novel pharmaceuticals and potential 
lifestyle interventions is direly needed.

Underlying etiologies
PNP may be the result of several distinct under-
lying health conditions. In the absence of a 
mechanical etiology, the underlying cause of 
PNP may be metabolic, nutritional, inflamma-
tory, infectious or genetic in nature. Syndromes 
affecting metabolism are the most common 
cohort of PNP patients including painful diabetic 
neuropathy, alcohol abuse and treatment, amy-
loidosis and hypothyroidism. Although vitamin B 
and E deficiencies, and copper deficiency exacer-
bate PNP, many underlying etiologies arise from 

therapeutics rather than a disease mechanism 
itself. Common chemotherapeutics, infectious 
disease therapies (e.g. the antibiotics metronida-
zole and fluoroquinolone class drugs) and other 
drugs and toxins are often responsible for PNP. 
Inflammatory conditions such as vasculitis-asso-
ciated neuropathy, and paraproteinemia, and 
genetic disorders such as Charcot-Marie-Tooth 
disease, and Fabry disease, may also cause PNP. 
Finally, infectious etiologies including leprosy 
and HIV significantly contribute to PNP preva-
lence. Up to 70% of individuals with leprosy will 
experience PNP to some degree following rou-
tine MDT. In addition, leprosy patients in reac-
tion requiring corticosteroids are at an increased 
risk of developing biochemical diabetes, a signifi-
cant and common comorbidity of leprosy. 
Biochemical diabetes may manifest in up to 50% 
of some leprosy cohorts and therefore remains a 
significant contributor to the incidence of PNP 
within leprosy patients. As nutritional interven-
tions may modulate both leprosy and diabetes, a 
specific exploration of each mechanism remains 
relevant.10,15,16,32,49,50

PNP in diabetes and nutritional interventions 
evaluated to date
More than 425 million individuals have been 
diagnosed with diabetes mellitus worldwide. 
Neuropathy is found in roughly half of this popu-
lation and up to 30% of individuals with diabetes 
have experienced PNP.51 The microangiopathy 
and hyperglycaemia associated with diabetes can 
damage nerve fibres while simultaneously encour-
aging inflammation and oxidative stress resulting 
in the hyperexcitable state underlying PNP.51,52 
As such, patients within this cohort are more 
likely to experience adverse health events such as 
disruptions to sleep, mood and quality of life, as 
well as an increased mortality rate. Despite its 
prevalence, PNP in diabetes is often misdiag-
nosed and inadequately treated.51 Duloxetine and 
pregabalin have emerged as first-line therapeu-
tics; however, effectiveness is limited.51,53 In addi-
tion, although pathogenic treatments targeting 
glycolysis by-products responsible for PNP have 
emerged, none have been officially approved. 
Research has suggested that glycaemic, choles-
terol and triglyceride control via diet and exercise 
counselling is effective when treating PNP.51,54 
Consequently, the literature for nutritional inter-
ventions for painful diabetic neuropathy is more 
robust.
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Several studies assessing the effectiveness of spe-
cific nutrients in the treatment of diabetic PNP 
have been conducted. Both vitamin B and D3 
oral supplementation have been evaluated. 
Although positively trending, the use of vitamin B 
for diabetic PNP has seldom reached statistical 
significance.55,56 However, in a study assessing 
weekly oral vitamin D3 (50,000 IU) in 58 adults 
for 12 weeks, statistical significance (p < 0.001) 
was met in both MNSI questionnaire and physi-
cal examination.22 Likewise, studies assessing the 
use of omega-3 oral supplementation in diabetes 
have shown similar results. A statistically signifi-
cant improvement in both corneal nerve fibre 
length (p = 0.002) and MPQ (p < 0.01) have been 
shown when taking daily oral omega-3 supple-
ments for up to 1 year, in patients with type 1 and 
type 2 diabetes, respectively.21,23 In addition, 
strategies such as lifestyle counselling have also 
resulted in statistically significant improvements 
in diabetic PNP. Patients receiving routine life-
style counselling including diet and nutrition 
coaching have exhibited a 27% reduction in dia-
betic PNP, which remains statistically significant 
after a 15-year follow-up.25,27 These findings have 
led recent research to focus on total dietary pat-
terns rather than specific macro- or micronutri-
ents and vitamins.

Early research has shown that vegetarian/vegan 
diets are associated with a reduction of PNP in 
patients with diabetes. A cohort study assessing 
vegetarian/vegan diets in 21 participants with type 
2 diabetes reported a statistically significant 
(p < 0.01) reduction of both serum triglycerides 
and total cholesterol, along with a noticeable 
decrease in subjective pain (17/21 patients 
endorsed complete pain relief in 4–16 days), 
weight (−4.9 ± 2.7 kg, 0 to −9.6 kg) and insulin 
requirements (5/19 patients no longer required 
insulin, while the remaining 14 experienced a 54% 
decrease in requirements overall, ranging from 
25% to 75%).29 A systematic review of vegetarian 
and vegan diets for the management of type 2 dia-
betes reports similar results. Data from over 110 
observational and clinical trials suggest that these 
dietary patterns are associated with significant 
improvements in fasting glucose, insulin require-
ments, weight, cholesterol and lipid management. 
Specifically, in a 16-day trial assessing a near-veg-
etarian diet, insulin use was completely discontin-
ued in 9/20 individuals and statistically significantly 
decreased from 26 to 11 units/day in the remain-
ing participants (p < 0.001). Likewise in a 26-day 

trial assessing a similar intervention in conjunc-
tion with intensive exercise, mean fasting glucose 
concentrations decreased up to 24% (p < 0.001). 
Studies also reported a statistically significant 
decrease in weight alongside HbA1c levels 
(p < 0.0001), as well as a statistically significant 
reduction in lipid concentrations of up to 31% 
(p = 0.01), following a 22-week vegan dietary 
intervention. The prevalence of diabetes was up to 
two times lower among individuals with vegetar-
ian and vegan diets, making these dietary patterns 
as effective as gold standard strategies for the 
management of diabetes.28 Finally, a comprehen-
sive randomized controlled trial (RCT) assessing 
a low-fat plant-based diet plus vitamin B12 sup-
plementation versus vitamin B12 alone to manage 
the PNP of type 2 diabetes in 35 participants aged 
18–65 corroborates previously reported data. 
Neuropathy was assessed using a Sudoscan device 
while pain was measured using various question-
naires including a visual analogue scale (VAS), 
MNSI, MPQ and NPSI. Dietary adherence was 
measured using 2-day dietary records, and partici-
pants were assessed twice within a 20-week fol-
low-up period. A significant decline in mean 
weight [−7.0 ± 5.0 kg versus −0.6 ± 3.5 kg, 95% 
confidence interval (CI): −9.4 to −3.4, p < 0.001], 
and body mass index (BMI) (−2.4 ± 1.5 versus 
−0.2 ± 1.2, 95% CI: −3.2 to −1.2, p < 0.001), was 
observed alongside a statistically significant 
improvement in diabetes-associated PNP on 
MNSI (−2.2 ± 2.4 versus −0.6 ± 1.5, 95% CI: 
−3.0 to −0.2, p = 0.03) and MPQ (−9.1 ± 11.4 
versus −0.9 ± 11.3, 95% CI: −16.1 to −0.3, 
p = 0.04) between the intervention and control 
groups, respectively. Quality of life also improved 
on the Norfolk Quality of Life Questionnaire, but 
did not reach statistical significance (p = 0.43).26 
Overall, vegetarian/vegan diets have proven to be 
effective in the management of the PNP of diabe-
tes. Whole foods plant-based diets (WFPBDs) 
that avoid processed foods provide sufficient gly-
caemic control and lipid management, which, 
when uncontrolled, exacerbate PNP. As a result, 
this phenomenon may be translatable to the man-
agement of leprosy in which comorbidities of dia-
betes and PNP are keystone symptoms.

Leprosy

History/epidemiology
Leprosy, or Hansen’s disease, is caused by acid-
fast rod-shaped bacilli of the genus Mycobacterium. 
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Mycobacterium leprae was first described by 
Norwegian physician Dr Gerhard Henrik 
Armauer Hansen in 1874, while Mycobacterium 
lepromatosis was initially sequenced in 2008.6,7,57–59 
Both these bacteria have the functional capacity 
to cause leprosy, but are genetically dissimilar 
enough to be considered separate species.6,59 
Although leprosy was originally identified in the 
19th century, historical records suggest that the 
pathogen has remained a global endemic disease 
for at least 3000 years. The pathogen rose to 
prominence in the 13th century as a consequence 
of urbanization and has since experienced a slow 
decline in prevalence.7,57 In 2000, the WHO no 
longer considered leprosy a public health concern 
as its worldwide point prevalence fell below 1 in 
1000. However, this milestone was not achieved 
within each individual country until 2005.1,2,6,7 
Despite this, more than 200,000 new leprosy 
diagnoses are still made each year as it remains 
endemic in 140 countries.1,2,6

Globally, Brazil, India and Indonesia account for 
74% of the total new case burden of leprosy and 
in 2020 alone 127,396 new cases were reported 
from 127 countries (Figure 1).60 Although the 

global incidence of leprosy has been steadily 
declining, a significant degree of transmission is 
still evident. This is especially concerning within 
Western populations, where the experience of 
leprosy is often underappreciated. In Canada, 
increasing levels of immigration from leprosy-
endemic countries – particularly those form 
endemic areas of Asia – and poor migration detec-
tion programmes have resulted in a significant 
increase in leprosy incidence.3–5 Migrants from 
India, the Philippines and Vietnam account for 
over 70% of the Canadian experience of leprosy 
(Figure 1).3,5,8

Transmission
Leprosy is primarily spread via aerosolized droplets 
and to a lesser extent by direct skin contact or verti-
cal transmission.1,3,6,7 Although humans are the 
principal reservoir, nine-banded armadillos, red 
squirrels and chimpanzees are also known hosts of 
M. leprae and M. lepromatosis, respectively.1,6,7,58,62,63 
Despite its known transmission routes, many 
patients do not have identifiable contacts due to an 
incredibly variable and typically prolonged incuba-
tion period.3 Disease onset has been reported to 

Figure 1. World Health Organization geographic distribution of new leprosy cases, 2020. Red star: India, Brazil and Indonesia. Green 
star: India, Vietnam and the Philippines.
Source: Adapted from World Health Organization.61

https://journals.sagepub.com/home/tai


M Klowak and AK Boggild 

journals.sagepub.com/home/tai 9

occur from 3 months to 40 years after exposure, 
with the tuberculoid and lepromatous forms of lep-
rosy having a 3- to 5-year and 9- to 12-year incuba-
tion period, respectively.1,3,6 This variability has led 
researchers to explore alternative routes of trans-
mission, such as environmental proxies, vectors 
and other animal reservoirs; however, more 
research is needed.58 Finally, transmission risk is 
predicated on several confounding factors. 
Duration and incidence of exposure, host infectiv-
ity, genetics, nutrition, hygiene and a compromised 
immune system may all modulate transmission 
risk.3,6–8

Pathogenesis
Phenolic glycolipid I antigen. A complete picture 
of leprosy pathogenesis has eluded researchers for 
decades due to its complex and multivariate rela-
tionship with host immunity, and its inability to 
be cultured in standard media. Unique animal 
models have allowed for some speculation despite 
these barriers. Following transmission routes, lep-
rosy enters the host where it is able to survive and 
multiply within macrophages, monocytes, kerati-
nocytes and Schwann cells.64,65 The unique and 
specific M. leprae antigen, phenolic glycolipid I 
(PGL-I), preferentially binds to Schwann cells, 
initiating bacilli uptake. Pathogen replication is 
incredibly slow upon entry, eventually eliciting an 
inflammatory response.7,64 During this response, 
specific pathogen recognition receptors (PRRs) 
and pathogen-associated molecular patterns 
(PAMPs) interact, engaging inflammatory 
responses characteristic of the polarized states of 
immunity in leprosy.

T helper cell response. In tuberculoid leprosy 
PRRs, toll-like receptors 1 and 2 and nucleotide 
oligomerization domains interact with M. leprae 
PAMPs, triacylated lipopeptides and muramyl 
dipeptide, respectively. These interactions upregu-
late Th1 cytokines interferon gamma (IFN-γ), 
tumour necrosis factor alpha (TNF-α), interleu-
kin-12 (IL-12), IL-15, IL-18, IL-32 and IL-1β, 
resulting in macrophage and dendritic cell differen-
tiation, and autophagy. This cell-mediated inflam-
matory response is highly effective, as the pathogen 
is eliminated or contained within granulomas, leav-
ing few active organisms. In lepromatous leprosy, 
bacilli inhibit IFN-γ expression via the secretion of 
Th2 cytokines, IFN-β, IL-4, IL-5 and IL-10. In 
addition, leukocyte immunoglobulin-like receptors 
further inhibit Th1 cytokines, resulting in decreased 

cell-mediated immunity. Consequently, as a Th2 
type humoral response predominates, bacilli are 
able to proliferate within and around foamy macro-
phages, resulting in poor pathogen control charac-
teristic of lepromatous leprosy.7,64,65 Recent 
literature has emerged suggesting a third cytokine 
profile, Th17, representative of a nonpolarized 
(Th0) disease state. Studies show that individuals 
experiencing borderline tuberculoid leprosy or lep-
rosy reaction exhibit both the Th1 cytokine, IFN-γ, 
ad Th2 cytokines IL-4 and IL-5, simultaneously 
alongside Th17 cytokines IL-17, IL-21 and IL-22. 
It is hypothesized that the Th0/Th17 cytokine pro-
file may be indicative of an alternative pathway for 
pathogen clearance; however, more research is nec-
essary to elucidate its impact.66,67

Peripheral sensitization. Regardless, Th1, Th2 
and Th0 type inflammatory responses are impli-
cated in peripheral sensitization. Previous litera-
ture suggests that inflammation leads to 
irreversible damage to Schwann cells, resulting in 
fibrosis and eventual leprous neuropathy.7 Cyto-
kine elevation, including inflammatory mediators 
such as IFN-γ, TNF-α, IL-1, IL-2, IL-4, IL-5, 
IL-6, IL-8, IL-10 and IL-17, produces reactive 
oxygen intermediates, which generate a toxic 
environment causing inflammatory demyelin-
ation and subsequent gross tissue damage.66–70 It 
is also suspected that PGL-I induces nitric oxide 
synthase, effectively increasing oxidative stress 
within macrophages. Inadequate host control of 
the resulting reactive oxygen species (ROS) leads 
to mitochondrial damage, causing axon demye-
lination and leprous neuropathy. These by-prod-
ucts of injury including nitric oxide synthase, and 
cytokines, may then propagate peripheral sensiti-
zation throughout neighbouring tissues via mech-
anisms previously described. Interestingly, 
research has shown that effective control of ROS 
via nutritional supplementation may mitigate this 
phenomenon entirely (Figure 2).64,71,72

Diagnosis
Overview. Leprosy is diagnosed clinically based 
on an extensive history indicative of exposure and 
characteristic clinical manifestations. Presence of 
hypo- or anaesthetic hypopigmented lesions dur-
ing assessment, and thickened peripheral nerves 
identified via palpation or ultrasonography, are 
key diagnostic features of leprosy.73–75 Confirma-
tory laboratory testing to detect acid-fast bacilli in 
slit skin smears or biopsies using Fite staining and 
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light microscopy or polymerase chain reaction 
(PCR) amplification can also be completed. 
Diagnostic specimens are preferentially collected 
from persistent and active lesions typically located 
in cooler parts of the body.1,3,6,7 Diagnostic speci-
ficity reaches 97% in the presence of hypopig-
mented lesions, thickened peripheral nerves and 
acid-fast bacilli in skin smear.1,6 In paucibacillary 
leprosy, where acid-fast bacilli are scarce, skin 
biopsy can also be used.3,7 Nucleic acid amplifica-
tion testing has emerged as a powerful diagnostic 
tool in the identification of leprosy infection; how-
ever, implementation is limited in resource-con-
strained countries where leprosy is most 
prominent.76–78

Classification systems. The majority of the popu-
lation is not susceptible to leprosy as only 1.25% 
of individuals exposed will enter the clinical spec-
trum of disease.3 Clinical manifestations and clas-
sification of leprosy are dictated by two algorithms 
which are largely influenced by the host’s immune 
response. The WHO and Ridley Jopling classifica-
tion systems utilize clinical and histopathological 
features, bacteriological index and the number of 
skin lesions present to classify and treat patients 
along a spectrum (Figure 3).1,3,6,7 Patients with a 
low bacterial load that endure a cell-mediated 
Th1 response are classified at the tuberculoid/
paucibacillary pole. Clinically, lesions at this pole 
are limited (<6), asymmetrically distributed, well 

Figure 2. Mycobacterium leprae increases oxidative stress within infected macrophages and damages 
mitochondria, causing demyelination and subsequent peripheral neuropathic pain.
Source: Adapted from Madigan et al.71

iNOS, inducible nitric oxide synthase; PGL-1, phenolic glycolipid I.
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circumscribed, hypopigmented, dry, scaly and 
anaesthetic. Patients with a high bacterial load 
and a predominantly humoral or Th2 response 
are classified at the lepromatous/multibacillary 
pole. Lesions are abundant (6+), symmetrically 
disseminated, smooth, shiny and slightly hypopig-
mented or erythematous.1,3,6–8 Individuals may 
also present anywhere along this spectrum with 
borderline tuberculoid, mid-borderline or border-
line lepromatous leprosy. Skin lesions are highly 
variable in quantity and appearance as a result of 
an unstable balance between cell-mediated 
immunity and pathogen abundance and will typi-
cally progress towards a distinct pole.3,6

Symptoms
Overview. Leprosy primarily presents as hypopig-
mented cutaneous macules and debilitating sen-
sory and motor dysfunction in patients. 
Neuropathy is a hallmark symptom of leprosy and 
can vary depending on the host immune 
response.3,6–8 Extensive nerve damage in pauci-
bacillary leprosy typically presents early and can 
result in wrist drop, foot drop and clawing of the 

hand. Patients with multibacillary leprosy endure 
slow yet progressive nerve damage, often begin-
ning as hypoesthesia and distal weakness of the 
hands and feet.3,6,8 In both cases, peripheral neu-
ropathies often lead to repetitive trauma, infec-
tion and necrosis, resulting in amputation.3 
Leprosy patients may also experience extensive 
nasal and oral mucosal involvement which can 
cause nasal obstruction, epistaxis, septal perfora-
tion and saddle nose deformity. Ulcerative ery-
thematous lesions present in 11.5–57% of leprosy 
patients involving the hard and soft palates, poste-
rior tongue and gingivae.3,6 Finally, blindness can 
occur in up to 5% of patients due to extensive 
damage to cranial nerves innervating the cornea, 
orbicularis oculae musculature and the optic 
nerve itself. These additional symptoms are more 
common in patients with lepromatous leprosy 
due to poor cell-mediated immunity and manage-
ment of infection.3,6

Reactions. Sudden acute inflammatory responses, 
known as leprosy reactions, can exacerbate neuri-
tis, further impairing function of sensory, auto-
nomic and motor nerves leading to limb deformity 

Figure 3. Transmission risk and clinical spectrum of leprosy.
Source: Adapted from Boggild et al.8
BB, borderline leprosy; BL, borderline lepromatous leprosy; BT, borderline tuberculoid leprosy; LL, lepromatous leprosy; TT, 
tuberculoid leprosy.
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and a reduced quality of life. Reactions are con-
sidered medical emergencies and can occur in up 
to one-third of leprosy patients at initial presenta-
tion.3,8 There are two common types of reactions: 
type 1 (upgrading or downgrading/reversal) reac-
tions and type 2 erythema nodosum leprosum 
(ENL) reactions. Type 1 reactions are most often 
characterized by cellular hypersensitivity, altered 
expression of IFN-γ, TNF-α and IL-10, causing a 
shift towards the tuberculoid pole. Symptoms 
such as fever, malaise, oedema, enhanced neuritis 
and worsening of pre-existing leprous skin lesions 
are characteristic of a type 1 reaction. Type 1 reac-
tions can occur spontaneously or may be induced 
by MDT, illness, psychological stressors, puberty, 
pregnancy or parturition.63,79 Conversely, type 2 
ENL reactions are characterized by humoral 
hypersensitivity, antigen–antibody deposition and 
an increased release of inflammatory cytokines 
such as TNF-α, typically occurring at the lepro-
matous pole. Multisystemic inflammation includ-
ing the eyes, joints, digits, lymph nodes, testicles 
and nerves alongside crops of tender erythema-
tous skin lesions that wax and wane in areas of 
previously unaffected skin are characteristic of 
ENL. Type 2 reactions can be triggered by treat-
ment or immune stimulants such as viral infec-
tions, vaccination or tuberculin skin test.3,7,8,64,80,81

Treatment
Therapeutics. Dapsone emerged as a first-line 
leprosy therapeutic in the 1940s; however, in the 
1960s, due to antibiotic resistance, MDT was 
established as the gold standard and officially 
approved for the treatment of leprosy in 1981.1,3,7 
The current WHO recommendations for the treat-
ment of multibacillary leprosy include 1–2 years of 
triple therapy consisting of rifampicin 600 mg/
month, clofazimine 300 mg/month or 50 mg/day 
and dapsone 100 mg/day. Dosing remains the 
same for paucibacillary leprosy; however, only 
6 months of therapy is required due to enhanced 
control of pathogen replication.1,3,7 Single-lesion 
paucibacillary leprosy can also be treated with a 
single course of ROM (rifampin, ofloxacin, mino-
cycline) therapy, which includes 600 mg rifampin, 
400 mg ofloxacin and 100 mg minocycline (Table 
2).3 Likewise, ofloxacin-containing MDT has 
recently emerged as a well-tolerated and effective 
therapeutic alternative to standard dapsone- and 
clofazimine-containing MDT which is often asso-
ciated with significant side effects.82 Following 
MDT, lesions typically resolve within 1 year, but 

may persist for up to 5 years in multibacillary lep-
rosy. Up to 1.4% of patients will relapse within the 
first 10 years after treatment, requiring a follow-up 
period of at least 5–10 years.3 Likewise, after 1 year 
of MDT, 5–10% of patients undergo a type 1 reac-
tion, requiring 40–60 mg of prednisone daily, 
tapered as reaction begins to subside. Patients 
undergoing a type 2 ENL reaction also require 
prednisone for neuritis; however; this may be sub-
stituted for 300–400 mg of daily thalidomide, 
tapered to 50 mg/day for as long as necessary. Clo-
fazimine can also be used as a steroid-sparing agent 
in cases of chronic ENL (Table 2).3,7 Corticoste-
roid therapy for 3–6 months may be required to 
treat resultant neuritis in both cases, and patients 
must be followed every 3 months for the first year 
after treatment for acute reactions.3 Although 
patients may be considered cured, research has 
shown significant progression of physical disability 
up to 15 years after treatment cessation.83 Like-
wise, standard polychemotherapy is associated 
with significant side effects such as hemolytic 
anaemia, sulfonic syndrome, hepatitis, gastroin-
testinal alterations and photosensitivity.84 Given a 
complex clinical course often requiring the 
engagement of several allied health services such 
as occupational therapy, physical therapy, nutri-
tion and dietician services, wound care, ophthal-
mology and endocrinology, as well as the 
propensity for reaction, relapse and prolonged dis-
ability, the burden of leprosy remains significant 
both physically and economically.4

Stigma. Despite adequate leprosy therapeutics, the 
psychological toll endured by patients remains a 
substantial burden. Patients suffering from debili-
tating PNP experience significant activity limita-
tions and social participation restrictions, leading to 
stigma and social ostracization. These disabilities 
can perpetuate a vicious cycle in which negative 
emotions and behaviours further promote poor 
treatment adherence, enhancing physical disabil-
ity.9,85–87 As such, leprosy patients are significantly 
more likely to encounter psychiatric morbidity. A 
comprehensive systematic review assessing mental 
health in leprosy patients suggests that determi-
nants of health such as stigma, discrimination, visi-
ble impairments, therapeutic side effects and poor 
lifestyle choices significantly impact psychiatric 
morbidity.9 Leprosy patients are more likely than 
the general population to experience depression, 
mental distress, reduced quality of life, suicidal ten-
dencies and anxiety disorders, contributing to an 
estimated disability-adjusted life year (DALY) of 
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over 21,000.9,88–92 It is especially important to note 
that patients actively receiving treatment are signifi-
cantly more likely to experience adverse psychiatric 
morbidity. Psychological factors may be exacer-
bated by the side effects of gold standard therapeu-
tics such as MDT and steroids, including the highly 
stigmatizing hyperpigmentation of clofazimine, 
increasing DALYs and perpetuating this vicious 
cycle.9 Consequently, social stigma is deeply 
entrenched in the modern experience of leprosy, 
and a need for novel therapeutics that may mitigate 
the influence leprosy has on psychiatric comorbidi-
ties is desperately required.

Nutritional interventions
Overview. Proper elimination of bacilli requires 
an adequate immune response for which clinical 
manifestations are characterized. Although 
inflammatory mediators aid in host recovery, 
ROS and nitric oxide signalling molecules pro-
mote oxidative stress, resulting in significant 

injury to surrounding tissues.12,13,17 Antioxidant 
substances are required to maintain a balanced 
immune response that eliminates pathogens while 
protecting the host environment. However, 
inflammatory mediators, therapeutics and dietetic 
limitations can significantly reduce antioxidant 
availability, resulting in a more significant patho-
genesis and disease severity. Further to this, both 
economic status and inadequate access to nutri-
tional knowledge can significantly enhance lep-
rosy transmission (in that leprosy is a disease of 
poverty) and pathogenesis.18,87 Nutritional defi-
ciencies of vitamins and minerals with powerful 
antioxidant and immune regulatory properties 
are common. Specifically, it has been shown that 
vitamins A, C, D, E and B12 and minerals zinc, 
magnesium and selenium are significantly lower 
in leprosy patients when compared with healthy 
controls.12–14,19,20 As such, research has explored 
supplementing specific nutrient deficiencies in 
leprosy to enhance the antioxidant response and 
decrease morbidity overall.

Table 2. Leprosy therapeutics, dosage and duration.

Disease state Drug Dosage (mg) Duration (months)

Paucibacillary (I, TT, BT) Rifampin 600/month, supervised 6

Dapsone 100/day, self-administered

Clofazimine 300/month, supervised or  
50/day, self-administered

Single lesion, Paucibacillary Rifampin 600 One time

Ofloxacin 400

Minocycline 100

Multibacillary (BB, BL, LL) Rifampin 600/month, supervised 12

Dapsone 100/day, self-administered

Clofazimine 300/month, supervised or  
50/day, self-administered

Type 1 reversal reaction Prednisone 40–60/day Tapered

Type 2 erythema nodosum leprosum Prednisone 40–60/day Tapered

or

Thalidomide 300–400/day Tapered to 50 mg

Source: Adapted from World Health Organization.1

BB, borderline leprosy; BL, borderline lepromatous leprosy; BT, borderline tuberculoid leprosy; I, Indeterminate disease; 
LL, lepromatous leprosy; TT, tuberculoid leprosy.
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Vitamin A, C and D. Vitamin A and its precursors, 
retinoic acid and beta carotene, have been shown 
to decrease oxidative stress by inhibiting lipid per-
oxidation and capturing free radicals. Research 
has also demonstrated that they can modulate the 
Th1 immune response, as low vitamin A levels 
result in reduced IFN-γ and weak cell-mediated 
immunity. Vitamin A consumption within leprosy 
cohorts is routinely below the recommended 
level, possibly directing disease progression.12,13 
Similarly, vitamin C also exhibited a protective 
role against bacterial infections. It acts as a pow-
erful enzymatic co-factor that can eradicate free 
radicals and a nonenzymatic antioxidant, control-
ling ROS-induced inflammation. Research has 
shown that supplementation with vitamin C has 
resulted in enhanced pathogen control in non-
leprosy mycobacterial infections. Vitamin D 
shares similar immune-modulatory properties; 
however, research has focused on genetics as spe-
cific polymorphisms in the vitamin D receptor 
gene yield explicit immune responses that charac-
terize leprosy.12,13 Although vitamins A, C and D 
have been significantly implicated in the immune 
response of bacterial infections, the relative 
impact on leprosy has been seldom reported.

Vitamin E and zinc. In contrast, evidence to sup-
port nutrient supplementation in leprosy treat-
ment has been accrued for with vitamin E and 
zinc. Vitamin E has been shown to protect lipid 
membranes against peroxidation in high oxidative 
environments. In a comprehensive trial assessing 
the co-administration of daily oral vitamin E 
(400 IU) with MDT versus MDT alone for 
12 months, a significant reduction of oxidative 
stress indices, as measured by the presence of enzy-
matic and nonenzymatic antioxidants in whole 
blood samples, was described in the vitamin E plus 
MDT group.12,13,17 Zinc is also a powerful antioxi-
dant that has the capacity to mitigate the effects of 
lipid peroxidation, as well as control the Th1 
inflammatory response. Supplementation with 
daily oral zinc (220–400 mg) for 3–8 months has 
been shown to improve therapeutic requirements 
and tolerance and decrease the incidence of lep-
rosy symptoms and reactions. Specifically, up to 
80% of patients receiving zinc supplementation 
showed increased tolerance to conventional thera-
peutics, and an almost 30% reduction in the inci-
dence of leprosy reactions was observed when 
compared with the control group.12,13,24 Although 
becoming increasingly relevant, research assessing 
the role of micronutrient supplementation in 

leprosy is limited due to its status as a NTD. In 
addition, within the field of nutrition, a shift 
towards total dietary intake, as opposed to specific 
nutrient deficiencies, is occurring due to the multi-
variate nature of nutrition and pathogen control. 
As a result, a demonstrable need for robust dietary 
assessments and interventions that coopt previous 
nutrient-specific literature is evident.

Conclusion
Current therapeutics are limited in preventive effi-
cacy against leprosy reactions, which are common 
following a complete course of MDT. Moreover, 
the global COVID-19 pandemic has led to a 
greater burden of reactions among leprosy patients 
due to the ubiquitous presence of the trigger, 
SARS-Cov-2 and vaccines against it.93–95 PNP 
therapeutics also remain relatively ineffective as 
the majority of individuals will not experience a 
greater than 30% reduction of symptoms.10 
Likewise, these therapeutics are also associated 
with significant side effects (Table 1), increasing 
the incidence of adverse events. In fact, leprosy 
patients in reaction requiring corticosteroids are at 
an increased risk of developing biochemical diabe-
tes, a significant and common comorbidity of lep-
rosy.50 Nutrient supplementation has been 
instrumental in reducing host oxidative stress, 
strengthening immune responsiveness and miti-
gating potential adverse events in both leprosy and 
diabetes. Research assessing the implications of 
vitamin and mineral supplementation in leprosy 
has demonstrated a significant reduction in symp-
toms and therapeutic requirements.12–14,17,24 
Likewise, trials assessing the implications of 
WFPBD in diabetic PNP patients exhibited a sta-
tistically significant reduction of overall symptom-
atology and improvement in quality of 
life.21–23,25,27–29 As such, WFPBD may have bene-
ficial effects on PNP in leprosy by mitigating 
adverse events related to nutrient deficiency. 
Thus, by examining this relationship, one may be 
able to develop effective lifestyle interventions 
thereby reducing pharmacological requirements 
and PNP severity in leprosy.

Glossary
Allodynia = pain brought on by nonpainful 
stimuli

Ephaptic = conduction of a nerve impulse across 
parallel neurons without the mediation of a 
neurotransmitter
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Sudomotor = nerve fibres that control the activity 
of sweat glands

Ethics approval and consent to participate
N/A

Consent for publication
N/A

Author contribution(s)
Michael Klowak: Data curation; Investigation; 
Methodology; Writing – original draft; Writing – 
review & editing.

Andrea K. Boggild: Conceptualization; 
Funding acquisition; Investigation; Project 
administration; Resources; Supervision; 
Validation; Writing – review & editing.

ORCID iD
Andrea K. Boggild  https://orcid.org/0000- 
0002-2720-6944

Acknowledgements
N/A

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship 
and/or publication of this article: A.K.B. is sup-
ported as a Clinician Scientist by the Department 
of Medicine at the University of Toronto and the 
University Health Network. M.K. is supported by 
the Queen Elizabeth II Graduate Scholarship in 
Science and Technology and Open Award from 
the Institute of Medical Science at the University 
of Toronto.

Conflict of interest statement
The authors declared no potential conflicts of 
interest with respect to the research, authorship 
and/or publication of this article.

Availability of data and materials
N/A

References
 1. World Health Organization. Guidelines for the 

diagnosis, treatment and prevention of leprosy. 
Geneva: World Health Organization, 2018.

 2. World Health Organization. Global leprosy 
update, 2018: moving towards a leprosy-free 
world. Wkly Epidemiol Rec 2019; 35: 389–412.

 3. Boggild A, Correia J, Keysone JS, et al. Leprosy 
in Toronto: an analysis of 184 imported cases. 
CMAJ 2004; 170: 55–59.

 4. MacRae C, Kopalakrishnan S, Faust L, et al. 
Evaluation of safety tool for ambulatory leprosy 
patients at risk of adverse outcome. Trop Dis 
Travel Med Vaccines 2018; 4: 1.

 5. Boggild AK, Geduld J, Libman M, et al. 
Spectrum of illness in migrants to Canada: 
sentinel surveillance through CanTravNet.  
J Travel Med 2019; 26: tay117.

 6. Maymone MBC, Laughter M, Venkatesh S, 
et al. Leprosy: clinical aspects and diagnostic 
techniques. J Am Acad Dermatol 2020; 83: 1–14.

 7. de Freitas MRG and Said GR. Leprous 
neuropathy. Handb Clin Neurol 2013; 115: 
499–514.

 8. Boggild AK, Keystone JS and Kain KC. Leprosy: 
a primer for Canadian physicians. CMAJ 2004; 
170: 71–78.

 9. Somar P, Waltz MM and van Brakel WH. 
The impact of leprosy on the mental wellbeing 
of leprosy-affected persons and their family 
members – a systematic review. Glob Ment Health 
2020; 7: e15.

 10. Zilliox LA. Neuropathic pain. Continuum 2017; 
23: 512–532.

 11. Cavalli E, Mammana S, Nicoletti F, et al. The 
neuropathic pain: an overview of the current 
treatment and future therapeutic approaches. 
Int J Immunopathol Pharmacol 2019; 33: 
2058738419838383.

 12. Dwivedi VP, Banerjee A, Das I, et al. Diet and 
nutrition: an important risk factor in leprosy. 
Microb Pathog 2019; 137: 103714.

 13. Vázquez CMP, Netto RSM, Barbosa KBF, et al. 
Micronutrientes que influyen en la respuesta 
immune en la lepra. Nutr Hosp 2014; 29: 26–36.

 14. Garg V, Ravindra D, Garg K, et al. Vitamin A, 
C, D, E and B12 levels in leprosy: a case control 
study. J Neurol Sci 2019; 405: 245. http://www.ijl.
org.in

 15. Toh HS, Maharjan J, Thapa R, et al. Diagnosis 
and impact of neuropathic pain in leprosy 
patients in Nepal after completion of multidrug 
therapy. PLoS Negl Trop Dis 2018; 12: e0006610.

https://journals.sagepub.com/home/tai
https://orcid.org/0000-0002-2720-6944
https://orcid.org/0000-0002-2720-6944
http://www.ijl.org.in
http://www.ijl.org.in


Therapeutic Advances in Infectious Disease 9

16 journals.sagepub.com/home/tai

 16. Kerstman E, Ahn S, Battu S, et al. Neuropathic 
pain. Handb Clin Neurol 2013; 110: 175–187.

 17. Vijayaraghavan R, Suribabu CS, Sekar B, et al. 
Protective role of vitamin E on the oxidative 
stress in Hansen’s disease (Leprosy) patients. Eur 
J Clin Nutr 2005; 59: 1121–1128.

 18. Nery JS, Ramond A, Pescarini JM, et al. 
Socioeconomic determinants of leprosy new case 
detection in the 100 Million Brazilian Cohort: 
a population-based linkage study. Lancet Glob 
Health 2019; 7: e1226–e1236.

 19. Dennison CL, de Oliveira LB, de O Fraga LA, 
et al. Mycobacterium leprae–helminth co-infections 
and vitamin D deficiency as potential risk  
factors for leprosy: a case–control study in 
south-eastern Brazil. Int J Infect Dis 2021; 105: 
261–266.

 20. Grossi de Oliveira AL, Chaves AT, Santos 
Cardoso M, et al. Hypovitaminosis D and 
reduced cathelicidin are strongly correlated 
during the multidrug therapy against leprosy. 
Microb Pathog 2020; 147: 104373.

 21. Durán AM, Salto LM, Câmara J, et al. 
Effects of omega-3 polyunsaturated fatty-acid 
supplementation on neuropathic pain symptoms 
and sphingosine levels in Mexican-Americans 
with type 2 diabetes. Diabetes Metab Syndr Obes 
2019; 12: 109–120.

 22. Ghadiri-Anari A, Mozafari Z, Gholami S, et al. 
Dose vitamin D supplementations improve 
peripheral diabetic neuropathy? A before-after 
clinical trial. Diabetes Metab Syndr 2019; 13: 
890–893.

 23. Lewis EJH, Perkins BA, Lovblom LE, et al. Effect 
of omega-3 supplementation on neuropathy in 
type 1 diabetes: a 12-month pilot trial. Neurology 
2017; 88: 2294–2301.

 24. Haase H, Overbeck S and Rink L. Zinc 
supplementation for the treatment or prevention 
of disease: current status and future perspectives. 
Exp Gerontol 2008; 43: 394–408.

 25. Ghavami H, Radfar M, Soheily S, et al. Effect 
of lifestyle interventions on diabetic peripheral 
neuropathy in patients with type 2 diabetes, result 
of a randomized clinical trial. Agri 2018; 30: 
165–170.

 26. Bunner AE, Wells CL, Gonzales J, et al. A dietary 
intervention for chronic diabetic neuropathy pain: 
a randomized controlled pilot study. Nutr Diabetes 
2015; 5: e158.

 27. Nathan DM, Barrett-Connor E, Crandall JP, 
et al. Long-term effects of lifestyle intervention 

or metformin on diabetes development and 
microvascular complications over 15-year 
follow-up: the Diabetes Prevention Program 
Outcomes Study. Lancet Diabetes Endocrinol 2015; 
3: 866–875.

 28. Barnard ND, Katcher HI, Jenkins DJ, et al. 
Vegetarian and vegan diets in type 2 diabetes 
management. Nutr Rev 2009; 67: 255–263.

 29. Crane MG and Sample C. Regression of diabetic 
neuropathy with total vegetarian (vegan) diet.  
J Nutr Med 1994; 4: 431–439.

 30. Cohen SP and Mao J. Neuropathic pain: 
mechanisms and their clinical implications. BMJ 
2014; 348: f7656.

 31. Dubový P. Wallerian degeneration and peripheral 
nerve conditions for both axonal regeneration and 
neuropathic pain induction. Ann Anat 2011; 193: 
267–275.

 32. Gierthmühlen J and Baron R. Neuropathic pain. 
Semin Neurol 2016; 36: 462–468.

 33. Bouhassira D. Neuropathic pain: definition, 
assessment and epidemiology. Rev Neurol 2019; 
175: 16–25.

 34. Garcia-Larrea L and Hagiwara K. 
Electrophysiology in diagnosis and management 
of neuropathic pain. Rev Neurol 2019; 175: 
26–37.

 35. Gilron I, Baron R and Jensen T. Neuropathic 
pain: principles of diagnosis and treatment. Mayo 
Clin Proc 2015; 90: 532–545.

 36. Mainka T, Maier C and Enax-Krumova EK. 
Neuropathic pain assessment: update on 
laboratory diagnostic tools. Curr Opin Anaesthesiol 
2015; 28: 537–545.

 37. Baron R, Binder A and Wasner G. Neuropathic 
pain: diagnosis, pathophysiological mechanisms, 
and treatment. Lancet Neurol 2010; 9: 807–819.

 38. Cruccu G and Truini A. Neuropathic pain and its 
assessment. Surg Oncol 2010; 19: 149–154.

 39. Goel J, Anadure RK, Nair MD, et al. A study 
correlating nerve biopsy with clinical diagnosis 
and its impact on improving management in 
peripheral neuropathies. Interdiscip Neurosurg 
2021; 25: 101237.

 40. Treede RD, Jensen TS, Campbell JN, et al. 
Neuropathic pain: redefinition and a grading 
system for clinical and research purposes. Neurology 
2008; 70: 1630–1635, www.neurology.org

 41. Binder A and Baron R. The pharmacological 
therapy of chronic neuropathic pain. Dtsch Arztebl 
Int 2016; 113: 616–625.

https://journals.sagepub.com/home/tai
www.neurology.org


M Klowak and AK Boggild 

journals.sagepub.com/home/tai 17

 42. Xu L, Zhang Y and Huang Y. Advances in the 
treatment of neuropathic pain. Adv Exp Med Biol 
2016; 904: 117–129.

 43. Hurley RW, Adams MC and Benzon HT. 
Neuropathic pain: treatment guidelines and 
updates. Curr Opin Anaesthesiol 2013; 26: 
580–587.

 44. Szok D, Tajti J, Nyári A, et al. Therapeutic 
approaches for peripheral and central neuropathic 
pain. Behav Neurol 2019; 2019: 8685954.

 45. Aiyer R, Barkin RL and Bhatia A. Treatment of 
neuropathic pain with venlafaxine: a systematic 
review. Pain Med 2017; 18: 1999–2012.

 46. Tiago LMP, Barbosa MFF, Santos DFD, 
et al. Late follow-up of peripheral neural 
decompression in leprosy: functional and clinical 
outcomes. Arq Neuropsiquiatr 2021; 79: 716–723.

 47. Bouhassira D and Attal N. Emerging therapies 
for neuropathic pain: new molecules or new 
indications for old treatments? Pain 2018; 159: 
576–582.

 48. Aiyer R, Mehta N, Gungor S, et al. A systematic 
review of NMDA receptor antagonists for 
treatment of neuropathic pain in clinical practice. 
Clin J Pain 2018; 34: 450–467.

 49. de Greef BTA, Hoeijmakers JGJ, Gorissen-
Brouwers CML, et al. Associated conditions in 
small fiber neuropathy – a large cohort study and 
review of the literature. Eur J Neurol 2018; 25: 
348–355.

 50. Saraya MA, Al-Fadhli MA and Qasem JA. 
Diabetic status of patients with leprosy in Kuwait. 
J Infect Public Health 2012; 5: 360–365.

 51. Iqbal Z, Azmi S, Yadav R, et al. Diabetic 
peripheral neuropathy: epidemiology, diagnosis, 
and pharmacotherapy. Clin Ther 2018; 40: 
828–849.

 52. Feldman EL, Nave KA, Jensen TS, et al. New 
horizons in diabetic neuropathy: mechanisms, 
bioenergetics, and pain. Neuron 2017; 93: 
1296–1313.

 53. Bril V, England J, Franklin GM, et al. 
Evidence-based guideline: treatment of painful 
diabetic neuropathy of physical medicine 
and rehabilitation. Neurology 2010; 10, www.
neurology.org

 54. Albalawi H, Coulter E, Ghouri N, et al. The 
effectiveness of structured exercise in the 
south Asian population with type 2 diabetes: 
a systematic review. Phys Sportsmed 2017; 45: 
408–417.

 55. Agathos E, Tentolouris A, Eleftheriadou I, 
et al. Effect of α-lipoic acid on symptoms and 
quality of life in patients with painful diabetic 
neuropathy. J Int Med Res 2018; 46:  
1779–1790.

 56. Jayabalan B and Low LL. Vitamin B 
supplementation for diabetic peripheral 
neuropathy. Singapore Med J 2016; 57: 55–59.

 57. Deps PD, Collin SM, Robin S, et al. Leprosy in 
skulls from the Paris Catacombs. Ann Hum Biol 
2020; 47: 42–47.

 58. Ploemacher T, Faber WR, Menke H, et al. 
Reservoirs and transmission routes of leprosy; a 
systematic review. PLoS Negl Trop Dis 2020; 14: 
e0008276.

 59. Deps P and Collin SM. Mycobacterium 
lepromatosis as a second agent of Hansen’s 
disease. Front Microbiol 2021; 12: 698588.

 60. World Health Organization. Global leprosy 
(Hansen disease) update, 2020: impact of 
COVID-19 on global leprosy control. Wkly 
Epidemiol Rec 2020; 36: 421–444.

 61. World Health Organization. Weekly 
epidemiological record (No. 36), https://
www.who.int/publications/journals/weekly-
epidemiological-record (2021, accessed 15 
December 2021).

 62. Hockings KJ, Mubemba B, Avanzi C, et al. 
Leprosy in wild chimpanzees. Nature 2021; 598: 
652–656.

 63. Bonnar PE, Cunningham NP, Boggild AK, et al. 
Leprosy in nonimmigrant Canadian man without 
travel outside North America, 2014. Emerg Infect 
Dis 2018; 24: 165–166.

 64. Röltgen K, Pluschke G, Spencer JS, et al. The 
immunology of other mycobacteria: M. ulcerans, 
M. leprae. Semin Immunopathol 2020; 42:  
333–353.

 65. Pinheiro RO, Schmitz V, de Andrade Silva BJ, 
et al. Innate immune responses in leprosy. Front 
Immunol 2018; 9: 518.

 66. Saini C, Siddiqui A, Ramesh V, et al. Leprosy 
reactions show increased Th17 cell activity and 
reduced FOXP3+ Tregs with concomitant 
decrease in TGF-β and increase in IL-6.  
PLoS Negl Trop Dis 2016; 10: e0004592.

 67. Saini C, Ramesh V and Nath I. CD4+ Th17 cells 
discriminate clinical types and constitute a third 
subset of non Th1, Non Th2 T cells in human 
leprosy. PLoS Negl Trop Dis 2013; 7: e2338.

https://journals.sagepub.com/home/tai
www.neurology.org
www.neurology.org
https://www.who.int/publications/journals/weekly-epidemiological-record
https://www.who.int/publications/journals/weekly-epidemiological-record
https://www.who.int/publications/journals/weekly-epidemiological-record


Therapeutic Advances in Infectious Disease 9

18 journals.sagepub.com/home/tai

 68. Andrade PR, Jardim MR, da Silva AC, et al. 
Inflammatory cytokines are involved in focal 
demyelination in leprosy neuritis. J Neuropathol 
Exp Neurol 2016; 75: 272–283.

 69. de Sousa JR, Sotto MN and Simões Quaresma 
JA. Leprosy as a complex infection: breakdown 
of the Th1 and Th2 immune paradigm in the 
immunopathogenesis of the disease. Front 
Immunol 2017; 8: 1635.

 70. Yasmin H, Varghese PM, Bhakta S, et al. 
Pathogenesis and host immune response 
in leprosy. In: Kishore U (ed.) Microbial 
pathogenesis. Cham: Springer, 2021, pp. 155–177.

 71. Madigan CA, Cambier CJ, Kelly-Scumpia KM, 
et al. A macrophage response to mycobacterium 
leprae phenolic glycolipid initiates nerve damage 
in leprosy. Cell 2017; 170: 973–985.e10.

 72. Prabhakar MC, Santhikrupa D, Manasa N, et al. 
Status of free radicals and antioxidants in leprosy 
patients. Indian J Lepr 2013; 85: 5–9.

 73. Akita J, Miller LHG, Mello FMC, et al. 
Comparison between nerve conduction study 
and high-resolution ultrasonography with color 
Doppler in type 1 and type 2 leprosy reactions. 
Clin Neurophysiol Pract 2021; 6: 97–102.

 74. Indu Krishnan MU, Sobhanakumari K, Jose P, 
et al. High resolution ultrasound, nerve conduction 
study, and other non-invasive investigations in 
leprosy. J Skin Sex Transm Dis 2021; 3: 136–142.

 75. Sreejith K, Sasidharanpillai S, Ajithkumar 
K, et al. High-resolution ultrasound in the 
assessment of peripheral nerves in leprosy: a 
comparative cross-sectional study. Indian J 
Dermatol Venereol Leprol 2021; 87: 199–206.

 76. Garg N, Sahu U, Kar S, et al. Development of a 
Loop-mediated isothermal amplification (LAMP) 
technique for specific and early detection of 
Mycobacterium leprae in clinical samples. Sci Rep 
2021; 11: 9859.

 77. Jaiswal AK, Tiwari S, Jamal SB, et al. Reverse 
vaccinology and subtractive genomics approaches 
for identifying common therapeutics against 
Mycobacterium leprae and Mycobacterium 
lepromatosis. J Venom Anim Toxins Incl Trop Dis 
2021; 27: e20200027.

 78. Leal-Calvo T, Avanzi C, Mendes MA, et al. A 
new paradigm for leprosy diagnosis based on 
host gene expression. PLoS Pathog 2021; 17: 
e1009972.

 79. Craig J, MacRae C, Melvin RG, et al. Case 
report: a case of type 1 leprosy reaction and 
dapsone hypersensitivity syndrome complicating 

the clinical course of multibacillary leprosy. Am J 
Trop Med Hyg 2019; 100: 1145–1148.

 80. Antunes DE, Goulart IMB, Lima MIS, et al. 
Differential expression of IFN- γ, IL-10, TLR1, and 
TLR2 and their potential effects on downgrading 
leprosy reaction and erythema nodosum leprosum. 
J Immunol Res 2019; 2019: 3405103.

 81. Sandre MK, Poenaru SM and Boggild AK. 
Erythema nodosum leprosum triggered by 
antecedent influenza vaccine and respiratory tract 
infection: a case report. J Cutan Med Surg 2019; 
23: 114–116.

 82. Faust L, Klowak M, MacRae C, et al. Ofloxacin-
containing multidrug therapy in ambulatory 
leprosy patients: a case series. J Cutan Med Surg 
2021; 25: 45–52.

 83. dos Santos AR, Silva PRDS, Steinmann P and 
Ignotti E. Disability progression among leprosy 
patients released from treatment: a survival 
analysis. Infect Dis Poverty 2020; 9: 53.

 84. Tortelly VD, Daxbacher EL, Brotas AM, et al. 
Adverse effects of polychemotherapy for leprosy 
in 13 years of follow-up at a university hospital. 
An Bras Dermatol 2021; 96: 224–227.

 85. Sanchez MN, Nery JS, Pescarini JM, et al. 
Physical disabilities caused by leprosy in 100 
million cohort in Brazil. BMC Infect Dis 2021;  
21: 290.

 86. Chandrashekhar V. From leprosy to COVID-19, 
how stigma makes it harder to fight epidemics. 
Science 2020. DOI: 10.1126/science.abe8114 
https://www.science.org/content/article/leprosy-
covid-19-how-stigma-makes-it-harder-fight-
epidemics (accessed May 27, 2022)

 87. Nascimento DDS, Ramos AN Jr, de Araújo OD, 
et al. Activity limitation and social participation 
restriction of people with leprosy: a cross-
sectional analysis of magnitude and associated 
factors in a hyperendemic municipality in the 
state of Piauí, Brazil, 2001-2014. Epidemiol Serv 
Saude 2020; 29: e2019543.

 88. Ali O, Mengiste A, Semrau M, et al. The impact 
of podoconiosis, lymphatic filariasis, and leprosy 
on disability and mental well-being: a systematic 
review. PLoS Negl Trop Dis 2021; 15: e0009492.

 89. Govindasamy K, Jacob I, Solomon RM, et al. Burden 
of depression and anxiety among leprosy affected and 
associated factors – a cross sectional study from India. 
PLoS Negl Trop Dis 2021; 15: e0009030.

 90. Das NK, De A, Naskar B, et al. A quality of 
life study of patients with leprosy attending the 

https://journals.sagepub.com/home/tai


M Klowak and AK Boggild 

journals.sagepub.com/home/tai 19

dermatology OPD of a tertiary care center of 
Eastern India. Indian J Dermatol 2020; 65:  
42–46.

 91. Finotti RFC, Andrade ACS and Souza DPO. 
Common mental disorders and associated factors 
among people with leprosy: cross-sectional 
analysis in Cuiabá, Brazil, 2018. Epidemiol Serv 
Saude 2020; 29: e2019279.

 92. Gómez LJ, van Wijk R, van Selm L, et al. 
Stigma, participation restriction and mental 
distress in patients affected by leprosy, cutaneous 
leishmaniasis and Chagas disease: a pilot study in 
two co-endemic regions of eastern  
Colombia. Trans R Soc Trop Med Hyg 2020; 114: 
476–482.

 93. Bhardwaj A, Gupta SK, Narang T, et al. Updates 
on management of leprosy in the context of 
COVID-19 pandemic: recommendations by 
IADVL SIG leprosy. Indian Dermatol Online J 
2021; 12(Suppl. 1): S24–S30.

 94. Saxena S, Khurana A, Savitha B, et al. Severe 
type 2 leprosy reaction with COVID-19 with a 
favourable outcome despite continued use of 
corticosteroids and methotrexate and a hypothesis 
on the possible immunological consequences. Int 
J Infect Dis 2021; 103: 549–551.

 95. Antunes DE, Goulart IMB and Goulart LR. Will 
cases of leprosy reaction increase with Covid-19  
infection? PLoS Negl Trop Dis 2020; 14: 
e0008460.

Visit SAGE journals online 
journals.sagepub.com/
home/tai

SAGE journals

https://journals.sagepub.com/home/tai
https://journals.sagepub.com/home/tai
https://journals.sagepub.com/home/tai

