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ABSTRACT

Background: Leprosy is a significant cause of nontraumatic peripheral neuropathy and
neuropathic pain (NP). Generally, patients with NP exhibit a variety of symptoms and sensory
signals, creating an individual phenotypic profile of pain. This involves identifying and grouping a
set of symptoms and signs that characterize an individual's pain experience. Neuropathic pain can
be confirmed using the DN4 screening tool, which includes 7 items related to symptoms and 3
items related to physical examination. Identifying clusters of symptoms in patients with NP and
distinguishing them into subgroups through statistical analysis of the most relevant and
discriminating aspects of the pain phenotype can more robustly reflect the different mechanisms or
combinations of mechanisms involved in its genesis.

Objective: To identify subgroups of leprosy patients with NP based on pain-related sensory
abnormalities.

Methods: A cross-sectional descriptive study was performed on patients with NP caused by
leprosy who were treated at a school hospital in Central Brazil to characterize the painful
symptoms and establish NP sensorial phenotypes. The sociodemographic, clinical, and NP
phenotype characterization was performed using the Neuropathic Pain Questionnaire 4 (DN4).
Identifying groups of patients with similar individual phenotypic profiles was done using exploratory
factor analysis.

Results: A total of 132 patients with leprosy and associated NP were evaluated during 2017 and
2018. Most patients were female (56.8%) with borderline leprosy (72.7%) and with a mean (SD)
age of 48.7 (13.5) years. Signs and symptoms related to sensory deafferentation were
predominant: numbness and hypoesthesia to touch and needle pinprick. The characterization of
the sample by sensorial phenotypes identified four subgroups that best described the patients with
leprosy NP and that corresponded to 62% of all variations found. In two subgroups, a
predominance of signs and symptoms of sensorial loss corresponded to 38% of the patients. The
other two were characterized by signs of hyperactivity of the somatosensory system.

Conclusions: NP phenotypes associated with leprosy are characterized by numbness, tingling,
pins, needling, and hypoesthesia to touch and needle pinprick. The sensory phenotype of leprosy-
associated NP has four phenotypic subgroups. There were two groups related to sensory loss that
are compatible with this long-term neuropathy and the two others with signs of pathological
sensory input.

Keywords: Leprosy; pain; neuropathic pain; pain phenotype.

1. INTRODUCTION

Neuropathic pain can result from injury to, or
disease of the nervous system. It is notoriously
difficult to treat. Peripheral nerve injury promotes
Schwann cell activation and invasion of
immunocompetent cells into the site of injury,
spinal cord and higher sensory structures such
as thalamus and cingulate and sensory cortices.
Various cytokines, chemokines, growth factors,
monoamines and neuropeptides effect two-way
signalling between neurons, glia and immune
cells. This promotes sustained hyperexcitability
and spontaneous activity in primary afferents that
is crucial for onset and persistence of pain as
well as misprocessing of sensory information in
the spinal cord and supraspinal structures [1].
Leprosy is a significant cause of nontraumatic
peripheral neuropathy and neuropathic pain
(NP). Between 11.0% and 85.1% of leprosy
patients develop neuropathic pain (NP) despite

appropriate treatment. Pain in leprosy patients is
a common and multifactorial symptom that can
occur before, during, and after disease
treatment. Several factors are associated with
leprosy pain syndromes, with the stage of
neuropathy and the occurrence of reactional
episodes being the most significant. Pain often
persists for many years after the disease is
cured, causing ongoing suffering and disability
[2-10].

Patients with NP exhibit a variety of symptoms
and sensory signals that constitute an individual
phenotype of pain. This pattern of sensory
abnormalities may provide insights into the
underlying pathophysiological dysfunction. Since
a single symptom can be generated by multiple
pathophysiological mechanisms, it is more likely
that specific groups of sensory signals and
symptoms can better predict the underlying
mechanisms [11-14].
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Patients with the same etiology of NP often
exhibit heterogeneous signs and symptoms.
Several controlled clinical trials with new drugs
for NP have yielded negative results, likely due to
the heterogeneity of the study populations [15].
Many studies suggest that the way to reduce this
heterogeneity is by stratifying patients according
to their phenotypic pain profile, which is
assessed through clinical examinations, NP
guestionnaires, and sensory tests [16]. Subgroup
identification is performed through statistical
analysis of the frequency and variance of pain
descriptors obtained from all patients using an
NP guestionnaire [17].

Significant research has been conducted on the
prevalence and clinical characteristics of NP in
leprosy. However, no studies have yet stratified
leprosy patients with NP into subgroups based
on the clustering of signs and symptoms using
statistical methods. Identifying distinct NP
phenotypes, as has been done in other painful
neuropathies, presents an opportunity to
categorize subgroups within the NP leprosy
patient population. Reducing the heterogeneity of
study populations in clinical trials of existing or
new treatments for leprosy-related NP will
facilitate better pharmacological management,
conserve financial resources, and alleviate the
suffering caused by NP in leprosy patients [18].

2. OBJECTIVE

The aim of this investigation was to identify
subgroups of leprosy patients with NP based on
their sensory phenotypic profiles.

3. PATIENTS AND METHODS

This is a cross-sectional descriptive study
performed with data collected from January 2017
to July 2018. All patients underwent a clinical
evaluation, including a dermatoneurological
examination, to establish inclusion criteria and to
gather demographic, epidemiological, clinical,
and laboratory characterizations of the sample.
Confirmation of the pre-existing diagnosis of
leprosy was made by analyzing the participants’
medical records, with special attention to
compliance with the definition of a case as
proposed by the World Health Organization
(WHO) and the Brazilian Ministry of Health [19].

Patients of both sexes who were older than 18
years, had a previous diagnosis of leprosy, and
complained of pain were eligible for the study.
Some patients were undergoing specific
multidrug therapy for leprosy, while others were

not. They were referred by the infectious disease
specialist team from a school hospital in Cuiaba,
Mato Grosso, Central Brazil. Patients were
excluded from the study if, at the time of the
evaluation, they had diagnoses of other NP-
causing conditions, such as diabetes, acquired
immunodeficiency syndrome, herpes zoster,
hypothyroidism, cancer requiring chemotherapy,
or multiple sclerosis, or if they used drugs that
could potentially provoke NP.

A public domain NP screening instrument
developed in France, the Douleur Neuropathique
4 (DN4), was applied to each patient [20]. This
instrument was translated and validated for
Brazilian Portuguese [21]. It has 10 items—
seven related to symptoms and three related to
physical examination signs. Each positive item
received one point, and a final score of 4 or more
suggested NP. Patients who had DN4-
compatible scores underwent structured sensory
physical examinations of the areas referred to as
painful. DN4 is widely used in clinical practice
and research to identify patients who may be
experiencing neuropathic pain and to assist in
differentiating this condition from other types of
pain [22].

Data were analyzed using Stata software
version 12.0 (Stata Corp., Texas, USA).
Sociodemographic, clinical, and epidemiological
characteristics, as well as sensory phenotypic
profiles, were described through their absolute
and relative frequencies. To identify phenotypic
sensory groups for neuropathic pain (NP), a
multivariate exploratory factor analysis was
performed. This analysis aimed to reduce
multiple variables into a smaller set with minimal
information loss. Exploratory factor analysis was
employed to uncover complex interrelationships
between variables without any initial assumptions
about the factors. The accuracy of the method
was assessed using the Kaiser-Meyer-Olkin
(KMO) measure, while Bartlett’s test of sphericity
was used to check whether the variables had
significant correlations with each other. These
tests help to ensure that factor analysis is
appropriate for the data. After confirming the
feasibility of the factor analysis, it was conducted
using varimax rotation methods on a polychoric
correlation matrix. Polychoric correlation is
recommended as an alternative to product-
moment  correlation when variables are
categorical ordinal measurements. Possible
groupings of symptoms (factors) were identified
by measuring their factor loadings, which indicate
how strongly each factor correlates with the
original variables. Higher factor loadings suggest
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a stronger correlation of the factor with the
related symptoms [23,24].

4. RESULTS

We enrolled 169 patients with leprosy and pain
complaints were eligible for the study, of whom
150 (88.8%) had NP and 19 (11.2%) nociceptive
pain. After the application of exclusion criteria, 37

patients were excluded: 18 with NP and
diabetes, three with nociceptive pain and
diabetes and 16 with nociceptive pain. A total of
132 subjects represented the final selected
sample for this study, 56.8% (75/132) females
and 43.2% (57/132) males. The mean (standard
deviation [SD]) age of these patients was 48.8
(13.4) years. Adittional demographic details of
these patients are shown in Table 1.

Table 1. Demographic characteristics of leprosy patients with neuropathic pain treated in
Cuiabé (MT), Central Brazil, 2017-2018

Characteristics n %
Sex Male 57 43.2
Female 75 56.8
Skin color White 43 32.6
Brown 65 49.2
Black 23 17.4
Yellow 1 0.8
Occupation Retired 19 14.4
Active worker 65 49.2
Sick leave 48 36.4
Marital status Marriage 71 53.8
Separated 24 18.2
Single 25 18.9
Civil union 12 9.1
Religion Catholic 74 56.1
Spiritualist 1 0.8
Evangelical 49 37.1
Other 2 15
No Religion 6 4.5
Income (US$ per year) < 2,900 76 57.6
2,900 to 5,800 40 30.3
5,801 to 8,700 9 6.8
> 8,700 7 5.3

Age (years)

Mean (SD): 48.7 (13.5)

Table 2. Clinical characteristics of leprosy patients with neuropathic pain treated in Cuiaba
(MT), Central Brazil, 2017-2018

Characteristics n %
Ridley-Jopling leprosy classification Borderline 96 72,7
Indeterminate 2 15
Tuberculoid 5 38
Lepromatous 29 22,0
Operational classification (WHO) Multibacillary 125 94,7
Paucibacillary 7 53
Current treatment with multidrug Yes 50 37,9
therapy No 82 62,1
Disability degree 0 25 18,9
1 82 62,2
2 25 18,9
Affected nervous number 1to3 16 12,1
4t06 88 66,7
7to 10 28 21,2

WHO: World Health Organization
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The majority of patients had multibacillary
(94.7%) and borderline (72.7%) clinical form of
leprosy, according to the WHO operational and
Ridley-Jopling’s classifications. At the time of
inclusion in the study, 62.1% of the patients had
already completed treatment of the disease. The
time elapsed between the end of the leprosy
treatment and the medical assessment for pain
ranged from 0.2 months to 492 months, with a
mean (SD) of 50.4 (70.0) months. Most of the
patients in the study had physical disability
degrees of 1 (62.2%) and 2 (18.9%) according to
the WHO classification and had four or more
affected peripheral nerves (Table 2).

Most patients (64.4%) reported severe NP
occurring before diagnosis and treatment, with
87.1% scoring greater than 7 on a 0-10 intensity
scale. Pain occurred daily in 88.6% of patients,
with  78% reporting daily analgesic use.
Improvement with painkiller medication was

PAIN FACTORIAL
CHARACTERISTICS LOAD
Hypoesthesia to 1.0
touch
Hypoesthesia to 0.9
pinprick
Tingling 0.4

noted by 61% of patients. Prescription painkillers
were provided by physicians to 49.3% of patients
who reported using drugs to relieve pain (Table
3). Numbness was the most frequent NP
phenotype (93.2%), followed by tingling (86.4%),
pins and needles (85.6%), hypoesthesia to touch
(84.8%), and hypoesthesia to pinprick (84.8%).
Itching was the least frequent pain phenotype
(Table 4).

The result of KMO > 0.5 and Bartlett's test of
sphericity with high statistical significance (p <
0.0001) indicated that the proposed factor
analysis was adequate. This analysis identified
four sensory phenotype groups for leprosy NP,
collectively explaining 62% of all symptom
variability: 22% for the first, 16% for the second,
15% for the third, and 9% for the fourth factors.
The itching symptom did not exhibit a factorial
load significant enough to justify its inclusion in
any of these factors (Table 5 and Fig. 1).

SENSORY PHENOTYPE
GROUP

Pins and needles 1.0
Numbness 0.5

_Burning 0.9

Allodynia 0.5 > 3

Painful cold 0.4

Electric shock 0.8

4
I Itching I
Kaiser-Mayer-Olkin criterion 0.52
Bartlett's Test Approximate chi-square 124.12
of sphericity Degrees of freedom 45
p-value <0.0001

Fig. 1. Sensory phenotype grouping of patients with NP associated to leprosy, identified by
exploratory factory analysis by polychoric correlation matrix [Kaiser-Mayer-Olkin criterion >
0.5 indicates that factor analysis was adequate for interpreting the data. A p-value <0.05
indicates that there is sufficient correlation between the variables for factor analysis
to be applied
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Table 3. Characteristics of the neuropathic pain claimed by leprosy patients treated in Cuiaba
(MT), Central Brazil, 2017-2018

Characteristics of NP N %
Temporal relationship with Before 85 64.4
treatment After 47 35.6
Intensity Mild 3 2.3
Moderate 14 10.6
Severe 115 87.1
Weekly frequency (days) 1 3 2.3
2 2 15
3 3 2.3
4 5 3.8
5 2 15
7 117 88.6
Previous use of analgesics Yes 103 78.0
No 29 22.0
Relief with painkillers (n=103) Yes 44 49.3
No 59 42.7
Painkiller prescribed by Yes 78 75.7
physicians (n=103) No 25 24.3

NP: Neuropathic Pain

Table 4. Phenotype characteristics of neuropathic pain claimed by leprosy patients treated in

Cuiaba (MT), Central Brazil, 2017- 2018

Pain characteristics n %

Burning 99 75.0
Painful cold 70 53.0
Electric shock 108 81.8
Tingling 114 86.4
Pins and needles 113 85.6
Numbness 123 93.2
Itching 53 40.1
Hypoesthesia to touch 112 84.8
Hypoesthesia to pinprick 112 84.8
Allodynia 67 50.8

Table 5. Results of the factorial analysis of grouping of symptoms referred by patients with
neuropathic pain associated with leprosy, Cuiaba (MT), Brazil, 2017-2018

Factors Eigenvalue Explained Cumulative Explained
Variance (%) Variance (%)

1 2.21 22 22

2 1.56 16 38

3 1.50 15 53

4 0.90 9 62

5. DISCUSSION

The present study describes leprosy-associated
NP in 132 patients whose sociodemographic and
clinical profiles were consistent with those
treated at a referral center specializing in more
clinically complex cases. Notably, patients with
severe, frequent, and incapacitating pain were

predominant. Additionally, borderline clinical
forms with multiple affected nerves and high
degrees of disability were prominent features in
this study population.

The proportion of female patients was similar to
that observed in a previous study [8]. Other
available studies on leprosy pain did not report
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on the sex of the patients or showed a
predominance of male patients. For instance, a
study conducted in India had a sample that was
72.3% men [8]. In Brazil, a multicenter
epidemiological study on chronic pain found a
proportion of women similar to that in the present
study [25]. Psychological and social factors are
important in the prevalence and incidence
differences between sexes, but biological
differences in the function of the immune system
likely contribute to these observed effects [26].

The patient age was comparable to that reported
in several studies on this subject [10, 27]. The
low economic income of leprosy NP patients
underscores the necessity of a governmental
program to address this issue. The high number
of patients on sick leave is another important
social factor related to leprosy-associated NP.

The leprosy-associated NP phenotype
characterized by numbness, tingling,
hypoesthesia to touch, hypoesthesia to pinprick,
and pinching/prickling was  predominantly
negative. A study in India found a prevalence of
21.8% of NP with similar phenotypes in patients
who had completed multidrug therapy [27].
However, other studies showed a higher
frequency of positive pain symptoms compared
to our findings [9,28].

Deficits in innocuous sensory modalities of NP,
such as mechanical or vibration sensitivity
thresholds, may occur due to peripheral nerve
injury. The resulting clinical finding could be, for
example, hypoesthesia, which is defined by the
International Association for the Study of Pain as
decreased sensitivity to stimulation [29].
However, it is possible that pain could cause an
inhibition of the innocuous impulse, particularly at
the pain site, also resulting in hypoesthesia. A
study on experimentally induced pain
demonstrated a decrease in vibration and tactile
sensitivity at the pain site. The authors referred
to this phenomenon as the ‘gate of touch,
suggesting that pain inhibits sensory input at the
supraspinal level [30]. Indeed, both hypoesthesia
to touch and hypoesthesia to needle pinprick
involve afferent fibers A-B and A-&, respectively
[31]. Other researchers have suggested that the
mechanism of pain-induced hypoesthesia could
be mediated in the spinal cord [32]. A Brazilian
study reported the frequency of NP-leprosy
symptoms as numbness (64.9%), hypoesthesia
to touch (56.8%), and needle pinprick (51.4%)
[33]. The frequency of tingling, pinching, and
needling symptoms, and electric shock found in
this study was similar to those reported in other

studies [33,34]. The activity of abnormal
excitability in the afferent neurons leads to
positive phenotype symptoms [35].

The symptom of burning occurred at a lower
frequency in this study compared to other studies
of leprosy-associated NP, which reported ranges
from 24.6% to 88.5% [9,34]. Burning pain is
strongly related to damage to the nociceptive
system. It arises through abnormal spontaneous
activity in C fibers and reflects hyperexcitability in
irritable nociceptors, nerve regeneration, and
nerve regeneration shoots. Alterations in the
expression, distribution, and activity of voltage-
dependent sodium channels result in burning
pain [35]. In other painful neuropathies, the
frequency of burning pain ranges from 51% to
90% [17].

Painful cold was frequent among the study
patients. In another study conducted in Braazil,
this pain characteristic was reported in 27% of
patients [28]. The mechanism of cold pain is not
fully understood, but it is probably mediated by
the activation of myelinated (cold-specific) delta
fibers and nonmyelinated C fibers. A central
mechanism characterized by a decrease in the
inhibition exerted by sensory cold channels in
nociceptive fibers has been suggested [36,37].

The presence of allodynia, which is referred to as
pain provoked or increased by brushing in the
DN4 questionnaire, was also frequent among
patients in this study, similar to the rate found
(54.9%) in a study with 482 patients with NP of
different etiologies [38]. Although its pathological
mechanism is not yet well understood [39], some
potential mechanisms have been studied, such
as changes in mechanical transduction and the
excitability of sensory neurons to the action of
inflammatory mediators, which are associated
with changes in electrical conduction in the
central nervous system [40].

Although pruritus was not frequent among the
studied patients, its occurrence was higher than
in other studies on the same subject [27,28]. In
general, pruritus occurs in about 30% of patients
with peripheral neuropathies and up to 65% of
patients with herpes zoster neuropathy [41].
Peripheral nerve damage can induce
spontaneous pathological activities in
pruriceptive neurons, leading to hyperexcitability
and sensitization of the nerves. Secondary
central sensitization may increase the pruritus
sensation generated by hyperexcitable peripheral
pruriceptors. Similar to phantom limb pain,
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pruritus can be generated by central neurons
mediating pruritus, which characterizes a central
sensitization of the somatosensory system
[42,43].

In the present study, the patients were mostly of
borderline  form, which, due to their
immunological instability, are among those at
higher risk of leprosy reactions, mainly type 1
[44]. Leprosy reactions are known to be related
to neural damage, which would justify their
predominance in patients with NP [2].

Most patients (64.4%) reported experiencing pain
with neuropathic characteristics before their
diagnosis of leprosy, consistent with the pain
they experienced at the time of the research
interview. This suggests that the peripheral
neuropathy of leprosy in these patients was long-
lasting, explaining the high frequencies of
neuropathic pain and functional disability. This
aspect has not been investigated in any other
published study on neuropathic pain in leprosy.
The presence of neuropathic pain in limbs within
a leprosy-endemic area may serve as an
important alert for diagnosing the disease itself.
Moderate to severe pain is a major morbidity
factor in patients with neuropathic pain of any
etiology. Psychological stress and quality of life
in leprosy patients with neuropathic pain were
studied by Reis et al. [10] and Lasry-Levy et al.
[8]. Patients with higher levels of psychological
stress exhibited higher pain intensity and poorer
quality of life [45].

The frequency of drug use for pain control
among the patients was similar to that found by
Ramos et al. [9]. In the present study, only half of
the patients reported pain improvement with the
use of analgesics, and 75.7% had analgesics
prescribed by a physician. Santos et al. (2010)
reported that only 28% of patients experienced
relief [46], whereas Chen et al. (2012) found that
81.2% of patients reported effective pain relief
from analgesics alone or in combination with
corticosteroids [34].

Characterizing the sample by sensory
phenotypes identified four subgroups that best
describe patients with leprosy-associated NP.
The hypothesis that patients with peripheral NP
can be grouped into subtypes based on
individual sensory  phenotypes, reflecting
underlying  pathophysiological = mechanisms,
suggests clinical applicability for this grouping. A
specific constellation of signs and symptoms
stratified statistically could better reflect a more
homogeneous sample.

The first factor (F1), or subgroup 1, presents
descriptors of sensory loss (hypoesthesia to
touch and needle pinprick) due to prolonged
neural injury. The symptom of tingling, linked to
this subgroup, is spontaneous pain caused by
discharges in myelinated AR fibers [47].

The second factor (F2) refers to symptoms of
spontaneous pain: pins and needles sensations
presented a perfect factorial load. The symptom
of numbness was also linked to this subgroup.
Numbness is a phenotypic descriptor of sensory
deafferentation of the skin, reflecting time-
dependent denervation similar to that observed
in studies with diabetic patients. Its presence
suggests a longer and more intense duration of
neural injury. Pain is generated in central
medullary neurons, and central analgesics can
be used for treatment [48].

The third factor (F3) grouped descriptors of
spontaneous pain related to relative preservation
of neural function, such as burning and painful
cold, associated with allodynia, a symptom of
evoked pain. Burning pain is associated with
spontaneous hyperactivity of C fibers and
originates from firritable’ nociceptors related to
peripheral sensitization. Sensitized nociceptors
exhibit increased expression of ion channels and
receptors in the neuronal membrane. Burning
pain originates from regenerating nerves or
denervated central neurons [47]. Persistent
activation of normal nociceptors may lead to
central sensitization at the dorsal horn of the
medulla, causing tactile stimuli to activate central
nociceptive neurons. The abnormal mechanical
threshold reduction of nociceptors explains the
peripheral mechanisms of allodynia, where an
innocuous stimulus like brushing the skin is
perceived as pain (allodynia) [49].

The fourth factor (F4) grouped only the symptom
of electric shocks, indicating high-frequency
discharges into AP fibers. Drugs effective in
reducing neuronal discharges in nociceptors,
such as sodium channel blockers, should be
considered for treating these patients [50].

Existing studies on NP sensory grouping have
predominantly involved patients with various
pathologies, showing a predominance of groups
with increased neuronal activity. This study,
however, demonstrates a predominant sensory
loss, characteristic of leprosy—a long-lasting
neuropathy. Raicher et al. (2018) compared the
sensory characteristics of NP in leprosy patients
with those caused by other etiologies and did not
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find significant differences. Therefore, the
similarities observed between these two kinds of
NP suggest that the same drugs can be used for
treatment [51]. The identification of distinct
subgroups of NP sensory phenotypes associated
with leprosy is a promising finding. ldentifying
peripheral and central mechanisms in these
subgroups may guide the rational choice of drugs
to treat leprosy-associated NP.

The main limitation of this study is the lack of
assessment of NP with complementary
guantitative sensory testing, as was done in
other studies subgrouping NP patients of
different etiologies [52].

6. CONCLUSIONS

Patients with leprosy-associated NP were
characterized by a predominance of females,
multibacillary and borderline clinical forms, and
having already completed multidrug therapy for
leprosy. NP phenotypes associated with leprosy
are characterized mainly by numbness, tingling,
pins and needles, hypoesthesia to touch, and
hypoesthesia to needle pinprick. This clinical
feature can be stratified into four sensory
phenotypic subgroups: two related to sensory
loss compatible with long-term neuropathy and
two with signs of pathological sensory input.

Identifying leprosy NP subgroups would enable
pharmacological treatment of pain through the
predominant pain phenotype rather than by
etiology. Future clinical trials on the treatment of
NP in leprosy patients could use this information
to select samples more precisely.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Authors hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

CONSENT AND ETHICAL APPROVAL

Ethics Research Committee of the Julio Muller
School Hospital at the Federal University of Mato
Grosso previously approved this cross-sectional
study under the document CAAE
62019516.7.0000.5541. After reading and
explaining the objectives of the study, all
participants signed the Informed Consent Form.
Medical care was assured during the study
period for all patients included.

COMPETING INTERESTS

Authors have declared that

interests exist.

REFERENCES

no competing

1. Smith PA. Neuropathic pain; what we
know and what we should do about
it. Frontiers in Pain Research. 2023;4:
1220034.

2. Pitta IJR, Hacker MA, Vital RT et al
Leprosy reactions and neuropathic pain in
pure neural. Leprosy in a reference center
in Rio de Janeiro — Brazil. Frontiers in
Medicine. 2022;9:1-6.

DOI: 10.3389/fmed.2022.865485

3. Saunderson P, Bizuneh E, Leekassa R.
Neuropathic pain in people treated for
multibacillary leprosy more than ten years
previously. Lepr Rev. 2008;79(3):270-6.
Available:
https://pdfs.semanticscholar.org/6d18/7bae
308d00033e3120bafa458ch837cc1732.p df

4. Lockwood DN, Saunderson PR. Nerve
damage in leprosy: A continuing challenge
to scientists, clinicians and service
providers. Int Health. 2012;4(2):77-85.
DOI: 10.1016/j.inhe.2011.09.006

5. Scollard DM, Truman RW, Ebenezer GJ.
Mechanisms of nerve injury in leprosy. Clin
Dermatol. 2015;33(1):46-54.

DOI: 10.1016/j.clindermatol.2014.07.008

6. Raicher |, Stump PR, Baccarell R,
Marciano LH, Ura S et al. Neuropathic pain
in leprosy. Clin Dermatol. 2016;34(1):59—
65.

DOI: 10.1016/j.clindermatol.2015.10.012

7. Nascimento OJ. Leprosy neuropathy:
clinical presentations. Arq Neuropsiquiatr.
2013;71(9B):661-6.

DOI: 10.1590/0004-282X20130146

8. Lasry-Levy E, Hietaharju A, Pai V,
Ganapati R, Rice AS et al. Neuropathic
pain and psychological morbidity in
patients with treated leprosy: A cross-
sectional prevalence study in Mumbai.
PLOS Negl Trop Dis. 2011;5(3):981-7.
DOI: 10.1371/journal.pntd.0000981

9. Ramos JM, Alonso-Castafieda B, Eshetu
D, Lemma D, Reyes F et al. Prevalence
and characteristics of neuropathic pain in
leprosy patients treated years ago. Pathog
Glob Health. 2014;108(4):186-90.

DOI: 10.1179/2047773214Y.0000000140

10. Reis FJJ, Lopes D, Rodrigues J, Gosling
AP, Gomes MK. Psychological distress
and quality of life in leprosy patients with

212


https://pdfs.semanticscholar.org/6d18/7bae308d00033e3120bafa458cb837cc1732.pdf
https://pdfs.semanticscholar.org/6d18/7bae308d00033e3120bafa458cb837cc1732.pdf
https://pdfs.semanticscholar.org/6d18/7bae308d00033e3120bafa458cb837cc1732.pdf
https://doi.org/10.1016/j.inhe.2011.09.006
https://doi.org/10.1016/j.clindermatol.2014.07.008
https://doi.org/10.1016/j.clindermatol.2015.10.012
https://doi.org/10.1590/0004-282x20130146
https://doi.org/10.1371/journal.pntd.0000981
https://doi.org/10.1179/2047773214y.0000000140

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bezerra-Martins et al.; J. Adv. Med. Med. Res., vol. 36, no. 8, pp. 204-215, 2024; Article no.JAMMR.120084

neuropathic pain. Lepr Rev. 2014;85(3):
186-93.
Available:https://pdfs.semanticscholar.org/e
495/c2239b460f99151047e25e342f5fe069
db97.pd f

Baron R, Maier C, Attal N, Binder A,
Bouhassira D et al. Peripheral neuropathic
pain: A mechanism-related organizing
principle based on sensory profiles. Pain.
2017;158(2):261-72.

DOI: 10.1097/j.pain.0000000000000753
Colvin LA, Dougherty PM. Peripheral
neuropathic pain: signs, symptoms,
mechanisms, and causes: are they linked?
Br J Anaesth. 2015;114(3):361-3.

DOI: 10.1093/bja/aeu323

Nickel FT, Seifert F, Lanz S, Maihtfner C.
Mechanisms of neuropathic pain. Eur
Neuropsychopharmacol. 2012;22(2):81—
91.

DOI: 10.1016/j.euroneuro.2011.05.005
Bouhassira D, Braders S, Attal N et al
Stratification of patients based om the
neuropathic pain symptom inventory
development and validation of a new
algoritmo. Pain. 2021;162:1038-46.

DOI: 1097/j.pain.0000000000002130
Holbech JV, Bach FW, Finnerup NB,
Jensen TS, Sindrup SH. Pain phenotype
as a predictor for drug response in painful
polyneuropathy — A retrospective analysis
of data from controlled clinical trials. Pain.
2016;157(6):1305-13.

DOI: 10.1097/j.pain.0000000000000563
Edwards RR, Dworkin RH, Turk DC, Angst
MS, Dionne R et al. Patient phenotyping in
clinical trials of chronic pain treatments:
IMMPACT recommendations. Pain. 2016;
157(9):1851-71.

DOI: 10.1097/j.pain.0000000000000602
Baron R, Forster M, Binder A. Subgrouping
of patients with neuropathic pain according
to pain-related sensory abnormalities: a
first step to a stratified treatment approach.
Lancet Neurol. 2012;11(11):999-1005.
DOI: 10.1016/S1474- 4422(12)70189-8
Kimta N, Majdalawieh AF, Nasrallah GK et
al Leprosy: comprehensive insights into
pathology, Immunology and cutting-edge
treatment strategies, integrating
nanoparticles and etnomedicinal Plants.
Frontiers in Pharmacology. 2024;15:
1361641.

DOI: 10.3389/fphar.2024.1361641

WHO. Chemotherapy of leprosy for control
programmes: report of a WHO Study
Group. World Health Organ Tech Rep Ser.

20.

21.

22.

23.

24.

25.

26.

27.

28.

213

Geneva: World Health Organization.1982;
675

Bouhassira D, Attal N, Alchaar H, Boureau
F, Brochet B et al. Comparison of pain
syndromes associated with nervous or
somatic lesions and development of a new
neuropathic pain diagnostic questionnaire
(DN4). Pain. 2005;114(1-2):29-36.

DOI: 10.1016/j.pain.2004.12.010

21.Santos JG, Brito JO, De Andrade DC,
Kaziyama VM, Ferreira KA et al.
Translation to Portuguese and validation
of the douleur neuropathique 4
guestionnaire. J Pain. 2010;11(5):484-90.
DOI: 10.1016/j.jpain.2009.09.014

Toth C, Lander J, Wiebe S. The
prevalence and impact of chronic pain with
neuropathic pain symptoms in the general
population. Pain Med. 2009;10:918-29.
Neisse AC, Hongyu K. Aplicacdo de
componentes principais e analise fatorial a
dados criminais de 26 estados dos EUA.
E&S Engineering and Science. 2016;5(2):
105-15.

DOI: 10.18607/ES201654354
Holgado-Tello FP,Chacon-Moscoso S,
Barbero-Garcia I, Vila- Abad E. Polychoric
versus Pearson correlations in exploratory
and confirmatory factor analysis of ordinal
variables. Quality and Quantity. 2010;44:
153-166.

Souza JB, Grossmann E, Perissinotti
DMN, de Oliveira Junior JO, da Fonseca
PRB, Posso IP. Prevalence of Chronic
Pain, Treatments, Perception, and
Interference on Life Activities: Brazilian
Population-Based Survey. Pain Res
Manag. 2017;2017:4643830:1-9.

DOI: 10.1155/2017/4643830. 29081680
Bordon Y. Neuroimmunology: A painful
difference between the sexes. Nat Rev
Immunol. 2015;15(8):469.

DOI: 10.1038/nri3892

Toh HS, Maharjan J, Thapa R, Neupane
KD, Shah M et al. Diagnosis and impact of
neuropathic pain in leprosy patients in
Nepal after completion of multidrug
therapy. PLOS Negl Trop Dis. 2018;12(7)
:e0006610.

DOI: 10.1371/journal.pntd.0006610
Del’Arco R, De Oliveira AB, Nardi SM,
Paschoal VD. The association between
neuropathic pain and disability grades in
leprosy. Lepr Rev. 2016;87(1):53-9.
Available:https://pdfs.semanticscholar.org/6
10a/a497299048b6defod1ff082742e9fbf8d
033.pdf


https://pdfs.semanticscholar.org/e495/c2239b460f99151047e25e342f5fe069db97.pdf
https://pdfs.semanticscholar.org/e495/c2239b460f99151047e25e342f5fe069db97.pdf
https://pdfs.semanticscholar.org/e495/c2239b460f99151047e25e342f5fe069db97.pdf
https://pdfs.semanticscholar.org/e495/c2239b460f99151047e25e342f5fe069db97.pdf
https://doi.org/10.1097/j.pain.0000000000000753
https://doi.org/10.1093/bja/aeu323
https://doi.org/10.1016/j.euroneuro.2011.05.005
https://doi.org/10.1097/j.pain.0000000000000563
https://doi.org/10.1097/j.pain.0000000000000602
https://doi.org/10.1016/s1474-4422(12)70189-8
https://doi.org/10.1016/s1474-4422(12)70189-8
https://doi.org/10.1016/j.pain.2004.12.010
https://doi.org/10.1016/j.jpain.2009.09.014
https://doi.org/10.18607/es201654354
https://doi.org/10.1038/nri3892
https://doi.org/10.1371/journal.pntd.0006610

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Bezerra-Martins et al.; J. Adv. Med. Med. Res., vol. 36, no. 8, pp. 204-215, 2024; Article no.JAMMR.120084

Merskey H, Bogduk N Definitions of pain
from classification of chronic pain. Seattle:
IASP; 1994.

Geber C, Magerl W, Fondel R, Fechir M,
Rolke R et al. Numbness in clinical and
experimental pain — A cross-sectional
study exploring the mechanisms of
reduced tactile function. Pain. 2008;139(1)
:73-81.

DOI: 10.1016/j.pain.2008.03.006

Jensen TS, Baron R. Translation of
symptoms and signs into mechanisms in
neuropathic pain. Pain. 2003;102(1):1-8.
DOI: 10.1016/s0304-3959(03)00006-x
Magerl W, Treede RD. Secondary tactile
hypoesthesia: A novel type of pain-
induced somatosensory plasticity in
human subjects. Neurosci Lett. 2004;361
(1-3):136-9.

DOI: 10.1016/j.neulet.2003.12.001

Stump PR, Baccarelli R, Marciano LH,
Lauris JR, Teixeira MJ, Ura S, Virmond
MC. Neuropathic pain in leprosy patients.
Int J Lepr Other Mycobact Dis.
2004;72:134-8.
DOI:10.1489/1544581X(2004)072%3C013
4:NPILP%3E2.0.CO;2

Chen S, Qu J, Chu T. Prevalence and
characteristics of neuropathic pain in the
people affected by leprosy in China. Lepr
Rev. 2012;83(2):195-201.

Available:
https://pdfs.semanticscholar.org/1e19/5040
7ef689721f762chb7055efb2012c6cdb8. pdf
Devor M. Sodium channels and
mechanisms  of  neuropathic  pain.
J Pain. 2006;7(1Suppl 1):S3-S12.

DOI: 10.1016/j.jpain.2005.09.006

Mckemy DD. The molecular and cellular
basis of cold sensation. ACS Chem
Neurosci. 2013;4 (2):238-47

Foulkes T, Wood JN. Mechanisms of cold
pain. Channels (Austin). 2007;1(3):154—
60.

DOI: 10.4161/chan.4692

Attal N, Bouhassira D, Baron R. Diagnosis
and assessment of neuropathic pain
through questionnaires. Lancet Neurol.
2018;17(5):456-66.  d0i:10.1016/S1474-
4422(18)30071-1

Lolignier S, Eijkelkamp N, Wood JN.
Mechanical allodynia. Pflugers Arch. 2015;
467(1):133-9.

DOI: 10.1007/s00424-014-1532-0

Jensen TS, Finnerup NB. Allodynia and
hyperalgesia in neuropathic pain: clinical
manifestations and mechanisms. Lancet

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

214

Neurol. 2014;13(9):924-35.

DOI: 10.1016/S1474-4422(14)70102-4

Liu T, Ji RR. New insights into the
mechanisms of itch: are pain and itch
controlled by distinct mechanisms?
Pflugers Arch. 2013;465(12):1671-85.
DOI: 10.1007/s00424-013-1284-2

Han L, Ma C, Liu Q, Weng HJ, Cui Y et al.
A subpopulation of nociceptors specifically
linked to itch. Nat Neurosci. 2013;16(2):
174-82.

DOI: 10.1038/nn.3289

Lamotte RH, Dong X, Ringkamp M.
Sensory neurons and circuits mediating
itch. Nat Rev Neurosci. 2014;15(1):19-
31.

DOI: 10.1038/nrn3641

Gierthmuhlen J, Bohmer J, Attal N et al.
Association of sensory phenotype, quality
of life,functionality and emotional well-
being in patients suffering  from
neuropathic pain. Pain. 2022;163:1378-
87.

DOI: 10.1097/j.pain.0000000000002501
Nery JAC, Vieira LMM, Matos HJ, Gallo
MEN, Sarno EN. Reactional states in
multibacillary Hansen disease patients
during multidrug therapy. Rev Inst Med
Trop S Paulo. 1998;40(6):363-70.

DOI: 10.1590/s0036-46651998000600005
Santos VS, Santana JCV, Castro FDN,
Oliveira LS, Santana JC et al. Pain and
quality of life in leprosy patients in an
endemic area of Northeast Brazil: a cross-
sectional study. Infect Dis Pover. 2016;
5:18.

DOI: 10.1186/s40249-016-0113-1

Nickel FT, Seifert F, Lanz F, Maihofner C.
Mechanisms  of  neuropathic  pain.
European Neuropsychopharmacology.
2012;22:81-91.

Bouhassira D, Wilhelm S, Schacht A,
Perrot S, Kosek E et al. Neuropathic pain
phenotyping as a predictor of treatment
response in painful diabetic neuropathy:
Data from randomized, double-blind,
COMBO-DN study. PAIN. 2014;155:2171-
2179.

Jensen TS, Finnerup NB. Allodynia and
hyperalgesia in neuropathic pain: clinical
manifestations and mechanisms. Lancet
Neurology. 2014;13:924-35.

Levinson SR, Luo S, Henry MA. The role
of sodium channels in chronic pain. Muscle
Nerve. 2012;46(2):155-165.

Raicher I, Stump PRNAG, Harnik SB, de
Oliveira RA, Baccarelli R et al


https://doi.org/10.1016/j.pain.2008.03.006
https://doi.org/10.1016/s0304-3959(03)00006-x
https://doi.org/10.1016/j.neulet.2003.12.001
https://pdfs.semanticscholar.org/1e19/50407ef689721f762cb7055efb2012c6cdb8.pdf
https://pdfs.semanticscholar.org/1e19/50407ef689721f762cb7055efb2012c6cdb8.pdf
https://doi.org/10.1016/j.jpain.2005.09.006
https://doi.org/10.4161/chan.4692
https://doi.org/10.1016/s1474-4422(18)30071-1
https://doi.org/10.1016/s1474-4422(18)30071-1
https://doi.org/10.1007/s00424-014-1532-0
https://doi.org/10.1016/s1474-4422(14)70102-4
https://doi.org/10.1007/s00424-013-1284-2
https://doi.org/10.1038/nn.3289
https://doi.org/10.1038/nrn3641
https://doi.org/10.1590/s0036-46651998000600005
https://doi.org/10.1186/s40249-016-0113-1

Bezerra-Martins et al.; J. Adv. Med. Med. Res., vol. 36, no. 8, pp. 204-215, 2024; Article no.JAMMR.120084

Neuropathic pain in leprosy: symptom 52. Matesanz L, Hausheer AC, Baskozos G et

profile characterization and comparison al. Somatosensory and psychological
with ~ neuropathic  pain  of  other phenotypes associated with neuropathic
etiologies. PAIN Rep. 2018;3(2): pain in entreptment neuropathy. Pain.
€638. 2021;162:1211-20.

DOI: 10.1097/PR9.0000000000000638 DOI: 10.1097/j.pain.0000000000002102

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/120084

215


https://doi.org/10.1097/pr9.0000000000000638
https://www.sdiarticle5.com/review-history/120084

