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Subgrouping Leprosy Patients with Neuropathic Pain in Central Brazil Based on 
Pain-Related Sensory Abnormalities 

 
 
 
Abstract 

 
 

Background: Leprosy is the main cause of nontraumatic neuropathy and 11% to 85.1% of 

patients with this disease develop neuropathic pain (NP). In general, patients with NP 

exhibit a variety of symptoms and sensory signals that make up an individual phenotypic 

profile of pain. This pattern of expression of sensory abnormalities may reveal clues to the 

underlying pathophysiological dysfunctions. Since a single symptom can be generated by 

more than one pathophysiological mechanism, it becomes more likely that specific groups 

of sensory signals and symptoms may better predict the underlying mechanisms. The pain 

phenotype may guide the pharmacological treatment of pain, since the drugs modulate the 

pathophysiological mechanisms. The identification of sensorial profiles in patients with NP  

and its distinction in subgroups through statistical categorization of the most relevant and 

discriminating aspects of the pain phenotype may reflect more robustly the different 

mechanisms or combinations of mechanisms involved in its genesis. 

Objectives:Thisstudy’saimwastoidentifysubgroupsofleprosypatientswithNP based on pain-

related sensory abnormalities. 

Methods:Adescriptivestudywas performedonpatientswithNPcausedbyleprosy 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%)andwithamean(SD)ageof48.7(13.5)years.Signsandsymptomsrelated 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 bysigns of 

hyperactivityof the somatosensorysystem.  
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Conclusions: NP phenotypes associated with leprosy are characterized by numbness, 

tingling, pins, needling, and hypoesthesia to touch and needle 

pinprick.Thesensoryphenotypeofleprosy-associatedNPhasfourphenotypicsubgroups. 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. 
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1. INTRODUCTION 
 

Leprosy is the leading cause of nontraumatic neuropathy worldwide. 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 [1-9]. 

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 [10-13]. 

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 [14]. 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 

questionnaires, and sensory tests [15]. Subgroup identification is performed through 

statistical analysis of the frequency and variance of pain descriptors obtained from all 

patients using an NP questionnaire [16]. 

 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 

[17]. 

 

 

2. OBJECTIVE 
  The aim of this investigation was to identify subgroups of leprosy patients with NP 

based on their sensory phenotypic profiles. 

 

 



 
 

4 
 

3. PATIENTS AND METHOD 
 

Data were 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 [18]. 

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 Cuiabá, 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 

DouleurNeuropathique 4 (DN4), was applied to each patient [19]. This instrument was 

translated and validated for Brazilian Portuguese [20]. 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. 

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 NP phenotypic sensory groups, a multivariate factorial exploratory analysis was 

performed. This analysis aimed to summarize multiple variables into a smaller set with 

minimal information loss. Exploratory factorial analysis was used to identify complex 

interrelationships between variables without any initial assumptions about the factors. To 

verify the accuracy of the method, the Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s 

test of sphericity were used as prerequisites for this type of analysis. After confirming the 

feasibility of the factorial analysis, it was conducted using varimax rotation methods in a 

polychoric correlation matrix. Polychoric correlation is recommended as a substitute for 

product-moment correlation when variables are categorical ordinal measurements. The 

possible grouping of symptoms (factors) was identified by measuring their factorial load, 

which indicates how much each factor correlates with the original variables. The higher the 
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factor load, the greater the correlation of the factor with the related symptoms [21,22]. 

The Ethics Research Committee of the Júlio Müller School Hospital at the Federal 

University of Mato Grosso previously approved this cross-sectional study under the opinion 

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. 

 

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 patientswere excluded:18with 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 

ofthesepatientswas48.8(13.4)years.Adittionaldemographicdetailsofthese patients are shown 

in Table 1. 

The majority of patients had multibacillary (94.7%) and borderline (72.7%)clinical 

form of leprosy,accordingtotheWHOoperationalandRidley-Jopling’sclassifications. At the 

time of inclusion in the study, 62.1% of the patients had already 

completedtreatmentofthedisease.Thetimeelapsedbetweentheendoftheleprosytreatment 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 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 factorial 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 

Figure 1). 
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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 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 [7]. In Brazil, a multicenter epidemiological study on chronic 

pain found a proportion of women similar to that in the present study [23]. 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 [24]. 

The patient age was comparable to that reported in several studies on this subject 

[9, 25]. 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 phenotypecharacterized by numbness, tingling, 

hypoesthesia to touch, hypoesthesia to pinprick, and pinching/pricklingwas predominantly 

negative. A study in India found a prevalence of 21.8% of NP with similar phenotypes in 

patients who had completed multidrug therapy [25]. However, other studies showed a 

higher frequency of positive pain symptoms compared to our findings [8,26]. 

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 [27]. 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 [28]. Indeed, both hypoesthesia to touch and hypoesthesia to 

needle pinprick involve afferent fibers A-β and A-δ, respectively [29]. Other researchers 
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have suggested that the mechanism of pain-induced hypoesthesia could be mediated in 

the spinal cord [30]. A Brazilian study reported the frequency of NP-leprosy symptoms as 

numbness (64.9%), hypoesthesia to touch (56.8%), and needle pinprick (51.4%) [31]. The 

frequency of tingling, pinching, and needling symptoms, and electric shock found in this 

study was similar to those reported in other studies [31,32]. The activity of abnormal 

excitability in the afferent neurons leads to positive phenotype symptoms [33]. 

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% [8,32]. 

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 [33]. In other painful neuropathies, the frequency of burning pain ranges from 51% to 

90% [16]. 

Painful cold was frequent among the study patients. In another study conducted in 

Brazil, this pain characteristic was reported in 27% of patients [26]. 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 [34,35]. 

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 [36]. 

Although its pathological mechanism is not yet well understood [37], 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 [38]. 

Although pruritus was not frequent among the studied patients, its occurrence was 

higher than in other studies on the same subject [25,26]. In general, pruritus occurs in about 

30% of patients with peripheral neuropathies and up to 65% of patients with herpes zoster 

neuropathy [39]. 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, pruritus can be generated by central 

neurons mediating pruritus, which characterizes a central sensitization of the 

somatosensory system [40,41]. 

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 
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type 1 [42]. Leprosy reactions are known to be related to neural damage, which would 

justify their predominance in patients with NP [1]. 

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 aspect has not been investigated in any other published study 

on NP in leprosy. The presence of NP 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 NP of any etiology. Psychological stress and quality of life in 

leprosy patients with NP were studied by Reis et al. (2014) [9] and Lasry-Levy et al. (2011) 

[7]. Patients with higher levels of psychological stress exhibited higher pain intensity and 

poorer quality of life [43]. 

The frequency of drug use for pain control among the patients was similar to that 

found by Ramos et al. (2014) [8]. 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 [44], 

whereas Chen et al. (2012) found that 81.2% of patients reported effective pain relief from 

analgesics alone or in combination with corticosteroids [32]. 

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 

Aβ fibers [45]. 

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 

[46]. 

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 ‘irritable’ nociceptors related to peripheral sensitization. 
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Sensitized nociceptors exhibit increased expression of ion channels and receptors in the 

neuronal membrane. Burning pain originates from regenerating nerves or denervated 

central neurons [45]. 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) [47]. 

The fourth factor (F4) grouped only the symptom of electric shocks, indicating high-

frequency discharges into Aβ fibers. Drugs effective in reducing neuronal discharges in 

nociceptors, such as sodium channel blockers, should be considered for treating these 

patients [48]. 

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 find significant 

differences. Therefore, the similarities observed between these two kinds of NP suggest 

that the same drugs can be used for treatment [49]. The identification of distinct subgroups 

of NP sensory phenotypes associated with leprosy is a promising finding. Identifying 

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 quantitative sensory testing, as was done in other studies subgrouping NP 

patients of different etiologies [50]. 

 

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. 
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References 
 

1. 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 

2. SaundersonP,BizunehE,LeekassaR.Neuropathicpaininpeopletreatedfor multibacillary 

leprosy more than ten years previously. Lepr Rev. 2008;79(3):270–6. Available 

from:https://pdfs.semanticscholar.org/6d18/7bae308d00033e3120bafa458cb837cc1732.pdf 

3. Lockwood DN, Saunderson PR. Nerve damage in leprosy: A continuing 

challengetoscientists,cliniciansandserviceproviders.IntHealth.2012;4(2):77–85. 

doi:10.1016/j.inhe.2011.09.006 

4. Scollard DM, Truman RW, Ebenezer GJ. Mechanisms of nerve injury in 

leprosy.ClinDermatol.2015;33(1):46–54.doi:10.1016/j.clindermatol.2014.07.008 

5. RaicherI,StumpPR,BaccarelliR,MarcianoLH,UraS etal.Neuropathic pain in leprosy. Clin 

Dermatol. 2016;34(1):59–65. doi:10.1016/j.clindermatol.2015.10.012 

6. NascimentoOJ.Leprosyneuropathy:clinicalpresentations.ArqNeuropsiquiatr.2013;71(9B):

661–6.doi:10.1590/0004-282X20130146 

7. Lasry-Levy E, Hietaharju A, Pai V, Ganapati R, Rice AS et al. Neuropathic 

painandpsychologicalmorbidityinpatientswithtreatedleprosy:Across-sectional prevalence study 

in Mumbai. PLOS Negl Trop Dis. 2011;5(3):981-7. doi:10.1371/journal.pntd.0000981 

8. Ramos JM, Alonso-Castañeda B, Eshetu D, Lemma D, Reyes F et al. 

Prevalenceandcharacteristicsofneuropathicpaininleprosypatientstreatedyears ago. Pathog 

Glob Health. 2014;108(4):186–90. doi:10.1179/2047773214Y.0000000140 



 
 

11 
 

9. Reis FJJ, Lopes D, Rodrigues J, Gosling AP, Gomes MK. Psychological distress and 

quality of life in leprosy patients with neuropathic pain. Lepr Rev. 2014;85(3):186–93. Available 

from: https://pdfs.semanticscholar.org/e495/c2239b460f99151047e25e342f5fe069db97.pdf 

10. Baron R, Maier C, Attal N, Binder A, Bouhassira D et al. Peripheral 

neuropathicpain:Amechanism-relatedorganizingprinciplebasedonsensory profiles. Pain. 

2017;158(2):261–72. doi:10.1097/j.pain.0000000000000753 

11. ColvinLA,DoughertyPM.Peripheralneuropathicpain:signs,symptoms, mechanisms, and 

causes: are they linked? Br J Anaesth. 2015;114(3):361–3. doi:10.1093/bja/aeu323 

12. NickelFT,SeifertF,LanzS,MaihöfnerC.Mechanismsofneuropathicpain. Eur 

Neuropsychopharmacol. 2012;22(2):81–91. doi:10.1016/j.euroneuro.2011.05.005 

13. Bouhassira D, Braders S, Attal N et al Stratification of patients based om theneuropathic pain 

symptominventory : development and validation of a new algoritmo. Pain 2021; 162:1038-

46.doi:1097/j.pain.0000000000002130 

14. HolbechJV,BachFW,FinnerupNB,JensenTS,SindrupSH.Painphenotype as a predictorfor 

drugresponse inpainful polyneuropathy – A retrospective analysis of data from controlled 

clinical trials. Pain. 2016;157(6):1305–13.doi:10.1097/j.pain.0000000000000563 

15. EdwardsRR,DworkinRH,TurkDC,AngstMS,DionneR etal.Patient phenotyping in clinical 

trials of chronic pain treatments: IMMPACT recommendations. Pain. 2016;157(9):1851–71. 

doi:10.1097/j.pain.0000000000000602 

16. BaronR,FörsterM,BinderA.Subgroupingofpatientswithneuropathicpain accordingtopain-

relatedsensoryabnormalities:afirststeptoa stratifiedtreatment approach. Lancet Neurol. 

2012;11(11):999–1005. doi:10.1016/S1474-4422(12)70189-8 

17.Kimta N, Majdalawieh AF,Nasrallah GK et al Leprosy: comprehensive insights into 

pathology,Immunology and cutting-edge treatment strategies, integrating nanoparticles and 

etnomedicinalPlants. Frontiers in Pharmacology 2024; 15:1361641.doi: 

10.3389/fphar.2024.1361641 

18.WHO.Chemotherapyof leprosyforcontrolprogrammes:reportofaWHO Study Group. World 

Health Organ Tech Rep Ser. Geneva: World Health Organization; 1982, p. 675 

19. BouhassiraD,AttalN,AlchaarH,BoureauF,BrochetB etal.Comparisonof 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 

20.SantosJG,BritoJO,DeAndradeDC,KaziyamaVM,FerreiraKA etal. Translation to Portuguese 

and validation of the douleurneuropathique 4 questionnaire. J Pain. 2010;11(5):484–90. 

doi:10.1016/j.jpain.2009.09.014 



 
 

12 
 

21. NeisseAC,HongyuK.Aplicaçãodecomponentesprincipaiseanálisefatorial a dados criminais de 

26 estados dos EUA. E&S Engineering and Science. 2016;5(2):105–15. 

doi:10.18607/ES201654354. 

22. Holgado-TelloFP,Chacon-MoscosoS,Barbero-GarciaI,Vila-AbadE. Polychoric versus 

Pearson correlations in exploratory and confirmatory factor analysis of ordinal variables. 

Quality and Quantity. 2010;44:153-166. 

23. Souza JB, Grossmann E, Perissinotti DMN, de Oliveira Junior JO, da Fonseca PRB, 

Posso IP. Prevalence of Chronic Pain, Treatments, Perception, and 

InterferenceonLifeActivities:BrazilianPopulation-BasedSurvey.PainResManag. 2017; 

2017:4643830:1-9. doi:10.1155/2017/4643830. 29081680 

24. BordonY.Neuroimmunology:Apainfuldifferencebetweenthesexes.Nat Rev Immunol. 

2015;15(8):469. doi:10.1038/nri3892 

25. Toh HS, Maharjan J, Thapa R, Neupane KD, Shah M et al. Diagnosis and 

impactofneuropathicpaininleprosypatientsinNepalaftercompletionofmultidrug therapy. PLOS 

Negl Trop Dis. 2018;12(7):e0006610. doi:10.1371/journal.pntd.0006610 

26. Del’ArcoR,DeOliveiraAB,NardiSM,PaschoalVD.Theassociationbetween neuropathic 

pain and disability grades in leprosy. Lepr Rev. 2016;87(1):53–9. Available from: 

https://pdfs.semanticscholar.org/610a/a497299048b6def9d1ff082742e9fbf8d033.pdf 

27. MerskeyH,BogdukNDefinitionsofpainfromclassificationofchronic pain. Seattle: IASP; 

1994 

28. GeberC,MagerlW,FondelR,FechirM,RolkeR etal.Numbnessinclinical 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 

29. JensenTS,BaronR.Translationofsymptomsandsignsintomechanismsin neuropathic pain. 

Pain. 2003;102(1):1–8. doi:10.1016/s0304-3959(03)00006-x 

30. MagerlW,TreedeRD.Secondarytactilehypoesthesia:Anoveltypeofpain- induced 

somatosensory plasticity in human subjects. Neurosci Lett. 2004;361(1– 3):136–9. 

doi:10.1016/j.neulet.2003.12.001 

31. StumpPR,BaccarelliR,MarcianoLH,LaurisJR,TeixeiraMJ,UraS,Virmond MC. Neuropathic 

pain in leprosy patients. Int J Lepr Other Mycobact Dis. 2004;72:134–8. doi:10.1489/1544-

581X(2004)072%3C0134:NPILP%3E2.0.CO;2 

32. ChenS,QuJ,ChuT.Prevalenceandcharacteristicsofneuropathicpainin thepeople 

affectedbyleprosyin China. LeprRev. 2012;83(2):195–201.Availablefrom: 

https://pdfs.semanticscholar.org/1e19/50407ef689721f762cb7055efb2012c6cdb8.pdf 



 
 

13 
 

33. DevorM.Sodiumchannelsandmechanismsofneuropathicpain.JPain. 2006;7(1 Suppl 1):S3–S12. 

doi:10.1016/j.jpain.2005.09.006 

34. MckemyDD.Themolecularandcellularbasisofcoldsensation.ACSChem Neurosci. 2013;4(2):238–

47 

35. FoulkesT,WoodJN.Mechanismsofcoldpain.Channels(Austin). 2007;1(3):154–60. doi:10.4161/chan.4692 

36. Attal N, Bouhassira D, Baron R. Diagnosis and assessment of neuropathic 

painthroughquestionnaires.LancetNeurol.2018;17(5):456–66.doi:10.1016/S1474-4422(18)30071-1 

37. LolignierS,EijkelkampN,WoodJN.Mechanicalallodynia.PflugersArch. 2015;467(1):133–9. 

doi:10.1007/s00424-014-1532-0 

38. JensenTS,FinnerupNB.Allodyniaandhyperalgesiainneuropathicpain: clinical manifestations and 

mechanisms. Lancet Neurol. 2014;13(9):924–35. doi:10.1016/S1474-4422(14)70102-4 

39. LiuT,JiRR.Newinsightsintothemechanismsofitch:arepainanditch controlled by distinct mechanisms? 

Pflugers Arch. 2013;465(12):1671–85. doi:10.1007/s00424-013-1284-2 

40. Han L,MaC,LiuQ,WengHJ,CuiY etal.Asubpopulationofnociceptors 

specificallylinkedtoitch.NatNeurosci.2013;16(2):174–82.doi:10.1038/nn.3289 

41. LamotteRH,DongX,RingkampM.Sensoryneuronsandcircuitsmediating itch. Nat Rev Neurosci. 

2014;15(1):19–31. doi:10.1038/nrn3641 

42. 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 

43. NeryJAC,VieiraLMM,MatosHJ,GalloMEN,SarnoEN.Reactionalstatesin multibacillary Hansen disease 

patients during multidrug therapy. Rev Inst Med Trop S Paulo. 1998;40(6):363–70. doi:10.1590/s0036-

46651998000600005 

44. Santos VS, Santana JCV, Castro FDN, Oliveira LS, Santana JC et al. Pain andqualityof 

lifeinleprosypatientsinanendemicareaofNortheastBrazil:across- sectional study. Infect Dis Pover. 

2016;5:18. doi:10.1186/s40249-016-0113-1 

45. NickelFT,SeifertF,LanzF,MaihofnerC.Mechanismsofneuropathicpain. European 

Neuropsychopharmacology. 2012;22:81-91. 

46. Bouhassira D, Wilhelm S, Schacht A, Perrot S, Kosek E et al. Neuropathic 

painphenotypingasapredictoroftreatmentresponseinpainfuldiabeticneuropathy: Data from 

randomized, double-blind, COMBO-DN study. PAIN. 2014;155:2171- 2179. 

47. JensenTS,FinnerupNB.Allodyniaandhyperalgesiainneuropathicpain: clinical manifestations 

and mechanisms. Lancet Neurology. 2014;13:924-35. 



 
 

14 
 

48. LevinsonSR,LuoS,HenryMA. Theroleofsodiumchannelsinchronicpain. Muscle Nerve. 

2012;46(2):155-165. 

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

Neuropathicpaininleprosy:symptomprofilecharacterizationandcomparisonwith neuropathic pain 

of other etiologies. PAIN Rep. 2018;3(2):e638. doi:10.1097/PR9.0000000000000638 

50. Matesanz L,Hausheer AC, Baskozos G et al. Somatosensory and psychological 

phenotypes associated with neuropathic pain in entreptment neuropathy. Pain. 

2021;162:1211-20. doi: 10.1097/j.pain.0000000000002102 

 

 

 

 



 
 

15 

  Figure1. Sensoryphenotypegroupingofpatientswith NPassociatedtoleprosy,identifiedby 

exploratoryfactory analysis by polychoric correlation matrix. 
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Table1-Demographiccharacteristicsofleprosypatientswithneuropathicpain treated in 
Cuiabá (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 

 Activeworker 65 49.2 
 Sick leave 48 36.4 

 
Maritalstatus Marriage 71 53.8 

 Separated 24 18.2 
 Single 25 18.9 
 Civilunion 12 9.1 
    
Religion Catholic 74 56.1 

 Spiritualist 1 0.8 
 Evangelical 49 37.1 
 Other 2 1.5 
 NoReligion 6 4.5 
    
Income(US$peryear) <2,900 76 57.6 

 2,900to 5,800 40 30.3 
 5,801to8,700 9 6.8 
 >8,700 7 5.3 
 
Age(years) 

 
Mean(SD): 48.7(13.5) 
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Table2-Clinicalcharacteristicsofleprosypatientswith neuropathicpaintreatedin Cuiabá 

(MT), Central Brazil, 2017-2018. 

Characteristics  n % 
Ridley-Joplingleprosyclassification Borderline 96 72,7 

 Indeterminate 2 1,5 
 Tuberculoid 5 3,8 
 Virchowian 29 22,0 
    
Operationalclassification(WHO) Multibacillary 125 94,7 

 Paucibacillary 7 5,3 
    
Currenttreatmentwithmultidrug Yes 50 37,9 
therapy No 82 62,1 
    
Disabilitydegree 0 25 18,9 

 1 82 62,2 
 2 25 18,9 
    
Affectednervousnumber 1to3 16 12,1 

 4 to6 88 66,7 
 7 to10 28 21,2 
    

WHO: World Health Organization 
 
  



 
 

18 
 

 
 
 
 

Table3-Characteristicsoftheneuropathicpainclaimedbyleprosypatients treated in 

Cuiabá (MT), Central Brazil, 2017-2018. 

CharacteristicsofNP  N % 
Temporalrelationshipwith 
treatment 

Before 85 64.4 
After 47 35.6 

    
Intensity Mild 3 2.3 

 Moderate 14 10.6 
 Severe 115 87.1 
    
Weeklyfrequency(days) 1 3 2.3 

 2 2 1.5 
 3 3 2.3 
 4 5 3.8 
 5 2 1.5 
 7 117 88.6 
    
Previoususeof analgesics Yes 103 78.0 

 No 29 22.0 
    
Reliefwithpainkillers(n=103) Yes 44 49.3 

 No 59 42.7 
    
Painkillerprescribedby Yes 78 75.7 
physicians(n=103) No 25 24.3 
    

NP: neuropathic pain 
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Table4-Phenotypecharacteristicsofneuropathic 

painclaimed 

byleprosypatientstreatedinCuiabá(MT),CentralBrazil,2017- 

2018. 

Pain characteristics n % 

Burning 99 75.0 
Painful cold 70 53.0 

Electricshock 108 81.8 

Tingling 114 86.4 

Pinsand needles 113 85.6 

Numbness 123 93.2 

Itching 53 40.1 

Hypoesthesiatotouch 112 84.8 

Hypoesthesiatopinprick 112 84.8 

Allodynia 67 50.8 
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Table5-Resultsofthefactorialanalysisofgroupingofsymptomsreferredby 

patients with neuropathic pain associated with leprosy, Cuiabá (MT), 

Brazil, 2017-2018. 
Factors Eigenvalue Explained 

variance 
(%) 

Cumulativeexplained 
variance 

(%) 
1 2.21 22 22 

2 1.56 16 38 

3 1.50 15 53 

4 0.90 9 62 

 


