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Background

Leprosy neuritis (LN) is an immune hyperactivity majorly responsible for the deformities and sequelae present in leprosy disease. This observational study aimed to evaluate the use of intravenous methylprednisolone in refractory LN cases in a national reference center of leprosy in Brazil.





Methods

Epidemiological and clinical data were collected, and the following instruments were used on evaluation: visual analog pain scale (VAS), Douler Neuropathic 4 questionnaire (DN4), Screening of Activity Limitation and Safety Awareness (SALSA), and the simplified neurological assessment protocol by the Brazilian Ministry of Health. The initial and final results of pulse therapy were compared.





Results

We included 18 patients. After pulse therapy, there was no difference regarding sensory and motor scores. At the beginning of the treatment, 66.7% (12/18) of patients were using oral prednisone at 35.0 mg (± 12.43). After treatment, 38.9% (7/18) of them maintained oral prednisone at a lower dose (16.4mg ±6.3; p=0.002). Salsa score improved after treatment (p=0.020) and DN4 scores dropped from 6.7 (± 1.7) to 5.2 (± 2.1) (p<0.0001).





Conclusion

Pulse therapy with endovenous methylprednisolone in LN was effective in decreasing pain intensity, preventing worsening of sensory-motor function, and reducing the dose of corticosteroids, reflecting the patient’s improvement of functionality.
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Introduction

Leprosy, a chronic infectious disease caused by Mycobacterium leprae (M. leprae), can also be considered an immunological disease, as the host’s immune response to the bacteria largely determines the severity and potential for disability (1, 2). Between 30% and 50% of leprosy patients experience immune hyperactivity, known as leprosy reactions (LR), which can occur before, during, or after multidrug therapy (MDT). These acute episodes are classified into two types: type 1 leprosy reaction (T1LR) and type 2 leprosy reaction (T2LR) (3–5).

T1LR, also known as reverse reaction, primarily affects borderline patients and is characterized by an abrupt increase in cell-mediated immunity against M. leprae. This delayed-type hypersensitivity reaction is associated with a decrease in bacterial load and involves a Th1 cytokine response. Clinically, it presents as an acute exacerbation of existing skin lesions or the appearance of new lesions, often accompanied by peripheral nerve involvement (2–8).

T2LR, or erythema nodosum leprosum (ENL), is a systemic inflammatory process mediated by a Th2 response and related to immune complex deposition. It typically affects borderline and lepromatous patients and is characterized by erythematous, painful subcutaneous nodules, fever, and systemic manifestations such as orchiepididymitis, glomerulonephritis, myositis, arthralgia, iridocyclitis, hepatomegaly, and adenomegaly (2–8).

Leprosy neuritis (LN) is an inflammatory process affecting peripheral nerves and can occur in both T1LR and T2LR. It is defined by the acute onset of new sensory or motor deficits, often accompanied by nerve thickening and neuropathic pain. LN is a major contributor to the deformities and sequelae associated with leprosy, making it a potentially disabling condition (2–9).

The standard treatment for LN involves glucocorticoids, typically prednisone, at 1–1.5 mg/kg/day, with a gradual dose reduction over 12 weeks. However, many patients experience an inadequate response or recurrent episodes of LN, leading to chronic glucocorticoid use and its associated complications, including depression, cataracts, glaucoma, hypertension, edema, congestive heart failure, myocardial infarction, esophagitis, gastritis, peptic ulcer disease, osteoporosis, myopathy, avascular necrosis, diabetes, dyslipidemia, striae, acne, hirsutism, electrolyte disturbances, and Cushing’s syndrome (9).

Therefore, as in other inflammatory neuropathies, intravenous corticosteroids should be considered for severe or refractory LN. While intravenous methylprednisolone has been used to treat LN, its efficacy needs to be systematically evaluated (10–12). This study aimed to evaluate the use of intravenous methylprednisolone in patients with refractory LN at a national leprosy referral center in Brazil.





Materials and methods




Ethics statement

This study has been approved by the Human Research Ethics Committee of the Federal University of Uberlândia (CAAE: 69626123.4.0000.5152). All participants provided written informed consent for a retrospective study.





Patients

This is a retrospective cohort study that evaluated 18 individuals with refractory LN who underwent intravenous methylprednisolone. We considered refractory LN the cases of neuritis that did not respond to standardized clinical treatment within 4 weeks, the typical duration of initial oral corticosteroid therapy, with worsening dermatoneurological evaluation, and the cases of reentrant neuritis (when a new clinical impairment occurs in the attempt to withdraw or reduce the dose of corticosteroids). All patients received oral prednisone at a dose of 1 mg/kg/day for at least 4 weeks during the initial treatment of the reactions, but without effective response. At the time of inclusion in the study, all patients were in the oral prednisone dose reduction phase.

All individuals were over 18 years old and were followed periodically during treatment. Patients who presented LN after the end of MDT were carefully evaluated to rule out criteria for relapse, therapeutic failure, and drug resistance. At the end of MDT treatment, all patients underwent serological evaluation with monitoring of the ELISA index, histopathological evaluation of skin lesions with comparison of the bacilloscopic incidence of the lesions, and molecular evaluation by real-time PCR. All of these laboratory tools are complementary methods for the diagnosis of leprosy.

Intravenous corticosteroids did not interfere with the specific infection treatment. However, we maintained extreme vigilance regarding laboratory monitoring, aiming for early detection of any abnormality that could indicate bacillary proliferation.

Patients with the following criteria were excluded:

	- Confirmed metabolic conditions (diabetes mellitus and uremia),

	- Malnutrition and vitamin deficiencies (B12 vitamin or folic acid),

	- Chronic alcoholism,

	- Autoimmune disorders (systemic lupus erythematosus, rheumatoid arthritis, Sjogren’s disease),

	- Other infectious diseases (HIV, hepatitis, and Lyme’s disease),

	- Inflammatory diseases,

	- Pregnancy.







Protocol

All patients received strongyloidiasis prophylaxis with ivermectin before starting the methylprednisolone protocol, following Brazilian Ministry of Health recommendations.

The use of methylprednisolone was carried out in two phases:

	Attack: Use of 1 gram of intravenous methylprednisolone per day for five days.

	Maintenance: Use 1 gram of intravenous methylprednisolone daily for three days, once a month, for six months.



This pulse therapy regime was chosen based on its reported efficacy in other inflammatory neuropathies and in previous studies regarding leprosy (11).





Epidemiological, clinical, and neurological assessment

Epidemiological, clinical, and neurological data were collected from patient medical records. All patients underwent standardized sensory and motor neurological evaluations before and after the methylprednisolone protocol, following the Brazilian Ministry of Health guidelines (9).

Sensory function was assessed using a Semmes-Weinstein monofilament set (0.07g, 0.2g, 2g, 4g, 10g, and 300g). The test began with the lightest filament, applied to specific nerve territories. If the patient perceived the stimulus, a score of 5 was assigned for that area. If not, progressively heavier filaments were used until a response was elicited, with scores assigned according to the filament weight that was finally perceived. If no perception was recorded with the 300g filament, a score of 0 was assigned. Seven areas were evaluated in the upper limbs (three each for the ulnar and median nerves, and one for the radial nerve) and ten areas in the lower limbs (nine for the tibial nerve and one for the peroneal nerve). The total possible score was 35 for each upper limb and 50 for each lower limb (9, 13). Figure 1 illustrates the sensory assessment method.




Figure 1 | Sensory and motor assessment. (A) Semmes-Weinstein set of filaments used to evaluate sensory function. (B) Each monofilament has a specific force: green 0.05g, blue 0.2g, purple 2g, red 4g, orange 10g and pink 300g, and a correspondent score. (C) In the upper limbs, there are six points of interest for the evaluation in the palmar face and one in the dorsal view of the hand according to the sensory territory of median (1-3), ulnar (4-6) and radial (7) nerves. (D) In the lower limbs, there are nine points in plantar face and one in the dorsal face of the foot according to the sensory territory of tibial (1-9) and common fibular (10) nerves.



Motor strength was assessed using the Medical Research Council (MRC) scale (0-5) for specific muscles innervated by the ulnar, median, radial, and fibular nerves. In the upper limbs, the first dorsal interosseous, abductor digiti minimi, third and fourth lumbricals (ulnar nerve); abductor pollicis brevis, first and second lumbricals (median nerve); and extensor digitorum communis and extensor carpi brevis (radial nerve) were evaluated. In the lower limbs, the tibialis anterior, extensor digitorum longus, and extensor hallucis longus (fibular nerve) were assessed (9). Scores that ranged from 0 to 5 were assigned on each evaluated muscle as the MRC scale, with a maximum score of 10 for median nerve (two assessed muscles), 15 for ulnar nerve (three assessed muscles), 10 for radial nerve (two muscles evaluated) and 15 for common fibular nerve (three assessed muscles). The total possible motor score was 35 for each upper limb and 15 for each lower limb (13). Figure 2 illustrates the motor assessment method.




Figure 2 | Medical Research Council (MRC) scale for muscle strength used to evaluate upper and lower limbs.







Assessment of pain, degree of physical disability, and functional capacity

Pain intensity was assessed using the Visual Analog Scale (VAS) before and after treatment. Neuropathic pain was assessed using the Douleur Neuropathique en 4 Questions (DN4) questionnaire (14). Functional capacity was assessed using the Screening of Activity Limitation and Safety Awareness (SALSA) questionnaire (15).

The level of functional disability evaluates the neural function integrity and degree of physical disability through voluntary muscle testing and sensory evaluation of the hands and feet. Patients with no neural impairment are classified as disability grade zero (DG0) and disability grade 1 (DG1), which occurs when only sensorial impairment exists. Regarding the degree of disability 2 (DG2), there are visible deficiencies, such as claws (claw of digits), bone resorption, muscle atrophy, contractures, and wounds (9).





Laboratory evaluation

Serum anti-PGL-I IgM levels were measured using ELISA at the beginning and end of the methylprednisolone protocol to monitor bacterial load (16, 17). Results were expressed as an ELISA index, with values above 1.0 considered positive.





Electroneuromyography

Electroneuromyography (ENMG) was performed at baseline to assess the number of affected nerves and the pattern of neural impairment (mononeuropathy or multiple mononeuropathy). In the sensory conduction study, the median, ulnar, radial, sural, and fibular superficial were examined bilaterally. In the motor conduction study, the median, ulnar, common fibular, and tibial bilaterally nerves were examined, supplemented by techniques for focal impairment identification at compression sites often affected in leprosy neuropathy, such as the median nerve at the wrist, ulnar nerve at the elbow, fibular nerve at the fibular head and tibial nerve at the ankle.





Statistical analysis

Continuous data were assessed for normality using the Shapiro-Wilk test. The Wilcoxon Signed-Rank test was used to compare pre- and post-treatment sensory and motor scores. Proportions for laboratory data were compared using the Binomial test. All analyses were performed using SPSS version 22, with a significance level of p < 0.05.






Results




Demographic and clinical characteristics

The sample comprised 18 patients, with a male predominance (88.9%; 16/18). The patients’ median age was 45.8 years (± 16.6). T1LR predominated with 66.7% (12/18), while 33.3% (6/18) were T2LR. Regarding the clinical forms of leprosy, the lepromatous and borderline-borderline forms were predominant. Regarding the operational classification for treatment purposes, all patients were classified as multibacillary (MB). The majority (66.7%, 12/18) presented the LR after the end of treatment. All clinical and epidemiological variables are shown in Table 1.


Table 1 | Demographic and clinical characteristics of patients with refractory leprosy neuritis.







Neurological outcomes

All patients presented a clinical picture compatible with asymmetric multiple mononeuropathy, with clinical evidence of a new deficit and the presence of neural thickening in 88,3% (15/18) of the cases. Electroneuromyography (ENMG) confirmed the clinical diagnosis of asymmetric multiple mononeuropathy in all patients, with an average of 8.2 ± 3.5 sensory nerves and 3.5 ± 2.4 motor nerves affected per patient.

In the clinical assessment of the upper limbs, sensory function was worse on the ulnar territory, with 83,3% (15/18) of patients presenting sensory loss in at least one limb before treatment. In the lower limbs, 94,4% (17/18) of patients presented sensory impairment on tibial territory in at least one limb. After treatment with intravenous methylprednisolone, there was no difference between the sensory scores in all nerves evaluated, confirming the maintenance of the previously observed sensory deficit (Table 2).


Table 2 | Sensory outcomes before and after methylprednisolone treatment.



Regarding motor impairment, the ulnar nerve was also the most common in the upper limbs, with 83,3% (15/18) patients presenting impairment in at least one limb. In lower limbs, 55,5% (10/18) of patients presented motor impairment on the fibular nerve. After treatment with intravenous methylprednisolone, there was no difference between the motor scores in all evaluated nerves, confirming the maintenance of the previously observed motor deficits (Table 3).


Table 3 | Motor outcomes before and after methylprednisolone treatment.



Electroneuromyographic findings indicate a significant number of affected nerves in all patients, corroborating the presence of permanent sequelae and less chance of recovery in our sample, composed by severe and refractory cases. Thus, the stability of sensory-motor function can be viewed as a favorable result since many patients worsen their neurological deficit late in leprosy (18–20). Electroneuromyographic evaluation was also important for recognizing motor impairment and, consequently, the greater severity of reaction episodes, corroborating the need for more effective approaches.

Some electroneuromyographic abnormalities, such as the presence of conduction block and temporal dispersion, accompanied by phlogistic signs on palpation of the peripheral nerve, may suggest the presence of a pseudoabscess (18). However, it should be confirmed by some imaging method, such as peripheral nerve ultrasonography.





Laboratory findings

Anti-PGLI IgM ELISA serology was positive in 13/18 (72.2%) patients at baseline, with a mean index of 1.9 ± 2.2. At the end of the methylprednisolone treatment, 10/18 (55.6%) patients were positive (p = 0.3921), with a mean index of 1.2 ± 0.8 (p = 0.2465). There was no statistically significant change in anti-PGLI IgM levels.

Although this drop in the ELISA index was not significant, it is important to reinforce that there was no increase in this index, which could suggest a relapse or therapeutic failure. This result confirms that there was no bacillary proliferation during pulse therapy.





Pain and functional assessment outcomes

The mean SALSA score improved significantly from 55.8 ± 17.9 at baseline to 47.7 ± 16.2 at the end of treatment (p = 0.020).

All patients had neuropathic pain at baseline, as assessed by the DN4 questionnaire. At the end of treatment, 13/18 (72.2%) patients still had neuropathic pain (p = 0.016). The mean DN4 score decreased significantly from 6.7 ± 1.7 to 5.2 ± 2.1 (p < 0.0001).

The mean VAS pain score decreased significantly from 7.8 ± 3.1 at baseline to 4.3 ± 2.7 at the end of treatment (p = 0.0019).

These findings show an improvement in the functionality of the participants. However, a significant proportion of patients presented neuropathic pain during the follow-up period, reinforcing the need to optimize pain treatment in these patients, also differentiating the presence of chronic pain and new LR episodes (21, 22).





Disability grade

At baseline, 10/18 (55.6%) patients were classified as DG2 and 8/18 (44.4%) as DG1. At the end of treatment, 12/18 (66.7%) patients were DG2. Although not significant (p = 0.494), this result demonstrates the worsening of disability in 2 patients (11.1% of cases). One of these patients presented the BB clinical form and the other BL and both were treated with the MDT-MB regimen.





Prednisone dosage

At baseline, 12/18 (66.7%) patients received oral prednisone for over three months, with a mean dose of 35.0 ± 12.43 mg. After methylprednisolone treatment, the mean oral prednisone dose was significantly reduced to 16.4 ± 6.3 mg (p = 0.002), with 7/18 (38.9%) patients continuing oral prednisone.

This drop in corticosteroid dosage, considerably due to the clinical response, also contributes to a better quality of life in these patients, considering the numerous adverse effects of the chronic use of corticosteroids. The recommended dose is 1 mg/kg/day, and all patients received this dose at the initial stage of treatment for the leprosy reaction. Pulse therapy was indicated during prednisone withdrawal, a time when many patients recur or present new symptoms. Therefore, the dose at the time pulse therapy was initiated was lower. If pulse therapy had not been instituted, all these patients would have used a higher oral corticosteroid dose.






Discussion

Our data show an improvement in quality of life, based on the reduction in corticosteroid dosage, pain intensity, neuropathic pain and SALSA score (Figure 3). The presence of deformities and neural sequelae already at the beginning of intravenous treatment reinforces not only the late indication for this conduct but also the difficulty of referring these patients to centers that perform it.




Figure 3 | Changes in (A) Prednisone Dosage, (B) SALSA Score, (C) DN4 Score, and (D) VAS Score, Before and After Methylprednisolone Treatment. SALSA, Screening of Activity Limitation and Safety Awareness; DN4, Douler Neuropathic 4 questionnaire; VAS, Visual analog scale.



One of the limitations of the study is that pulse therapy is still indicated only for severe cases of leprosy reaction, and it consists in a small sample of patients with a retrospective design. The main merit of this study is to raise the discussion about the possibilities that can be used in the most effective treatment with fewer adverse effects in leprosy neuritis.

Ideally, all severe cases should be routinely followed up with an electroneuromyographic and/or ultrasound evaluation, and this is another limitation of our study. However, we recognize that this approach is not available in endemic countries. Therefore, our study reinforces that detailed clinical evaluation is sufficient to identify more severe cases, which may benefit from pulse therapy.

A significant proportion of leprosy patients presented irreversible neural damage during sickness, which occurs mainly during the reactional episodes (18, 19). In our study, all of the patients who underwent the use of intravenous methylprednisolone presented a lack of response to oral treatment of reaction episodes, often accompanied by a high incidence of adverse effects related to chronic use of corticosteroids.

It is important to emphasize that in some cases, even after intravenous methylprednisolone, the patient can still present new reaction episodes, reinforcing the need for strict clinical monitoring. Furthermore, a considerable proportion of the patients included in this study underwent the procedure many months after the end of MDT.

Few studies have systematically described the use of intravenous methylprednisolone in LN, also confirming the absence of a significant clinical improvement regarding sensory-motor function. However, the severity of the symptoms and the late indication justify these data, reinforcing the need to review the protocols that guide conduct in this severe and disabling condition (11, 12).

Lugão et al. describe a dosage similar to that proposed in this study and demonstrate effectiveness in reducing the dose of oral prednisone. However, there was no objective evaluation regarding the control of neuropathic pain and improvement in quality of life. In addition, there was no proposal for monitoring relapse and treatment failure, which may be related to a higher prevalence of leprosy reactions (11). Walker et al. conducted a study using methylprednisolone just for three days at the start of a 16-week corticosteroid treatment regime of prednisolone in patients with T1LR. They did not demonstrate a significant difference in improvement in individuals in the methylprednisolone group. This result was probably due to the limited use of the medication, which did not promote a lower incidence of adverse events, since most patients continued to need to continue taking oral prednisone during the study (12).

Although few studies have proposed using other immunosuppressive medications, such as azathioprine, cyclosporine, and methotrexate, in the treatment of LR (23–27), the lack of systematized studies reinforces the negligence in proposing new strategies in the treatment of leprosy, favoring an improved quality of life in individuals who, in addition to deformities and social stigma, are susceptible to the adverse effects of prolonged treatment of the disease itself. Thus, future studies should consider the use of immunosuppression to spare the use of oral corticosteroids in leprosy neuritis, as is already done in other inflammatory neuropathies.

The use of corticosteroid-sparing immunosuppressants should be encouraged in treating LR, using effective doses and for a prolonged period, considering the chronicity and recurrence of this condition. There is no absolute contraindication to the use of these medications. However, it is essential to emphasize that leprosy is a complex disease and that antimicrobial treatment is prolonged. Therefore, patients should undergo careful laboratory and clinical evaluation, preventing relapse and/or treatment failure, as well as clinical complications such as anemia, leukopenia, and opportunistic infections.

Finally, based on the data found in this study, we propose an earlier indication for intravenous methylprednisolone, aiming at an early reduction in oral corticosteroid therapy and mitigating systemic adverse effects related to the chronic use of corticosteroids. Furthermore, it is essential to reinforce the need for adequate control of neuropathic pain and, as it is a chronic infection, one of the necessary precautions in the immunosuppression of these patients is adequate control of the bacillary load and vigilance in the early recognition of cases of therapeutic failure and relapse (Figure 4).




Figure 4 | Algorithm proposed for the treatment of leprosy neuritis using pulse therapy with intravenous methylprednisolone. MDT, multidrug therapy; qPCR, quantitative polymerase chain reaction; ELISA, enzyme-linked immunoassay; Anti-PGLI, anti- phenolic glycolipid 1.
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