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Abstract. Tumor necrosis factor (TNF)-α inhibitors increase susceptibility to tuberculosis, but the effect of biologics on
susceptibility to leprosy has not been described. Moreover, biologics may play a role in treating erythema nodosum
leprosum (ENL). The objectives of this systematic reviewwere to determinewhether the development of clinical leprosy is
increased in patients being treated with biologics and to assess the use of biologics in treating leprosy reactions. A
systematic literature reviewwas completed of patientswith leprosywho received treatmentwith biologics either before or
after a diagnosis of leprosy was confirmed. All studies and case reports were included for qualitative evaluation. The
search yielded 10 cases (including one duplicate publication) of leprosy diagnosed after initiation of TNF-α inhibitors and
four case reports of refractory ENL successfully treated with infliximab or etanercept. An unpublished case of persistent
ENL responsive to infliximab is also presented. These data demonstrate that the use of TNF-α inhibitors may be a risk
factor for developing leprosy or reactivating subclinical infections. Leprosy can present with skin lesions and arthritis, so
leprosy should be considered in patients presentingwith these signs before starting treatmentwith these agents. Leprosy
should be considered in patientswhodevelopworsening eruptions and neurologic symptomsduring treatmentwith TNF-
α inhibitors. Finally, TNF-α inhibitors appear effective in some cases of refractory ENL.

INTRODUCTION

Leprosy, also known as Hansen’s disease, is caused by the
obligate intracellular acid-fast bacilli Mycobacterium leprae or
Mycobacterium lepromatosis and acquired primarily through in-
halation. Tropism for Schwann cells, keratinocytes, and macro-
phages leads to infection of the skin and nerves with resultant
nerve damage from inflammation.1,2 The Ridley–Jopling classi-
fication describes a clinicopathologic spectrum, in which tuber-
culoid leprosy (TT) and lepromatous leprosy (LL) are at opposite
poles. Tuberculoid leprosy is characterized by a robust cell-
mediated immune response and elimination of M. leprae, with
patients having few well-defined skin lesions and localized pe-
ripheral nerve damage. By contrast, patients with borderline le-
promatous (BL) and LLmount insufficient cell-mediated immune
responses and ineffective humoral responses, allowing for rep-
lication and dissemination of intracellular M. leprae.3 Leprosy is
complicated by immune-mediated inflammatory reactions,
namely, Type 1 reactions (reversal reactions) and erythema
nodosum leprosum (ENL, Type 2 reactions). Erythema nodosum
leprosum ischaracterizedby fever, cropsof tendererythematous
cutaneousnodules, neuritis, arthritis, orchitis, lymphadenitis, and
iritis. This painful multisystem disorder complicates 50% of LL
and approximately 5–10% of BL patients.4 Multidrug therapy
(MDT), comprising rifampicin, dapsone, and clofazimine, is the
cornerstone of treatment for leprosy.1

Patients on TNF-α inhibitors are at increased risk of primary
tuberculosis (TB) and reactivation, but the risk of leprosy is
unknown.5 We performed a systematic review to determine
whether biological medication (biologic) use was associated
with development of leprosy andwhether biologics have been
used in the treatment of leprosy. In this qualitative systematic
review, we discuss cases of leprosy identified after biologic
use and successful treatment of ENL with TNF-α inhibitors.

METHODS

Overview. A systematic literature review was performed to
identify cases of leprosy diagnosed after initiation of a biologic
and leprosy reactions treated with a biologic. One author (A. L.
C.) reviewed publications titles, abstracts, and full-text articles
to assess for eligibility. The preferred reporting items for sys-
tematic reviewandmeta-analysis protocols 2015guidelinewas
used to prepare this systematic review. Case reports are in-
cluded in tables in which qualitative findings are summarized.
Inclusion and exclusion criteria. All articles describing

patients who developed leprosy after beginning a biologic or
patientswith leprosy treatedwith a biologicwere included.We
excluded reports of cases that did not include patients with
leprosy or in which biologics were not used.We also excluded
review articles, commentaries, and articles lacking patient
details. Although the term “biologic” can include vaccines and
recombinant human proteins, such as insulin and recombi-
nant human interferon, among others, we included only re-
ports of humanized monoclonal antibodies and receptors.
Literature search. We searched PubMed, LILACS, and

CochraneLibrary articlesonJuly 4, 2018 (Supplemental Table 1).
Our search included all languages. A manual check of the refer-
encesof the included full-text articleswasperformed.Thesearch
ofPubMed,LILACS,andCochraneLibrary revealed525 records.
There was one duplicate, leaving 524 records to be screened.
The recordswerescreenedby titleandabstract. Fivehundredsix
studieswere excludedbecause the publications did not concern
leprosy or biologics, were basic science studies, or were review
articles. Eighteen full-text articles were assessed for eligibility,
with three records excluded for insufficient patient details (di-
agnosis, treatment, or course were not addressed) or because it
was a commentary.6–8 A flowchart of included studies is depic-
ted in Figure 1.
Fifteen full-length articles were assessed and included in

the systematic review. A hand-search of these articles did not
reveal additional relevant cases. Of the 15 included articles, 11
case reports detailed the diagnosis of leprosy after initiation of
a TNF-α inhibitor and four case reports described patients

* Address correspondence to Anna L. Cogen, Division of Dermatol-
ogy, Department of Medicine, University of Washington, 4225
Roosevelt Way NE, Seattle, WA 98105. E-mail: alcogen@uw.edu

1131

mailto:alcogen@uw.edu


who received a biologic for treatment of ENL. Authors of the
four case reports were contacted for follow-up information. We
received data from the case reports published by Faber et al.9

and Ramien et al.10 and included the information in this review.
In addition, a coauthor (J. P. H.) provided an unpublished

case of a patient with refractory ENL treated with biological
medication, which was included. A qualitative evaluation was
conducted on all cases included in this systematic review.

RESULTS

Diagnosis and development of leprosy after initiation of
a biologic. In total, 11 publications describe patients di-
agnosed with leprosy after the initiation of infliximab, adali-
mumab, and/or etanercept (Table 1). Of note, one author
confirmed that a duplicate case reportwas published,which is
reflected in Table 1.11,12 In addition, a communication dis-
cussed a patient who developed leprosy after infliximab ad-
ministration, but it is unclear whether this patient is the subject
of a latter case report.13 Two large database analyses of bi-
ologic side-effect analyses were also found. In Wallis et al.,
data on granulomatous infections in the setting of TNF-α an-
tagonists were collected through the adverse event reporting
system of the U.S. Food and Drug Administration from Janu-
ary 1998 to September 2002.8 In this study, one patient on
infliximab developed leprosy. Because additional patient in-
formation was not provided, the publication was excluded
from this review. Similarly, Titton et al.7 published a study on
the Brazilian biologic registry, which reported one case of TT,
but because of lack of details, this casewas also omitted from
this review. Overall, 10 patients were included with ages
ranging from 37 to 76 years and leprosy acquisition in Brazil,
United States, Greece, and Spain.
Inflammatory arthritis was the indication for biologics in nine

of the 10 patients, and at least nine of the 10 patients received
prior immunosuppressive or immunomodulatingmedications,
including methotrexate, hydroxychloroquine, corticosteroids,
and/or leflunomide.11,12,14–19 (Table 1). In four of the 10 pa-
tients, cutaneous findings, including psoriasiform plaques,17

exfoliative erythroderma,20 nodules (clinically diagnosed as
rheumatoid nodules),18 and an abdominal rash, were noted
before initiation of biologics.14 The diagnosis of leprosy was
confirmed by skin biopsies of new cutaneous eruptions.

Treatment of ENL with biologics. We identified four pub-
lished case reports of ENL refractory to standard therapies
treated with TNF-α inhibitors (Table 2).
Faber et al.9 described a 52-year-old woman fromParaguay,

who developed BL while living in Argentina. She was treated
with WHO multibacillary MDT (rifampicin, dapsone, and clofa-
zimine) and developed painful erythematous nodules and pla-
ques consistent with ENL. She was treated with prednisolone,
thalidomide, and pentoxifylline, but discontinuation led to fre-
quent recurrence of ENL. After anti-ENL medications were
stopped and MDT completed, the patient was started on
infliximab (5 mg/kg), noting improvement within hours. She
received additional infliximab infusions on weeks 2 and 6 and
did not develop a recurrence of ENL after the third infusion.
Ramien et al.10 reported a 33-year-old woman, from the

Philippines, with ENL complicating LL. The ENL was severe
and refractory to multiple courses of prednisone and thalido-
mide.10 A trial of clofazimine, prednisone, and thalidomide
resulted in adverse effects. Treatment with etanercept 50 mg
weekly for 2 years allowed for a slow prednisone taper, dis-
continuation of thalidomide, and subsequent resolution of
ENL. She experienced one recurrence, which responded to a
3-month course of thalidomide. The authors communicated
that she remained asymptomatic for 2.5 years after etanercept
was stopped.
Santos et al.21 reported a case of a 40-year-old man who

developed recurrent ENL complicating LL and was treated
with thalidomide and prednisone for approximately 1 year.
Etanercept resulted in improvement within 48 hours. The pa-
tient experienced one flare requiring prednisone. After
11 months, there were no signs of reaction while receiving
etanercept 50 mg weekly and prednisone 10 mg daily.
The fourth published case report by Chowdhry et al.22 de-

scribes a 49-year-old man with ENL complicating LL despite
treatment with prednisolone, clofazimine, thalidomide, clari-
thromycin, ofloxacin, and azathioprine. He also developed
adverse effects from thalidomide and prednisolone.22 The
ENL persisted for 6 months with development of necrotic
cutaneous lesions, neuritis, epididymo-orchitis, and lymph-
adenitis. Etanercept at 50 mgweekly led to mild improvement
within 48 hours and significant improvement after 12weeks of
therapy; during this time, prednisolonewas discontinued after
a “slow taper” of unspecified duration.

FIGURE 1. Flowchart of included studies.
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CASE REPORT

A 28-year-oldman fromSamoawas initially treated for LL in
Samoa with WHO multibacillary MDT for 6 months before
migrating to Seattle, WA. While on MDT in Samoa, the patient
was placed on prednisone (30–40 mg daily) for ENL for the
duration of theMDT treatment. He presented to our clinic with
polyarthritis, peripheral neuritis, painful cutaneous nodules,
and uveitis. Treatment was changed to clofazimine 100 mg
daily, levofloxacin 500 mg daily, and clarithromycin 500 mg
daily for the leprosy, and thalidomide200mgdaily, prednisone
40 mg daily, and prednisolone eye drops for the ENL. Rifam-
picin was not used because of interactions with prednisone.
Dapsone resistance was confirmed by polymerase chain re-
action. Given his minimal response, clofazimine was in-
creased to 150mgdaily, thalidomidewas increased to 300mg
daily, and prednisonewas increased to 80mg daily, but the ENL
remained poorly controlled. Trimethoprim/sulfamethoxazole
(TMP-SMX) added for prophylaxis of Pneumocystis jiroveci. He
was hospitalized three times for possible sepsis, but infectious
studies were negative and slit-skin smears for M. leprae at six
sites demonstrated a 5+ bacterial index (BI). While hospitalized,
he received prednisone 100 mg twice daily. Thalidomide was
discontinued,andcyclophosphamide100mgdailywas initiated
and increased to 100mg twice daily with prednisone continued
at 120 mg daily. Two months later, the cutaneous nodules
ulcerated, acral edema intensified, and his peripheral neuritis
and polyarthritis remained symptomatic. Cyclophosphamide

was discontinued, and minocycline 100 mg daily was added.
Improvement was minimal, so he was started on infliximab 5
mg/kg. During the infusion, his symptoms dramatically im-
proved, and the prednisonewas slowly tapered to 30mgdaily.
Because of ENL flares, infliximab infusions were given 2 and
7 weeks later. His ENL continued to flare, so he received a
fourth infusion at week 16while on prednisone 60mgdaily. He
had two further infusions at weeks 78 and 88 because of ul-
cerative cutaneous ENL nodules and painful peripheral neu-
ritis and simultaneously required prednisone 80 mg daily. His
antimicrobial regimen (clofazimine 150 mg, minocycline
100 mg, clarithromycin 500 mg, levofloxacin 500 g, and TMP-
SMX) was unchanged. At week 99, his ENL deteriorated, re-
quiring a seventh and final infusion of infliximab 5 mg/kg.
During this infusion, he experienced hypotension, edema, and
throat tightening, which responded to 50 mg intravenous hy-
drocortisone and diphenhydramine. All seven infliximab infu-
sions were used for intense flares of ENL, and each infusion
was 5 mg/kg. His weight was roughly 171 kg for all infusions.
Immediate and dramatic improvement occurred with each
infusion, but slowly symptoms returned, and eventually intense
flares occurred. Prednisone was continued between infusions
at variable dosage the entire time. Prednisone was slowly re-
duced and discontinued along with the antimicrobials 4 years
after the onset of ENL. At the time of discontinuation, his BI was
2+ at one of six slit-skin smear sites, but bacteria were beaded
and fragmented. He was followed for three more years and did
not develop a recurrence of his ENL.

TABLE 2
Reports of ENL treated with TNF-⍺ inhibitors

Year Biologic Indication

Age
(years)
gender Treatment and outcome Report origin Patient origin

Probable country of
leprosy acquisition Reference

2006 Infliximab 5
mg/kg

Persistent ENL despite
prednisolone,
thalidomide, and
pentoxifylline.

52, F Rapid improvement
within hours. Received
three infusions of
infliximab. Symptom-
free for 12 months.

Netherlands Paraguay Argentina* Faber et al.9

2011 Etanercept 50
mg/week

Persistent ENL and
experienced adverse
effects of
corticosteroids,
clofazimine, and
thalidomide.

33, F Received etanercept,
prednisone, and
thalidomide. Steroids
stopped after 6 weeks
and thalidomide after 6
months. Symptom-free
for 6 months on
etanercept alone.

Canada Philippines Philippines Ramien et al.10

2016 Etanercept 50
mg/week

Persistent ENL despite
prednisolone,
thalidomide,
pentoxifylline, and
azathioprine.
Experienced adverse
effects of thalidomide
and prednisolone.

49, M Etanercept and taper of
prednisolone led to
improvement of ENL at
week 12. Prednisolone
discontinued (unclear
date). Etanercept
tapered to biweekly.

India India† India Chowdhry et al.22

2017 Etanercept 50
mg/week

Persistent ENL despite
prednisone and
thalidomide.

40, M Etanercept and
prednisone 10 mg
weekly led to control of
ENL.

Brazil Brazil Brazil Santos et al.21

2019 Infliximab 5
mg/kg

Persistent ENL despite
thalidomide,
prednisone,
clofazimine, and
cyclophosphamide.

29, M Infliximab (7 infusions)
and slow taper of
prednisone led to
control of ENL. Now,
off infliximab.

USA Samoa Samoa Unpublished
new case
report.

ENL = erythema nodosum leprosum; M = male; F = female.
* Born in Paraguay, but developed leprosy while living in Argentina.
† Patients likely from India as no additional information about the place of birth or travel is given.
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DISCUSSION

For the cases that reported leprosy after initiation of a TNF-α
inhibitor, the indications for the use of a TNF-α inhibitor in-
cluded inflammatory arthritis (presumed seronegative arthri-
tis, rheumatoid arthritis, psoriatic arthritis, and ankylosing
spondylitis) and psoriasis. Cutaneous signs (rashes and
nodules) were present in at least four of 10 patients before
receiving a TNF-α inhibitor. The well-established connection
between the inhibition of TNF-α and TB reactivation may
similarly hold true for leprosy, as suggested by the described
case reports. The rapiditywithwhichpatients developed signs
of leprosy after receiving the biologic does suggest a possible
recrudescence of latent leprosy or initial misdiagnosis. In
Brazil, Indonesia, and Nepal, there is ongoing endemic
transmission of leprosy, unlike Greece and Spain, which have
very low rates of endemic transmission. The lack of reported
cases from India is unexpected because India reports the
highest number of leprosy cases globally, with 126,164 in
2017. India’s health system also allows for the use of ad-
vanced treatment modalities, including biologics.23 Further-
more, lackof availability and financial constraintsmayaccount
for the decreased use of biologics in endemic countries.
Leprosy patients frequently present with cutaneous mani-

festations such as nodules, patches, plaques, neuritis, and
peripheral neuropathy. Moreover, signs and symptoms of in-
flammatory arthritis, such as dactylitis, tenosynovitis, and ar-
thritis, may be present in leprosy patients, leading to
diagnostic challenges. In a study profiling rheumatologic
manifestations in leprosy patients, Singh et al.24 found that 23
of 100 patients with leprosy exhibited small joint arthritis and
some patients experienced tenosynovitis, enthesitis, and
dactylitis. Prasad et al.25 conducted a retrospective analysis
of leprosy patients and found that 14 of 44 patients had small
joint arthritis mimicking rheumatoid arthritis and seven cases
mimicking spondyloarthropathy. Arthritis and tenosynovitis
were found to be associated with leprosy reactions in 28
cases.25 It is possible that several patients in this systematic
review may have had subclinical leprosy or were mis-
diagnosed. Furthermore, prior use of immunosuppression
may have contributed to susceptibility to infection. In addition,
the use of TNF-α inhibitors in leprosy patients before com-
pletion of MDT may lead to reduced efficacy of the antimi-
crobial agents or promotionof infection byM. leprae. Finally, in
non-endemic regions, leprosy is less likely to be considered in
patients with inflammatory arthritis. Thus, differentiating in-
flammatory arthritis from leprosy remains a challenge, and
leprosy shouldbeconsidered in suchpatientswith cutaneous,
neurologic, and musculoskeletal symptoms.
We identified four published cases and one unpublished

report of refractory ENL treated effectively with a TNF-α in-
hibitor. Erythema nodosum leprosum’s chronicity and fre-
quent recurrence warrant many individuals to seek treatment
at leprosy referral centers.4 Because ENL is associated with a
pro-inflammatory immune response and elevated TNF-α lev-
els, treatment includes the use of immunosuppressants.26

First-line treatments include prolonged courses of cortico-
steroids, thalidomide, and clofazimine, yet each carry nu-
merousandoften limiting adverseeffects.Oral corticosteroids
are associated with hypertension, hyperglycemia, Cushing’s
syndrome, osteopenia/osteoporosis, cataract formation, di-
abetesmellitus, and increased risk for infections. Thalidomide

requires enrollment in the System for Thalidomide Education
and Prescribing Safety program because of teratogenicity.27

Despite these adverse events, corticosteroids and thalido-
mide are often effective treatment modalities. Even when
thalidomide is available, a significant proportion of individuals
require additional anti-ENL therapy. The cases identified in
this systematic reviewdemonstrate thechallengesassociated
with refractory ENL, medication adverse effects, and the
benefit of treatment with TNF-α inhibitors.
Of the five cases of refractory ENL treated with TNF-α in-

hibitors, four tapered corticosteroids while receiving TNF-α
inhibitors and three experienced sustained remission after
discontinuation of the TNF-α inhibitor. Often, patients with
chronic ENL require long-term maintenance corticosteroids.
The enduring efficacy of TNF-α inhibitorsmay signify disease-
modifying activity, with earlier use possibly preventing pro-
longed exposure to other agents.
Limitations include publication bias from underreporting of

cases, reports inwhich biologicswere not effective, and a lack
of prospective controls due to thenatureof case reports. A trial
would overcome the aforementioned limitations. The absence
of outcome measures when evaluating ENL is another
weakness of this study. A validated clinical severity scale of
ENL has been published and is being used in a trial in-
vestigating the efficacy of methotrexate in the treatment of
ENL.28 The useof this scalewould be helpful in evaluating ENL
in future studies. Limited access to long-term follow-up in-
formation is another limitation of this study, as remission and
adverse effects remain primary challenges in treating ENL.
The small number of case studies in this review has dem-

onstrated that TNF-α inhibitors are useful in treating some in-
dividuals with chronic, refractory ENL or those unable to
tolerate other ENL therapies because of adverse effects. Fur-
ther work is required to establish the role of TNF-α inhibitors in
ENL and their potential to improve outcomes for patients in
settings where these medications are affordable and appro-
priate monitoring available. Increasing availability of biologics
for ENL patients in leprosy-endemic countries may reduce the
burdenofENLonpatientsand leprosy referral centers, although
overuse and exacerbation of other infections need to be con-
sidered. The indications for and access to anti-TNF therapy,
including more affordable biosimilars, continue to increase.
Finally, patients who have ever resided in leprosy-endemic re-
gions with unexplained cutaneous signs or symptoms may
benefit fromevaluation by a dermatologist before starting TNF-
α inhibitors, given the diagnostic challenges and overlap be-
tween leprosy and rheumatologic conditions.
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