Erythema nodosum leprosum (ENL) is a manifestation of type II lepra reaction, seen in lepromatous
or borderline lepromatous leprosy. Although it is a common reaction encountered in clinical practice,
there are an increasingly large number of newer updates in the pathophysiology and management
of this condition.The treatment options have expanded far beyond just thalidomide and steroids and
now extends to TNF-ou inhibitors, thalidomide analogs, tenidap, cyclosporine A, plasma exchange,
and even IVIG amongst others. These updates and the current knowledge of ENL are summarized in

this review.

Erythema nodosum leprosum, erythema nodosum leprosum, lepra reaction, thalidomide

Reactions in leprosy may be classified
into three different types,!! namely, “type
I reaction,” or “reversal” or “upgrading”
reaction, seen typically in borderline
leprosy, categorized by an increase in
cell-mediated immunity and a shift towards
the tuberculoid spectrum, type II reaction
seen in the lepromatous or borderline
lepromatous types that includes a spectrum
of three wvariants: erythema nodosum
leprosum, erythema polymorphous-like
reaction, and Lucio phenomenon. Besides,
the Lucio phenomenon has at times been
designated as a type III reaction, although
usually included in type II reactions.

Erythema nodosum leprosum (ENL) is a
type II lepra reaction, an immune-mediated
inflammatory complication.’) ENL affects
about 50% of patients with lepromatous
leprosy (LL) and 10% of borderline
lepromatous (BL) patients.’) In terms of
incidence per person-years at risk (PYAR),
the incidence varied from 1-8 per 100
PYAR.B4

A systematic review by Voorend et al.
compared ENL incidence across a number
of studies, predominantly from India and
Brazil. They found different incidences
in field-based and hospital-based studies.
Amongst the field-based studies, the
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incidence of ENL was at an average of
1.2% among all leprosy patients, and at
4.5% among MB patients. Among the
hospital-based studies, an average of 13.7%
of MB cases developed ENL.The incidence
of ENL in LL leprosy as deduced by
Voorend et al. is 15.4% and 4.1% in BL
leprosy.B!

The risk factors for developing ENL
include LL type and a high-bacillary
index. The relative risk of developing
ENL with an LL spectrum is 3.6, and with
a bacillary index of 6 is 8.6.9 Nery et al.
found that ENL predominated in patients
with BI >3.19 A study by Manandhar et al.
claims a higher incidence of multiple
ENL episodes than single episodes in LL
cases.[MIt is widely believed that owing to
the ENL suppressive and preventive effect
of clofazimine, the risk of developing
ENL has significantly decreased after the
institution of MDT.E!

Age and gender are not riskfactors for
ENL, as has been corroborated in various
studies.?*! Pregnancy and lactation are
proven precipitating factors for ENL, with
a significantly higher incidence in pregnant
and lactating females.[!"! Minimal evidence
implicating psychological stress, puberty,
intercurrent infection, vaccination, HIV,
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malaria, andtuberculosis as triggering factors has been
found but is not yet sufficient to be conclusive.-12131

Multiple episodes of ENL were seen in 39%! to
77%.51 Of all ENL cases, 15.1% have more than
4 episodes.'Saunderson et al. found that almost a
third of ENL patients suffer from ENL for more than
2 years in Ethiopia.'! In India, it was found to last for
about 18.5 months.? Various studies have shown wvast
differences in the duration of each episode, ranging
from a period of 14 days!'” to 26 weeks.!"! Manandhar
et al. identified five risk factors for multiple episodes
of ENL. They were an LL subtype, a smear >4+, more
than five nerves enlarged, the presence of skin nodules or
infiltration.[”]

A moderate-to-severe intensity was found in 30-50% of
all ENL cases.’! A shorter MDT duration of just 12 months
was found to have increased the incidence of moderate
and severe ENL.I'""I The onset of ENL was found to be
highest during the first year of MDT in most studies,[!>1°-21]
although a few studies claim the incidence to be highest in
the second and third years after starting MDT.5!¢!

A few recent studies have reported patients presenting with
recurrent or chronic ENL, who have been subsequently
found to have relapse owing to drug-resistant strains of
Mycobacterium leprae.??

Neutrophils have long been considered the histological
hallmark of ENL, although their presence greatly depends
on the timing of biopsy. A study of skin biopsies of ENL
lesions showed the presence of neutrophils in only 30% of
biopsies within 72 h, and in only 1.6% in biopsies between
9 to 12 days on onset of ENL.?¥

A study done by Lee et al.with immunohistochemistry
demonstrated that E-selectin was expressed in a vascular
pattern and at higher levels in ENL skin lesions than in
LL, although this was not quantified. They showed that
activation of TLR2/Fc¢ induced interleukin (IL)-1B which
subsequently along with interferon (IFN)-y, induced
E-selectin expression on endothelial cells, and promoted
migration of neutrophils and their adhesion to endothelial
cells. Thalidomide inhibited this neutrophil pathway which
explains its role in the treatment of ENL.?*

CD64 (FcyRI) is a surface receptor on neutrophils,
showing low expression in resting neutrophils but high
expression with stressors such as gram-negative bacterial
infections, sepsis, disseminated intravascular coagulation,
etc.” CD64 upregulation is seen in ENL which may occur
due to the release of fragmented intracellular components
of M. leprae which are released after initiating MDT. The
upregulation of CD64 leads to increased pro-inflammatory
cytokines which further plays a role in the pathogenesis

of ENL. This explains the higher incidence of ENL after
initiation of MDT.2%

On stimulation with lipopolysaccharide (LPS) of M. leprae,
neutrophils in ENL or BL/LL patients released TNF-o. and
IL-8.*'However, the exact role of neutrophils in ENL is
still unclear. Whether neutrophils have a role in initiating
ENL, or if they are just recruited to the site of ENL due to
chemokines like IL-8, has yet to be determined.®

One of the oldest theories regarding the pathogenesis
of ENL is the immune complex theory, involving a type
III hypersensitivity reaction with deposition of immune
complexes in vessel walls, serosa, and glomeruli. This
theory gets credence by the histopathological features of
vasculitis with a neutrophilic inflammatory infiltrate.!*”!

Rojas et al. found circulating immune complexes against
phenolic glycolipid-1 (PGL-1) and major cytosolic protein
of M. leprae (MCP-I). This supports the immune complex
theory but similar complexes were also found in leprosy
controls (BT/BL/LL). Thus, immune complexes may not be
specific to ENL.EY

To implicate immune complexes in the causation of
ENL, the deposition of immune complexes in tissues, the
presence of bacterial antigens in the immune complexes,
and interaction of immune complexes with complement
and phagocytic cells is required. Polycarpou et al.
conducted a systematic review on immunological studies
in ENL and found that immune complexes maybe just an
epiphenomenon in ENL, and their role in the pathogenesis
is still uncertain.*

Newer studies believe ENL to be a primarily T
cell-mediated response.?®3!! There is an increase in CD4+ T
cells, a decrease in CD8+ T cells, and a subsequent increase
in the CD4+/CD8+ ratio in patients of ENL, as compared
to LL controls.?23

Recent studies have found lowered numbers and proportion
of regulatory T cells (Tregs) in ENL.PYTregs suppress
effector T cells, which might explain the higher proportion
of T cells in ENL.5

Tumour necrosis factor (TNF)-a: Several studies have been
performed on TNF-o levels in ENL with highly variable
results. Most studies showed very high levels of TNF-o
during ENL, which may suggest an inflammatory role for
TNF-o. in ENL.B%¥ The efficacy of TNF-a inhibitors such
as etanercept and infliximab in ENL helps to corroborate
this role.l$3

The production of TNF-oo may be induced by
stimulation of cells with M. leprae or its components
such as  lipoarabinomannan  (the  mycobacteria
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“lipopolysaccharide-” like component), a
mycolyl-arabinogalactan-peptidoglycan complex of
Mycobacterium  species, the protein-peptidoglycan

complex, and muramyl dipeptide.! 04!

Interferon (IFN)-y: Elevated levels of IFN-y are seen in
ENL, more consistently than those of TNF-c.. In a clinical
trial by Sampaio et al., IFN-y-induced ENL was seen in a
significant number of patients after 7 months of repeated
intradermal injections of IFN-y along with MDT.*

Interleukin (IL)-1B: Most studies suggest a prognostic role
of IL-18 in developing ENL,** although some studies
dispute any association between the two.5”

The role of IL-2 and IL-6 is disputable, with conflicting
studies on the topic.?*¥7 Consistent levels of TNF-o and
IL-6, with low levels of IL-4 suggest a Th-1 response.”

Various studies have shown raised levels of IL-6 in cases
of both type 1 as well as type 2 reactions as compared
to leprosy controls. Sousa et al. showed strikingly higher
levels in type 2 reactions rather than type 1 reactions. They
also showed that certain SNPs such as SNP rs1800795
were associated with type 2 reaction. They also found that
the expression of certain alleles in these SNPs contributed
to increased susceptibility (allele C on either rs1800795
or 1s2069840) or protection (allele G of rs2069840) from
type 2 reaction.[¢

In a study conducted in Bangladesh, a non-synonymous
polymorphism ofToll-like receptor 1 (7LRI), rs4833095,
which causes a substitution of asparagine to serine (N248S)
in the external recognition site of the protein, was shown
to be associated with LR susceptibility. This allele was
described as a protective factor against T2R.*"!

A recent study from Brazil documented upregulated
Toll-like receptor (TLR)-9 levels. TLR-9 agonist
stimulation led to higher levels of TNF-a, IL-6, and IL-1p.
The use of a TLR-9 antagonist inhibited the secretion
of pro-inflammatory cytokines. This may give way to a
therapeutic option for ENL.[*]

Variations in the nucleotide-binding oligomerization
domain-2 (NOD-2) gene wasstudied, and two single
nucleotide polymorphisms (SNPs) in the NOD-2
gene, (rs2287195 and rs8044354) were found to have a
strong association with general cases of leprosy, type 1
reaction as well as type 2 reaction. It was found that the
risk allele for T2R is the protective allele for TIR andvice
versafor both SNPs. This may suggest an association
between the SNPs and the leprosy type.[**5%

Natural  resistance-associated =~ macrophage  protein
I(NRAMPI1) - NRAMPI, also known asSCLI1Al, is a
multi-pass membrane protein that mediates the transport/
transition of divalent metals (iron and manganese).The

SNP 274C/T ofNRAMPI1 was found to be associated with
LR.The presence of the “C” allele on this SNP was a risk
factor for TIR while being protective for T2R.Y

An association between HLA-DRB1 and leprosy has
been proven, with both protective as well as risk alleles
being described. HLA-DR expression is characteristic
in leprosy reactions and is an important marker on
biopsy.5%

Although B cells are not believed to have a significant
role in the pathogenesis of ENL, there is an increase
in IgG1 secreting B cells, with lower concentrations of
M. leprae specific 1gG1 and 1gG3.0534

CCL-5 (Chemokine [C-C motif] ligand 5), followed by
IFN-y is the most important upstream regulator of ENL.5
CCL-2, CCL-3, and superoxide dismutase (SOD)-2 may
be potential biomarkers for ENL.F? Keratinocyte la and
intercellular adhesion molecule-1 (ICAM-1) have been
found in the epidermis, suggesting a cell-mediated immune
response.*

Thus, ENL appears to be a complex interaction of various
aspects of the immune system and systems biology
approach using various technologies such as genomics,
epigenomics, transcriptomics, and proteomics on cohorts
of patients will help in better understanding of this
condition.?®!

A schematic and simple representation of the pathogenesis
of ENL has been presented in Figure 1.

Type II lepra reaction usually occurs at the lepromatous
end of the spectrum. It presents with various presentations,

including the classical erythema nodosum leprosum,
erythema polymorphous-like reaction, and Lucio’s
phenomenon.!

The classical ENL consists of multiple crops of evanescent,
erythematous, tender nodules, and plaques all over the
body, as seen in Figure 2. Some rare types include bullous,
pustular, ulcerated, hemorrhagic, and erythema multiforme
like lesions, as seen in Figure 3.5 Lesions are commonly
found on the extensor surface of the limbs or the face. As
lesions fade, they may appear as brawny induration on the
forearms and thighs.*”!

Vasculonecrotic erythema nodosum presents with severe,
deep, painful ulcers that heal with atrophic scarring, as seen
in Figure 4a and b. This is usually accompanied by systemic
symptoms, visceral involvement, and neuritis.®”? Lucio
phenomenon although designated as type III lepra reaction
is usually considered a variant of type II lepra reaction. It
is an ulceronecrotic reaction with angular infarcts occurring
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-

Figure 2: Classical ENL lesions, with crops of erythematous, tender nodules
all over the body

in a diffuse, non-nodular form of leprosy known as Lucio
leprosy [Figure 5]. It has been classically described in

Immune complex

d from T lymphocytes, macrophages and immune complex formation leading to tissue damage

Mexico by Lucio and Alvarado but a few cases have also
been reported from India.

The onset of ENL may be of the cutaneous, rheumatoid,
or mixed types. The rheumatoid type presents with
symmetrical arthritis affecting the small joints of the hands
and feet, in the so-called “rheumatoid distribution.”®" This
has an incidence of more than 57%.12 The cutaneous onset
is characterized by the classical skin lesions which precede
systemic involvement.[63-64]

Neuritis although more common and more severe in type 1
reaction, may also occur in ENL. It presents as painful,
enlarged nerves, with or without accompanying functional
impairment. It is imperative to diagnose neuritis early to
prevent permanent loss of function.!

Systemic involvement may occur as a result of immune
complex-mediated damage such as lymphadenitis,
neuritis, iridocyclitis, arthritis, synovitis, myositis,
epididymo-orchitis, glomerulonephritis, etc.% Arthritis in
ENL is usually acute in onset, involving the small joints
of the hands and feet, along with the knees and elbows.
Arthritis lasts for a few weeks, and in most cases, resolves
completely with treatment.57%

The natural course of untreated ENL is of 1 to 2 weeks
but the reaction may be recurrent and may last upto many
months. !

ENL may be classified as acute, recurrent or chronic, as
follows:[®]

Acute ENL is defined as a single episode lasting less than
24 weeks.
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Figure 3: Erythema multiforme-like ENL

Recurrent ENL is characterized by repeated episodes of
ENL occurring after 28 days of stopping treatment for
ENL.

Chronic ENL is defined as ENL occurring for 24 weeks or
more, wherein a patient has required continuous treatment,
or any treatment-free period has been 27 days or less.

A 16 point scoring system called the ENLIST ENL
Severity Scale (EESS) was put forth by Walker ef al. in
2016, which was subsequently modified by them into a
10 point severity scale in 2017.1 This EESS is the latest
scoring system developed to assess the severity of ENL
[Table 1].

The diagnosis of ENL is predominantly clinical.Naafs et al.
proposed their criteria to diagnose a type II (ENL) reaction
[Table 2].[6%

The Ryrie test is performed by stroking a blunt instrument
like the handle of a reflex hammer over the sole with light
pressure (as in the Babinski reflex test). The test is positive

a AL b Y
Figure 4: (a) Vasculonecrotic ENL lesions over the face. (b) Vasculonecrotic
ENL lesions with ulceration seen over the forearm

if the patient expresses pain by wincing.”! The Ellis test
is performed by squeezing the forearm of the patient just
above the wrist gently with both hands. As in the Ryrie
test, it is considered positive if the patient’s wincing face
indicates pain.l®? However, these tests are now obsolete and
of historical significance only.

Laboratory tests show low hemoglobin, raised total
count and hematocrit. Deranged liver function tests and
C-reactive protein may also be seen.”

On histopathological examination, neutrophils within the
granulomas are considered the hallmark of ENL.*! There
is an intense neutrophilic perivascular infiltrate in the
dermis and subcutis. However, this, not a rule, and many
cases of ENL present without this classical neutrophilic
infiltrate.””  Other  histopathological  features seen
include leukocytoclasia, dermal edema, neutrophilic
panniculitis, fibrin in vessel walls, and granulomas and
folliculotropism.[’!

The smears obtained from fine-needle aspiration from
the enlarged lymph nodes andstained with Papaniculaou,
May-griinwald-Giemsa (MGG) stain, and modified ZN
stainshowed cellular smears with a good number of foamy
macrophages interspersed with reactive lymphoid cells with
plenty of neutrophils in the background. Modified ZN stained
smears showed foamy histiocytes containing lepra bacilli.l’!

Biomarkers of ENL:

1. Pentraxin-3 (PTX3):
Mendes et al. demonstrated the role of PTX3, a protein
present in the secondary neutrophilic granule as a
potential biomarker of ENL. They found higher levels
of PTX3 in multibacillary patients before the onset of
ENL, and these levels were found to persist during
the reaction. Treatment with thalidomide showed a
reduction in PTX3 levels within 7 days of initiating
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treatment. PTX3 can be used to differentiate an episode
of ENL from a reversal reaction.[””

al-Acid glycoprotein (AGP)

Gupta et al. demonstrated raised AGP levels in patients
of ENL as compared to healthy controls as well as
other leprosy patients without ENL. AGP may induce
ENL due to increased secretion of TNF-alpha or due
to a physiological feedback inhibition mechanism for
inflammation by increased sLex -rich AGP glycoforms,
which compete with leukocytes for binding to E-selectin

Figure 5: A case of Lucio leprosy, with ulceronecrotic lesions over the

and decrease/inhibit inflammation. AGP binds to
thalidomide, and thalidomide may inhibit AGP induced
TNF-alpha secretion.”

. CD64 (FeyRI)

CD64 is an early biomarker as well as a predictor of
severity in ENL. Circulating and lesional neutrophils in
ENL exclusively express CD64 which is not the case in
leprosy patients without reaction.67!

. Complement Clq:

Patients with active ENL reactions show a low circulating
Clq, with greater gene expression of Clq. This may
suggest the consumption of Clq in the formation of
immune complexes in ENL. Thus, C1q may be used as a
diagnostic marker, as well as for monitoring therapy.”®

. IL-6:

Higher levels of IL-6 were found in cases of ENL, as
well as in the lepromatous rather than a tuberculoid
spectrum.l’’]

. IL-7:

Stefani et al. found higher levels of IL-7 in cases of
ENL, which suggests the role of both B and T cells in
the pathogenesis of ENL.B”

. PDGF-BB and VEGF:

PDGF-BB and VEGF, both known stimulators of
angiogenesis were found to be elevated in ENL.
This has significance as ENL is often associated with
vasculitis.B”

. Anti-LID-1 antibody

LID-1 is a fusion protein of ML2331 and MLO0405.

lower legs It is recognized by M. leprae specific antibodies and
1 VAS-Pain (mm) 0 1-39 40-69 70-100
2 Fever (in °C) None (37.5 No fever now but history ~ 37.6-38.5 38.6 or higher
or less) of fever in last 7 days
3 Number of ENL skin lesions None 1-10 11-20 21 or more
4 Inflammation of ENL skin lesions  Non tender  Redness Painful Complex
5 Extent of ENL skin lesions 0 1-2 regions 3-4 regions 5-7 regions
6 Peripheral edema None 1 site of Hands or Feet 2 sites All three sites (Hands
or Face and Feet and Face)
7 Bone pain None Present on examination Sleep or activity Incapacitating
but does not limit activity  disturbed
8 Inflammation of joints and/or None Present on examination Sleep or activity Incapacitating
digits due to ENL but does not limit activity  disturbed
9 Lymphadenopathy due to ENL None Enlarged Pain or tenderness ~ Pain or tenderness in
in 1 group 2 or more groups
10 Nerve tenderness due to ENL None Absent if attention Present even if Patient withdraws

TOTAL

distracted

attention distracted

limb on examination

The score for each item should be added together to obtain the ENLIST ENL Severity Scale score. Mild ENL is categorized as an ENLIST
ENL Severity Scale score of 8 or less. The Minimal Important Difference inthe ENLIST ENL Severity Scale is 5
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induces cell-mediated immunity. Anti-LID-1 antibodies
were found to be elevated in patients with a high
bacillary index who subsequently developed ENL. Thus
anti-LID-1 serology may be used as a predictive marker
for the development of ENL, with a sensitivity of 71%
and a specificity of 80%.

9. CCL-11
CCL-11, produced by monocytes, is a known
chemoattractant for eosinophils and Th2 lymphocytes.
It has been found to be a potential plasma marker for
ENL.B2
Table 3 shows a list of the basic investigations that may
be performed to work up a case of ENL.

The goals of treatment are to control inflammation,
relieve pain, and prevent further episodes.Rest and
anti-inflammatory medications are the treatment of

Naafs criteria:[®® A patient is considered to have a type II reaction
if he has the major criterion or at least three minor criteria

Major: A sudden eruption of tender (red) papules, nodules or
plaques, which may ulcerate
Minor  Mild fever, the patient is unwell.

Tender enlarged nerves.

Increased loss of sensation or strength.
Arthritis.

Lymphadenitis.

Epididymo-orchitis.

Iridocyclitis or episcleritis.

Edema of extremities or face.

Positive Ryrie or Ellis test.

Clinical tests Thorough cutaneous and systemic examination
Ryrie test and Ellis test (Obsolete)

Complete blood count

Liver function tests

CRP (C- Reactive Protein)

Neutrophils within granulomas

Intense perivascular neutrophilic infiltrate in
dermis and subcutis

Foamy macrophages containing lepra bacilli

Hematological
parameters

Histopathological
examination

Special stains: Papaniculaou,
May-griinwald-Giemsa (MGG) stain, and
modified ZN stain
Pentraxin-3 (PTX-3)
al-Acid glycoprotein (AGP)
CD- 64

Complement Clq
Interleukin- 6 and 7
PDGF-BB and VEGF
Anti-LID-1 antibody
CCL-2,3,5 and 11

Biomarkers

choice for mild ENL. Aspirin is the most commonly used
anti-inflammatory drug. Other drugs such as NSAIDs,
colchicine, oral zinc, pentoxifylline, and chloroquine have
also been used.”*?However, all the treatment options
available come with their limitations and drawbacks
and have to be carefully selected to suit every individual
case.l®

Corticosteroids: Corticosteroids such as prednisolone
offer rapid control, and are considered as the first line of
treatment of ENL. They rapidly control inflammation and
relieve pain. They are usually started at the lowest possible
dose required to keep ENL under control, and then they are
gradually tapered as per the course of the disease.®™ High
doses of prednisolone are usually required, which may
increase the risk of adverse effects such as raised blood
sugars, hypertension, and steroid dependency.!”

Steroids should not be used to prevent a new reaction
as it may induce steroid dependence. The combination
of low-dose steroids with low-dose thalidomide is
counterproductive.® The combination also increases the
risk of associated deep vein thrombosis by nearly 10%.5%

Thalidomide: The use of thalidomide in ENL provides an
effective alternative to steroid therapy. It provides a rapid
anti-inflammatory effect by acting on TNF, which is a
pro-inflammatory cytokine. However, its use is limited by
its teratogenic effects, cost, and poor availability.® It is
now recommended to only be administered to males and
post-menopausal females. In women in the childbearing age
group, it should only be given when effective contraception
is ensured.®¢

Clofazimine: Clofazimine is a useful and inexpensive
anti-inflammatory drug used in ENL. When used at a dose
of 300 mg/day, the serum concentration doubles. It exerts
an anti-neutrophilic effect and inhibits prostaglandins. It
is particularly useful in managing recurrent and chronic
type II reactions, where its steroid-sparing effect comes
into great use.’”? The disadvantage is that it is very slow
in action, and takes 4-6 weeks to exert its effects. It also
produces significant gastrointestinal side effects and dark
discoloration of the skin.”

Azathioprine and methotrexate have been used along with
prednisolone and as steroid-sparing agents in the treatment
of ENL.[888

Cyclosporine A: Cyclosporine A was first used in
ENL by Mshana in 1982, with good results in chronic
steroid-dependent ENL which had failed to respond to
thalidomide. Cyclosporine A provides a beneficial effect
in ENL by increasing the number of T suppressor cells in
lesions.”

Tenidap: Tenidap is a newer nonsteroidal anti-inflammatory
drug with disease-modifying properties in rheumatoid
arthritis comparable to hydroxychloroquine. It inhibits
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neutrophil-mediated damage and has significant anti-TNF-o.
properties, which can play an important role in its activity
against ENL.[7%30

Thalidomide analogs: Non-teratogenic  analogs of
thalidomide such as supidimide have been tried for the
treatment of ENL with success. A study by Celgene
Corporation, USA found two groups of thalidomide
analogs. The first group, like thalidomide, inhibited TNF-o
and phosphodiesterase-IV (PDE-IV) and stimulated the
production of IL-8 and IL-10. The other group inhibited
TNF-a, IL-6, and IL-8, strongly stimulated IL-10but did
not inhibit PDE-IV. PDE-IV inhibition resulted in increased
T cell stimulation. Thus the analogs of thalidomide
that do not inhibit PDE-IV, subsequently do not cause
T-cell activation. Thalidomide cannot be used in reversal
reactions owing to this T-cell activation. Thus, its analogs
that do not cause inhibition of PDE-IV may be used even
in reversal reactions. Celgene Corporation has developed
two thalidomide analogs, Revlimid, and Actimid which are
effective as anti-myeloma agents, and may also be used in
the treatment of ENL.P!

TNF-o inhibitors: TNF-oo plays a key role in the
pathogenesis of ENL, as has been previously explained
which provides the rationale for use of TNF-o inhibitors in
ENL. Infliximab is a human-murine chimeric monoclonal
antibody against TNF-c, and etanercept is a dimeric fusion
protein of the extracellular portion of the p75 TNF receptor
coupled to IgGl.’ Both of these effectively reduce
TNF-a levels and have been found to have impressive
clinical responses in ENL.F3%! The disadvantage with
their use, however, is an increased risk of reactivation of
latent tuberculosis infection (more so with infliximab as
compared to etanercept).l

Minocycline: A single study reports the use of minocycline in
the treatment of ENL. Narang et al. report 10 cases of chronic
or recurrent ENL who were treated with oral minocycline at
a dose of 100 mg daily for 3 months, with gradual tapering
of the prednisolone regimen to discontinuation. A good
response was observed in 80% of the cases.”” Minocycline
along with its antibacterial properties also exhibits good
anti-inflammatory and antiapoptotic activity, which may
explain its efficacy in ENL.”® It also inhibits microglial
activation, which confers upon it a neuroprotective function.
This may help in leprosy neuritis.

Apremilast: Apremilast is an oral phosphodiesterase-1V
inhibitor with strong anti-inflammatory action, and is
commonly used in psoriasis, psoriatic arthritis, atopic
dermatitis, alopecia areata, etc.’”! A single case report
in 2019 reports the use of Apremilast in two cases of
poorly controlled chronic ENL, with significant clinical
improvement and no adverse events."®

Plasma exchange: Plasma exchange helps clear immune
complexes, which are considered pathogenic in ENL.It

has been used successfully in four cases of ENL who had
failed to respond to conventional therapy. However, plasma
exchange is expensive, and may not be feasible in most
leprosy endemic countries.!”

Intravenous  immunoglobulins ~ (IVIG): IVIG  has
anti-inflammatory ~ and  immunoregulatory  effects,
down-regulating both the cellular and humoral responses
and thus, may show promise in the treatment of ENL.[’

Immunotherapy: Immunotherapy using Mycobacterium w
vaccine in patients of multibacillary leprosy has been found
to decrease the incidence and severity of type 2 reactions
in these patients. The rapid fall in the bacteriological
index with the use of this vaccine may explain the lower
incidence of type 2 reactions, as well as the occurrence
of these reactions, earlier in the course of the disease as
compared to the control group.”However, Deo et al. found
an increase in type 2 reactions following the use of the
ICRC vaccine, which may be attributed to large quantities
of M. leprae antigens being broken down and released
following the use of this vaccine.!'””]

Advances have been made in the understanding of the
etiopathogenesis of ENL. The role of neutrophils and
immune complexes which have been considered critical
in the pathophysiology of ENL, is now increasingly
disputed. This pathophysiology is now considered to be
more complex, caused by a multitude of factors such as
pro-inflammatory cytokines, Treg cells, TLR-9, CCL-5,
IFN-y, and even possibly B cells, bringing humoral
immunity into the picture. More studies using advanced
techniques are required to elucidate the pathogenesis.The
ENLIST ENL severity scale is the latest scale to assess
the severity of ENL and to prognosticate it. Numerous
treatment options are now available other than the
conventional NSAIDs, corticosteroids, and thalidomide,
ranging from tenidap, TNF-o. inhibitors (biologics) to
IVIG.

The authors certify that they have obtained all appropriate
patient consent forms. In the form the patient(s) has/have
given his/her/their consent for his/her/their images and
other clinical information to be reported in the journal. The
patients understand that their names and initials will not
be published and due efforts will be made to conceal their
identity, but anonymity cannot be guaranteed.

Nil.

There are no conflicts of interest.

Indian Dermatology Online Journal | Volume 11 | Issue 4 | July-August 2020 489



11.

12.

13.

14.

15.

16.

18.

19.

490

Bhat and Vaidya: Erythema nodosum leprosum

Cuevas J, Rodriguez-Peralto JL, Carrillo R, Contreras F.
Erythema nodosum leprosum: Reactional leprosy. Semin Cutan
Med Surg 2007;26:126-30.

Pocaterra L, Jain S, Reddy R, Muzaffarullah S, Torres O,
Suneetha S, et al. Clinical course of erythema nodosum
leprosum: An 11-year cohort study in Hyderabad, India. Am J
Trop Med Hyg 2006;74:868-79.

Richardus JH, Finlay KM, Croft RP, Smith WCS. Nerve function
impairment in leprosy at diagnosis and at completion of MDT:
A retrospective cohort study of 786 patients in Bangladesh. Lepr
Rev 2015;67:297-305.

Saunderson P, Gebre S, Byass P. ENL reactions in the
multibacillary cases of the AMFES cohort in central Ethiopia:
Incidence and risk factors. Lepr Rev2000;71:318-24.

Voorend CGN, Post EB. A systematic review on the
epidemiological data of erythema nodosum leprosum, a type 2
leprosy reaction. PLoS Negl Trop Dis 2013;7.

Nery JAC, Vieira LMM, De Matos HJ, Gallo MEN, Sarno EN.
Reactional states in multibacillary hansen disease patients during
multidrug therapy. Rev Inst Med Trop Sao Paulo1998;40:363-70.
Manandhar R, LeMaster JW, Roche PW. Risk factors for
erythema nodosum leprosum. Int J Lepr 1999;67:270-8.

Gallo MEN, Alvim MFS, Nery JAC, Albuquerque EC,
Sarno EN. Two multidrug fixed-dosage treatment regimens with
multibacillary leprosy patients. Indian J Lepr 1996;68:235-45.
Sharma N, Koranne RV, Mendiratta V, Sharma RC. A study
of leprosy reactions in a tertiary hospital in Delhi. J Dermatol
2004;31:898-903.

Balagon M, Saunderson PR, Gelber RH. Does clofazimine
prevent erythema nodosum leprosum (ENL) in leprosy? A
retrospective study, comparing the experience of multibacillary
patients receiving either 12 or 24 months WHO-MDT. Lepr Rev
2011;82:213-21.

Arora M, Katoch K, Natrajan M, Kamal R, Yadav VS. Changing
profile of disease in leprosy patients diagnosed in a tertiary care
centre during years 1995-2000. Indian J Lepr 2008;80:257-65.
Duncan ME, Pearson JMH. The association of pregnancy and
leprosy-III. Erythema nodosum leprosum in pregnancy and
lactation. Lepr Rev1984;55:129-42.

Kahawita 1P, Walker SL, Lockwood DNJ. Leprosy type 1
reactions and erythema nodosum leprosum. An Bras Dermatol
2008;83:75-82.

Bwire R, Kawuma HJS. Hospital-based epidemiological study of
reactions, Buluba Hospital, 1985-89. Lepr Rev1993;64:325-9.
Scollard DM, Smith T, Bhoopat L, Theetranont C, Rangdaeng S,
Morens DM. Epidemiologic characteristics of leprosy reactions.
Int J Lepr Other Mycobact Dis 1994;62:559-67.

Kumar B, Dogra S, Kaur I. Epidemiological characteristics of
leprosy reactions: 15 years experience from North India. Int J
Lepr Other Mycobact Dis 2004;72:125-33.

Sehgal VN, Sharma V. Reactions in leprosy. A prospective study
of clinical, bacteriological, immunological and histopathological
parameters in thirty-five Indians. J Dermatol 1988;15:412-9.
Balagon MVF, Gelber RH, Abalos RM, Cellona RV. Reactions
following completion of 1 and 2 year multidrug therapy (MDT).
Am J Trop Med Hyg 2010;83:637-44.

Shaw IN, Natrajan MM, Rao GS, Jesudasan K, Christian M,
Kavitha M. Long-term follow up of multibacillary leprosy
patients with high BI treated with WHO/MDT regimen for
a fixed duration of two years. Int J Lepr Other Mycobact Dis
2000;68:405-9.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Schreuder PA. The occurrence of reactions and impairments
in leprosy: Experience in the leprosy control program of three
provinces in northeastern Thailand (1987-1995). I.Reactions. Int
J Lepr Other Mycobact Dis 1998;66:149-58.

Silva SF, Griep RH. Leprosy reaction in patients of health centers
from the planning area 3.2. of Rio de Janeiro municipality.
Hansenol Int2007;32:155-62.

Wankhade VH, Debnath P, Singh RP, Sawatkar G, Bhat DM.
A retrospective study of the severe and uncommon variants of
erythema nodosum leprosum at a tertiary health center in central
India. Int J Mycobacteriol 2019;8:29-34.

Mabalay MC, Helwig EB, Tolento JG, Binford CH.
Thehistopathology and histochemistry of erythema nodosum
leprosum. IntJLepr1965;33:28-49.

Lee DJ, Li H, Ochoa MT, Tanaka M, Carbone RJ, Damoiseaux R,
et al. Integrated pathways for neutrophil recruitment and
inflammation in leprosy. J Infect Dis 2010;201:558-69.

Song SH, Kim HK, Park MH, Cho HI. Neutrophil CD64
expression 1is associated with severity and prognosis of
disseminated  intravascular  coagulation. = Thromb  Res
2008;121:499-507.

Schmitz V, Prata RB, Barbosa MG, Mendes MA,
Branddao SS, Amadeu TP, etal. Expression of CD64 on
circulating neutrophils favoring systemic inflammatory
status in erythema nodosum leprosum. PLoS Negl Trop Dis
2016;10:e0004955.

Oliveira RB, Moraes MO, Oliveira EB, Sarno EN, Nery JAC,
Sampaio EP. Neutrophils isolated from leprosy patients release
TNF-o and exhibit accelerated apoptosis in vitro. J Leukoc Biol
1999;65:364-71.

Polycarpou A, Walker SL, Lockwood DNJ. A systematic review
of immunological studies of erythema nodosum leprosum. Front
Immunol 2017;8:233.

Wemambu SNC, Turk JL, Waters MFR, Rees RJW. Erythema
nodosum leprosum: Aclinical manifestation of the arthus
phenomenon. Lancet 2003;294:933-5.

Rojas RE, Demichelis SO, Sarno EN, Segal-Eiras A. IgM
anti-phenolic glycolipid I and IgG anti-10-kDa heat shock
protein antibodies in sera and immune complexes isolated from
leprosy patients with or without erythema nodosum leprosum
and contacts. FEMS Immunol Med Microbiol 1997;19:65-74.
Negera E, Bobosha K, Walker SL, Endale B, Howe R, Aseffa A,
et al. New insight into the pathogenesis of erythema nodosum
leprosum: The role of activated memory T-cells. Front Immunol
2017;8:1149.

Bach MA, Chatenoud L, Wallach D, Phan Dinh TF,
Cottenot F. Studies on T cell subsets and functions in leprosy.
ClinExpImmunol 1981:;44:491-500.

Wallach D, Cottenot F, Bach MA. Imbalances in T cell
subpopulations in lepromatous leprosy.Int J Lepr Other Mycobact
Dis1982;50:282-90.

Attia EAS, Abdallah M, Saad AA, Afifi A, El Tabbakh A,
El-Shennawy D, et al. Circulating CD4+CD25highFoxP3+T
cells vary in different clinical forms of leprosy. Int J Dermatol
2010;49:1152-8.

Boer MC, Joosten SA, Ottenhoff THM. Regulatory T-cells at
the interface between human host and pathogens in infectious
diseases and vaccination. Front Immunol 2015;6:217.

Haslett PAJ, Roche P, Butlin CR, Macdonald M, Shrestha N,
Manandhar R, et al. Effective treatment of erythema nodosum
leprosum with thalidomide is associated with immune
stimulation. J Infect Dis2005;192:2045-53.

Stefani MM, Guerra JG, Sousa ALM, Costa MB, Oliveira MLW,

Indian Dermatology Online Journal | Volume 11 | Issue 4 | July-August 2020



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Bhat and Vaidya: Erythema nodosum leprosum

Martelli CT, et al. Potential plasma markers of type 1 and
type 2 leprosy reactions: A preliminary report. BMC Infect Dis
2009;9:75.

Faber WR, Jensema AJ, Goldschmidt WFM. Treatment of
recurrent erythema nodosum leprosum with infliximab. N Engl J
Med 2006;355:739.

Chowdhry S, Shukla A, D’souza P, Dhali T, Jaiswal P.Treatment
of severe refractory erythema nodosum leprosum with tumor
necrosis factor inhibitor Etanercept. Int J Mycobacteriol
2016;5:223-5.

Barnes PF, Chatterjee D, Brennan PJ, Rea TH, Modlin RL.
Tumor necrosis factor production in patients with leprosy. Infect
Immun 1992;60:1441-6.

Bhat RM, Prakash C. Leprosy: An overview of pathophysiology.
Interdiscip Perspect Infect Dis 2012;2012:181089.

Sampaio EP. Prolonged treatment with recombinant interferon
gamma induces erythema nodosum leprosum in lepromatous
leprosy patients. J Exp Med1992;175:1729-37.

Madan NK, Agarwal K, Chander R. Serum cytokine profile in
leprosy and its correlation with clinico-histopathological profile.
Lepr Rev 2011;82:371-82.

Moubasher AEDA, Kamel NA, Zedan H, Raheem DEDA.
Cytokines in leprosy, II. Effect of treatment on serum cytokines
in leprosy. Int J Dermatol 1998;37:741-6.

Kahawita IP, Lockwood DNIJ. Towards understanding the
pathology of erythema nodosum leprosum. Trans R Soc Trop
MedHyg 2008;102:329-37.

Sousa A, Fava V, Sampaio L, Martelli C, Costa M, Mira M,
et al. Genetic and immunological evidence implicates interleukin
6 as a susceptibility gene for leprosy type 2 reaction.J Infect Dis
2012;205:1417-24.

Schuring R, Hamann L, Faber W, Pahan D, Richardus J,
Schumann R, et al. Polymorphism N248S in the human Toll-like
receptor 1 gene is related to leprosy and leprosy reactions.J
Infect Dis 2009;199:1816-9.

Pereira GMB, Pessolani MC, Sarno EN. Response to comment
on “DNA sensing via TLR-9 constitutes a major innate immunity
pathway activated during erythema nodosum leprosum.” J
Immunol 2016;197:4184-5.

Misch E, Macdonald M, Ranjit C, Sapkota B, Wells R,
Siddiqui M, et al. Human TLR1 deficiency is associated with
impaired mycobacterial signaling and protection from leprosy
reversal reaction.PLoS Negl Trop Dis 2008;2:¢231.

Fava V, Orlova M, Cobat A, Alcais A, Mira M, Schurr E.
Genetics of leprosy reactions: An overview. Mem Inst Oswaldo
Cruz2012;107:132-42.

Teixeira M, Silva N, Ramos A, Hatagima A, Magalhaes V.
NRAMP1 gene polymorphisms in individuals with leprosy
reactions attended at two reference centers in Recife, northeastern
Brazil.Rev Soc Bras Med Trop 2010;43:281-6.

Pandhi D, Chhabra N. New insights in the pathogenesis of
type 1 and type 2 lepra reaction. Indian J Dermatol Venereol
2013;79:739-49.

Kifayet A, Shahid F, Lucas S, Hussain R. Erythema nodosum
leprosum is associated with up-regulation of polyclonal IgG1
antibody synthesis. Clin Exp Immunol 1996;106:447-53.

Kifayet A, Hussain R. Selective Decrease of M. leprae-Specific
IgG1 and IgG3 antibodies in leprosy patients associated with
ENL. Int J Lepr 1996;64:105-14.

Dupnik KM, Bair TB, Maia AO, Amorim FM, Costa MR,
Keesen TSL, ef al. Transcriptional changes that characterize the
immune reactions of leprosy. J Infect Dis 2015;211:1658-76.
Vashisht D, Das AL. Bullous erythema nodosum leprosum. Med

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Indian Dermatology Online Journal | Volume 11 | Issue 4 | July-August 2020

J Armed Forces India 2013;69:71-3.

Rai VM, Balachandran C. Necrotic erythema nodosum leprosum.
Dermatol Online J 2006;12:12.

Agarwal U, Mehta S, Kumar R, Besarwal R, Agarwal P. Bullous
lesions in leprosy: A rare phenomenon. Indian J Dermatol
Venereol Leprol 2013;79:107-9.

Silva EA, Iyer A, Ura S, Lauris JR, Naafs B, Das PK, et al.
Utility of measuring serum levels of anti-PGL-I antibody,
neopterin and C-reactive protein in monitoring leprosy patients
during multi-drug treatment and reactions. Trop Med Int Heal
2007;12:1450-8.

Fogagnolo L, Souza EM, Cintra ML, Velho PE.
Vasculonecrotic reactions in leprosy. Brazilian J Infect Dis
2007;11:378-82.

Rath D, Bhargava S, Kundu BK. Leprosy mimicking common
rheumatologic entities: A trial for the clinician in the era of
biologics. Case Rep Rheumatol 2014;2014:429698.
VengadakrishnanK, SaraswatPK, MathurPC. A study of
rheumatological manifestations of leprosy. Indian J Dermatol
Venereol Leprol 2004;70:76-8.

Lele RD, Sainani GS, Sharma KD. Leprosy presenting as
rheumatoid arthritis. J Assoc Physicians India 1965;13:275-7.
Gupta L, Zanwar A, Wakhlu A, Agarwal V. Leprosy in the
rheumatology clinic: An update on this great mimic. Int J] Rheum
Dis 2016;19:941-5.

Walker SL, Lebas E, Doni SN, Lockwood DNJ, Lambert SM.
The mortality associated with erythema nodosum leprosum in
Ethiopia: A retrospective hospital-based study. PLoS Negl Trop
Dis 2014:8:€2690.

Walker SL, Sales AM, Butlin CR, Shah M, Maghanoy A,
Lambert SM, et al. Erythema Nodosum Leprosum International
Study Group. A leprosy clinical severity scale for erythema
nodosum leprosum: An international, multicentre validation
study of the ENLIST ENL Severity Scale. PLoS Negl Trop Dis
2017;11:¢0005716.

Walker SL, Knight KL, Pai VV, Nicholls PG, Alinda M,
Butlin CR, et al. The development of a severity scale for
Erythema Nodosum Leprosum — the ENLIST ENL severity
scale. Lepr Rev 2016;87:332-46.

Naafs B. Treatment duration of reversal reaction: A reappraisal.
Back to the past. Lepr Rev 2003;74:328-36.

Naafs B, Lyons NF, Matemera BO, Madombi L. The “Ellis” and
“Ryrie” tests. Lepr Rev1987;58:53-60.

Hussain R, Lucas SB, Kifayet A, Jamil S, Raynes J, Uqaili Z,
et al. Clinical and histological discrepancies in diagnosis of ENL
reactions classified by assessment of acute phase proteins SAA
and CRP. Int J Lepr Other Mycobact Dis 1995;63:222-30.

Adhe V, Khopkar U, Dongre A. A retrospective analysis of
histopathology of 64 cases of lepra reactions. Indian J Dermatol
2012;57:114-7.

Hungund BR, Dafale SR, Kangle R, Chavan RY, Pilli GS. Fine
needle aspiration cytology of lymph node in erythema nodosum
leprosum: A case report with review of literature. J Mahatma
Gandhi Inst Med Sci 2014;19:141-3.

Mendes M, de Carvalho D, Amadeu T, Silva B, Prata R,
da Silva C, et al. Elevated pentraxin-3 concentrations in
patients with leprosy: Potential biomarker of erythema nodosum
leprosum. J Infect Dis2017;216:1635-43.

Gupta N, Shankernarayan N, Dharmalingam K. Alphal-acid
glycoprotein as a putative biomarker for monitoring the
development of the type II reactional stage of leprosy.J Med
Microbiol2010;59(Pt 4):400-7.

Schmitz V, Tavares I, Pignataro P, de Miranda M, Pacheco F,

491



76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

492

Bhat and Vaidya: Erythema nodosum leprosum

dos Santos J, et al. Neutrophils in leprosy. Front Immunol
2019;10:495.

Negera E, Walker S, Lemma T, Aseffa A, Lockwood D,
Dockrell H. Complement Clq expression in Erythema nodosum
leprosum. PLoS Negl Trop Dis 12.

Belgaumkar VA, Gokhale NR, Mahajan PM, Bharadwaj R,
Pandit DP, Deshpande S.Circulating cytokine profiles in leprosy
patients. Lepr Rev 2007;78:223-30.

Hungria EM, Biihrer-Sékula S, de Oliveira RM, Aderaldo LC,
Pontes AdA, Cruz R, et al. Leprosy reactions: The predictive
value ofMycobacterium leprae-specific serology evaluated in
a Brazilian cohort of leprosy patients (U-MDT/CT-BR). PLoS
Negl Trop Dis 2017;11:¢0005396.

Lockwood DNJ. The management of erythema nodosum
leprosum: Current and future options. Lepr Rev 1996;67:253-9.
Van Veen NHJ, Lockwood DNJ, Van Brakel WH, Ramirez J Jr,
Richardus JH. Interventions for erythema nodosum leprosum.
Cochrane Database Syst Rev 2009;80:355-72.

Nery JAC, Periss¢ ARS, Sales AM, Vieira LMM, Souza RV,
Sampaio EP, et al. The use of pentoxifylline in the treatment
of type 2 reactional episodes in leprosy. Indian J Lepr
2000;72:29-39.

Mahajan PM, Jadhav VH, Patki AH, Jogaikar DG, Mehta JM.
Oral zinc therapy in recurrent erythema nodosum leprosum:
A clinical study. Indian J Lepr 1994;66:51-7.

Costa P, Fraga L, Kowalski T, Daxbacher E, Schuler-Faccini L,
Vianna F. Erythema nodosum leprosum: Update and challenges
on the treatment of a neglected condition. Acta Trop
2018;183:134-41.

Mahmoud M, Walker S. A systematic review of adverse drug
reactions associated with Thalidomide in the treatment of
Erythema Nodosum Leprosum. Lepr Rev2019;90:142-60.

Porto L, Grossi M, de Alecrim E, Xavier M, Paiva E, Pires A,
et al. Deep venous thrombosis in patients with Erythema
Nodosum Leprosum in the use of thalidomide and systemic
corticosteroid in reference service in Belo Horizonte, Minas
Gerais.Case Rep Dermatol Med2019;2019:8181507.

The World Health Organization. Expert committee on leprosy.
Eigth Report. World Health Organ Tech Rep Ser 2012;968:1-61.
Pai V. Role of clofazimine in management of reactions in
leprosy: A brief overview. Indian J Drugs Dermatol 2015;1:12-5.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Athreya SPK. Azathioprine in controlling type 2 reactions in
leprosy: Acase report. Lepr Rev 2007;78:290-2.

Duraes SMB, Salles Sde A, Leite VR, Gazzeta MO. Azathioprine
as a steroid sparing agent in leprosy type 2 reactions: Report of
nine cases. Lepr Rev 2011;82:304-9.

Uyemura K, Dixon JF, Wong L, Rea TH, Modlin RL. Effect
of cyclosporine A in erythema nodosum leprosum. J Immunol
1986;137:3620-3.

Kaplan G. Potential of thalidomide and thalidomide analogues as
immunomodulatory drugs in leprosy and leprosy reactions. Lepr
Rev 2015;71:117-20.

Oka AD, Vaidya TP, Potdar P. Biologics in dermatology. Int J
Res Dermatol 2019;5:917-26.

Ramien ML, Wong A, Keystone JS. Severe refractory erythema
nodosum leprosum successfully treated with the tumor necrosis
factor inhibitor etanercept. Clin Infect Dis 2011;52:133-5.
Tubach F, Salmon D, Ravaud P, Allanore Y, Goupille P,
Bréban M, et al. Risk of tuberculosis is higher with anti-tumor
necrosis factor monoclonal antibody therapy than with
soluble tumor necrosis factor receptor therapy: The three-year
prospective French research axed on tolerance of biotherapies
registry. Arthritis Rheum 2009;60:1884-94.

Narang T, Sawatkar GU, Kumaran MS, Dogra S. Minocycline
for recurrent and/or chronic erythema nodosum leprosum.JAMA
Dermatol2015;151:1026-8.

Garrido-MesaN, ZarzueloA, Galvez].Minocycline: Far beyond
an antibiotic.Br J Pharmacol 2013;169:337-52.

Afra TP, Razmi TM, Dogra S. Apremilast in psoriasis and
beyond: Big hopes on a small molecule. Indian Dermatol Online
J2019;10:1-12.

Narang T, Kaushik A, Dogra S. Apremilast in chronic
recalcitrant erythema nodosum leprosum: Areport of two cases.
Br J Dermatol2019;18233.doi: 10.1111/bjd. 18233.

Zaheer S, Misra R, Sharma A, Beena K, Kar H, Mukherjee A,
et al. Immunotherapy with Mycobacterium w vaccine decreases
the incidence and severity of type 2 (ENL) reactions. Lepr
Rev1993;64:7-14.

Deo MG, Bapat CV, Chulawala RG, Bhatki WS.
Potential anti-leprosy vaccine from killed ICRC bacilli-a
clinico-pathological study. Ind J Med Res 1981;74:164-77.

Indian Dermatology Online Journal | Volume 11 | Issue 4 | July-August 2020



