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ABSTRACT

In the current scenario of leprosy elimination, lepra reactions (LRs) remain a major persistent 
problem. Type 1 LR (T1LR) and type 2 LR (T2LR) are the major causes of nerve damage and 
permanent disabilities. The immunopathogenesis of LR have recently become an important 
fi eld of research, since it may provide the relevant targets for the early detection and control 
of these episodes. Presently, there are no uniformly acceptable laboratory markers for LR. 
Genetic and serum markers in human host may predict susceptibility to reactions as well as 
progression of nerve damage in leprosy. Therefore, a deeper understanding of the molecular 
mechanisms involved in LR may provide a rational strategy for early diagnosis and prevention 
of the catastrophic consequences of LR.
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INTRODUCTIONINTRODUCTION

A major problem in the management of leprosy patients 
is the occurrence of “reactions.” These reactions 
are the consequences of the dynamic nature of the 
immune response to Mycobacterium leprae (M. leprae) 
that may occur before, during, or following the 
completion of multi-drug therapy (MDT). There 
are two major types of lepra reactions (LR). Type 1 
LR (T1LR), also described as “reversal” reaction, is 
a type IV hypersensitivity reaction, that occurs in 
borderline leprosy patients with cellular immune 
responses to M. leprae antigenic determinants,[1] a n d 
is characterized by acute inflammation of pre-existing 
skin lesions or by the appearance of new lesions and/
or neuritis.[2] Approximately 95% of T1LR cases are 
diagnosed simultaneously with leprosy or during the first 

2 years of MDT.[3] Erythema nodosum leprosum (ENL), 
the most common manifestation of type 2 LR (T2LR), 
is an immune complex mediated complication of 
lepromatous leprosy (LL). T2LR presents with skin 
lesions (red, painful, and tender subcutaneous lesions), 
fever, and systemic inflammation that may affect the 
nerves, eyes, joints, testes, and lymph nodes. Most of 
the T2LRs occur during the first year of MDT.[4]

Reactions are responsible for most of the permanent 
nerve damage, deformity, and disability.[1,5] Clinically 
detectable nerve function impairment (NFI) occurs 
in approximately 10% of paucibacillary and 40% 
of multibacillary leprosy patients, particularly in 
patients with T1LR.[6] It has, however, been suggested 
that “silent neuropathy” due to sub-clinical neural 
involvement may take place in virtually all leprosy 
patients and that 30% of the nerve fibres need to 
be destroyed before sensory impairment becomes 
detectable.[7]

EPIDEMIOLOGYEPIDEMIOLOGY

The prevalence rate of T1LR has been reported to 
vary from 8.9 to 35.7% in various prospective and 
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retrospective studies.[8,9] The prevalence of ENL 
reactions in BL and LL cases has wide geographic 
variation; varying from 19-26% in Asia to 37% in 
Brazil.[8]

NEED TO KNOW THE PATHOGENESIS OF LEPROSY NEED TO KNOW THE PATHOGENESIS OF LEPROSY 
REACTIONSREACTIONS

Many years after elimination of leprosy has been 
achieved, the occurrence of reactions in leprosy 
patients continues to be a formidable challenge 
mainly owing to its role in causing nerve damage and 
disability. Because LR may occur months or even years 
after MDT completion, related disabilities are expected 
to continue to occur even under the unlikely scenario 
of leprosy eradication. Cohort studies estimate 
that disability in leprosy ranges from 16% to 56%, 
mainly attributable to the occurrence of reactional 
episodes. Even with adequate treatment, 40% of 
patients with T1LR may present with permanent 
nerve damage.[10] A recent study by van Brakel et al., 
using nerve conduction studies and quantitative 
sensory testing, has demonstrated that individuals 
experiencing neuritis, NFI, or reactional episodes, 
either alone or in combination, have evidence of 
subclinical neuropathy up to 12 weeks prior to 
clinically detectable changes.[11] This indicates that 
there is a potential for early diagnosis and intervention 
for prevention of clinically apparent nerve damage and 
deformity. In this context, it is pertinent to identify 
reliable laboratory tests to aid in the early diagnosis 
of leprosy reactions to monitor efficacy of treatment.

Treatment of LR is mostly instituted following a clinical 
diagnosis. Histological features pathognomonic of 
T1LR are not adequately standardized.[12] This fact 
along with inter-observer variation in histological 
diagnosis account for delayed diagnosis of LR in 
a large percentage of cases. Data from a recent 
clinico-pathological study showed that the clinical 
diagnosis of T1LR is accompanied by recognisable 
histological changes in only 60% of cases. In the above 
mentioned study, an attempt was made to increase the 
frequency of diagnosis and reduce the inter-observer 
variations by establishing five key variables for 
diagnosing T1LR: Dermal oedema, intra-granuloma 
oedema, giant cell size, giant cell numbers, and 
HLA DR expression.[12] Evaluation of these may aid 
in predicting patients likely to progress to clinically 
apparent T1LR.

Hence, there is an urgent need to understand the 
immuno pathogenesis and identify the cytokine 
profiles associated with these reactions, to provide 
predictive and prognostic biomarkers for early 
identification of patients who are at an increased risk 
of LR, for eventual monitoring of treatment efficacy 
and to devise novel treatments to reduce nerve damage.

AGENT VIRULENCE FACTORSAGENT VIRULENCE FACTORS

M. leprae antigenic determinants have been 
demonstrated in the nerves and skin of patients 
experiencing T1LR. The antigens were localised to 
Schwann cells and macrophages.[13] A study of Brazilian 
patients with slit-skin smear negative, single lesion, and 
paucibacillary leprosy concluded that individuals with 
M. leprae DNA detectable by PCR in the skin lesion 
were more likely to experience a T1LR than those in 
whom M. leprae DNA was undetectable.[14] Several 
M. leprae-specific genes have been used as targets in the 
diagnosis and treatment of leprosy. Genetic analysis of 
accA3, a metabolism-associated protein revealed higher 
expression levels of this gene in biopsy specimens of 
reaction cases compared with control patients of same 
clinical type without clinically evident reaction. The 
authors have indicated its usefulness as a potential 
marker for monitoring reactions.[15] DNA and mRNA of 
mycobacterial hsp18 gene have been analyzed to look 
for the role of viable bacilli in LR. The study concluded 
that a significant amount of mRNA for the hsp18 
gene was present in T1LR.[16] These findings point 
towards considering the need for reinstituting MDT 
to eliminate the residual pathogen in reaction cases, 
which could be a better approach in conjunction with 
anti-inflammatory agents in controlling late reactions 
and relapses. Few studies have also implicated a 
hypothesis of antigenic triggers in T1LR, leading to 
expansion of both cross-reactive and specific T-cells. 
The role of infection by mycobacteria other than 
M. leprae as a trigger in T1LR was suggested by an 
increased risk of reactions in patients vaccinated with 
Mycobacterium w.[17] In an interesting case report of a 
patient with T1LR, an increase in T-cell reactivity to 
a peptide from the 38 kDa antigen of M. tuberculosis, 
whose expression is restricted to M. intracellulare and 
M. tuberculosis complex, was documented.[18]

HOST RELATED RISK FACTORSHOST RELATED RISK FACTORS

Various host-related factors have been reported as risk 
factors for T1LR; these include increasing age, extensive 
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disease, and having a positive slit-skin smear.[14,19,20] 
Household contacts were also a significant predictor 
for LR in females from an endemic area of Brazil, 
suggesting that leprosy reactions may be triggered 
by an external spreading of M. leprae by healthy 
carrier family members.[21] Furthermore, individuals 
who present with WHO disability grades 1 and 2 at 
the time of diagnosis were significantly more likely 
to have severe T1LR.[22] Concurrent infection could 
also be an exacerbating factor in LR. In a recent 
study from Brazil, patients with oral infections and 
reactional episodes had higher level of serum CRP and 
interferon-gamma-induced protein (IP-10) than those 
with LR without oral infections.[23]

LL and a bacillary index greater than 4+ are established 
risk factors for T2LR. Intercurrent infections, 
vaccination, stress pregnancy, lactation, and puberty 
have also been implicated in its causation, but these 
associations need to be validated in prospective 
studies.[24]

HOST-RELATED IMMUNOLOGICAL FACTORSHOST-RELATED IMMUNOLOGICAL FACTORS

Surprisingly, little genotypic variation exists between 
strains of M. leprae, a fact inconsistent with the 
high degree of variability in virulence and disease 
penetrance between individuals. This suggests that 
success of infection and leprosy progression rests 
in large part upon the host’s immune response and 
genetic complement. More than 99% of the population 
is believed to develop adequate protective immunity 
to infection and does not develop clinically detectable 
symptoms.[25] The intracellular mechanisms leading 
to mycobacteria-induced cytokine response are not 
yet fully characterized. However, many authors have 
focussed on the present hypothetical pathomechanism 
and tried to look for the relevant immune cells and 
cytokines in serum as well as tissues affected by 
M. leprae.

INNATE IMMUNITYINNATE IMMUNITY

The ability of the host to rapidly detect invading 
pathogens is an important feature of the innate immune 
system and is mediated in part by pattern recognition 
receptors that recognize various classes of microbial 
ligands. In particular, Toll-like receptor 2 (TLR2) 
has been shown to be involved in the recognition 
of mycobacterial lipoproteins. TLR stimulation also 
activates the nuclear transcription factor NF-kB, 

which modulates the transcription of many immune 
response genes.[26]

HUMAN POLYMORPHISM AS CLINICAL PREDICTOR OF HUMAN POLYMORPHISM AS CLINICAL PREDICTOR OF 
LEPROSY REACTIONSLEPROSY REACTIONS

TLR gene polymorphisms appear to affect the risk 
of acquiring leprosy and T1LR probably due to the 
stronger immune response to bacterial antigens. In 
a cohort of Ethiopian patients, a single nucleotide 
polymorphism (SNP) in TLR2 (597C > T) was 
associated with protection against T1LR, and a 280-bp 
microsatellite marker was associated with an increased 
risk of T1LR, whereas the TLR4 SNP (1530G > T) was 
more frequent in individuals with T1LR.[27,28] Similarly, 
TLR2 and TLR4 were found to be associated with T1LR 
in a study comprising of 21 Nepalese patients. Their 
role was further elucidated by reduction in the gene 
and protein expression of TLR2 and TLR4 in these 
patients during corticosteroid treatment.[29] In another 
cohort of 238 Nepalese patients, non-synonymous 
SNP rs5743618 (I602S) of TLR1 was found to be 
protective against T1LR.[30] Another non-synonymous 
polymorphism of TLR1 (N248S) was associated with 
T2LR, with the N alleles being more frequent among 
patients with T2LR.[31] The role of TLR in LR can be 
implicated in achieving treatment strategies. TLR 
agonists as therapeutic agents might be evaluated in 
LR to generate pro-inflammatory responses without 
tissue injury. On the other hand, TLR antagonists 
could be useful in preventing immunopathological 
manifestations of the innate immune response to 
M. leprae infection.

Variants of HLA genes, HLA-DR B1 in particular, have 
also been associated with leprosy; both protective and 
risk alleles have been described.[32] In LR, HLA-DR 
expression is a characteristic feature and has been 
established as one of the key marker in biopsy.[12]

OTHER GENETIC FACTORSOTHER GENETIC FACTORS

Interleukin (IL)-6 promotes cell-mediated immune 
reactions, notably by stimulating IL17, and by 
inhibiting regulatory T cells. IL-6 is also considered as 
a key player in acute-phase reaction, which is one of 
the earliest responses to insults. Significant association 
between T2LR and IL-6 tag SNPs was found implicating 
IL-6 in the pathogenesis of T2LR and indicate this 
cytokine as a possible valuable predictive marker.[33] 
Ethnic background may play an important role in the 
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frequency of the above mentioned gene polymorphisms 
and, thus, further work is warranted to clarify the role 
of these in the development of reactions.

ADAPTIVE IMMUNITYADAPTIVE IMMUNITY

Activation of innate immunity leads to cytokine 
production and the expression of co-stimulatory 
molecules that result in activation of adaptive immune 
system cells. T1R is due to an increase in cell-mediated 
response to the M. leprae antigenic determinants 
characterized by activity of T helper (Th)-1 
lymphocytes expressing IL-2 and IFN-.[10,34] IL-12 is 
consistently expressed and IL-4 is absent.[35] The IFN- 
and TNF- producing CD4 cells and T cytotoxic cells 
are selectively increased with clearing of bacilli and 
concomitant tissue damage.[36]

In contrast with T1LR, a predominant Th2 cytokine 
profile has been observed in T2LR with increased 
expression of IL-6, IL-8, and IL-10 as well as sustained 
production of Th2 cytokines, IL-4, and IL-5.[37] T2LR 
is a systemic inflammatory response characterized 
by neutrophil infiltration, activation of complement, 
extra-vascular immune complexes, and high levels 
of TNF- in tissue lesions and circulation.[38] Major 
aspects of this pathway include the following: 
(i) FcR or TLR2 induction of IL-1b release; 
(ii) endothelial activation, including the upregulation 
of E-selectin and subsequent neutrophil binding; and 
(iii) upregulation of inflammatory mediators associated 
with both neutrophils and monocytes/macrophages.[39] 
Thalidomide targets several individual events in the 
inflammatory pathway reducing neutrophil infiltration 
in lesions.[40]

The IL-17F producing Th17 cells have been identified 
as a new subset of the T helper cells and as potential 
mediators of inflammation associated with various 
autoimmune and mycobacterial diseases.[41] Recent 
studies have revealed that Th17 cells maybe involved 
in the immunopathogenesis of T2LR, and IL17F 
gene expression was upregulated before and after 
thalidomide treatment.[42] Mycobacteria and their cell 
wall components, such as LAM, have been reported to 
induce NF-B nuclear translocation and MAP kinase 
activation, both being important events for cytokine 
production and cell activation.[43] Thalidomide has 
also been found to suppress NF-B transcription, DNA 
binding activity, and activation-induced by M. leprae 
antigenic determinants in primary human cells that 

consequently results in reduced cytokine production 
and clinical resolution of T2LR.[44]

In a cohort of 61 patients, including six cases each 
of T1LR and ENL, rise in IL-1 and IFN- was said 
to predict development of both reactional episodes; 
whereas, increment in TNF- and IL-10 occurred in 
T1LR and ENL, respectively.[45]

IMPLICATIONS IN DIAGNOSIS: MARKERS OF LEPROSY IMPLICATIONS IN DIAGNOSIS: MARKERS OF LEPROSY 
REACTIONS IN SKIN AND NERVEREACTIONS IN SKIN AND NERVE

The pro-inflammatory cytokine TNF- is crucial to 
anti-mycobacterial immunity and plays an important 
role in granuloma formation during mycobacterial 
infection.[46] TNF- protein has been detected in 
biopsies taken from leprosy patients with skin 
reactional lesions of both T1LR and ENL.[37,46,47] 
Inducible Nitric Oxide Synthase (iNOS) is an enzyme 
responsible for synthesis of reactive nitrogen radicals 
involved in killing of mycobacteria.[39] High levels of 
iNOS have been detected in skin biopsies from Indian 
and Ethiopian leprosy patients experiencing T1LR.[48] 
One of the recent prospective study from a tertiary 
hospital in North India detected high levels of TNF-, 
transforming growth factor (TGF)-, and iNOS by 
immunohistochemistry in biopsies from patients with 
T1LR and iNOS in the biopsies with ENL. The authors 
concluded that these cytokines were significantly 
associated with leprosy skin and nerve reactions and 
may be of use in the diagnosis and assessment of 
difficult reactional lesions.[49]

The tissue expression and the role of cyclooxygenase 
(COX) and vascular endothelial growth factor (VEGF) 
have also been postulated in the pathogenesis of leprosy 
and T1LR. VEGF and the endothelial cell receptor KDR, 
were over expressed in the granuloma cells, vascular 
endothelium, and overlying epidermis in T1LR, in 
comparison with non-reactional leprosy.[50] COX2 
was found to be consistently expressed in cells of the 
mononuclear-macrophage lineage across the leprosy 
spectrum. In addition, T1LR lesions showed COX2 
expression in microvessels, nerve bundles, and isolated 
nerve fibres. The same sites also showed expression 
of VEGF.[51] VEGF enhances prostaglandin production 
through COX2 stimulation and prostaglandin synthase 
expression. This causes vascular changes leading to 
tissue edema, which is characteristic of T1LR. With 
progression of T1LR, edema occurring in nerve fibres 
and bundles may lead to permanent nerve damage, 



Pandhi and Chhabra Pathogenesis of lepra reaction

743Indian Journal of Dermatology, Venereology, and Leprology | November-December 2013 | Vol 79 | Issue 6

which is the most important long-term sequela of 
T1LR.[51] These considerations suggest that selective 
COX2 inhibitors, which are currently used in several 
inflammatory conditions, could be considered for 
T1LR treatment, particularly at its early stage, to reduce 
acute symptoms and possibly prevent long-term nerve 
damage. Furthermore, they could be useful to prevent 
T1LR recurrence in unstable forms of the disease.

The CC chemokines, regulated upon activation, normal 
T cell expressed and secreted (RANTES) and monocyte 
chemoattractant protein 1 (MCP-1), predominantly 
attracts monocytes and lymphocytes. MCP-1 and 
RANTES were elevated in skin lesions of T1LR as 
compared to non-reactional leprosy, suggesting a role 
for these chemokines in migration and activation of 
the monocytes and T-lymphocytes in T1LR.[52]

CXC ligand 10 (CXCL 10) is a chemokine induced 
primarily by IFN-, produced constitutively by 
macrophages, T cells, and keratinocytes, which 
promote chemotaxis of T cells to sites of tissue 
inflammation.[53] CXCL 10 mRNA levels in skin 
biopsy of patients with T1LR was found to be elevated 
compared to biopsy specimens from the same patients 
prior to the reaction,[54] probably attract Th1 type cells 
to the reactional inflammatory sites in the skin.

Matrix metalloproteinases (MMPs) are a family of 
proteolytic enzymes responsible for extracellular 
matrix (ECM) remodelling and the regulation of the 
trans-ECM migration of leukocytes, an important step 
in inflammatory processes as well as in infectious 
diseases. These enzymes can be produced by several 
skin cells such as keratinocytes, langerhans cells, and 
dermal fibroblasts. MMP mRNA expression levels was 
found to be increased in skin biopsy of LR (especially 
T2LR) correlating with the expression of IFN- and 
TNF- in these biopsies.[55] Hence, MMPs may also 
be implicated in the local and systemic responses to 
M. leprae infection, which may open new opportunities 
for therapeutic interventions.

IMPLICATIONS IN DIAGNOSIS: SEROLOGICAL MARKERS IMPLICATIONS IN DIAGNOSIS: SEROLOGICAL MARKERS 
OF LEPROSY REACTIONSOF LEPROSY REACTIONS

Circulating profiles of the cytokines involved in 
immunopathogenesis may act as potential plasma 
markers to identify the disease early and predict 
the occurrence of LR. Literature provides strong 
evidence for the association of IL-6 with leprosy and 

its reactional states. A recent analysis of 27 plasma 
factors, including cytokines, chemokines, and growth 
factors, revealed IL-6 as the only biomarker of both 
T1LR and T2LR when compared with leprosy-affected 
individuals without reaction.[56]

Studies have shown elevated serum level of TNF-, 
IL-2R in T1LR.[57,58] Macrophage activation plays an 
important role in the control of M. leprae infection. 
A macrophage activation marker, neopterin, has also 
been shown to be useful in the diagnosis of T1LR as 
well as in monitoring response to steroid treatment.[58]

Along with increased tissue expression of CXCL 10 
as mentioned above, its plasma levels has also been 
observed to be elevated in association with T1LR.[56] 
This association was further confirmed by another 
study, which showed strong association between 
circulating CXCL10 and the occurrence of T1LR.[54] 
Similarly, in addition to increased tissue expression 
of the protein MMP in biopsies from LRs, increased 
serum levels of MMP-9 were also detected in patients 
with LR versus controls.[55]

Chemokine ligand 11 (CCL11), a chemokine induced 
by IFN- produced by monocytes, has also been 
identified as a potential plasma marker of T2LR. 
CCL11 is a potent chemo attractant for eosinophils 
and Th2 lymphocytes, to inflammatory sites.[39]

The INFIR cohort study from North India confirmed 
the previously proposed association between PGL-1 
antibody levels and the occurrence of reactions and 
nerve damage.[59] Serum circulatory levels of the 
recently identified cytokine, IL-17F, are elevated during 
T1LR in the borderline spectrum of the disease.[60] IL7 is 
a key regulator of B cell development and proliferation 
and is essential for the survival of naïve and memory 
T cells, especially CD4 memory cells.[61,62] Elevated 
circulating levels of IL7 were detected in T2LR, 
supporting a role for both B-cell and T-cell mediated 
mechanisms in this reaction.[56] One of the acute-phase 
protein alpha-1-acid glycoprotein (AGP) level was 
found to be higher in untreated ENL cases as compared 
with LL. Treatment with thalidomide has been shown 
to reduce the levels of AGP to normal.[63]

The relevant genetic polymorphisms and markers of 
LR in tissue and serum are summarized in Table 1.

IMMUNOPATHOGENESIS OF NERVE DAMAGEIMMUNOPATHOGENESIS OF NERVE DAMAGE

The major complication of T1LR in leprosy is 
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peripheral nerve damage. Human Schwann cells may 
be the central players in leprosy nerve damage. The 
destruction of Schwann cells is likely as a result of 
collateral damage as non-specific bystander effects 
during inflammation mediated mainly by TNF- and 
also from the direct effect of CD4+ cytolytic T cells. 
TNF- hardly has a toxic effect on Schwann cells on 
its own, but in combination with TGF-, it has been 
reported to cause significant Schwann cell detachment 
and lysis.[64] Another likely immunopathogenic 
mechanism of Schwann cell and nerve damage in 
leprosy is that infected Schwann cells process and 
present antigens of M. leprae to antigen-specific, 
inflammatory type 1 T cells and that these T cells 
subsequently damage and lyse infected Schwann 
cells. Although this process can involve both CD8 and 
CD4 cytotoxic T cells, particularly, the latter type may 
be of importance because CD4+ T cells are present in 
higher numbers in the centre of granulomas of leprosy 
patients with T1LR.[65]

The role of innate immune response in nerve 
injury in leprosy has also been investigated. 

Human Schwann cells also express TLR2 and 
TLR2-positive Schwann cells in leprosy lesions 
undergo apoptosis, potentially contributing to 
nerve damage in leprosy.[66] Nerve damage can also 
occur in the absence of apoptosis or lysis because 
of demyelination upon exposure to M. leprae in the 
absence of immune cells.[67] Figure 1 summarizes 
the pathways implicated in destruction of Schwann 
cell, leading to nerve damage in leprosy.

MARKERS OF NERVE DAMAGEMARKERS OF NERVE DAMAGE

Few studies have looked at laboratory parameters as 
risk factors for impending nerve damage. A change 
in TNF- levels rather than the absolute level prior 
to an event was predictive of a new NFI.[68] PGL1 is 
involved in the M. leprae invasion of Schwann cells 
through the basal lamina in a laminin-2-dependent 
pathway.[69] The INFIR cohort study from North India 
confirmed the association between PGL-1 antibody 
levels and the occurrence of nerve damage.[68] 
Thus, apart from the clinical risk factors including 
multibacillary leprosy and the presence of existing 

Figure 1: Mechanism of Schwann cell damage
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nerve damage at the time of diagnosis,[22] serological 
parameters might be a useful indicator for nerve 
damage and should be further evaluated for this 
purpose.

ROLE OF CORTISOL–CORTISONE SHUTTLEROLE OF CORTISOL–CORTISONE SHUTTLE

LR may be precipitated by a breakdown of the 
mechanisms that normally regulate the effective 
concentration of endogenous glucocorticoids (cortisol) 
in the skin. The concentration of cortisol in a tissue 
is regulated by a reversible enzyme “shuttle” that 
can deactivate cortisol by converting it to cortisone 
or activate cortisone by converting it to cortisol. The 
activity of this shuttle and the direction in which it 
operates is regulated by numerous factors including 
cytokines. This results in large swings in the effective 
cortisol concentration at sites of inflammation at 
different phases of an inflammatory response. It has 
been suggested that changes in the activity of the 
shuttle in leprosy lesions may predispose to reactions, 
requiring exogenous steroid supplements to regain 
control of the inflammation.[70] Gene expression 
of 11beta-hydroxysteroid dehydrogenase type 2, 
which converts cortisol to cortisone, was found to 
be downregulated in the skin from T1LR lesions and 
showed upregulation after prednisolone treatment.[71] 
Thus, the cortisol-cortisone shuttle might be a potential 
target for newer therapeutic options in future.

ROLE OF APOPTOSISROLE OF APOPTOSIS

One of the hypotheses in pathogenesis of LR is the 
induction of programmed cell death in macrophages 
due to M. leprae antigenic determinants leading to 
reduction in bacterial load. The evidence in favor of 
this hypothesis was supported by an in vitro study, 
which also found an enhanced rate of spontaneous 
apoptosis in LR as compared to lepromatous patients 
without evident reactions.[72] Furthermore, apoptosis 
studied by histopathology, DNA fragmentation and 
electrophoresis was more common in T2LR patients 
as compared to those without reaction.[73] Thus, the 
enhanced apoptosis seems to be a contributing factor 
to tissue damage in LR.

LEPROSY REACTIONS AND HIVLEPROSY REACTIONS AND HIV

The most interesting phenomenon associated with 
the interaction between HIV and leprosy infection 
is the higher incidence of T1LR, suggesting that the 
immune regulation of each disease is independent. In 

one study, CD38 antigen, a cellular activation marker 
previously associated with HIV pathogenesis,[74] was 
found to be significantly elevated in the CD8+ T cells 
of T1LR individuals and diminished after prednisone 
therapy.[75] Thus, CD38 expression in CD8+ T cells 
may be an interesting tool for identifying HIV/leprosy 
individuals at risk for T1LR. However, caution is 
required as CD38 expression also predicts viral 
replication, progression of HIV to AIDS, and failure of 
HAART.[76] There is paucity of data on the effect of HIV 
infection on the frequency or clinical presentation of 
T2LR in co-infected patients.

IMPLICATIONS IN TREATMENTIMPLICATIONS IN TREATMENT

Corticosteroids are the drugs of choice in the 
treatment of T1LR due to their inhibition of the 
pro-inflammatory cytokine milieu that aid in the 
recovery of NFI. The current WHO Global Strategy 
document recommends treatment of severe T1LR with 
“a course of steroids, usually lasting 3-6 months,” 
which is often inadequate.[77] The recent Cochrane 
systematic review of “Corticosteroids for treating nerve 
damage in leprosy” identified only three randomised 
controlled trials (RCT) that met the review criteria, 
and it concluded that long-term steroids did not have 
significant effect on the outcome of nerve damage 
and that further RCTs are required to identify the 
best treatment regimen of steroids in the management 
of severe reactions and NFI.[78] An RCT comparing 
different steroid regimes for the management of severe 
T1LR suggested that duration rather than dose of 
treatment with prednisolone may be more important in 
controlling T1LR.[79]Azathioprine in combination with 
a short course of prednisolone has been reported to be 
as effective as a 12-week course of prednisolone in the 
management of T1LR in 40 patients.[80] Ciclosporin has 
also been used with some success.[81]

The main aims in the management of T2LR are the 
control of inflammation, pain relief, and prevention of 
further episodes.[82] Mild cases of T2LR can be treated 
with non steroidal anti-inflammatory drugs (NSAIDs). 
Prednisolone is commonly used for the management of 
moderate to severe ENL. Thalidomide is another drug 
effective in moderate to severe T2LR. Its beneficial effect 
is primarily thought to be due to its action on TNF, but 
other mechanisms may also play a part.[39,83] Few of 
the recently implicated influence on host immunity 
mechanisms have been discussed above. Favourable 
response to colchicine, azathioprine,[84] methotrexate,[85] 
oral zinc,[86] and the chimeric anti-TNF monoclonal 
antibody, infliximab,[87] has been reported in ENL.
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Treatment of the LR causes clinical improvement, 
but changes in the inflammatory cytokines 
considerably lag behind and, in some, may remain 
unchanged.[88] Furthermore, due to the controversies 
about the optimum type of treatment for LR, laboratory 
tests for monitoring the disease activity will be of 
considerable value for clinicians and leprosy control 
programs.

FUTURE DIRECTIONSFUTURE DIRECTIONS

These data implicate the role of certain cytokines 
released on account of altered immune response 
as a result of genetic polymorphism and presence 
of individual risk factors in a leprosy patient who 
develops LR. However, a limitation of serum cytokine 

measurement in association with leprosy is that 
most studies measured one or few cytokines or 
cellular activation markers and/or included small 
number of subjects. Moreover, contradictory results 
with respect to the predominant cytokines have also 
been reported, which may be attributed to different 
assay techniques and populations examined and the 
presence of confounding factors as many of these 
pro-inflammatory markers are not specific to leprosy.

However, these results pave the way towards the 
application of new therapeutic interventions for LR. 
Studies with larger numbers of patients could attempt 
to elucidate the role of these cytokine markers in LR 
by examining their serum levels and expression in 
the skin lesions of these patients prior to the onset of 
reaction and comparing it with changes at the onset 
of reaction and during treatment. Further studies 
are recommended to see the effect of prophylactic 
therapy with anti-inflammatory drugs on prevention 
of development of overt or silent neuritis during 
antimicrobial treatment. Addressing these questions 
in future could also help in the prevention of nerve 
damage induced sequelae leading to deformities and 
disabilities, which are the hallmark of leprosy.
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1. Polymorphism of the following Toll-like receptor has been associated with type 1 lepra reaction
 a. TLR 2    b. TLR 9
 c. TLR 5    d. TLR 3

2. The following are key variables identified for diagnosing type 1 lepra reaction except
 a. Dermal oedema   b. Intra-granuloma oedema
 c. Lymphocyte density   d. Giant cell size

3. Gene expression of 11beta-hydroxysteroid dehydrogenase type 2 in type 1 lepra reaction is
 a. Unchanged    b. Downregulated
 c. Upregulated    d. Absent

4. Thalidomide alters levels of following markers in the serum of patients with type 2 lepra reactions, except
 a. IL 17    b. IL- 4
 c. Alpha-1-acid glycoprotein  d. CXC ligand 10

5. In lepra reactions, expression of the following HLA has been identified as a characteristic feature in lesional biopsy
 a. HLA DQ    b. HLA DR
 c. HLA B 7    d. HLA B 27

6. Cyclooxygenase 2 expression in type 1 lepra reaction lesions has been found to be increased in all of the following, except
 a. Microvessels    b. Arterioles
 c. Nerve fibers    d. Nerve bundles

7. Currently the following have been implicated in type 1 lepra reaction except
 a. Neopterin    b. CXCL ligand 10
 c. Chemokine ligand 11   d. IL 2 R

8. Increased serum levels of the following matrix metalloproteinases has been detected in patients with lepra reactions
 a. MMP-9    b. MMP-7
 c. MMP-11    d. MMP-20

9. Elevated circulating levels of IL7 have been detected in type 2 lepra reactions, supporting a role for involvement of following cell(s)
 a. Both B-cell and T-cell   b. B-cell
 c. T-cell    d. Natural killer and langerhans cell

10. Significant association has been seen between type 2 lepra reactions and single nucleotide polymorphism in the genome of the following
 a. IL 2     b. IL-6
 c. IL 10    d. IL 12

Multiple choice questions

Answers:

1. a,  2. c,  3. b,  4 d,  5. b,  6. b,  7. c,  8. a,  9. a,  10. b


