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Summary Erythema nodosum leprosum (ENL) is an immune-mediated complication of leprosy
presenting with inflammatory skin nodules and involvement of multiple organ systems, often
running a protracted course. Immune complex production and deposition as well as comple-
ment activation have long been regarded as the principal aetiology of ENL. However, new data
show that cell-mediated immunity is also important. We have performed a critical analysis of
studies on the pathology of ENL. Our main findings are as follows. ENL is characterised by an
inflammatory infiltrate of neutrophils with vasculitis and/or panniculitis. There is deposition of
immune complexes and complement together with Mycobacterium leprae antigens in the skin.
Changes in serum levels of Igs indicate a transient, localised immune response. The major T-cell
subtype in ENL is the CD4 cell, in contrast to lepromatous leprosy where CD8 cells predomi-
nate. The cytokines TNF� and IL-6 are consistently found whilst IL-4 is low or absent in ENL
lesions, indicating a TH1 type response. Keratinocyte 1a and intercellular adhesion molecule-1
(ICAM-1) have been shown to be present in the epidermis in ENL, which is evidence of a cell-
mediated immune response. Co-stimulatory molecules such as B7-1 have also been studied but
further work is needed to draw strong conclusions. We also highlight potential areas for future
research.
© 2008 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd. All rights
reserved.

1. Introduction

Erythema nodosum leprosum (ENL) is a serious, difficult to
manage inflammatory complication of lepromatous (LL) or
borderline lepromatous (BL) leprosy, manifesting as crops
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of painful, erythematous nodules with fever, malaise and
inflammation elsewhere producing iritis, arthritis, neuritis
and lymphadenitis. ENL may occur before, during or after
treatment with multidrug therapy but in most patients ENL
occurs during the first year of treatment (Becx-Bleumink and
Berhe, 1992; Manandhar et al., 1999; Pocaterra et al., 2006).
It often has a protracted course with episodes occurring over
7 or more years, although the majority last 12—24 months
(Kumar et al., 2004; Pocaterra et al., 2006). Although the
number of leprosy cases has decreased worldwide, the reac-
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Figure 1 Skin lesions of erythema nodosum leprosum.

tions that complicate leprosy remain an important clinical
problem. Patients with ENL may now present to general
physicians and it is important that doctors in a wide range
of specialties can recognise this entity.

Immune-mediated reactions in mycobacterial diseases
are now being recognised to a wide range of mycobac-
teria, not just Mycobacterium leprae. Furthermore, the
immune-mediated reactions in mycobacterial diseases in
patients with HIV and the immune reconstitution inflam-
matory syndrome (IRIS) illustrate the broad implications of
these phenomena (Lipman and Breen, 2006; Ustianowski et
al., 2006). It is therefore useful to review the pathology of
ENL since there are aspects that will be applicable to other
diseases.

ENL is classically seen as an immune complex-mediated
phenomenon but recent data suggest that cell-mediated
immune responses play an important role. Understanding
the pathogenesis will promote further research into the
development of better, safer and more effective treatment.

We have critically reviewed the current data on the
pathology of ENL and also highlight where further research
is needed.

The search strategy used was a PubMed search with
the terms ‘leprosy’, ‘ENL’, ‘histopathology’, ‘immuno-
histochemistry’, ‘immune complexes’, ‘cytokines’, ‘B
lymphocytes’, ‘MMP’ and ‘risk factors’ in varying combina-
tions. Only English language articles were selected. Some
cross-references from articles retrieved from the PubMed
search were also used. All searches were complete to the
end of September 2007.

2. Erythema nodosum leprosum (type 2
reactions)

ENL (or type 2 leprosy reactions) is an immune-mediated
phenomenon occurring in patients with LL or BL leprosy. The
reaction causes acute inflammation in any organ or tissue
invaded by the leprosy bacillus (Pfaltzgraff and Ramu, 1994).

The skin lesions present as erythematous, tender papules
or nodules that may be superficial or deep seated (Figure 1).
The lesions differ clinically from erythema nodosum by their

Table 1 Clinical features of erythema nodosum leprosum

• Painful, tender, erythematous skin nodules appearing in
crops

• Generalised illness with fever and malaise
• Neuritis, less severe than type 1 reactions
• Iritis, episcleritis or conjunctivitis
• Orchitis
• Tender, generalised lymphadenopathy
• Arthritis or arthralgia
• Bone pain and tenderness, especially tibial tenderness
• Dactylitis
• Oedema of the extremities
• Transient proteinuria
• Exacerbation of upper respiratory symptoms

evanescent nature, large number of lesions and widespread
distribution beyond the lower legs (Pfaltzgraff and Ramu,
1994). In severe reactions, skin lesions may become vesicu-
lar, bullous or necrotic (Jopling and McDougall, 1988).

ENL reaction usually produces a generalised illness with
high fever, systemic upset, oedema of the face, hands
and feet, and proteinuria (Table 1). Other manifestations
include iritis, episcleritis, arthritis, arthralgia, dactylitis,
lymphadenopathy, organomegaly and orchitis (Figure 2)
(Pfaltzgraff and Ramu, 1994). Neuritis may be part of ENL
but is often milder than that seen in type 1 reactions.

There are no good quality contemporary studies on the
effect of ENL on the liver (Cook and Corachan, 1982; Kumar
et al., 1987). The only significant abnormality in renal func-
tion found in patients with ENL compared with LL patients
without ENL is impaired creatinine clearance (Bajaj et al.,
1981).

The majority of patients with ENL experience multiple
acute episodes or chronic ENL lasting more than 6 months
(Pocaterra et al., 2006). ENL can have a protracted course
lasting several years (Kumar et al., 2004). It is usually
diagnosed clinically but a skin biopsy can be helpful. Cor-
ticosteroids are the mainstay of treatment (Girdhar et al.,
2002; WHO, 1998) but many other alternatives are used
(Burte et al., 1983; Helmy et al., 1971; Moreira et al., 1998;
Sales et al., 2007; Villahermosa et al., 2005). Thalidomide

Figure 2 Hand showing dactylitis and nodules.
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is very effective in the treatment of ENL, but cost and the
risk of teratogenicity limit its use in many patients (Walker
et al., 2007).

3. Risk factors

LL leprosy and a bacterial index (BI) ≥4 are significant risk
factors for the development of ENL (Manandhar et al., 1999;
Pocaterra et al., 2006; Saunderson et al., 2000). Manandhar
et al. (1999) showed that skin infiltration is a risk factor for
ENL. An Ethiopian study has shown that HIV is a risk factor
for ENL but there were only two patients with co-infection
and this has not been replicated elsewhere (Saunderson et
al., 2000).

Pregnancy, lactation, puberty, intercurrent infection,
vaccination and psychological stress have been proposed as
risk factors for ENL (Pfaltzgraff and Ramu, 1994), but these
have not been confirmed in prospective studies. It has been
shown that 30—40% of women are at risk to develop ENL dur-
ing pregnancy and lactation, however these studies lacked
appropriate controls for definitive conclusions (Duncan and
Pearson, 1984; Maurus, 1978).

4. Histopathology of ENL

A comprehensive account of the histopathology of ENL
is given by Mabalay et al. (1965) in their work carried
out in the Philippines. The classical changes described in
the histopathology of acute ENL include a polymorphonu-
clear leukocyte (PMNL) inflammatory infiltrate in the deeper
layers of the dermis and subcutis, within pre-existing lepro-
matous lesions, often associated with vasculitis (Mabalay et
al., 1965). Oedema of the dermis is another frequent finding
(Job et al., 1964).

5. Inflammatory infiltrate in ENL

The inflammatory infiltrate in ENL is usually situated in the
deeper layers of the dermis and subcutis. The constituent
cells in the infiltrate vary as the lesion evolves (Mabalay et
al., 1965).

In acute lesions where skin biopsy is performed within
72 h of development, the predominant cell type is PMNLs,
sometimes even leading to microabscess formation. Vary-
ing numbers of eosinophils and mast cells have also been
detected (Job et al., 1964; Mabalay et al., 1965). In a study
in Pakistani patients, PMNLs have been detected in only
64% of biopsies but the biopsies were done within 7 days
of appearance of lesions (Hussain et al., 1995).

In biopsies performed within 72—96 h, the subacute infil-
trate consists of approximately equal numbers of PMNLs,
lymphocytes and plasma cells with persistence of mast cells
(Mabalay et al., 1965).

Chronic lesions >9 days old have significantly fewer neu-
trophils and eosinophils with more lymphocytes, plasma
cells and histiocytes. This indicates the transition from the
acute phase to the regressing phase of the reaction and high-
lights the importance of the timing of the skin biopsy in ENL,
as late biopsies may not demonstrate the typical cellular
infiltrate.

6. Lepromatous infiltrate and staining for acid
fast bacilli

The infiltrate due to LL leprosy is usually seen in the
upper and mid dermis and consists of large numbers of
macrophages with granular or foamy cytoplasm and fewer
numbers of lymphocytes arranged in sheets without obvious
granuloma formation.

Live M. leprae bacilli stain solid with Wade—Fite stain for
acid fast bacilli (AFB), whilst dead organisms show granular
staining. Early ENL lesions show the presence of granular
and fragmented forms of bacilli (Job et al., 1964; Mabalay
et al., 1965; Sehgal et al., 1986a). Ridley (1960) showed that
there is a preponderance of granular over solid forms in ENL
lesions compared with LL lesions without reaction. He also
reported that bacilli became granular more rapidly before
the onset of ENL (Ridley, 1960).

7. Changes in the dermis and subcutaneous
tissue

Vascular changes are common in ENL and it has been hypoth-
esised that vasculitis is the major pathological event in ENL
(Sehgal et al., 1986a). Classical features of vasculitis, necro-
tizing changes (Job et al., 1964) and thrombus formation
(Sehgal et al., 1986a) have been demonstrated. Late lesions
may show proliferative or obliterative changes (Mabalay et
al., 1965).

Interstitial oedema is frequently seen (Job et al., 1964;
Sehgal et al., 1986a) and necrosis of the connective tissue
fibres has been reported (Walcott, 1947).

The inflammatory infiltrate of ENL can involve the sub-
cutaneous fat similar to the adjacent deep dermis. In the
acute phase there may be panniculitis (Mabalay et al., 1965).
Necrosis and abscess formation in the subcutis (Job et al.,
1964) as well as vasculitis have been reported (Walcott,
1947).

8. Lucio’s phenomenon

Lucio’s phenomenon is a necrotizing skin reaction in non-
nodular LL leprosy commonly found in Mexico and Central
America. Histopathologically there is a dermal vasculitis
(Latapi and Zamora, 1948). In a study comparing Mexican
patients with Lucio’s phenomenon and ENL, Lucio’s phe-
nomenon was shown to consist of a necrotizing process in
the subpapillary plexus with necrosis of the underlying epi-
dermis, whereas the infiltrate in ENL involved the deeper
dermis (Rea and Ridley, 1979). Lucio’s phenomenon showed
less heavy neutrophil infiltration than ENL and showed the
colonisation of endothelial cells with solid-staining AFB (Rea
and Ridley, 1979).

9. Mucosal changes

There are only a few reports describing the changes in
mucosal surfaces in ENL. Job and Chacko (1988) described
20 patients with gross and microscopic changes in the nasal
mucosa during reactional states. Approximately two-thirds
of the patients showed microscopic evidence of ENL, with
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infiltration of PMNLs and mucosal oedema being the most
common findings (Job and Chacko, 1988). Vasculitis was seen
in 20% of the biopsies. A study describing the ultrastruc-
tural changes in the face and palatal mucosa in LL patients
reported the presence of increased lysosomal activity in
active ENL cases (Reichart et al., 1985).

10. Ethnic variation

There is geographic variation in the clinical frequency of
ENL. Contemporary estimates show that ENL is more fre-
quent in Southeast Asia and Brazil (25—49%) (Nery et al.,
1998; Pocaterra et al., 2006; Schreuder, 1998), whereas fig-
ures as low as 5% are reported in Africa (Becx-Bleumink and
Berhe, 1992; Saunderson et al., 2000). Ridley et al. (1981)
hypothesised that there is a variation in the pathological
changes in ENL among different ethnic groups, based mainly
on their work on New Guinean patients.

The ethnic variation in ENL may be due to genetic
variation. de Messias et al. (1993) have shown a signif-
icant association between the non-expressed C4B allele
(C4B*Q0) and the occurrence of ENL in Brazilian patients.
In this cohort, all the patients who were homozygously C4B-
deficient had ENL. They hypothesised that the absence of
the C4B allele may lead to the lack of immune complex
clearance in ENL (de Messias et al., 1993).

11. ENL and serum markers of inflammation

The relationship between ENL and serum markers of inflam-
mation has been studied as it is a disorder with systemic
manifestations and thought to be mediated by immune com-
plexes.

C-reactive protein (CRP) is significantly elevated in ENL.
Some studies show that 90% of patients have an elevated
CRP level (Bhatia et al., 1983; Foss et al., 1993; Hussain
et al., 1995; Sehgal et al., 1992; Sengupta et al., 1979).
Hussain et al. (1995) considered CRP to be a predictor of
severity of recurrence in view of elevated CRP being asso-
ciated with the presence of PMNLs in the skin and a higher
chance of recurrences. Foss et al. (1993) showed a strong
positive correlation between TNF� and CRP levels in ENL.

Levels of serum amyloid A protein and alpha-1 antitrypsin
have also been reported to be elevated in ENL (Hussain et
al., 1995; Memon et al., 1996).

The host response to infection may also be accompa-
nied by alterations in lipid metabolism. Memon et al. (1996)
have reported significantly low levels of triglycerides as
well as total, low-density lipoprotein (LDL) and high-density
lipoprotein (HDL) cholesterol in patients with ENL compared
with those with LL/BL leprosy.

12. ENL and autoantibodies

Rheumatoid factor has been reported to be present in vary-
ing amounts ranging from 3.4% to 48% in LL patients (Bhatia
et al., 1983; Ochieng et al., 1994; Sharma et al., 1982).
Anti-nuclear antibody, anti-smooth muscle antibody, anti-
neutrophil cytoplasmic antibody (ANCA) and anti-thyroid
antibody levels have also been studied (Freire et al., 1998;

Ochieng et al., 1994; Sharma et al., 1982) but do not show
a significant correlation with ENL.

13. Immunopathology of ENL

There is long-standing evidence that ENL is an immune
complex-mediated phenomenon, however recent work has
shown evidence of a cell-mediated immune response in ENL.
Here we critically analyse evidence supporting both theo-
ries.

13.1. Immune-mediated mechanism

13.1.1. Immune complex and complement deposition in
skin lesions
A key piece of research was done by Wemambu et al. in 1969
that showed the presence of Ig and complement in the skin in
59% of patients with ENL, which was not seen in any of those
with LL disease without ENL (Wemambu et al., 1969). It was
reported that 70% of the patients with Ig deposition showed
the presence of M. leprae antigens within the immune com-
plexes. The granular deposits in the skin were similar to
those seen in Arthus type reaction. Later, the same group
showed that Igs were likely to be absent in lesions where
there were fewer PMNLs, indicating that the lesions were
likely to be older than 24 h by which time Arthus type reac-
tion may be absent from the skin (Turk, 1970; Waters et al.,
1971).

The presence of M. leprae antigen, IgG, IgM, and comple-
ment C3, C1q and C3d at the same sites both in extracellular
locations (exudates) and intracellularly within PMNLs has
been reported, further strengthening the immune complex
theory (Ridley and Ridley, 1983). Later work showed the
presence of immune complexes, IgM to phenolic glycolipid-1
(PGL-1) and Tac peptide in suction blisters over ENL lesions
(Bhoopat et al., 1991; Scollard et al., 1992). Scollard et al.
(1992) reported that even though immune complexes were
increased, there was no elevation in total IgG, IgM and IgA
levels or an increase in intracutaneous levels of anti-M. lep-
rae antibody.

Earlier work has shown that patients with ENL have sig-
nificant immune complex deposition in their skin but serum
Ig levels similar to those without ENL (Wemambu et al.,
1969). This led to the hypothesis that ENL is caused by the
deposition of immune complexes locally.

Parallels for the pathogenesis of ENL can be drawn
from rheumatoid arthritis (RA). Contemporary data suggest
that RA is initiated by immune complexes and comple-
ment activation, perpetuated by cytokines and effected
by metalloproteinases (Weissmann, 2006). Recent work on
RA has shown a correlation between rheumatoid factor,
polyethylene glycol (PEG)-precipitated IgG levels and the
induction of TNF� by PEG-precipitated synovial fluid immune
complexes (Mathsson et al., 2006). No such association
was demonstrated for serum immune complexes. Further-
more, there is an association between the levels of TNF�
induced by synovial fluid precipitates and the number of
swollen joints, which does not exist for serum immune com-
plexes, supporting the hypothesis of a localised immune
mechanism.
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13.1.2. Igs in the vascular compartment
High levels of Igs are well documented in LL leprosy. Bjorvatn
et al. (1976) reported an increase in complement and
a significant elevation of C3d, a product of complement
catabolism, in ENL. They also found that C1q binding activ-
ity, a measure of immune complexes, was correlated with
C3d levels, indicating an increase in immune complex for-
mation (Bjorvatn et al., 1976).

Many studies have shown an increase in serum levels of
anti-PGL IgM across the spectrum from tuberculoid to LL
leprosy (Levis et al., 1986; Schwerer et al., 1984), with a
positive linear correlation with the BI (Levis et al., 1986).
Patients with ENL have significantly lower levels of anti-PGL
IgM compared with those patients with LL and the same BI
but without ENL (Levis et al., 1986; Schwerer et al., 1984).
Other studies have shown significantly lower levels of IgG
and IgM in ENL compared with patients with LL leprosy and
post-ENL patients (Rao and Rao, 1988; Sharma et al., 1982).
Serum C3 levels were significantly elevated in patients with
ENL, whilst C4 levels remained unchanged (Rao and Rao,
1988; Wemambu et al., 1969). The levels of IgG, IgM, IgA,
C3 and C4 in immune complexes were significantly lower in
ENL than in LL disease (Rao and Rao, 1988). The lower serum
Ig level in ENL may be due to them being used up in immune
complexes.

IgG and IgM levels were shown to be increased in patients
following an episode of ENL (Sharma et al., 1982). The com-
position of PEG precipitates and autoantibodies in the sera
from patients with ENL is similar to that reported in rheuma-
tological disorders, and the immune complexes are not
cleared even after apparent clinical cure (Saha et al., 1984).
It has been suggested that circulating immune complexes
(CIC) may impair the macrophage function of bacterial clear-
ance by attaching to T-cells by Fc receptors. It was later
shown that CICs from patients with LL and BL leprosy and
ENL have the ability to suppress lymphocyte proliferation
induced by M. leprae antigens (Tyagi et al., 1992).

Further studies into the subclasses of IgG showed upreg-
ulation of polyclonal IgG1 antibody synthesis during ENL
(Kifayet et al., 1996). Post-ENL patients showed IgG char-
acteristics similar to those with LL leprosy, indicating that
the changes in the Igs observed during ENL are transient.

13.2. Cell-mediated immune response

Rea et al. (1972) postulated that cell-mediated immunity
(CMI) plays a role in the pathogenesis of ENL. They noted
that ENL can occur in the absence of treatment and that
patients with ENL have apparently normal CMI compared
with those with LL leprosy (Rea et al., 1972). In 1982,
Mshana hypothesised that ENL is precipitated by an imbal-
ance of T-lymphocytes. He hypothesised that ENL has two
phases: initiation, due to an imbalance in T-cell subpopu-
lations with decreased suppressor cells; and perpetuation
(Mshana, 1982). A reduction in suppressor T-cells in ENL was
later found.

In 1985, Laal et al. provided evidence of the natural
emergence of a transient T-cell reactivity in ENL by showing
the presence of a significantly strong leukocyte migration
inhibition and antigen-induced in vitro lymphoproliferation
in sera from patients with ENL (Laal et al., 1985).

13.2.1. T-cells in ENL
There are several pieces of evidence for increased T-cell
activity in LL patients with ENL in comparison with those
with LL alone. Patients with LL leprosy without reaction have
a CD4:CD8 ratio of approximately 1:2 with a predominance
of T suppressor cells (Modlin et al., 1983; Wallach et al.,
1984). A reversed CD4+:CD8+ ratio of 2:1 in lesions of ENL has
been reported (Modlin et al., 1983, 1985, 1986; Narayanan
et al., 1984; Rao and Rao, 1986). Modlin et al. (1986) and
Narayanan et al. (1984) showed that ENL lesions contained
Leu3a+ lymphocytes, whereas LL lesions without reaction
contained a predominantly Leu2a+ response. However, Shen
et al. (1987) found no difference in the expression of Ta1
antigen, a measure of T-cell activation, on T-lymphocytes
from ENL and LL lesions.

13.2.2. B-cells in ENL
There is surprisingly little evidence of an increase in
B-lymphocytes in ENL lesions. There is only one report doc-
umenting an increased percentage and absolute count of
B-cells in the sera from patients with ENL (Sehgal et al.,
1986b), but normal numbers of circulating B-cells have also
been reported (Rao and Rao, 1986). A study looking at T-
cell phenotypes in reactional lesions showed that there is
no increase in B-cells (Narayanan et al., 1984).

Singh et al. (1994a,b) showed that sera from patients with
ENL produce antibodies against B-cell epitopes of a specific
fusion protein (LSR) in M. leprae. They found that the B-
cell epitopes, overlapping peptides 2 and 3, were recognised
by >95% of ENL sera and that peptide 2 selectively reacted
with sera from active disease, suggesting that antibody reac-
tivity to these peptides may be candidate markers for the
development of ENL (Singh et al., 1994b). Even within the
19 amino acid sequence that comprised these two overlap-
ping peptides there were multiple sites involved in antibody
reactivity and they varied in their specificity to different
immunopathological disease variants (Singh et al., 1994a).

B-cells are precursors for antibody-secreting plasma
cells. However, B-cells may also act as antigen-presenting
cells (APC) and play a role in the initiation and regulation of
T- and B-cell responses (Martin and Chan, 2006; Youinou et
al., 2006). The role of B-cells in the pathogenesis of autoim-
mune disorders such as RA and systemic lupus erythematosus
(SLE) is now being re-examined (Martin and Chan, 2006;
Martinez-Gamboa et al., 2006). It would therefore be inter-
esting to examine the role of B-cells in the pathogenesis of
ENL.

13.3. Cytokines in ENL

There is evidence of both TH1- and TH2-type involvement in
ENL in skin lesions and serum (Moraes et al., 1999, 2000;
Nath et al., 2000; Sreenivasan et al., 1998; Teles et al.,
2002). TNF� and IL-6 were shown to be present in almost
all reactional lesions by many authors (Moraes et al., 1999,
2000; Sreenivasan et al., 1998; Teles et al., 2002). Peripheral
blood mononuclear cells (PBMC) from patients with ENL show
the highest release of TNF� compared with inactive ENL,
reversal reaction (RR) and LL lesions (Barnes et al., 1992).
This is reduced by >90% with the administration of thalido-
mide. Sreenivasan et al. (1998) found a TH1-like cytokine
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pattern in 64% of ENL sera and 85% of RR sera with basal
expression of IFN�, which was mirrored in the skin lesions.
This was further confirmed by Moraes et al. (1999) who
detected IFN� in 84% of ENL and all RR lesions. Cooper et
al. (1989) showed that the highest expression of IFN� mRNA
was seen in RR lesions and that only a few cells were positive
for IFN� mRNA in ENL lesions. However, this small number of
positive cells was five times that seen in LL leprosy lesions
without ENL (Cooper et al., 1989). The other cytokines found
in varying amounts in ENL lesions are IL-12, IL-10 and IL-
12p40. Granulocyte—macrophage colony-stimulating factor
(GM-CSF) and perforin were also reported to be secreted by
PBMCs of patients with ENL (Singh et al., 1994b). IL-4 was
found to be absent or present in low amounts in ENL lesions
(Moraes et al., 1999, 2000; Nath et al., 2000). This is strong
evidence that ENL is associated with a TH1-type reaction, as
the major cytokines expressed in a TH2-type response are
IL-4, IL-5 and IL-10.

In contrast to the above findings, Goulart et al. (2000)
reported that ENL elicited a TH2-type response with pro-
duction of IL-6, IL-8, IL-10 and TNF�, whilst RR showed a
predominantly TH1 response with the release of IL-1b, TNF�,
IL-12 and IFN�. They also found significant amounts of trans-
forming growth factor-beta (TGF�) in sera of ENL patients,
both in the unstimulated and stimulated states, compared
with RR and LL patients (Goulart et al., 2000).

14. Role of co-stimulatory molecules and
matrix metalloproteinases

Optimum activation of T-helper cells requires not only occu-
pancy of the T-cell receptor by antigen—MHC II complex
but also a set of co-stimulatory signals complementary to
each other, which include intercellular adhesion molecule-1
(ICAM-1) and B7-1 or 2 on APCs, and lymphocyte function-
associated antigen-1 (LFA-1) and CD28 on T-helper cells. It
has been shown that M. leprae impedes the cell-mediated
immune response by reducing the co-stimulatory activity of
host cells and that there is a significant reduction of B7-
1 and CD28 in untreated LL and BL patients (Agrewala et
al., 1998). Expression of B7-1 in ENL lesions was reported
recently, although the strongest expression of B7-1 was
found in RR lesions (Santos et al., 2007). The number of
patients included was small and the expression of B7-1 in
the skin lesions was not quantified so it is difficult to draw
conclusions from this study.

Matrix metalloproteinases (MMP) are a family of prote-
olytic enzymes that play an important role in the normal
immune response to infection. Excess MMP activity following
infection may lead to tissue damage and this has been shown
to occur in tuberculosis (Elkington et al., 2005; Harris et al.,
2007; Taylor et al., 2006). The presence of MMPs in nerves
affected by leprosy has been reported but to our knowledge
the role of MMPs in leprosy reactions has not been studied
(Teles et al., 2007).

15. Changes in the epidermis

The thickness of the nucleated epidermis is increased in ENL
(Rea, 2000), with increased numbers of Langerhans cells in
the epidermis both in ENL and RR lesions (Modlin et al.,

1983; Narayanan et al., 1984; Rea et al., 1986; Thangaraj
et al., 1988). ENL lesions show a strong but patchy ker-
atinocyte 1a expression (Rea et al., 1986; Thangaraj et al.,
1988). Keratinocyte 1a expression in the human epidermis
is a sign of delayed type hypersensitivity reaction or cell-
mediated immune responses. In addition, the epidermis in
ENL has been demonstrated to strongly express ICAM-1 on
keratinocytes and LFA-1 on epidermal lymphocytes com-
pared with RR and non-reactional LL lesions (Sullivan et al.,
1991). ICAM-1 and LFA-1 act as co-stimulatory molecules to
enhance the cell-mediated immune response. The changes
observed in the epidermis in ENL suggest that the epidermis
plays an immunological role in the pathogenesis of ENL.

16. Role of neutrophils

Influx of PMNLs is a feature of early ENL lesions. A
recent study showed that apoptosis of PMNLs is significantly
increased in ENL. It was also shown that polymorphs can
be stimulated to secrete TNF� and IL-8 by M. leprae and
lipoarabinomannan from M. leprae (Oliveira et al., 1999). It
has been hypothesised that PMNLs release cytokines that in
turn promote further recruitment of leukocytes and tissue
damage.

17. Conclusions

We propose that ENL is initiated by the release of mycobac-
terial antigens, which leads to the formation of immune
complexes and complement activation. This in turn leads to
the activation of mononuclear cells to release cytokines that
act as mediators of tissue damage. The molecules acting as
the link between the immune complexes and the mononu-
clear cells are as yet unknown. We hypothesise that B-cells
act as APCs and/or cytokine-secreting cells to bring about
changes in the cell-mediated immune response.

There are recent unpublished data showing that pure dis-
rupted M. leprae fixes significantly more complement than
intact M. leprae, leading to a hypothesis that cleavage prod-
ucts from the bacillus initiates complement activation and
in turn ENL (Lahiri et al., unpublished data). This work has
to be substantiated by in vivo studies to draw conclusions.
Work is also needed to study the factors that perpetuate the
reactions leading to chronicity, as ENL may continue even in
the absence of bacteria in the skin.

The role of B-cells in the pathogenesis of ENL must
be studied further. In the model proposed for the patho-
genesis of RA it is suggested that lipid mediators and
kinase/phosphate signalling act as mediators between
immune complexes and cytokines. The presence of a similar
link in ENL should also be explored.

The role played by co-stimulatory molecules and MMPs
in the pathogenesis of ENL is another important area of
research. Some work has been done on B7-1 and ICAM-1 in
ENL but larger studies are warranted.

Current data support the involvement both of immune
complexes and cell-mediated immune responses in the
pathogenesis of ENL but there are many grey areas in our
knowledge of ENL. Further work that could shed light on
these aspects will help immensely to improve the manage-
ment of this difficult to treat condition.
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