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Clinical and Histological Discrepancies in
Diagnosis of ENL Reactions Classified by Assessment of
Acute Phase Proteins SAA and CRP'
Rabia Hussain, Sebastian B. Lucas, Arnawaz Kifayet,
Sarwat Jamil, John Raynes, Zeenat Ugaili, Hazel M. Dockrell,
Thomas J. Chiang, and Keith P. W. J. McAdam 2
Reactions in patients with leprosy are the
most serious complications of the disease
and must be diagnosed early and treated
effectively if permanent disability is to be
avoided. In multibacillary or lepromatous
leprosy, systemic complications may occur
suddenly during reactional episodes which
are termed erythema nodosum leprosum
(ENL). Clinically, ENL ( 10 ) is characterized
by recurrent crops of painful, red, indurated, subcutaneous nodules arising in apparently normal skin which may become necrotic, pustular and hemorrhagic. Patients
with severe ENL can develop fever, lymphadenopathy, albuminuria and arthritis as
well as iridocyclitis, orchitis and neuritis.
Histological examination of early ENL lesions reveals a predominantly polymorphonuclear leukocyte inflammatory reaction
within pre-existing lepromatous lesions, often associated with vasculitis ( 10 ). Most of
the clinical and histological features associated with ENL resemble serum sickness
(30) The demonstration of immune complexes in serum (2, 20 and in skin (24.30 adds
weight to the immune complex pathogenesis of ENL. However, some investigators
( 9 . 13 ) have shown evidence for a primary
T-lymphocyte pathogenesis of the condition, and it remains unclear whether the
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neutrophil leukocytes precede the chemotaxis oflymphocytes into the lesions. Nearly
50% of lepromatous leprosy patients develop ENL by the end of their first year of
chemotherapy ( 30 ). The ENL reaction is
viewed as a serious event which, in the past,
necessitated the temporary discontinuation
of leprosy chemotherapy while antiinflammatory agents, including steroids and thalidomide, were instituted ( 16 . 23 ) ENL episodes also can occur in patients in whom
chemotherapy has not been initiated, indicating that ENL is not just a complication
of treatment but is more likely a consequence of lepromatous leprosy itself ( 19 ). The
factors which precipitate ENL reactions in
lepromatous leprosy patients are still speculative.
Patients with lepromatous leprosy have
high concentrations of acid-fast bacilli (AFB)
in tissues and antibodies of both IgM and
IgG isotypes in the circulation ( 15 ). These
antibodies are believed to play little or no
role in protection from leprosy but may be
important in the pathogenesis of ENL. In
these patients, ENL has been shown to be
associated with a diminution of bacterial
load associated with rapid antigen clearance
( 22
Activation of the complement pathway
by complement fixing antibodies and the
concomitant release of inflammatory mediators may then cause the pathogenesis and
clinical symptoms associated with ENL episodes.
This study sought to identify markers of
ENL reactions in both the skin and peripheral blood of patients presenting with acute
clinical signs of ENL. Serum concentrations
of the acute phase reactants serum amyloid
A (SAA) and C-reactive protein (CRP) have
been shown to increase 100-1000-fold in
the 24-48 hr following an inflammatory
).

).
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stimulus ( 18 ), and SAA has been shown to
be elevated early in ENL reactions (" ). In
addition to histology we measured the acute
phase proteins to evaluate their usefulness
in the diagnosis of ENL.
MATERIALS AND METHODS
Patient material. The study group consisted of 45 histologically confirmed leprosy
patients with clinical features of ENL, including tender papules and nodules, and fever. Other symptoms recorded were arthritis (73%), neuritis (55%) and iritis (3.7%).
At the time of biopsy, 19 were newly diagnosed patients, 4 were on dapsone monotherapy, and 20 were receiving dapsone and
clofazamine. None of the patients with ENL
were on thalidomide and only one was receiving steroid treatment.
A 4-mm punch biopsy was taken from a
representative skin lesion and fixed by conventional formol-mercuric chloride-acetic
acid (FMA) fixative, processed to paraffin
and stained with hematoxylin and eosin
(H +E) and Wade-Fite stains for AFB. Leprosy lesions were categorized using standard
clinical and histopathological features (25,26)
Typical ENL was recognized as the classical
"pink node" type ( 25 ), with a polymorphonuclear neutrophil (PMN) infiltrate, with/
without vasculitis, into the dermis and subcutis of lepromatous leprosy lesions.
Control groups included: untreated leprosy patients (N = 23), classified as lepromatous (LL) or borderline lepromatous (BL);
14 leprosy patients clinically and histologically undergoing reversal reactions (type 1),
and 42 healthy endemic controls, without
known contact with leprosy, who were employed at the Aga Khan University Medical
Center. Five to 10 ml of blood was collected
in veneject tubes without anticoagulant.
Blood was kept at room temperature for 12 hr and then overnight at 4°C. Serum was
separated, centrifuged to remove red blood
cells, and then further aliquotted in small
volumes and stored at —70°C.
Antibodies. Mouse monoclonal antibodies against human C-reactive proteins were
a gift from Dr. Potempa, Chicago, U.S.A.,
to Dr. McAdam. Monoclonal antibodies
against human SAA were obtained from
Dako, and against serum amyloid P (SAP)
were generated by G. 0. Sullivan and J.
Raynes at the London School of Hygiene
.

and Tropical Medicine. Rabbit polyclonal
antibodies to CRP were affinity-purified with
human CRP and absorbed with normal human serum before use. Goat antihuman SAA
was obtained by a similar procedure.
Quantitation of acute phase proteins. Serum amyloid A protein (SAA) determinations were carried as described ( 21 ) using a
competitive inhibition ELISA with a goat
anti-human SAA and an SAA-alkaline
phosphatase conjugate; the ability of samples to inhibit conjugate binding was compared with that of the standards (bovine
high density lipoprotein (HDL) and a known
SAA concentration as described in detail
earlier ( 21 ). To measure CRP a similar assay
was used, coating the plates with affinitypurified rabbit antibodies to human CRP
( 5 ).
Assessment of IgM and IgG anti-MLSON
antibodies. ELISA were performed as described in detail previously ( 7 8 ). Mycobacterium leprae soluble sonicate (MLSON)
batch CD 114 was kindly provided by Dr.
R. J. W. Rees, National Institute for Medical Research, Mill Hill, London, U.K. Units
of activity were assigned to the test serum
by comparison to reference sera: the activity
assigned to the IgM reference serum was
6400, to the IgG reference serum 51,200
units with one unit giving an optical density
reading twice above the negative control.
Statistical analysis. Analyses, including
Fisher's exact test and Mann-Whitney analysis, were performed on a Macintosh microcomputer using a StatviewS package.
RESULTS
Characteristics of ENL patients. Fortyfive patients were recruited who fulfilled the
clinical criteria of acute ENL. The mean age
of the ENL patients was 32 years (range 1771 years), with a male : female ratio of 3:1.
The mean bacterial index (BI) in skin lesions was 3.76 ± 0.2 (S.E.M.). The majority
of patients (40/45) developing ENL had lepromatous (LL) leprosy; the remaining 5 patients had borderline lepromatous (BL) leprosy. Sixty-four percent (29/45) of the patients with clinical ENL had typical ENL
on histology, including polymorph infiltrate
(ENL-PMN+ve), but 16/45 (36%) had no
acute polymorph infiltrate (ENL-PMN— ye)
superimposed on the lepromatous leprosy
(Fig. 1). The ENL-PMN — ve biopsies did
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FIG. 1. A = ENL PMN+ ye, showing deep dermis
with foamy macrophages (lepromatous leprosy) infiltrated by numerous polymorphonuclear leukocytes
(H&E x 400). B = ENL-PMN—ve, showing deep dermis with foamy macrophages and some lymphocytes,
but no polymorphonuclear leukocyte infiltrate (H&E
x 500).
-
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not show necrosis or the variant, connective
tissue pattern of ENL ( 25 . 27 ). No significant
difference was observed between the two
groups with respect to temperature, neuritis,
arthritis or delay in diagnosis (results not
shown). Acute phase reactants such as serum amyloid A (SAA) and C-reactive protein (CRP) are usually elevated in the initial
phase of an inflammatory response. To investigate if polymorph infiltrate is associated with the early phase of the response,
we measured the quantitative levels of these
acute phase proteins in ENL patients with
and without polymorph infiltrates to investigate if these differences were associated
with variable levels of other markers ofacute
inflammation.
Concentrations of acute phase proteins in
ENL. SAA and CRP were measured in both
the histologically ENL-PMN+ ve and ENLPMN—ve groups of patients, in patients with
multibacillary leprosy (LL/BL) but without
any clinical or histological signs of reaction,
leprosy patients undergoing reversal reactions (RR), and in a group of healthy endemic controls (EC). SAA concentrations
were comparable in ENL-PMN+ve and
ENL-PMN — ve groups and significantly elevated (p < 0.001) as compared to LL/BL
patients without any clinical or histological
evidence of ENL and the healthy endemic
control group (Fig. 2). Patients in reversal
reaction also did not show any elevation of
SAA, and the group median was comparable to LL/BL (Fig. 2). These results indicate that the PMN— ve group was also
distinct from patients with RR reactions in
terms of acute phase proteins. The majority
of patients with clinical signs of ENL, with
or without polymorph infiltrate, therefore
had an ongoing inflammatory response. It
was interesting to note that two LL/BL patients with the highest SAA developed an
ENL reaction within the next 2 weeks, indicating that SAA may be an early predictor
of ENL.
CRP also was raised in the majority of
ENL-PMN+ve (median 45 µg/ml) group
but a bimodal distribution for CRP was observed in the ENL-PMN—ve group with 10/
16 showing very low CRP (< 5 µg/ml) and
6/16 showing concentrations similar to
ENL-PMN+ve group (> 30 µg/m1). None
of the other groups including LL/BL, RR,
and EC showed significant levels of CRP.
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TABLE 1. Comparison of acute phase proteins in ENL patients with and without polymorph Mfiltrate in tissues.

FIG. 2. A = Serum amyloid A (SAA) and B =
C-reactive protein (CRP) concentrations in leprosy patients with clinical symptoms of acute ENL reactions
who were reported histologically positive (ENLPMN+ve) or histologically negative (ENL-PMN— ve);
untreated lepromatous leprosy (LL/BL); reversal reactions (RR); and endemic controls (EC). Horizontal
lines show medians for each group.

Table 1 summarizes the information in
Figure 1 with the statistical analysis for the
ENL-PMN+ve and ENL-PMN— ve groups.
There were no significant differences in the
mean concentrations of SAA in ENLPMN+ve and ENL-PMN— ve patients;
however, the mean concentrations of CRP
were significantly lower in the group with
an absence of polymorph infiltrate (p <
0.001). This difference was even more striking when the SAA/CRP ratio was calculated
for individual patients. The mean ratio in
ENL-PMN+ve patients was fourfold higher than the mean ratio in ENL-PMN—ve
patients (p < 0.001). ENL is commonly described as an antibody-mediated pathological process initiated by immune complex

Values shown as medians.
ENL—PMN+ ve = Polymorph infiltrate present in
ENL lesions.
ENL—PMN—ve = Polymorph infiltrate absent in
ENL lesions.
d Groups were compared using the Mann-Whitney
test.

deposition in the tissues with activation of
the inflammatory process due to complement activation. It was therefore possible
that CRP was binding to the components
of mycobacteria or complement in immune
complexes which may be depositing in the
tissues during ENL. We have, therefore,
compared antibody concentrations to
MLSON in all groups of patients to see if
there were differences in antibody concentrations as well.
Antibody concentrations in ENL. Figure
3 shows the distribution of IgM and IgG
antibodies in lepromatous leprosy patients
with and without ENL. The majority of patients developing ENL had LL leprosy. Antibody for both isotypes was > 70% lower
(p < 0.001) in the ENL group compared to
the nonreactional lepromatous patients
(Table 2), suggesting that immunoglobulins
may be depositing in the tissues. Since many
patients with ENL had been on chemotherapy, an overall decrease of antibody
concentration in serum might alternatively
be associated with antigen clearance during
therapy ( 3 ). As shown in Table 3, antibody
TABLE 2. Comparison of antibody activity
in untreated nonreactional lepromatous patients and those with ENL reactions.

LL/BL'^ENL"
(N = 23)^(N = 45)
IgM
IgG

2,400
14,500

440
4,608

p Value
<0.001
<0.001

Values shown as medians in untreated nonreactional lepromatous patients and patients with ENL.
b Significance shown using the Mann-Whitney test.
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49 (0.050)
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Values shown as % decrease compared to untreated
lepromatous patients.
'' Significance shown as p values using Mann-Whitney analysis between untreated non reactional lepromatous and ENI, patients.
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TABLE 3. Percentage decrease in antibody
concentration in patients with ENL in relation to duration of chemotherapy.

anti-^101 antiTreatment^NI LSO N^MLSON
••
No. ^
duration No% Decrease'^% Decrease.'
$
(p value)''^(p value)"
•

$

LL/ 1.31.
(2.3)
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As part of a larger study of the incidence
of reactions in newly diagnosed patients
(manuscript in preparation), a subset of ENL
patients (N = 18) were checked for recurrence of ENL by reviewing the records and
the findings are summarized in Table 4. The
follow-up period after the occurrence of the
first ENL episode was a minimum of 2 years.
The ENL-PMN + ve group showed a much

^
^
LL/BL
TABLE
ENI. (I'MN+)^ENL(I'MN-)
^
(29)^(16)^
(23)
patients.
FIG. 3. Concentrations of antibodies to NILSON
(A = IgM; B = IgG) in leprosy patients with untreated
lepromatous leprosy without reaction (LL/BL); patients with ENL-PMN+ve and patients with ENLPM N - ve. • = LL patients; 0 = BL patients; horizontal
lines show medians for each group.

concentrations for both isotypes decreased
in ENL with the length of chemotherapy
and was more marked for IgG than for IgM.
However, the antibody concentration was
still significantly lower for both IgM (p <
0.05) and IgG (p < 0.01) in patients who
presented with ENL within a month of the
initiation of chemotherapy compared to untreated lepromatous leprosy patients without ENL reaction, supporting immune complex deposition in tissues of ENL patients.
However, there was no significant difference
in the antibody concentrations in the ENLPMN+ve and ENL-PMN - ve groups, indicating that the difference in CRP in these
two EN L groups is not related to differences
in the amounts of immune complexes and
bound CRP being deposited in the tissues.

4. Recurrence of ENL in leprosy

ENI. hist.

1
2
3
4
5
6
7
8
9
10
11
12
Mean

CRP
PNIN+ve.'
80.0
600.0
44.0
45.0
12.5
5.0
56.6
600.0
65.7
29.0
31.0
2.0
131

No. ENL
episodes
4
4
4
3
2
2
2
1
I
1
1
1
2.2

PMN-vc°
1

2

3
4
5
6
Mean

3.0
92.0
1.0
40.0
1.0
2.0
23

2
1
1
1.2

ENL-PMN+ve = Polymorph infiltrate present in
ENL lesions.
ENL-PMN-ve = Polymorph infiltrate absent in
ENL lesions.
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higher incidence of recurring ENL reactions
(7/12) than did the ENL-PMN— ve group
(1/6). The number of recurrent episodes were
also higher in the PMN+ ve group compared to the PMN — ve group where only
one patient showed a second event of ENL
(and the records indicated that it was a mild
episode not requiring hospital admission).
When Fisher's exact test was applied to the
two groups the difference in recurrence was
not significant, probably due to the small
number in the PMN — ve group. These findings suggest that ENL patients with polymorph infiltrate and high levels of CRP are
at a higher risk of recurrence of ENL and
this issue warrants further study.
DISCUSSION
Clinically, ENL reactions in leprosy patients are more readily identifiable than other reactions, such as reversal (upgrading,
downgrading), or exacerbation of disease,
although some overlap may occur. It was,
therefore, surprising when 35.5% of our
clinically diagnosed ENL patients, despite
classical clinical signs and symptoms of
ENL, showed an absence of polymorph infiltration which is considered a hallmark of
ENL histology. No significant difference was
observed between the two groups with respect to temperature, neuritis and arthritis.
Care was taken to exclude factors contributing to misdiagnosis, such as biopsy from
a nonreactional or postreactional site. The
histology of ENL changes over time with
loss of the acute inflammatory component
( 10 ), but equivalent majorities of both ENLPMN+ ve and ENL-PMN—ve groups of
patients were biopsied within 7 days of onset of clinical ENL. Since ENL is essentially
an acute inflammatory episode, we assessed
the acute phase reactants SAA and CRP
which have been shown to correlate with
the degree of inflammation and severity of
disease in inflammatory conditions such as
arthritis and systemic lupus erythematosus
(18)
In an earlier report, elevated levels of
SAA were shown to occur in 15%-30% of
patients across the leprosy spectrum with a
higher incidence toward the lepromatous
pole ( 1 '). Our results show that the frequency of raised SAA reaches 100% in patients
with clinical signs and symptoms of ENL
irrespective of the presence of polymorph
infiltrates in the tissue. Elevated SAA con.

centrations may be the earliest indicator of
the onset of ENL as seen in 2/23 lepromatous patients who showed the highest
SAA concentrations and later developed
ENL (within 2 weeks of serum sampling).
However CRP concentrations in our ENLPMN + ve patients were much higher than
in ENL-PMN— ve patients, indicating that
there may be a difference in the ENL reaction occurring in the two groups. This was
particularly striking when the ratio of SAA/
CRP was compared in ENL-PMN+ ve and
ENL-PMN —ve patients. One possible explanation may be that the two groups arc at
different stages of evolution of the reaction.
Just as the early ENL skin lesions are characterized by a predominance of polymorphonuclear leukocytes and the later stage by
lymphocytes, similarly the dynamics of SAA
and CRP may also be different with CRP
being downregulated earlier than SAA.
Acute phase proteins are synthesized in
the liver in response to inflammatory cytokines such as IL-1 and IL-6 ( 14228 ); they
may be better markers of inflammation than
IL-1 and IL-6 in that they represent amplified readouts of the cytokine response which
are less variable over time. In most inflammatory conditions, a high overall correlation between SAA and CRP has been reported ( 29 ), although SAA and CRP can be
differentially regulated; IL-1 is more stimulatory of SAA ( 25 ); whereas IL-6 favors CRP
synthesis. The ENL-PMN+ve group may,
therefore, be making more IL-1 than IL-6.
Differences in CRP concentration also
may be due to consumption of CRP in immune complexes which are either deposited
in the skin or removed from circulation during ENL, resulting in apparent lower concentrations in serum. There is a precedent
for the selective removal of acute phase proteins from the peripheral circulation in
amyloidosis where SAA is deposited in amyloid fibrils ( 6 ) while CRP stays in the circulation. The main role of CRP is believed
to be the enhanced clearance of inappropriate materials such as microorganisms or
autologous products of cell damage and
death, both of which may be important in
the resolution of ENL lesions in the tissues
and the clearance of bacteria in the circulation. However, none of the sections examined from skin lesions of lepromatous
leprosy, including ENL-PMN+ ve, ENL-

228^
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PMN—ve and non-ENL cases, showed positive staining with anti-CRP, anti-SAA, or
anti-SAP monoclonal antibodies nor with
an affinity-purified polyclonal antibody to
human CRP (results not shown), although
a previous report demonstrated CRP both
intracellularly and extracellularly in ENL lesions using a polyclonal anti-CRP antiserum 24 Furthermore, we found no difference in the concentrations of antibodies in
the ENL-PMN+ve and ENL-PMN— ve
groups, suggesting that the lower levels of
CRP are not due to differential consumption of CRP in the two groups. We did find
reduction in antibodies in all patients with
clinical signs of ENL compared to lepromatous patients without ENL. This is consistent with earlier observations by Andreoli, et al. ( 1 ) who have reported a significant reduction in the phenolic glycolipid-I
(PGL-I) antibodies in patients with ENL, as
compared to the values in the same patients
pre-ENL. These results strongly suggest removal of immune complexes from the peripheral circulation to other compartments.
Whether CRP bound to immune complexes
is selectively removed from the circulation
needs confirmation, since CRP deposition
in tissues has not been conclusively shown
in any other inflammatory condition. Although there are basic similarities between
the Arthus reaction and ENL in terms of
immune complex etiology, ENL may be different in terms of the binding of CRP contributing to the inflammatory cascade ( 17 ).
In leprosy patients, the severity ofan ENL
reaction also is assessed by the recurrence
of such episodes. Follow up of a subset of
patients after the first occurrence of ENL
reactions showed that the recurrence was
higher in ENL-PMN+ve patients than in
ENL-PMN—ve patients, although the difference did not reach statistical significance
by Fisher's exact test. This observation does
support the concept that the two groups of
patients may have inherent differences rather than being at different stages of evolution
of the ENL reaction. To address this issue
we are now planning a prospective study to
assess acute phase reactants in sequential
serum samples taken over 7-10 days from
patients presenting with ENL.
Measurement of both the acute phase
proteins in ENL, therefore, provides useful
clinical information; SAA as a diagnostic
(

).

marker of ENL and CRP as a possible predictor of severity or disease recurrence. The
lack of a more sensitive and specific "case
definition" of ENL has parallels in the problems of defining, histopathologically, early
lepros y (4.21 . While this study was primarily an immunological study of ENL, it is
evident that the clinical pathology of ENL
in this population awaits full description.
)

SUMMARY
Sixteen out of 45 (36%) leprosy patients
with clinical features of acute erythema nodosum leprosum (ENL) did not show the
characteristic presence of neutrophils (polymorphs) in histology of the ENL lesion. The
acute-phase reactants, serum amyloid A
(SAA) and C-reactive protein (CRP) which
are systemic markers of inflammation, and
IgM and IgG antibody to Mycobacterium
leprae were determined in these patients in
order to understand the differences in histological diagnosis. Both SAA and CRP were
elevated in ENL patients, irrespective of the
presence of polymorph infiltrates, as compared to nonreactional lepromatous patients, patients with histologically confirmed reversal reactions and endemic controls, indicating that all clinically diagnosed
ENL patients had ongoing inflammatory reactions. On the other hand, IgM and IgG
antibodies were significantly lower (> 70%)
in ENL patients as compared to nonreactional lepromatous patients. When the two
ENL groups [ENL-PMN+ve (positive for
neutrophils) and EN L-PMN — ve (negative
for neutrophils)] were compared, there were
no significant differences in the mean SAA,
IgM or IgG antibody concentrations, but
CRP was eightfold lower in ENL-PMN—ve
as compared to the ENL-PMN+ve group.
This may indicate that the timing or modulation of the reaction was different in the
two ENL groups. Thus, measurement of the
acute-phase response and the ratio of SAA/
CRP in particular are helpful in the clinical
diagnosis of ENL reactions in leprosy.
RESUMEN
Dicz y scis de 45 (36%) pacientes con lepra en reacciOn tipo eritema nodoso leproso (ENL) carccicron
la caracteristica presencia de neutrOfilos (polimorfos)
en los cortes histolOgicos de la lesion. Con el fin de

63, 2^Hussain, et al.: Differences in ENL Reactions^229
cntendcr las diferencias en el diagnOstico histolOgico

groupc ENL/PMN — par rapport au groupe ENL/

dc las lesiones, se determinaron los niveles de dos reac-

PMN +. Ceci pourrait indiquer quc revolution dans Ic

tantes de fase aguda (amiloide A del sucro, SAA, y

temps ou la modulationn de la reaction etaient di ffe-

proteina C-rcactiva, CRP), asi corno los niveles de anticuerpos IgM e IgG contra Mycobacterium leprae. A

rentes dans Ics deux groupes ENL. En consequence, la

diferencia de lo observado en los pacientes leproma-

CRP en particulier sont une aide au diagnostic clinique

tosos no reaccionales, en los pacientes en reacciOn re-

des reactions d'ENL dans la lepre.

mesure de Ia reponse de la phase aigue et Ic ratio SAA/

versa histoffigicamente confirmada y en los controles
de zona endemica, los pacientes con ENL tuvicron
niveles elevados tanto de SAA comp de CRP, y esto
fue independiente de Ia presencia de polimorfos infiltrantes en sus lesiones. Lo anterior fue indicativo
quc todos los pacientes con ENL estudiados, presentaban una reaccion in fla ma toria. Por otro lado, los niveles de anticuerpos 1gM e IgG estuvieron significativamente mss bajos (>70%) en los pacientes con ENL
quc en los pacientes lepromatosos no reaccionales.
Cuando se compararon los dos grupos de pacientes con
EN L (EN L-PM N negativos y ENL-PMN positivos) no
se cncontraron di ferencias en las concentraciones de
SAA y de los anticuerpos IgG o 1gM, pero los niveles
de CRP fueron 8 veces mayores en los pacientes ENLI'M N positivos quc en los pacientes ENL-PMN ne-
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gatives. Esto podria indicar quc el tiempo de evoluciOn
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