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Effects of treatment on the histopathology of
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Abstract
Aims-To identify the histological changes
in leprosy skin lesions over the first few
weeks after the start of leprosy treatment
and to examine their relationship to re-
versal reaction.
Methods-Sequential skin biopsy during
treatment with multiple drug therapy. In
this study, a series of28 patients was stud-
ied, from whom two or more biopsies were
taken at two week intervals. Fourteen
patients had paucibacillary leprosy (PBL)
and 14 had multibacillary leprosy (MBL).
Results-In most cases, granuloma frac-
tion and bacterial index fell during treat-
ment, the bacterial index being less
sensitive than the granuloma fraction.
Since the biopsies were fixed in buffered
formalin and processed through to
paraffin wax, little immunohistochemistry
was feasible. However, there was strong
evidence of immune activation, with in-
creased expression of HLA-DR in the
granulomas of MBL and PBL cases: the
epidermis also expressed HLA-DR in sev-
eral patients. Such changes may reflect
yIFN production from granuloma lympho-
cytes. Patients with reversal reaction often
showed HLA-DR expression on admission
which decreased with corticosteroid treat-
ment.
Conclusions-The results suggest that ac-
tivation of cell mediated immunity in lep-
rosy lesions occurs during treatment with
multiple drug therapy and may not be
restricted to those with clinical evidence
of reversal reaction.
(J7 Clin Pathol 1995;48:304-307)
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Multiple drug therapy has revolutionised the
treatment of leprosy and many patients are
now cured within six months to two years,
depending on their bacterial load. Recent de-
velopments in chemotherapy make it likely that

Table 1 Classification of patients studied on the Ridley-Jopling scale/
Idt TT BT BB BL LL Total

Newly diagnosed 4 1 8 0 6 3 22
Reversal reaction 0 0 1 0 3 2 6

Total 4 1 9 0 9 5 28

Idt = Indeterminate; TT = tuberculoid; BT= borderline-tuberculoid; BB = borderline; BL= bor-
derline lepromatous; LL=lepromatous.

the period of treatment will be further reduced.
However, patients often suffer immunologically
mediated reactions, either spontaneously or
during and after treatment. Two major types
ofreaction are recognised in type I, reversal or
upgrading reaction, the skin becomes red and
swollen with tenderness of peripheral nerves.
This neuritis leads to additional disability. Type
I reactions occur across the clinicopathological
spectrum of disease from tuberculoid (few
bacilli with epithelioid granulomas) to lepro-
matous leprosy (diffuse infiltration of macro-
phages containing enormous numbers of
bacilli). Their association with "reversal" or
"upgrading" of previously lowered resistance
to Mycobacterium leprae is responsible for the
name. In Type II reactions (erythema nodosum
leprosum) painful inflamed nodules occur in
the skin of lepromatous patients. These appear
to be immune complex mediated.

Since reversal reaction probably results from
increased cell mediated immunity to the leprosy
bacillus following antigen release after the start
oftreatment,' we have looked at the histological
changes which occur in the first week weeks
after starting multiple drug therapy. Histo-
logically, reversal reaction is associated with an
influx of lymphocytes and macrophage mat-
uration, with the appearance of giant cells. The
granuloma fraction increases in many patients.
However, histological and clinical evidence of
reaction often correlate poorly.2' We therefore
looked at immunohistochemical indices as well
as morphological features which might signal
incipient reaction.

Methods
BIOPSIES
Skin punch biopsies (4 mm) were taken before
and at least once after multiple drug therapy
was started in 22 patients with leprosy diag-
nosed clinically by an experienced leprologist
and confirmed in the first biopsy by histo-
pathology (table 1). Patients in this group were
either newly diagnosed (16 cases) or relapsed
following partial treatment with dapsone mono-
therapy (six cases). In addition, two or more
biopsies were taken before and during cortico-
steroid treatment of reversal reaction in six
patients diagnosed clinically as being in re-
action. Of the 28 cases, six were female and
22 male, with an age range of 16 to 65 years
(mean 39 years). In all cases, biopsies were
taken from the edge of the same large skin
lesion to ensure reproducibility of histology.4
The biopsies were fixed in 4% buffered form-
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Table 2 Granuloma fraction results for all patients
included in the study. In keeping with previous work,4
change (up or down) was defined as >5% of dermal area

Newly diagnosed Reversal reaction

Decrease 15 6
No change (<5%) 4 0
Increase 3 0

aldehyde and processed in Dundee through to
paraffin wax in a VIP2 vacuum processor with
postfixation in phenol formalin.5 Sections were
cut at 5 gim for histology (haematoxylin and
eosin), assessment of bacterial index (Wade-
Fite), and immunohistochemistry.

A

IMMUNOHISTOCHEMISTRY
Sections from each case were stained sim-
ultaneously by the avidin-biotin complex
method for lysozyme (Dako), and HIA-DR
(LN3 antibody, ICN Flow, since both antibody
preparations work well with paraffin sections.
A mild haemalum counterstain was used to
allow detection of unstained cells.

QUANTITATION
Granuloma fraction was measured by pLani-
metry using an Imagan 2 planimeter (Kompira)
as previously described.46 Image analysis of
sections stained for HLA-DR was performed
using the x 20 objective of an Olympus CK2
microscope fitted with a monochrome CCD
camera linked to a Viglen 486DX/2 micro-
computer with an image processing board
and running Global Lab Image software (Data
Translation). Using the particle detection tool
and a section from the pretreatment biopsy, an
optical density threshold was set which allowed
stained areas to be detected without detection
ofbackground or counterstained features. This
threshold was used for all sections from that
case to allow comparison of HLA-DR ex-
pression over time. The threshold was reset
for each case and the results for each section
expressed as the percentage of granuloma
stained.

Results
The variables assessed in relation to treatment
were bacteriological index (MBL patients
only), granuloma fraction, HIA-DR, and lyso-
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Figure I Change in HLA-DR staining over time in a
patient with borderline-tuberculoid leprosy (bacteriological
index= 1). The untreated biopsy (A) shows a large

:* granuloma with some HLA-DR expression at its edge,
while after two weeks (B) there is considerably increased
HLA-DR expression with positivity in giant cells. The
third biopsy (C) taken after four weeks shows an even
greater degree of expression with positivity of the epidermis.
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Figure 2 The results of image analysis ofHLA-DR
expression in two previously untreated patients. (A) A
patient with borderline-tuberculoid leprosy showing an
increase in HLA-DR expression and granuloma fraction
(GF) over four weeks of treatment. (B) A patient with
borderline-lepromatous leprosy showing a small initial
increase in both HLA-DR expression and GF during the
first two weeks, followed by a sustained fall in both
measurements.

zyme. In MBL patients, bacteriological index
decreased in 3/9 newly diagnosed patients given
one month or multiple drug treatment and in
2/5 patients with reaction who were on multiple
drug treatment with corticosteroids for reversal
reaction. The bacteriological index was not
found to be a reliable indicator of response in
PBL patients, who by definition harbour few
bacilli, and was not assessed further in these
cases. The granuloma fraction fell in 15/22
biopsies, but was raised by more than 5% of
the dermal area in three out of 22 patients
(table 2). Granuloma fraction fell in all six
patients with reversal reaction during cortico-
steroid treatment.
Immunohistochemistry was performed in 14

newly diagnosed and four reversal reaction
cases with a granuloma fraction of >4% to
assess lysozyme and HLA-DR expression
within the biopsies. In the newly diagnosed
patients, HLA-DR immunostaining was visu-
ally increased in five out of seven PBL and five
out of seven MBL patients (total 10/14) within
two to six weeks of starting chemotherapy (fig
1). Two out of four patients with reversal re-

action also showed increased HLA-DR staining
in the second biopsy despite two weeks of
corticosteroid therapy, but this decreased sub-
sequently. Epidermal HLA-DR expression was
seen at some point after treatment in five out of
14 new patients and in the first (pretreatment)
biopsy in two out of four reversal reaction
patients. Image analysis was used to quantify
the area of granuloma expressing HLA-DR in
batch stained sections from 14 newly diagnosed
patients. In all cases the results were in agree-
ment with previous visual assessment. The res-
ults from two patients, one with borderline-
tuberculoid and the other with borderline-
lepromatous leprosy, are shown with the gran-
uloma fraction data in fig 2.

Lysozyme was present to some degree in at
least one biopsy in all patients except one with
lepromatous leprosy. It was visually stronger
in patients with tuberculoid/borderline-tuber-
culoid leprosy and reversal reaction. In the four
reversed reaction patients on corticosteroids,
lysozyme expression appeared to diminish with
time, while in four of eight and two of six
MBL newly diagnosed patients, it appeared to
increase. Lysozyme staining was often patchy
within the cell and was unsuitable for image
analysis.
Three of the patients (two borderline-tuber-

culoid, one borderline lepromatous) were given
prednisolone therapy on admission as they were
thought to be in reaction: all three showed
HLA-DR and lysozyme expression in their first
biopsy, which declined or showed little change
in subsequent biopsies. Clinical follow up of
the patients after three years showed that three
out of 20 newly diagnosed or relapsed patients
had developed reactions, including two patients
without initial evidence of reaction whose
HLA-DR staining increased considerably fol-
lowing treatment; HIA staining was not per-
formed in the remaining case as the granuloma
fraction was <4%. Two patients moved away
and were lost of follow up.

Discussion
This study has confirmed that the granuloma
fraction falls more quickly than the bacterial
index after treatment starts, and that it may
increase in some patients with histological evid-
ence of reaction.2 There is also evidence of
increased lysozyme expression in newly de-
tected patients treated with multiple drug treat-
ment for one month, and of a rapid reduction
in lysozyme expression in those patients on
corticosteroid treatment for reversal reaction.
However, the most striking observation is the
increase in HLA-DR, which is some patients
occurs within two weeks of starting treatment.
This dramatic rise in expression of a class II
antigen presentation molecule is strong evid-
ence of an increase in macrophage/epitheloid
cell activation.7 It is seen following the injection
of y-interferon (,yIFN) into lesions8 and ex-
posure of lepromatous macrophages in culture
to yIFN or antigen.9 It is therefore likely that
our results reflect the local production of this
cytokine by lymphocytes within the granuloma.
This process may involve CD4 + T lympho-
cytes of ThI types, NK cells, y7 cells, or a
combination of all three possibilities. Increased
production of yIFN by lymphocytes is seen
experimentally after exposure ofT lymphocytes
to mycobacterial antigen, which is released in
vast quantities from dead bacilli, 99% ofwhich
can be killed by one dose of rifampicin in
experimental models. Since the bacillary load
in a lepromatous patient may be 1 013 bacilli, this
represents a considerable antigenic challenge.

Stimulation of T lymphocytes by antigen
released by treatment is widely believed to lead
to reversal reaction, in which there is an influx
of lymphocytes and increased macrophage ac-
tivation with giant cell formation. Reversal re-
action patients show granuloma HLA-DR
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expression on admission and we have shown
that this decreases with steroid therapy. Ex-
pression of HLA-DR within a short time of
starting multiple drug treatment may therefore
be a good marker for the tendency to develop
reversal reaction, although many tuberculoid
cases show granuloma HLA-DR expression
on admission.'0-13 In this study, most of our

patients developed increased HLA-DR ex-

pression, unless they were given cortico-
steroids, suggesting that activation of cell
mediated immunity in leprosy lesions occurs

in most patients and is not restricted to those
with upgrading reaction. It has previously been
reported that treatment increases cytokine ex-

pression within the lesion'4 and serum soluble
IL2 receptor concentrations.'5 These findings
suggest that the difference between patients
who develop reversal reaction and those who
do not is likely to be quantitative rather than
qualitative, although this requires further in-
vestigation.' Since silent neuritis and reversal
reaction are known to occur in many patients,'6 17
it is possible that the reversal reaction rep-

resents a clinically identifiable degree of an

immunological process which occurs in all
patients treated for leprosy.

Larger studies are required to confirm these
preliminary results, and to correlate them with
immunological variables'5 and markers ofnerve
or vascular function.'8"' The ability to follow
immunological changes within the granuloma
quantitatively by sequential biopsy, im-
munohistochemistry, and image analysis
should be considered as a tool for use in future
clinical trials of modified multiple drug treat-
ment regimens in leprosy.
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