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Despite the large volume of published
work which suggests a broad relationship be-
tween cell-mediated immunity in the le-
sions and systemic immunity to Mycobac-
terium leprae, there have been few recent
studies of the relationship between local (le-
sional) and systemic immunological param-
eters in individual leprosy patients. One such
study by Sehgal, ef al. (**) examined the de-
gree of agreement of clinical, bacteriologi-
cal, histological, and immunological (lep-
romin test) parameters. While their results
provide some support for the observations
which form the basis of the Ridley-Jopling
classification of leprosy (' !'?), good corre-
lation between all four of the parameters
studied was seen in only 44% of their pa-
tients.

Morphometric analysis of leprosy lesions
allows the extraction of quantitative data
from these lesions and has proved useful for
the assessment of the granuloma fraction
(GF), and parameters of cell turnover (*7).
In this study, we have examined these his-
tological measurements, together with clin-
ical and immunological parameters, in a
group of untreated leprosy patients to de-
termine whether the apparent relationships
between these variables across the Ridley-
Jopling classification can be applied to in-
dividuals.

MATERIALS AND METHODS

Subjects. The study was performed pro-
spectively and included 52 leprosy patients
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presenting during a population survey or by
self-referral to the HEED Leprosy Hospital,
Kamalganj, Bangladesh. All of the patients
were newly diagnosed and none had re-
ceived any treatment. The average age of
the patients was 33.1 years (range 10-60
years) with a male:female ratio of 1:0.86.
All of the subjects gave verbal informed
consent for the tests, the results of which
were made available to the local leprosy
control team.

Clinical tests. All of the subjects under-
went clinical examination, and skin tests for
delayed hypersensitivity to mycobacterial
antigens were performed by giving each
subject intradermal injections of tuberculin,
purified protein derivative (PPD) (1:1000
dilution; Evans Medical, Beaconsfield, En-
gland) and Rees’ skin test antigen (leprosin
A; Batch CD19) on the volar aspect of the
right and left forearms, respectively. The re-
sults were expressed as the mean diameter
of the area of induration at 72 hr, measured
using the ball-point method ('®). The nutri-
tional status of each subject was assessed
clinically by assessing the skin-fold thick-
ness of the upper arm using Harpenden skin-
fold callipers (British Indicators Ltd., St.
Albans, England) and by mid-arm circum-
ference (cm).

Serum samples were obtained from each
subject by venipuncture using sterile dis-
posable equipment and preserved with so-
dium azide (0.5 mg/ml final concentration).
The samples were refrigerated until they
could be transported to Dundee, Scotland,
for analysis.

Skin biopsies. Skin biopsies were taken
from the edge of an established skin lesion
in 40 of the 52 patients using sterile dis-
posable 4-mm skin biopsy punches (Stiefel
Laboratories, Slough, England) (?). Follow-
ing fixation in 4% buffered formaldehyde,
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THE TABLE. Clinical, histological, and
overall classification of patients on the Rid-
ley-Jopling scale.®

Classification

Ridley-Jopling (no. of patients)
classification Clin- Histo- Over-
ical logical all
Indeterminate 7 9 7
Tuberculoid 4 2 4
Borderline-tuberculoid 23 18 23
Borderline 1 1 1
Borderline-lepromatous 9 4 9
Lepromatous 8 6 8
Total 52 40 52

» Histological classification was taken in preference
to clinical classification in all patients except those whose
lesional histology was indeterminate, for whom the
clinical classification was accepted. In the 12 patients
from whom no biopsy was taken, the clinical classifi-
cation was used as the overall classification.

each biopsy was bisected and embedded in
paraffin wax. Sections of 5 um were stained
with hematoxylin and eosin, by the Wade-
Fite method for acid-fast bacteria, and with
methyl green pyronin for plasma cell enu-
meration.

Each biopsy was classified on the Ridley-
Jopling scale (*?). The histological classifi-
cation was taken in preference to the clinical
classification in all patients except those
whose lesional histology was indeterminate,
when the clinical classification was accept-
ed. In the 12 patients for whom no biopsy
was taken, the clinical classification was used
as the overall classification. The histologi-
cal, clinical, and overall ciassification of the
patients included in the study are shown in
The Table.

Histometry. The bacterial index (BI) was
estimated semi-quantitatively using the
method described by Ridley and Hilson ('!).
The granuloma fraction (GF) was measured
by planimetry with methods described pre-
viously (>** 7). Plasma cell counts were per-
formed on nonoverlapping fields at x400
magnification by scanning the whole section
using a 25-square eyepiece grid. Apoptotic
and mitotic densities were estimated simi-
larly (°). The results were expressed as the
plasma cell density in cells per mm? gran-
uloma.

ELISA. Whole vy-irradiated mycobac-
teria (M. leprae, M. tuberculosis H37Rv and
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M. scrofulaceum) were dried onto gelatine-
coated polystyrene microtiter plates for use
in a whole mycobacterial ELISA (°). After
blocking with 5% normal goat serum (NGS),
the wells were incubated with test sera at a
1:200 dilution, washed, and incubated with
polyclonal goat anti-human immunoglob-
ulin conjugated to horseradish peroxidase
(Sigma, Poole, U.K.) at a 1:1000 dilution.
Fresh 0.4 mg/ml o-phenylene diamine with
hydrogen peroxide was used as the peroxi-
dase substrate. The reaction was stopped
with 2.5 N sulfuric acid and read at 490 nm
using a Dynatech MR580 MicroELISA au-
toreader. The assays for antibody against A.
leprae were performed for three immuno-
globulin subclasses (IgG, IgM, IgA); assays
for antibody against M. tuberculosis and M.
scrofulaceum were performed using a sec-
ond antibody reacting with all subclasses.

The samples were also screened in an
ELISA developed by Brett, et al. ('), using
a bovine serum albumin (BSA) glycocon-
jugate (BSA-C) which mimics a major ep-
itope of the phenolic glycolipid-I (PGL-I)
of M. leprae. Conjugate 11 (') was kindly
provided by Dr. R. J. W. Rees, National
Institute for Medical Research, London,
U.K. This glycoconjugate consists of the in-
tact terminal disaccharide of the natural an-
tigen linked to BSA by reductive amination
("). The ELISA was modified slightly by the
use of 5% NGS in the blocking stage for
serum assays. (°).

Data analysis. The results were analyzed
on a microcomputer using nonparametric
methods (Statgraphics, STSC, California,
U.S.A.), since the ELISA and histological
results did not conform to a normal distri-
bution. In all cases the correlation coeffi-
cients (r) quoted in the text are Spearman
rank correlation coefficients derived from
the raw data: p values are indicated by one
asterisk (p < 0.05) or by two asterisks (p <
0.005).

RESULTS

Relationship between individual histolog-
ical parameters (N = 40). There is the ex-
pected relationship between the BI and
overall classification on the Ridley-Jopling
scale, but none between the GF and histo-
logical grade. However, the GF does cor-
relate with the BI (r = 0.49**), apoptotic
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Fic. 1. Relationship of the serum IgM response to

BSA glycoconjugate with Ridley-Jopling classification,
showing clear gradation of this antibody response across
the leprosy spectrum with the highest levels in LL pa-
tients.

density (r = 0.51*%), and mitotic density (r
= 0.51**%). The relationship between apop-
totic density and mitotic density is weak (r
= 0.39%), suggesting that mitosis is of lim-
ited importance in maintaining the cell pop-
ulation size in leprosy granulomas (*-°). The
plasma cell density within the lesions does
not correlate with any of the other histo-
logical parameters.

Relationship between individual param-
eters of systemic cell-mediated and humoral
immunity (N = 52). There are significant
negative correlations between the leprosin
A skin test results and the serum antibody
response to both M. tuberculosis (r =
—0.47*)and M. scrofulaceum (r = —0.53%%),
consistent with an inverse relationship be-
tween cell-mediated and humoral immu-
nity to common mycobacterial antigens.
However, there is no correlation between
the leprosin A results and the serum anti-
body response to M. leprae (IgG, IgM or
IgA), suggesting that this relationship may
not extend to M. leprae-specific antigens. A
weaker negative correlation between the
leprosin A results and serum IgM response
to BSA glycoconjugate (r = —0.31%) is also
present. The PPD skin test results do not
correlate with any of the serum antibody
responses.

Relationship between histology and sys-
temic immunity (N = 40). The predicted
overall relationship between the Ridley-
Jopling classification and the results of the
secrum ELISAs are present: the strongest
being that with the serum IgM response to
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all classifications.
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BSA glycoconjugate (Fig. 1), although the
serum IgG response to whole M. leprae is
less impressive (Fig. 2). The Bl is positively
correlated with the serum ELISAs for IgM
(r = 0.48**) and IgG against BSA glycocon-
jugate (r = 0.39*) and antibody against whole
M. tuberculosis (r = 0.43%), but there is no
correlation between IgG or IgM responses
to whole M. leprae and the BI. Positive lep-
rosin A responses (> 5 mm diameter in-
duration) were seen in 12 of the 20 tuber-
culoid (TT/BT) patients, in 2 of 9
indeterminate histology patients, and in 1
of the 11 multibacillary patients biopsied,
a borderline-lepromatous case. There is
negative correlation between the Bl and the
results of the leprosin A (r = —0.44*) and
PPD skin tests (r = —0.57**). There are no
significant relationships between apoptotic
or mitotic density and the results of the im-
munological measurements. There is no re-
lationship between the plasma cell density
and the ELISA results, except for a weak
negative correlation with the serum IgG re-
sponse to whole M. leprae (r = —0.39%).
This suggests that the plasma cells within
the lesion do not make a large contribution
to the quantity of circulating antibody. Nei-
ther nutritional parameter showed any cor-
relation with the ELISA or skin test results.

DISCUSSION

In this study, the concept that leprosy is
adisease which exhibits a spectrum of closely
linked immunological, histological, and
clinical parameters has been tested for its
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relevance to individual patients by measur-
ing representative parameters which might
be expected to show some relationship to
cach other. There are broad associations be-
tween the parameters measured, but the
generally accepted model of an inverse re-
lationship between cell-mediated and hu-
moral immunity does not apply strictly to
individual patients, in whom the response
is evidently much more complex.

The paucity of significant correlations be-
tween skin test and ELISA results is partic-
ularly striking, since it suggests that de-
layed-type hypersensitivity and humoral
immunity may have only a weak inverse
relationship and that this may be strongest
for common mycobacterial antigens. Stud-
ies of the antigens involved in the humoral
immune response to M. leprae and recent
studies of the antigens recognized by T lym-
phocytes cloned from leprosy patients have
shown that humoral and cell-mediated im-
mune responses in leprosy are the end result
of divergent responses to different epitopes
(> ®). Our results demonstrate that this di-
vergence between humoral and cell-me-
diated immune responses is reflected in lep-
rosy patients. The cell-mediated immune
responses which dominate in tuberculoid
leprosy are unlikely to be linked with the
antibody levels upon which serodiagnostic
tests for leprosy depend, which explains the
relative inability of specific serological tests
to detect paucibacillary leprosy (¢ % 14).

Despite the apparent lack of correlation
between the humoral and cell-mediated im-
mune responses in individual leprosy pa-
tients, it is evident that there is a clinico-
pathological spectrum in leprosy which is a
useful model of the disease, even if the re-
lationships between the various compo-
nents of the spectrum do not apply strictly
to individual cases. While positive leprosin
A results are more common in paucibacil-
lary patients, positive results can occasion-
ally be obtained in multibacillary patients,
limiting the usefulness of this skin test for
patient classification.

The relationship between the histological
appearance of the skin lesions (Ridley-Jop-
ling classification) and the immunological
parameters studied is evident in individual
leprosy patients. A comparison of the skin
test and ELISA results with the histological
measurements suggests that there is a strong
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relationship between cell-mediated immu-
nity and lesional histology. Antibody levels
to M. leprae are less strongly related to le-
sional histology, and are independent of the
plasma cell density within the lesion. Local
factors which could modulate the systemic
cell-mediated response to M. leprae include
the age of the lesion and site-dependent dif-
ferences in cell content (for instance, Lang-
crhans’ cell or mast cell numbers), antigen
exposure, or blood flow. Local factors ap-
pear to modulate the expression of systemic
immunity in the pathogenesis of the skin
lesion in leprosy. This may explain histo-
logical differences between lesions which
seem to occur in some patients (7 '3).

SUMMARY

A group of 52 untreated leprosy patients
were examined to determine the relation-
ship between local and systemic immuno-
logical parameters across the clinico-patho-
logical spectrum. The Ridley-Jopling
classification, bacterial index (BI), and gran-
uloma fraction (GF) were assessed in biop-
sies from 40 cases. The densities of apop-
toses, mitoses, and plasma cells were also
measured. Systemic immunity to mycobac-
teria was assessed by skin tests with lepro-
sin A and PPD, and by measurement of
the serum antibody responses to Mycobac-
terium leprae, M. tuberculosis, and M. scrof-
ulaceum. The serum responses to phenolic
glycolipid-1 (PGL-I) of M. leprae was as-
sessed using a glycoconjugate which mimics
an immunodominant epitope.

The serum antibody levels and skin test
results showed the expected inverse rela-
tionship. The BI within lesions showed an
inverse correlation with the skin test results,
but none of the other histological parame-
ters studied showed a significant relation-
ship with the other measurements of sys-
temic immunity. Our findings suggest that
the inverse relationship between delayed-
type hypersensitivity and humoral immu-
nity in leprosy patients, which is strong in
groups of patients across the leprosy spec-
trum, is less strong in individual patients
than is often thought. The lack of correla-
tion of many histological and systemic pa-
rameters suggests that local factors modu-
late systemic immunity in the pathogenesis
of leprosy lesions.



58,2

RESUMEN

Se estudié un grupo de 52 pacientes con lepra sin
tratamiento para determinar la relacion entre inmu-
nidad local y sistémica a lo largo del espectro clinico-
patologico de la enfermedad. Se establecio la clasifi-
cacion (Ridley-Jopling), el indice bacteriano (IB) y el
tamaiio de la fraccion granuloma (FG) en las biopsias
de piel de 40 pacientes. También se midié el grado de
apoptosis y de mitosis, y la densidad de células plas-
maticas. La inmunidad sistémica contra la microbac-
teria se midio por las pruebas dérmicas con leprosina
y con PPD y por medicion de los niveles séricos de
anticuerpos contra Mycobacterium leprae, M. tuber-
culosis, y M. scrofulaceum. Las respuestas séricas con-
tra el glicolipido fendlico-1 (GLF-1) del M. leprae se
midieron usando un glicoconjugado que mimetiza un
epitope inmunodominante.

Los resultados sobre los niveles de anticuerpos sé-
ricos y aquellos sobre las pruebas dérmicas mostraron
la relacion inversa esperada. Aunque el IB dentro de
las lesiones mostrd una correlacion inversa en los re-
sultados de las pruebas dérmicas, ninguno de los otros
parametros estudiados mostré una relacion significa-
tiva con las otras mediciones de la inmunidad sisté-
mica. Nuestros hallazgos suqgieren que la relacion in-
versa entre la inmunidad retardada y la inmunidad
humoral en los pacientes con lepra, la cual es marcada
entre los diferentes grupos del espectro de la enfer-
medad, es menos marcada de lo que se piensa cuando
s¢ analizan los pacientes individuales. La falta de co-
rrelacion de muchos pardmetros histologicos y sisté-
micos, sugiere que en la patogénesis de las lesiones de
la lepra, la inmunidad sistémica es modulada por fac-
tores locales.

RESUME

On a examiné un groupe de 52 malades atteints de
lepre et non traités, en vue de déterminer la relation
existant entre les paramétres immunologiques locaux
et systémiques, d’un bout a I'autre du spectre clinico-
pathologique. Sur les biopsies provenant de 40 cas, on
a procédé a la classification de Ridley-Jopling, a I'éval-
uation de I'index bactériologique (BI), et a la déter-
mination de la fraction granulomateuse (GF). On a
¢galement mesuré les densités des apoptoses, des mi-
toses, et des cellules plasmatiques. On a estimé 1'im-
munité systémique aux mycobactéries au moyen
d’épreuves cutanées par la léprosine A et par le PPD,
de méme qu’en mesurant les réponses du sérum en
anticorps contre Mycobacterium leprae, M. tubercu-
losis, et M. scrofulaceum. Les réponses sériques a ’anti-
géne phénoglycolipidique-I (PGL-I) de M. leprae ont
¢été déterminées en utilisant un glycoconjugué qui si-
mule I'épitope immunodominant.

Les taux d’anticorps sériques, de méme que les ré-
sultats de I'épreuve cutanée, ont montré, ainsi qu'on
pouvait s’y attendre, une relation inversée. L'Index
Bactériologique dans les Iésions a révélé une corréla-
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tion négative avec les résultats de I'épreuve cutanée;
toutefois, aucun des autres paramétres histologiques
étudiés n’a montré une relation significative avec les
autres déterminations de I'immunité systémique. Ces
observations suggérent que la relation inversée entre
I’hypersensibilité de type retardé et I'immunité hu-
morale chez les malades de la lépre, qui est trés mar-
quée dans des groupes de malades tout au long du
spectre de la 1épre, est cependant chez des malades pris
individuellement, moins prononcée qu’on ne le pense
souvent. L'absence de corrélation entre un bon nombre
des paramétres histologiques et systémiques suggére
que des facteurs locaux modulent 'immunité systé-
mique au cours de la pathogenése des I¢sions de la
lépre.
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