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Variation of in vitro Lymphocyte Responses to
M. leprae Antigen in Borderline Tuberculoid

Leprosy Patients'
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Even before the discovery of the leprosy
bacillus as the causative agent of leprosy,
Danielssen and Boeck distinguished be-
tween two main groups of patients: "nod-
ular — and "anesthetic — leprosy ( 5). Shortly
after Hansen had described the bacillus ("),
he showed that the lesions in "nodular"
leprosy contained great numbers of bacilli
while "anesthetic — leprosy patients had
very few organisms in their lesions (H).

This finding had, and still has, a great im-
pact on the management of the patients and
on leprosy control. When sulfones were in-
troduced as specific chemotherapy, a spec-
trum of "nodular, — or lepromatous leprosy
became evident, now distinguishing he-
tween borderline lepromatous (13L), sub-
polar lepromatous (LLs) and lepromatous
leprosy (LLp) ( 22 ).

A subdivision of tuberculoid leprosy (for-
merly called "anesthetic — leprosy) was
based on the histopathological appearance
of skin lesions ( 2 '). Lymphocyte infiltration
and the presence of activated macrophages
were presumed to reflect the degree of cell
mediated immunity thought to he determi-
nant for immune resistance.

The position of the different entities in a
spectrum was later strengthened by results
of in nitro tests for cell mediated immunity
(''). Applying the morphological lympho-
cyte transformation test and the leukocyte
migration inhibition test, the highest re-
sponses were found in polar tuberculoid
patients, after which responses gradually
decreased through TT/13T, BT, 13B, to 13L.
Patients in the lepromatous part of the
spectrum were virtually non-responsive,
regardless of subclassification.
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However, no clinical or bacteriological
method exists to confirm that the spectrum
of tuberculoid leprosy correlates to a spec-
trum of resistance ( 21. Responses in differ-
ent immunological tests show a substantial
individual variation between patients be-
longing to the same histopathological
group. Lymphocytes from many patients
with clinical and histopathological charac-
teristics of borderline tuberculoid leprosy
were found to show no response to A/. lep-
rae antigen in vitro (" 7 ). Individual bor-
derline tuberculoid leprosy patients could
also have anti- AL leprae antibody titers
higher than the average for lepromatous
leprosy patients (''''• 11 ). Thus the patient's
immune status, described by in vitro lym-
phocyte responses and anti- %I. leprae an-
tibodies, did not seem to define the individ-
ual patient's position in the "immune
spectrum of leprosy.''

This paper is an attempt to discuss fac-
tors other than immune resistance that
could influence patients' responses in one
commonly used in vitro test for cell me-
diated immunity, namely the in vitro lym-
phocyte stimulation test with antigens from
Mycobacterium leprae.

MATERIALS AND METHODS
Test subjects. All leprosy patients in this

study were attending the All Africa Lep-
rosy and Rehabilitation Training Center
(ALERT) in Addis Ababa, Ethiopia. They
were clinically diagnosed and classified by
experienced leprologists: bacterial and
morphological indexes (BI and MI) were
determined by examination of skin smears
from at least six sites in each patient CI
and the histological diagnosis and classifi-
cation established in representative skin
biopsies ( 2 '). For some of the experiments,
a simplified classification has been used di-
viding the patients into tuberculoid (TT,
TT/BT and BT together) and lepromatous
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(BL, LLs and LLp together). Mid-border-
line leprosy patients (1313) are in these in-
stances either excluded or referred to as a
separate group named "borderline."

In lepromatous leprosy patients, there
was a good agreement between histological
and clinical classification. However, among
patients with typical BT leprosy according
to clinical criteria, about one third had a
histological classification of either indeter-
minate (ldt) or early tuberculoid leprosy.
This was particulary common in BT pa-
tients with flat hypopigmented skin lesions.
Patients with a clinical diagnosis of 13T are
referred to as such even if the histological
diagnosis was "indeterminate" or "early
tuberculoid."

"Healthy contacts of leprosy patients"
is a heterogeneous group consisting of
household contacts who accompanied the
patients to the clinic and professional con-
tacts working in the ALERT clinic or the
research laboratory next door, the Armauer
Hansen Research Institute (AHR1), includ-
ing both Ethiopians and expatriots. None
of them had visible signs of leprosy, and
they expressed physical well-being at the
time of testing.

All subjects were bled by venipuncture
between 8 and 10 a.m. and the blood pro-
cessed immediately.

Preparation of antigens. Leprosy bacilli
were prepared from non-ulcerated nodules
of untreated lepromatous leprosy patients
by homogenization in ice cold phosphate-
buffered saline and differential centrifuga-
tion. The method is described in detail
elsewhere ( 4 ). "Sonicated" antigens were
produced by ultrasonification of bacillary
suspensions at a concentration of 10" acid
fast bacilli (AFB)/m1 under constant cooling
for 30 min, using a Branson B-12 Sonifier
(Branson Sonic Power Company, Danburg,
Connecticut, U.S.A.) with 80 W output on the
medium-sized tip at which time no AFB could
he seen in the suspensions. A 10 -2 dilution
of this sonicate is referred to as "equivalent
dose" to 10 7 AFB/ml of whole bacilli.

In one experiment, six different prepa-
rations of M. leprae were produced from
one subcutaneous nodule in an attempt to
make the bacilli expose different antigenic
properties. These six preparations were
produced as follows:

a) Whole washed bacilli produced by ho-

mogenization and differential centrif-
ugation as previously described ( 4 ).
This preparation was used for the pro-
duction of the other five preparations.

b) Autoclaved bacilli were whole washed
Al. leprae heated to 125°C for 15 min
in an autoclave.

c) Sonicated bacilli were produced from
whole washed bacilli by ultrasonifi-
cation for 30 min using a Branson son-
ifier 1312 with 80 W output on the me-
dium sized tip under constant cooling
in a volume of 5 nil containing 10"
AFI3/ml suspension. The sonicate was
centrifuged and filtered through a Mil-
lipore 0.45 /„.t filter to obtain sterile,
soluble antigen.

d) Trvpsin treated bacilli were prepared
by a light trypsinization according to
Abe (l). A light trypsinization is sup-
posed to expose M. leprae specific
antigens on the surface of the bacilli.
Five ml of a suspension of whole
washed bacilli at a concentration of
10" AFB/m1 in 0.1 M Tris-buffer of pH
7.8 were digested with 0.1% trypsin
(Sigma) for I hour at 37°C and there-
after washed twice in cold saline.
Since the spontaneous clumping of M.
leprae after trypsinization was mini-
mal, the washings were performed
without human serum albumin (HSA)
in the medium.

e) KSCN-treated bacilli were produced
from whole washed bacilli according
to Edgington (") to get rid of possible
host immunoglobulin affixed to the
surface of the bacilli. Five ml of a 10"
AFB/ml suspension were incubated in
phosphate-buffered saline of pH 7.2
containing 2 M KSCN for 20 min at
22°C and thereafter washed twice in
cold saline with I% HSA.

f) Dharmendra /epromin was prepared
from whole washed bacilli according
to the method of Dharmendra ("). The
saline suspended bacilli were mixed
several times in a glass homogenizer
with chloroform until all AFB were
found in the chloroform phase. The
chloroform was evaporated in a Ro-
tavapor until almost completely dry
and the bacilli resuspended in methyl
ether. The bacilli were washed once
in ether, and the ether thereafter fully
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evaporated in a vacuum. One mg of
the dry powder was ground in a mor-
tar with 100 Jul of 0.1 M Na01-1, 10 ml
of saline was added, and the pH ad-
justed to 7.5. The suspension was ex-
posed for a few seconds to light son-
ification to disperse the material.

All the preparations were immediately
subdivided into small aliquots and stored at
—70°C until used so that all stimulants were
frozen and thawed only once before they
were used in the cultures.

M. boils strain BCG was prepared from
dried human vaccine (Glaxo Lah. Ltd.,
Greenford, England) and Purified Protein
Derivative from Al. tuberculosis (PPD) was
purchased free of preservative from Statens
Seruminstitut, Copenhagen, Denmark.

Phytohemagglutinin (PHA) (Reagent
Grade, Wellcome Research Lab., Becken-
ham, England) was used in parallel with
antigen stimulation in all experiments to
check for cell viability and general culture
conditions. Results from subjects whose
lymphocytes did not show substantial stim-
ulation by PHA were disregarded.

Antibody' activity against M. leprae anti-
gen 7. A specific radioimmunoassay for an-
tibody activity against M. leprae antigen 7
(") was used to semi-quantitate this anti-
body activity in patients' sent diluted 10 -"
and 10 -1 . This assay was based on the pre-
viously described assay for antibody activ-
ity against BCG antigen 60 (n). In short, Al.
leprae were prepared from infected arma-
dillos by the method of Draper ("), ultra-
sonificated, centrifuged, and the superna-
tant labeled with ' 25 1. Antigen 7 shows a
high affinity for 12:-. 1 in the electrolytic la-
beling procedure, and after dialysis and
separation on Sephadex G 200, labeled an-
tigen 7 was recovered virtually pure in the
void volume. Staphylococci, strain Cowan
1, were used as the solid phase in the assay.
A high titered anti-M. leprae antiserum pro-
duced in a rabbit served as a standard, and
the maximal uptake of labeled antigen
7 by this serum was taken as 100%. Com-
parison of the percent binding in the two
serum dilutions in each patient indicated
that we were working on the descending
part of the standard curve.

Serum source for the in vitro lymphocyte
stimulation test. Since individual sera can
show greatly different capacities to support

an in vitro lymphocyte stimulation test, we
used batches of pooled sera from about 20
healthy persons coming from leprosy non-
endemic areas as standard serum in the
tests. This decreased the batch-to-batch
variation considerably. This serum was
stored in small aliquots at —70°C until used.
As autologous plasma, we used heparinized
plasma collected from the top of the cen-
trifuge tubes after Eicoll-lsopaque separa-
tion of whole blood. The presence of heparin
ranging from 5 to 40 I U/ml did not influence
the tests. Serum and plasma from the same
individual provided the same supportive
effect on the lymphocyte responses provid-
ed the serum was separated promptly.

In vitro lymphocyte stimulation test. The
method has been described in detail previ-
ously ('. 0 ). In brief, peripheral blood was
anticoagulated in the syringe with preser-
vative-free heparin and centrifuged at 400
g for 30 min on a layer of Eicoll-lsopaque
(sp. gr. 1.077) at ambient temperature (a).
The cells obtained from the interface were
washed three times in ice cold Hanks' bal-
anced salt solution and cultured at a con-
centration of 0.5 x 10" mononuclear cells
per ml. Medium 'I'C 199 (Flow Laborato-
ries, Irvine, Scotland) supplemented with
sodium bicarbonate, penicillin-streptomy-
cin, fresh glutamine, and either 10% stan-
dard serum or 10% fresh autologous plas-
ma, was used as culture medium. The cells
were cultured in 0.25 ml volumes as tripli-
cates, with or without antigen present, in
flat bottomed wells of microtiter trays (Lin-
bro Chemical Comp., New Haven, Con-
necticut, U.S.A.) for seven days at 37°C and
100% humidity in a 5% Ca-in-air atmosphere.
Sixteen hours before harvesting, 0.5 sCi of
1 H-thymidine (specific activity 2.0 Ci/mmol)
were added to the cultures. The cells were
harvested on glass fiber filters and rinsed
with distilled water. The filters were dried,
placed in separate vials with scintillation
fluid, and counted in a liquid scintillation
counter.

Results of stimulation with antigen are
expressed as mean counts per min in trip-
licate stimulated cultures minus mean
counts per min in triplicates without any
stimulant added (Acpm).

Statistical evaluations. Statistical evalu-
ations of differences between groups were
calculated with the Wilcoxon Matched-



48, I^Bjune: In vitro Lymphocyte Responses to M. Icprae^33

,

A

1

0

cpm x 10-3

—
_

B

1

o

, cpm x 10 3

— _
7

6

5

Acpm x10

•

3 •

•

4^5^6^7^8^9 4^5^6^7^8 Days ••

4C D 3 . .
•

.... .•
1-

_
2-

.
••

. •:•

— _— 1 7.3
...
•• 

......••
_ _ •

...:... ..
•

.....
..

o o 0
4^5^6^7^£3^6 4^5^6^7^Days^'10 510 106 10 7 -1,05 AFB/ml

FIG. I. The kinetics Of in vitro lymphocyte re-

sponses to sonic mycobacterial antigens in the same

BT patient. 3 11-thymidine was added to the cultures

by the start of each bar, and the cultures harvested 12

hours later. A: whole AL leprae 10' Al'13/ml, 13: son-

icated At. leprae equivalent dose, C: BCC, 10' AFB/

ml, and D: sonicated BCG equivalent dose.

FIG. 2. Peak lymphocyte responses to whole M.
leprae related to the dose of antigen giving the Optimal

stimulation in 102 tuberculoid leprosy patients. Of 157

tuberculoid leprosy patients tested, 55 did not show

responses of Acpm >500 to any of the antigen con-

centrations used, and the results with these patients

are not shown in the plot.

Pairs-Signed-Ranks-Test when the obser-
vations were paired and by the Kolmogo-
rov-Smirnov Two-Sample-Test ( 23 ) when
the observations were not paired. In the bar
graphs the medians are indicated for each
group. Correlations were examined by the
lesser quadrant method for linear regres-
sion when the correlation plot did not in-
dicate a regression line diverging from a
straight line. Plottings and calculations
were done on a Hewlett-Packard 9820 A
computer. The method of Hald (t 2) was
used to test for significance of slopes dif-
fering from I.

RESULTS
Variations in the day of peak response.

Figure 1 shows a typical example of varia-
tion in "H-thymidinc incorporation with
time. The pulse in this experiment was 12
hours in each case. The antigens, M. leprae
and BCG, were used at a concentration of
approximately 10 7 AFB/ml in the culture
(or as a 10 -2 dilution of 10" sonicated AFB).
Testing of five different borderline tuber-

culoid patients gave no indication of great
variability in the day of peak response to
the same antigen, and since the peak is
broad with all mycobacterial preparations
used, wrong timing of the harvest is an un-
likely explanation for negative responses to
M. leprae antigens in tuberculoid leprosy
patients. A pulse of 16 hours and harvest
at 7 days (168 hours) was used as a routine
in all the following experiments. This was
done because we were primarily interested
in the responses to M. leprae and not to
BCG, which showed an earlier peak.

Variations in antigen dose-response
curve. One hundred and fifty-seven pa-
tients with tuberculoid leprosy (TT/BT, BT
and Idt by histological classification) were
tested in vitro with four different doses of
whole M. leprae bacilli ( 103 , 10", 10 7 , and 108

AFB/ml). One hundred and two of these
patients showed responses of >500 Acpm
to one or more of the antigen concentra-
tions used. Fifty-five (35%) did not show
significant responses to any of the concen-
trations used. Among these there was only
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FIG. 3a. The median responses of lymphocytes in vitro to six different preparations of M. leprac antigens

from the same source. NV: whole washed bacilli, S: sonicated bacilli, A: autoclaved bacilli, D: bacilli prepared
by the method of Dharmendra, T: trypsinized bacilli, and K: bacilli treated with KSCN. All test subjects were

tested with four different concentrations of each antigen preparation, and the optimal responses, disregarding

antigen dose, are given in the figure. H: healthy contacts to leprosy patients, T: patients with clinical classifi-
cation BT (histologically TT/13T, 11T and Idt), and L: patients with lepromatous leprosy (BL, 1.I.s and 1.1.p).

The numbers at the bottom of each bar indicate the number of persons tested. (Four patients with BB leprosy

are included in the T group.)

one patient with histological classification
TT/BT. Eleven were BT, and the remaining
43 were 1dt by histology. This means that
patients with clinical BT hut an 1dt histol-
ogy were more common among the non-re-
sponders (43/55) than among the re-
sponders (10/102).

The optimal responses of the 102 patients
are plotted in Fig. 2. As can be seen in the
figure, 70% of the cases responded most
strongly to 10' or 10 7 AFB/ml. The remain-
ing 30% showed optimal responses to 10"
or 10• AFB/ml. These responses were gen-
erally lower than those of the patients re-
sponding optimally to high concentrations
of bacilli, and most often patients with op-
timal responses to the lower antigen con-
centrations showed no significant re-
sponses to the higher antigen

concentrations. This implies that about
20% of tuberculoid patients with insignifi-
cant responses to the routinely used doses
of leprosy bacilli were in fact positive re-
sponders but with optimal stimulation by
lower doses of Al. leprae antigen.

Antigenic specificity of the lymphocyte re-
sponses. Since the quantities of M. leprae
that can be extracted from human tissues
are insufficient for purification of several
separate antigens to be used in the lympho-
cyte stimulation test, we tried instead by
different treatment of leprosy bacilli pre-
pared from one single subcutaneous nodule
to make preparations with different anti-
genic properties.

Thirteen healthy persons with different
degrees of exposure to leprosy patients, 16
leprosy patients with the tuberculoid form
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FIG. 3h. The optimal lymphocyte responses to the six M. leprae preparations used in six individual subjects

The dots indicate the values obtained with the individual cultures.

of the disease (TT, TT/BT, BT and Idt his-
tologically), five patients with borderline
leprosy (BB), and 1() patients with leproma-
tous leprosy (BL, LLs and LLp) were
tested in vitro with four different concen-
trations of six M. leprae preparations. The
results are shown in Fig. 3a and 3b.

Four of the six M. leprae preparations
gave a stronger response in healthy con-
tacts than in leprosy patients. Also BCG
and M. &milli gave stronger responses in
healthy contacts than in leprosy patients
(results not shown). The responses to Dhar-
mendra lepromin were particularly strong
in this group. Trypsinized and KSCN-treat-
ed bacilli were less potent as stimulators in
the test in contacts than the other prepa-
rations. Although KSCN-treated bacilli,
which are cleared of antibodies from their
surface, gave low responses in lepromatous
patients, two polar lepromatous patients
with no responses to the other M. leprae
preparations showed responses of more
than 1000 Acpm to KSCN-treated bacilli.

Of particular interest are the great differ-
ences in the responses to the individual
preparations recorded in the same test sub-
ject. Six examples are given in Fig. 3h. In
contact one, responses to whole bacilli and
Dharmendra antigen are significantly higher
than to all the other preparations and the
response to KSCN treated bacilli entirely
negative. In contact two, the response to
trypsinized bacilli is negative and the re-
sponse to Dharmendra antigen significantly
higher than the other responses. In the BT
patient, who had a neuritis at the time of
testing, the response to sonicated bacilli is
dominating. These differences clearly dem-
onstrate that the in vitro lymphocyte re-
sponses showed specificity to different M.
leprae antigens in individual patients.

Effect of autologous plasma on the in vitro
lymphocyte responses to M. leprae. The
non-specific effect of autologous plasma on
PHA responses of peripheral blood lym-
phocytes from leprosy patients has been
described in a previous publication e). To
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FIG. 4. hi vitro lymphocyte responses to M. leprae

whole bacilli, l0' AFB/ml in 14 patients with lep-

romatous leprosy: ■, 20 patients with tuberculoid lep-
rosy: •, and six healthy contacts: 0. "File responses
were recorded simultaneously in 10% autologous plas-
ma and in 10% pooled scrum from healthy persons

living in leprosy non-endemic areas.

test for possible effects of autologous plas-
ma on in vitro stimulation with M. leprae
antigens, we studied 40 subjects with dif-
ferent forms of the disease. Fourteen pa-
tients had lepromatous leprosy (I3L, LLs
and LLp), 20 patients were classified as
tuberculoid leprosy (TT, TT/BT and BT),
and six subjects were healthy contacts of
leprosy patients. The cultures were tested
with two concentrations of M. leprae
(whole washed bacilli) in the presence of
10% pooled serum from healthy persons
living in leprosy non-endemic areas or 10%
fresh autologous plasma in the same trays.
The correlation plot for responses to 10 7

AFB/ml in the presence of autologous plas-
ma and pooled serum is shown in Fig. 4.
Overall, the responses in standard serum
and autologous plasma showed a highly sig-
nificant correlation (r = 0.71, p < 0.025).
In 30 of the test subjects, a good correlation
between the two responses was seen. In 10
subjects, however, the responses in pooled
serum were more than 500 Acpm while the
simultaneous responses in autologous plas-
ma were less than 20% of that in pooled
serum. Among these 10 subjects, one was

Fie. 5. Correlation plot between in vitro lympho-

cyte responses to Al. /eprae sonicate diluted 10 from

a stock containing 10" sonicated A1 :13/m1 and antibody

activity against A/. /eprae antigen 7 measured as %

binding of ' 21-labeled antigen 7 in sera diluted I() 1 .

The experiment included 69 patients with tuberculoid

leprosy without evidence of present or recent reversal

action (•) and 36 tuberculoid patients tested during or

within six months after a reversal reaction (0).

a healthy contact, two were LLs patients
in ENL reaction (erythema nodosum lepro-
sum), and the remaining seven were bor-
derline tuberculoid patients, four of whom
had just recovered from a reversal reaction.
This implies that a fair number of patients
with tuberculoid leprosy would show insig-
nificant responses to M. leprae when tested
in autologous plasma, while the same lym-
phocytes would respond well in standard
serum.

Effect of anti-mycobacterial antibodies on
the in vitro lymphocyte responses to M. lep-
rae. Lymphocytes from 145 leprosy pa-
tients were tested in vitro with two concen-
trations of whole and sonicated M. leprae
and with BCG in the presence of 10% stan-
dard serum. The patients' sera were taken
at the same time as the lymphocyte stimu-
lation test was performed and tested in a
radioimmunoassay for anti-M. leprae anti-
gen 7 activity.

When antibody levels, measured as the
% binding in sera diluted 10 -1 , were com-
pared to the lymphocyte responses to M.
leprae sonicate equivalent to 10 7 AFB/ml,
no significant correlation was noted (r =
—0.33, p > 0.1). The tendency for individ-
uals with high antibody activity to have low



48, 1^Wane: In vitro Lymphocyte Responses to M. leprae^37

lymphocyte responses was mainly a reflec-
tion of the basic differences between lep-
romatous and tuberculoid patients. When
non-reactional tuberculoid patients were
studied separately (Fig. 5), there was sim-
ilarly no correlation (r = —0.24). Reaction-
al and post reactional tuberculoid patients
also showed no correlation between lym-
phocyte responses in vitro and antibody
activity when analyzed separately.

Lymphocyte responses of >500 Acpm
were, however, more commonly recorded
in non-reactional tuberculoid patients with
low antibody levels (<10% binding of 125 1
M. leprae antigen 7) than in patients with
high antibody levels (>40% binding) (p =
0.036 using the Fisher Exact Test for cal-
culation).

DISCUSSION
In patients with tuberculoid leprosy, ba-

cilli are scanty, and the lesions generally
contain large numbers of lymphocytes and
macrophages with signs of activation. This
histological appearance of the lesions is
considered as evidence for a cell mediated
immune response to M. leprae. Both in vi-
tro and in vivo tests for cell mediated im-
munity (CMI) to M. leprae antigens, how-
ever, are not always positive in these
patients. This paper discusses some of the
factors that may explain the great variabil-
ity in responses to M. leprae seen in one
of the commonly employed tests for CMI,
the in vitro lymphocyte stimulation test.

The kinetics of the lymphocyte responses
to M. leprae antigens did not show individ-
ual variation large enough to explain the
great spread of tuberculoid patients' re-
sponses (Fig. 1). The optimal antigen dose
for stimulation, however, was so different
in different subjects that about 20% of those
who failed to respond to the standard doses
had measurable responses to lower doses
of M. /eprae (Fig. 2). A full dose-response
curve is therefore necessary to determine
whether a given patient is responding in the
test.

Experiments with six preparations of M.
leprae modified by different types of treat-
ment showed clearly that a particular treat-
ment could cause a complete loss of stim-
ulating capacity for a given preparation in
one subject while the same preparation
could retain its stimulating capacity fully in

another individual (Fig. 3b). The most like-
ly interpretation of this finding is that lep-
rosy patients show different antigenic spe-
cificites in their CMI responses to M.
leprae. A systematic pattern in this anti-
genic heterogeneity could be found in re-
versal reactions where patients with acute
neuritis had higher responses to a sonicate
of M. /eprae while patients with acute in-
flammation only in their skin lesions re-
sponded most strongly to whole washed
bacilli ( 2 ). One single preparation of M. lep-
roe is therefore insufficient to elucidate a
patient's in vitro response to M. leprae an-
tigens.

We have earlier described the suppres-
sive effect of plasma from untreated lep-
rosy patients on their lymphocyte re-
sponses to PHA ( 4) in agreement with the
findings of' several other authors (' 8). Dur-
ing reversal reactions, autologous plasma
augmented the PHA response ("). These
non-specific effects of autologous plasma
might also affect the M. leprae specific re-
sponses. In 30 of 40 test subjects, the re-
sponses to M. leprae in 10% autologous
plasma correlated well with the simulta-
neous responses in 10% pooled serum from
healthy individuals (Fig. 4). It should be
pointed out that this does not exclude the
possibility of humoral factors modulating
the lymphocyte responses in these patients
since such factors could be produced in vi-
tro by the lymphocytes or monocytes pres-
ent. On the other hand, in 10 subjects there
were significant responses to whole M. lep-
rae in pooled healthy serum and no re-
sponse to the same antigen in autologous
plasma. This suppression in autologous
plasma was not overcome by using the
same antigen in a higher dose.

The humoral factor(s) responsible for this
suppression might be anti-M. leprae anti-
bodies. The antibody activity against M.
leprae antigen no. 7 was semi-quantitated
in a radioimmunoassay. This antigen spec-
ificity was chosen since purified M. leprae
antigen 7, which elicits good lymphocyte
responses, seems to be an antigen of major
importance in the in vitro lymphocyte stim-
ulation test with peripheral blood lympho-
cytes from leprosy patients ( 7).

Tuberculoid patients showed a great in-
dividual variation in anti-M. leprae 7 activ-
ity ("), and there was no correlation be-
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tween the antibody activity and in vitro
lymphocyte responses to sonicated leprosy
bacilli (Fig. 5). Still, antibodies to M. lep-
rae might he an important modulating fac-
tor for the CMI response in vivo. The lack
of correlation only signifies that the anti-
body response to this particular antigen did
not influence the lymphocyte responses to
the antigenic determinants eliciting the in
vitro responses. Presently, our knowledge
of the specificity of the in vitro lymphocyte
response is incomplete, and we are still not
able to evaluate the (various) cell mediated
immune reactions that occur in vivo and the
degree of protective immunity from in vitro
tests. The test is highly influenced by the
degree of delayed type hypersensitivity to
M. leprae, which does not always correlate
with protective immunity ( 4 ), and the re-
sponses are dependent upon dose of anti-
gen, antigen presentation, and humoral fac-
tors in the test.

SUMMARY
Out of 157 patients with a clinical classifi-

cation of borderline tuberculoid leprosy, 88
did not respond significantly in the in vitro
lymphocyte stimulation test to the com-
monly used doses of leprosy bacilli. A large
group of "non-responders" in this test is a
usual finding in spite of clinical and histo-
logical evidence of good cell mediated im-
mune response to Mrcobacteriuni leprae in
borderline tuberculoid patients. Some of
the factors which might explain failure to
respond in this test were evaluated. About
20% of BT patients who did not respond to
the commonly used doses of M. leprae did
respond significantly to lower doses. Vari-
ation in antigen specificity of the in vitro
lymphocyte responses, together with vari-
ation in antigenic presentation in different
preparations of M. leprae antigens, caused
some individuals to be non-responsive to
one preparation and at the same time re-
spond strongly to another preparation.
Some of the patients had factor(s) in their
plasma which caused a severe suppression
of the response to M. leprae in the test,
while the same cells responded well when
they were cultured in sera from persons not
exposed to leprosy. There was no clear
negative correlation between antibody re-
sponses to one important M. leprae antigen
and the in vitro responses to M. leprae

preparations which exposed the same an-
tigen. The kinetics of the responding cells
did not show individual variation great
enough to explain a lack of in vitro re-
sponse when the cultures were harvested
on day six or seven. It is concluded that the
in vitro lymphocyte stimulation test in its
present form gives inconclusive results for
evaluating the patients' immune resistance
to the disease.

RESt M EN
Se estudió la respuesta in vitro de los linfocitos de

pacientes con lepra cercana a la toberculoide (border-
line tuberculoide) a Ia estimulaciOn con bacilos de la

lepra. De los 157 pacientes estudiados, 88 no respon-

dieron significativamente a las dosis usuales del M.

leprue. En los pacientes "borderline tuberculoides"
es frecuente encontrar tin gran (Eimer() de "no re-

spondedores" en esta prueba, no obstante las eviden-

cias clinicas e histol6gicas que sugieren una buena res-
puesta immune celular at M. leprue. En este trahajo

se evaluaron algunos de los factores que podrian ex-

plicar Ia falta de reactividad de estos pacientes en In

prueba. Aproximadamente el 20% de los pacientes 13T

que no respondieron a las dosis usuales del M. leprae,

respondieron significativamente a dosis menores. Var-
iaciones en la especificidad del antigeno, junto con las

variaciones en In presentaci6n antigénica de las dife-

rentes preparaciones del ,31. leprae, ocasionaron que

algunos individuos fueran no respondedores a una
preparación y al mismo tie In po fuertemente responde-

dores a otra preparación. Algunos pacientes tuvieron

factores en su plasma que causaron una severa depre-
skin de la respuesta al Al. leprae en la proeba in vitro,

mientras que las mismas células respondieron Bien

cuando se cultivaron en presencia del suero de per-
sonas no expuestas a la lepra. No se observ6 una clara

correlaciOn negativa entre la respuesta humoral hacia

tin antigeno importante del R1. leprue y la respuesta

in vitro hacia las preparaciones del M. leprue conten-

iendo el mismo antigeno. Las cinéticas de las Midas

respondedoras no mostraron variaciones individuales

lo suficientemente grandes comp para explicar una fal-

ta de respuesta in vitro cuando los cultivos se cose-

charon en el dia 6 6 7. Se concluye que Ia prueba de
Ia estimulackin in vitro de los linfocitos, en su forma

actual, da resultados que no son conclusivos para Ia

evaluación de In resistencia inmune de los pacientes
a la enfermedad.

RÉSUMÉ

Parmi 157 malades présentant one forme de lepre

classee cliniquement comme borderline tuberculoide,

88 ne montraient pas de réponse significative
Ikpreuve de stimulation lymphocytaire in vitro. avec

les doses communément utilisees de bacilles de la

kpre. II est commun de trouver tine grande proportion

de malades qui ne repondent pas a cette epreuve
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malgré des signer cliniques et histologiques nets té-

moignant dune reponse cellulaire immunitaire suffi-

sante a Mycobacterium leprae chez les malades souf-

frant de lepre borderline tuberculoide. On a évalue

certains des facteurs qui pourraient expliquer cette

absence de reponse lors de la pratique de cc test. En-

viron 2(r% des (naiades 13"F qui ne repondaient pas an

doses habituellcs de M. leprue, montraient cependant

tine reponse significative a des doses plus foibles. Par
suite dune variation dans la spécificite antigénique

pour Ia reponse lymphocytaire in vitro, et par suite

également de variations dans la presentation antige-
nique de differentes preparations d'antigenes de M.

leprae, certains individus peuvent ne pas repondre

tine preparation, alors qu'ils repondent fortcment
tine autre. Certains des malades étudies presentaient

dans lc plasma des facteurs qui provoquaient line
suppression tres prononeec de Ia reponse a M. leprae,

lors de cc test, alors que les names cellules repon-
daient bien lorsqu'elles etaient cultivées dans du se-

rum provenant d'individus non exposés a la lepre. II

n'a etc observe anemic correlation negative entre les
reponses d'imticorps a tin antigéne important de M.

leprae, et les reponses in vitro ;:t des preparations de

M. leprae qui avaient etc exposées an meme antigene.

L'étude de la cinetique des cellules qui reponditit a ce

test n'a pas revere de variations individuelles suffisam-

ment grandes pour expliquer line absence de reponse

in vitro lorsque les cultures etaient recoltées an six-

ieme on an septiéme jour. On en concha que l'epreuve

de stimulation lymphocytaire in vitro dans sa forme

actuelle found des resultats qui ne sont pas con-

cluants pour iJvaluer Ia resistance immunitaire des

malades a Ia midadie.

Acknowledgements. Lena Lundin, l3rit Sundsten
and Wollelaw Ejigi are thanked for their expert tech-

nical assistance. Drs. Barnetson, Closs and Harboe
have been helpful in discussing the findings and pre-

paring the manuscript. The Armauer Hansen Research

Institute in Addis Ababa is affiliated to the All Africa

Leprosy Rehabilitation and Training Center (ALERT)

and is run by the Swedish and Norwegian Save the

Children Federations.

REFERENCES
I. Aim, M., Izusit, S., Snico, T. and MADIUR, S.

K. Early serodiagnosis of leprosy by indirect im-
munotluorescence. Lepr. India 48 (1976) 272-276.

2. BARNETSON, R. SIC., 13JUNE, G.. PEARSON, J. M.

H. and KRONVALL, G. Antigenic heterogeneity in

patients with reactions in borderline leprosy. Brit.

Med. J. 4 (1975) 435-437.

3. BJUNE, G. and BARNE:csoN, R. SIC. Plasma fac-

tors in delayed-type hypersensitivity: augmenta-

tion of lymphocyte responses in borderline lep-
rosy reactions. Clin. Exp. Immunol. 26 (1976)

397-402.
4. 13JuniE, G., BARNETSON, R. Sit., RIDLEY, D. S.

and KRONVALL, G. Lymphocyte transformation
test in leprosy; correlation of the response with

inflammation of lesions. Clin. Exp. Immunol. 25
(1976) 85-94.

5. BilYum, A. Isolation of mononuclear cells and
granulocytes from human blood. Scand. J. Clin.

Lab. Invest. 21 (1968) Stipp!. 97, 77-89.

6. CLoss, 0. In vitro lymphocyte response to puri-

fied protein derivative, BCG and Mycobacterium

leprae in a population not exposed to leprosy. In-
fect. Immun. II (1975) 1163-1169.

7. (loss, 0., REcrAN, L. J., NEC:ASS!, K. and HAR-

HOE, M. Lymphocyte stimulation in vitro with a

purified antigen prepared from Mycobacterium

leprae. In preparation.

8. Dionio,ssEN, D. C. and 13oLcK, C. W. Om Spe-

da/skhed. Christiania: Chr. Gröndahl, 1847.

9. DHARNIENDRA. Notes on Leprosy, Appendix 3.

New Delhi: Ministry of Health, 1960.
10. DRAPER, P. and REL:s, R. J. W. A method for

purification of M. leprue from infected armadillo
tissue. Second IMMLEP Task Force Meeting,

Geneva, 1975.
I I. EDGINGION, I. S. Dissociation of antibody from

erythrocyte surfaces by chaotropic ions. J. Im-

munol. 106 (1971) 673-680.
12. HAL!), A. Statistical Theory tvith Engineering

Applications. New York: Wiley Publications,

1952.
13. HANSEN, G. A. Undersiigelser anOende spe-

dalskhedens firsager. Norsk Mag. Laegevid. 4

(1874) 1-37.
14. HANSEN, G. A. and Loorr, C. Leprosy in its

Clinical and Pathological Aspects. Bristol: John
Wright, 1895.

15. IlAgnoc, M., Ccoss, 0., BJORVATN, 13. and

Biuri, G. Antibodies against BCG antigen 60 in
mycobacterial infection. Brit. Med. J. 2 (1977)

430-433.
16. MEcsost, R., NAncs, B., HARnoc:, M. and (loss,

0. Antibody activity against Mycobacterium lep-

rae antigen 7 during the first year of DDS treat-

ment in lepromatous (BL-LL) leprosy. Lepr. Rev.

49 (1978) 17-29.

17. MYRVANG, 13., Goom., T., RIDLEY, D. S., FRO-

LAND, S. S. and SONG, Y. K. Immune respon-
siveness to Mycobacterium leprae and other my-
cobacterial antigens throughout the clinical and

histopathological spectrum of leprosy. Clin. Exp.

lmmunol. 14 (1972) 541-553.

18. NELSON, D. S., NELSON, M., THURSTON, J. M.,

WAFERS, NI. F. R. and PEARsoN, J. M. H. Ily-

tohaemagglutinin-induced lymphocyte transfor-
mation in leprosy. Clin. Exp. Immunol. 9 (1971)
33-43.

19. Riocu.Y, D. S. Bacterial Indices. In: Leprosy in

Theory and Practice, Appendi.v 3. 2nd ed.

Cochrane, R. 0. and Davey, T. F., eds., Bristol:

John Wright, 1964, pp. 620-622.

20. RtDLEY, D. S. Hypersensitivity and immunity re-



40^ International Journal of Leprosy^ 1980

actions and classification. Lepr. Rev. 47 (1976)
171-174.

21. RIDLEY, D. S. and JonLING, NV. II. Classification
of leprosy according to immunity. A five-group

system. Int. J. I.epr. 34 (1966) 255-273.

22. Rim.Ev, D. S. and WA - 11-112S, NI. F. R. Signifi-

cance of variation within the lepromatous group.
Lepr. Rev. 40 (1969) 143-152.

23. SIEGEL, S. Non-parametric .Statistics for the Be-

harioral Sciences. New York: McGraw-Hill,

1956.
24. YoDER, I.., NAAFs, B., Ilittnor, NI. and Ilium:,

G. Antibody activity against Mycobacterium lep-

rae antigen 7 in leprosy: Studies on variation in

antibody content throughout the spectrum and the

effect of DDS treatment and relapse in 111' lepro-

sy. Lem - . Rev. 50 (1979) 113-121.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

