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In man, Mycobacterium leprae causes a
chronic, generally indolent infection, usu-
ally ofgreatest interest due to the very broad
spectrum of cellular immunity and delayed
hypersensitivity which results (21, 22) . The
prolonged clinically uneventful course of this
infection appears to be paralleled by an un-
eventful immunologic course as well. How-
ever, approximately 40%-50% of patients
experience one or more episodes of acute
inflammatory activity with fever, malaise,
and often with neuropathy, termed "reac-
tions." Two major categories of such reac-
tions are recognized clinically, "reversal re-
actions" (RR) and erythema nodosum
leprosum (ENL)—Jopling's types 1 and 2,
respectively ( 9). The etiology and pathogen-
esis of both of these reactions are poorly
understood.

In the middle or borderline (BL, BB, BT)
portion of the immunopathologic spectrum
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of leprosy, the cellular immunologic re-
sponsiveness to M. leprae varies from weak
(BL) to moderately strong (BT), and appears
clinically to be capable of spontaneously in-
creasing or decreasing to a limited extent.
Only patients in these groups, which ac-
count for 55%-60% of the patients in our
study area (T. Smith, personal communi-
cation), are at risk for reversal reactions.

A reversal reaction is experienced as the
slow, insidious onset of a systemic illness
with neuritis, iritis, fever and malaise, ac-
companied by exacerbation of pre-existing
skin lesions. These have generally been
ascribed to spontaneous shifts in cell-me-
diated immunity (CMI) or delayed-type hy-
persensitivity (DTH) to M. leprae ( 1,5 ). Un-
til recently, little immunologic evidence had
been obtained to support this view.

Recent studies have indicated that in skin
lesions with RR the percentage of T-helper
cells and of cytotoxic cells may be increased
( 12 • 14 ) and that cells bearing the interleukin-2
receptor (IL-2R) may also be increased in
the epidermis ( 23). Systemically, elevated
levels of soluble IL-2R (Tac peptide) have
also been observed in the serum of patients
with RR (28).

In view of evidence of both systemic and
localized immunologic activation in rever-
sal reactions, we are interested in delineat-
ing the mechanisms operating at the level
of target tissues by simultaneously exam-
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ining both mononuclear cell subsets and
soluble indicators of immunologic activa-
tion in the skin lesions. We asked whether
the presence of different lymphocyte subsets
could be correlated with the level of soluble
IL-2R (Tac peptide) in leprosy lesions in
vivo, and whether localized immunologic
activity in the skin was demonstrably great-
er than in the peripheral blood.

To examine these questions, we mea-
sured the numbers of T-helper (CD4+) cells
and Tac peptide in the fluid of blisters in-
duced directly over RR lesions under con-
trolled conditions, comparing them to the
results obtained with similar blisters in pa-
tients with active leprosy without reactions
and in cured, inactive patients. The Tac-
peptide results in blisters were also com-
pared to those in matched sera, where pos-
sible.

MATERIALS AND METHODS
Patients. Ten patients with RR (7 BL, 3

BB), 24 active patients without reaction, and
33 cured, inactive patients were recruited
from among the inpatients at McKean Re-
habilitation Institute, Chiang Mai, Thai-
land. The latter two groups have been de-
scribed in the first part of this series ( 17). A
representative lesion was biopsied in each
of the patients with active disease, and the
patients were classified by clinical and
pathologic criteria according to the five-part
scale of Ridley and Jopling ( 18). Only 2 of
the 10 patients with RR were female; the
age distribution was also similar to that of
patients without RR (median age 47 years,
range 19-61).

Careful clinical histories and physical ex-
aminations were performed for evaluation
and daily follow up of the reactions. The
time of onset and prior duration of the re-
action were determined as clearly as pos-
sible, and studies commenced within 24 hr
of admission. When treatment with corti-
costeroids was initiated before or during the
study, the precise timing of medication was
recorded with respect to the time of collec-
tion of each laboratory specimen.

Blister induction. After obtaining in-
formed consent from each volunteer, four
nearly identical blisters were induced by
gentle continuous suction, as previously de-
scribed ( 17), directly over a representative

skin lesion, or in inactive patients, in clin-
ically healthy skin. No skin-test antigen or
other material was injected. The fluid-filled
blisters were covered by an inverted plastic
cap to prevent breakage, and each was as-
pirated only once. To examine the repro-
ducibility of the results from blister fluids,
paired blisters were aspirated from several
of the inactive patients, each aspirate being
handled and assayed individually.

Handling of blister fluids. Each blister
was sampled only once, at 24, 30, 48, 72,
or 96 hr after induction. (In reproducibility
studies with paired blisters, some samples
were taken at 6, 12, and 18 hr.) Fluid was
aspirated into a heparinized 1.0-cc tuber-
culin syringe, and after measuring the vol-
ume in the syringe, it was washed through
a 13-mm, 0.22-pm polyvinylidine difluo-
ride filter ("Durapore"; Millipore Corp.,
Bedford, Massachusetts, U.S.A.). The cell-
free material was flushed through the filter
with RPMI 1640 tissue culture medium, and
the first 1.0 cc of filtrate was divided into
aliquots and frozen at —70°C until assayed.

Cell staining and counting. The indirect
immunoperoxidase method described ear-
lier (I 8) was employed, using monoclonal
antibodies Leu 4, Leu 3 or T4, and Leu 2
or T8 to identify subpopulations of lym-
phocytes bearing CD3, CD4, and CD8 re-
ceptors, respectively.

Assay for Tac peptide. Tac-peptide levels
were determined using an ELISA employing
monoclonal antibodies anti-Tac and 7G7/
B6, recognizing different epitopes of IL-2R,
as previously described ( 19). Briefly, 100-g1
aliquots of three dilutions of each blister
fluid were placed in wells of microliter plates
coated with anti-Tac. These were overlaid
with a 4/1000 dilution of FITC-conjugated
7G7/B6, followed by alkaline phosphatase-
conjugated rabbit anti-FITC, and by the
substrate, p-nitrophenyl phosphate (1 mg/
ml; Sigma Chemical Co., St. Louis, Mis-
souri, U.S.A.), with thorough washing be-
tween each step. Absorbance was deter-
mined at 405 nm in an automated 96-well
ELISA reader. Serial dilutions of a stan-
dardized IL-2-containing supernatant were
used to define a reference curve, for which
the undiluted supernatant was assigned a
maximum value of 1000 units/ml. The units
(U) of Tac peptide in the test samples were
calculated from this reference curve.
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FIG. 1. CD4+ : CD8 + (H : S) ratios in lesions with
or without reversal reactions (RR). Lymphocytes were
collected on filters from blisters induced over lesions
with or without RR and stained immunocytochemi-
cally as described. None of the reactions had been treat-
ed with corticostcroids at the time of sampling. Each
point represents results from one blister; bars indicate
median values.

Radioiodination of protein. To deter-
mine the optimal recovery of protein in this
filter system, we first examined aliquots of
normal human serum which had been la-
beled with ' 25 I using lodobeads (Pierce
Chemical Co., Rockford, Illinois, U.S.A.)
("). After centrifugation to remove the
beads, 0.1-cc aliquots of labeled serum were
aspirated into 1.0-cc tuberculin syringes, di-
luted to 0.4 cc with medium, and filtered
exactly as described above.

Total protein measurements. The Coo-
massic blue method ( 6) was used to measure
total protein in blister fluids and matched
serum samples. All results are expressed as
mg protein per ml fluid; for each blister this
was calculated by multiplying the test result
by the dilution factor for that sample.

Calculation of a Tac peptide/protein in-
dex. To differentiate the local production
of Tac peptide in the skin from Tac which
entered a blister by filtration from the plas-
ma, we calculated a "Blister Tac Index"
modeled after the cerebrospinal fluid im-
munoglobulin index, widely used to identify
local production of IgG in cerebrospinal fluid
( 6). From Tac peptide (U/ml) and total pro-

tein (mg/ml) concentrations in blister fluids
and matched sera, the blister Tac/protein
ratio was divided by the serum Tac/protein
ratio, as follows:
Blister Tac Index

Tac PeptideBLISTER X Protein

RESULTS
Lymphocyte subsets in lesions with RR.

All patients studied during RR in this series
were classified BB or BL, and the results
have therefore been compared to lesions in
I 1 BB and BL patients without RR ( 18). The
T-helper: suppressor-cytotoxic ratio (CD4+ :
3CD8+) was higher in lesions with RR than
in lesions without RR, median values being
3.0 and 1.0, respectively (p = 0.01) (Fig. 1).
This difference was even greater when only
BL lesions were compared (p < 0.001). The
absolute number of CD4+ cells per ml was
also greater in BL lesions with RR than in
quiescent BL lesions (p < 0.001) (Fig. 2),
but this difference was not observed when
BB lesions were included. Wide individual
variation in absolute cell numbers was ob-
served in blisters over different RR lesions,
as was noted earlier in lesions of all classi-
fications without reaction ( 17), and is most
probably due to individual variations in the
depth and quantity of the dermal infiltrate.

Optimal collection of protein in filtrate.
The first 1.0 cc of filtrate contained 86% of
the total 125 1 in the original 0.1-cc sample,
after which recoverable protein fell to a low,
plateau level (data not shown). A final vol-
ume of 1.0 cc (in some studies, 1.5 cc) was
therefore used for all studies of blister fluids.

Reproducibility of results with blister
fluids. In 53 paired samples from 31 in-
active patients, median Tac-peptide levels
varied from 400-800 U/ml at times from
24-96 hr, ranging from 200-2600 U/ml (Fig.
3). The correlation coefficient for these
paired samples was 0.58 (p < 0.01). No
correlation was noted between the cuta-
neous Tac-peptide levels in these patients

Protein BLISTER x Tac PeptideSERUN1

Statistical analysis. The nonparametric
Wilcoxon test was used to compare ranked
data from different groups of patients ( 25).

• Correlation coefficients were calculated ac-•
cording to the method of Pearson ( 26 ).
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FIG. 2. Absolute numbers of CD4+ cells in lesions
with or without reversal reactions (RR). Lymphocytes
were collected and stained as described (Fig. 1 and
text). Number of CD4+ cells per ml was calculated
from the total number counted and the volume of blis-
ter fluid recovered. Each point represents one blister;
bars indicate median values.

and the immunopathologic classification of
their disease when it had been active. When
blister volumes were less than 50 ul, -values
of the Tac peptide tended to be greater; the
statistical association between these low
volumes and higher values of Tac peptide
was significant but weak (p = 0.0003; r =
0.345) and disappeared when volumes were
500 or more. In subsequent analysis of the
results from active patients, with or without
reversal reaction, exclusion of data from
small blisters (< 50 Al) did not affect the
results. Variation was not related to the du-
ration of the blister before aspiration, but
may be partially due to local differences in
trauma to the dermis during blister induc-
tion, reflected, for example, in the presence
of red blood cells or hemoglobin in the fluid.
These were not systematically measured in
this study.

Cutaneous Tac-peptide levels in active and
inactive leprosy. In blisters induced on the
skin of cured, inactive patients, median
levels of Tac peptide varied from 400-800
U/ml (Fig. 4). No significant difference was
observed between those individuals who had
recovered from different types of leprosy.

In blisters induced directly over active
lesions (without any reaction), median Tac-

FIG. 3. Reproducibility of Tac-peptide measure-
ments in paired blisters. Four blisters were induced by
suction on healthy skin of cured, inactive leprosy pa-
tients. Fluid was aspirated from blisters at different
times in pairs, and each aspirate was assayed sepa-
rately. Each point represents results from one pair of
blisters. No correlation was observed between Tac-
peptide levels and the immunopathologic type of lep-
rosy from which the patient had recovered.

FIG. 4. Cutaneous Tac-peptide levels in skin blis-
ters from cured, inactive patients and in active lesions
without reaction. Results shown are from samples as-
pirated 48 hr after blister induction. "Cured" (• refers
to fully treated, inactive patients; other patients arc
grouped by Ridley-Jopling classification: BB = M; TT
= A; each point represents Tac-peptide level measured
in one blister; bars indicate median levels.
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THE TABLE. Protein and Tac peptide in blister fluids and sera.

Patient Leprosy
prosy Reaction

Protein Tac peptide

(mg/ml)
Blister

(mg/ml)
Serum
(U/ml)

Blister
(U/ml)

72/1 BT Nonc 84.4 6.1 536 519
86/1 LL None 71.1 13.1 652 929
61/1 BT None 82.9 8.1 1,003 1,162
67/1 LL None 81.5 13.9 658 1,240

101/1 BT None 58.5 13.3 346 1,365
62/1 LL None 88.9 17.1 694 1,550

102/1 BT None 72.6 19.2 463 2,817
87/1 131 None 62.2 10.6 3,663 3,741
82/1 BL None 59.2 14.6 6,897 8,900

Median 72.6 13.3 659 1,365

58/3 BL RR 60.0 12.5 924 1,032
66/1 BL RR 67.2 13.9 1,016 2,660
58/2 BL RR 60.8 16.3 1,054 5,460
65/1 BL RR 64.8 3.6 445 5,628
85/1 BB RR 69.6 14.8 2,038 7,502
64/1 BB RR 74.4 16.0 610 12,660
82/2 BL RR 51.2 16.3 2,164 13,076

108/1 BL RR 66.4 6.9 5,892 21,705
Median 65.6 14.4 1,035 6,535

peptide levels varied between 1100 U/ml
and 1600 U/ml at all times studied and for
all types of leprosy (Fig. 4). No statistically
significant difference was observed between
immunopathologic types of leprosy at any
time studied. Tac-peptide levels remained
relatively constant over the study period in
most patients. When elevations were ob-
served, they tended to occur 48-72 hr after
blister induction. The range of values for
Tac peptide was greater among blisters over
active lesions, primarily reflecting higher
values in a small number of BT patients.

Cutaneous Tac-peptide levels in lesions in
RR. In 6 of 13 episodes of RR in BB or
BL patients, the levels of Tac peptide in
blisters over the reacting lesions were higher
(median 7000-8000 U/ml) than those seen
in uncomplicated lesions (Fig. 5). The ten-
dency for peak levels of Tac peptide to occur
at 48 or 72 hr after induction was more
prominent in some of these RR lesions (Fig.
5). Cutaneous fluid from the other seven
episodes of RR contained low levels of Tac
peptide, in the range seen for uncomplicated
BL-BB leprosy. No correlation has been
found between the low or high levels of Tac
peptide and the patients' age, sex, classifi-
cation, treatment or duration of active lep-
rosy.

Correlation of serum and blister Tac-pep-
tide levels. A comparison of Tac-peptide
levels in blisters and in serum drawn si-
multaneously is presented in The Table. In
lesions without reactions, the median Tac
level in blisters was twice that of the sera,
while in lesions with RR the median level
in blisters was six times greater than in sera.
In contrast, the median ratio of total protein
in blisters/serum was similar in nonreacting
and RR lesions (median = 18% and 22%,
respectively).

The total protein was therefore used as
an estimator of passive filtration of protein
into blisters by calculating a "Blister Tac
Index" as described. The median Index for
RR lesions was 19.2, compared to 11.6 for
nonreacting lesions (Fig. 6). Seven of eight
RR lesions had an Index higher than 12, the
highest seen in this small number of non-
reacting BB/LL lesions, while 3 of 8 had an
Index higher than 23, the highest seen in
nonreacting BT lesions.

Correlation of Tac peptide with CD4+
cells and effect of corticosteroids. The anal-
yses of Tac-peptide levels and numbers of
CD4+ lymphocytes were performed on 15
blisters on RR lesions in five patients stud-
ied prior to corticosteroid treatment. A di-
rect correlation was observed between in-
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FIG. 5. Cutaneous Tac-peptide levels in lesions with
reversal reactions. Each point represents results from
one blister; points are connected to show sequential
results from each patient. Shaded area = range of re-
sults from active nonreacting BL-BB lesions.

creasing Tac-peptide levels and increasing
numbers of CD4 + cells (r = 0.82,p < 0.01).
This is illustrated in Figure 7A, in' which
CD4 + cell counts are presented for samples
grouped according to low or high Tac-pep-
tide levels ( < 3000 U/ml or > 5000 U/ml,
respectively). In nine blisters with low Tac-
peptide levels, a median of 17,640 CD4+
cells/ml was found, compared to a median
of 116,400 CD4+ cells/ml in six blisters
with high Tac-peptide levels.

Preliminary data concerning the effect of
corticosteroid treatment on these parame-
ters in RR lesions are presented in Figure
7B. During the 96-hr period examined with
this blister technique, treatment with cor-
ticosteroids did not appreciably alter the
proportion of high versus low Tac-peptide
samples— five blisters had high levels and
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FIG.FIG. 6. Blister/Serum Tac Indices: patients with or
without reversal reaction (RR). Total protein concen-
trations and Tac-peptide levels were determined in
matched samples of blister fluid and serum from pa-
tients with reversal reaction, or with leprosy without
reaction. The Blister Tac Index was calculated as de-
scribed. Bars indicate median indices for each group;
median Index for lesions in reaction is significantly
greater than for lesions without reaction (p < 0.025).

five had low levels, similar to the proportion
in untreated RR lesions (six high and nine
low). In contrast, the number of CD4+ cells
was affected by prednisone treatment. In le-
sions with high Tac-peptide levels, a me-
dian of only 12,090 CD4+ cells/ml was ob-
served in prednisone-treated RR lesions
compared to 116,400 CD4+ cells/ml in the
untreated RR lesions.

DISCUSSION
This study has attempted to evaluate

lymphocyte function in situ in leprosy skin
lesions by correlating changes in T-cell sub-
sets with Tac-peptide levels, a reflection of
T-cell activation. The findings indicate that
a locally generated, cell-mediated immu-
nologic reaction is present in the acutely
inflamed skin lesions of reversal reactions
(RR) in this disease. Increases in the CD4+
(helper) phenotypes described in early stud-
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ies of RR lesions (12 • 14
) could not be taken

to imply the functional state of those cells.
Similarly, the demonstration of elevated
levels of circulating Tac peptide in patients
with RR (28) did not reveal whether skin
lesions were primary sites of immunologic
activity or only secondary passive sites for
the reaction of various immunologic com-
ponents, including those circulating system-
ically.

All of the type 1 reactions reported here
were "upgrading" reactions, primarily in BL
patients, and the results indicate that RR
are manifestations of a spontaneous in-
crease in DTH (and possibly CMI) in lep-
rosy patients. Thus, a) an increase in the
CD4+ lymphocyte population was ob-
served in BL lesions in RR; b) intracuta-
neous levels of Tac peptide were elevated
in a subset of these lesions; c) the increases
in CD4 + cells and Tac peptide were directly
correlated; and d) systemic administration
of corticosteroids caused a reduction in the
number of CD4+ cells in the lesions.

The upward shift in the percentage of
CD4+ cells in lesions was due to an abso-
lute increase in the number of these cells.
This agrees with previous biopsy results in
RR (4. 12, I 4

) and with increases of this cell
type seen in DTH responses to tuberculin
(PPD) in biopsies ( 16) and in blisters ( 10).
The BB lesions with reaction did not show
this trend, and preliminary results suggest
that such a shift is not seen in BT lesions
with this reaction, either (Scollard and
Bhoopat, unpublished results). Lesions of
BB and BT leprosy may have enough of
these cells already present to perform the
required functions, while RR in BL lesions
requires an increase in CD4+ cells. Cooper
and colleagues (4) have reported that the
T-"helper/memory" subset (2H4-UCHL I +)
of CD4+ cells predominates in RR lesions,
as opposed to nonreacting lepromatous le-
sions. With the methods employed, we were
unable to perform the multiple-labeling
techniques required to further discriminate
between subsets of CD4+ cells, but such
studies are now in progress.

Models of CMI in vitro indicate that the
production and expression of IL-2R are es-
sential steps in the initiation and mainte-
nance of CMI ( 3). The expression of IL-2R
in cell membranes in vitro is accompanied
by the release into the culture supernatants
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FIG. 7. CD4+ lymphocytes and Tac-peptide levels

in reversal reactions with or without corticosteroid
treatment. Each point represents results from one blis-
ter; bars indicate median numbers of CD4+ cells in
each group. Data arc grouped into those with low Tac
levels (< 3000 U/ml) or high levels (> 5000 U/ml).

A = Reacting lesions prior to corticosteroid treat-
ment. Significantly greater numbers of CD4+ cells were
found in samples with high Tac-peptide levels (p <
0.01).

B = Reacting lesions in patients after corticosteroid
treatment. Median number of CD4+ cells was low
even when Tac-peptide levels exceeded 5000 U/ml;
there was no significant difference in CD4+ cell counts
between groups with low or high Tae-peptide levels (p
> 0.1).

of soluble Tac peptide (20); CD4+ cells are
the major, but not only, source of Tac pep-
tide ( 15). Increased circulating levels of Tac
peptide have been observed in serum from
patients with lymphoreticular malignancies
(29) and inflammatory conditions (27), in-
cluding RR in lepros y

 (28).

The Tac-peptide levels of 5000-39,000
U/ml observed in half of the RR lesions are
much greater than the maximum level of
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2800 U/ml previously observed in response
to 1.25 tuberculin units (TU) of PPD in-
tradermally (24, ,) and therefore indicate a
substantial degree of lymphocyte activa-
tion. The observation that the total protein
filtered into blisters from nonreacting and
reacting lesions is very similar, while blister
Tac-peptide levels in RR are much higher
than circulating levels, provides strong evi-
dence of the local, cutaneous origin of the
Tac peptide found in blisters. These results
are also in agreement with the increased
synthesis of mRNA, IP-10 protein, and
gamma-interferon in RR lesions ( 4).

We found elevated Tac-peptide levels in
blisters and in serum in only half of the
patients with RR in this study, while high
circulating levels were observed in all RR
patients in an earlier study ( 28). In part, this
may be due to differences in the criteria and
manner of selection of patients; the present
study recruited patients sooner after ad-
mission and clinically is probably a more
diverse sample, including more patients with
less severe reactions. Variations in Tac-pep-
tide levels could result if different mecha-
nisms produced the same clinical syndrome
of RR, but it seems more likely that the
variation was seen because RR lesions in
different patients were sampled at different
points during the course of the reaction. Be-
cause the onset of this clinical syndrome is
usually insidious, retrospective assessment
of the time of onset of the reaction is likely
to be quite inaccurate. However, no better
method of "dating" these reactions is avail-
able. Since immunologic events within le-
sions are dynamic, different results would
probably be obtained if the lesion were sam-
pled during the onset, peak, or resolving
phases of the reaction, for example.

Moreover, Tac-peptide release and cel-
lular expression of IL-2R are known to be
brief, transient events in vitro, dependent
upon the continued presence of antigen and
adequate levels of IL-2 ( 2). We have also
observed this in vivo: after a single intra-
dermal challenge with a low dose of PPD,
the release of Tac peptide in human vol-
unteers peaked at 48-72 hr and then de-
clined ( 2). Although the antigens responsible
for initiating RR have not been identified,
it is widely assumed that they are M. leprae
antigens (8). Since the addition of antigen to
cells can restimulate IL-2R expression (7),

it is possible that the M. leprae antigens
involved in RR are expressed or released
irregularly, precipitating the transient, in-
termittent expression and release of IL-2R
during the course of the reaction.

In lesions of RR patients treated with cor-
ticosteroids, the decreased number of CD4 +
cells corresponds to the clinical response of
these reactions to corticosteroids, but con-
trasts with the more prolonged elevation of
Tac peptide in some lesions. This is prob-
ably residual Tac peptide, "trapped" in the
blisters, although we cannot exclude the
possibility that there is continued local (in-
tracutaneous) Tac peptide released from cells
for a few days after the initiation of corti-
costeroids. In an earlier study, a consistent
decline in circulating Tac peptide was ob-
served in all RR patients after corticosteroid
treatment, over a period of several weeks
(28) .

The most dynamic changes in the pa-
tient's immune response to M. leprae have
probably taken place by the time immu-
nologic studies are usually done, since the
processes which determine an individual
patient's final position in the leprosy spec-
trum probably occur in the early period af-
ter infection, long before the disease be-
comes clinically evident. In typical,
established, nonreacting leprosy lesions, the
number and percentage of CD4+ cells in
skin lesions have been observed to increase
progressively from the lepromatous to the
tuberculoid poles of the spectrum ( 13), as
noted also in the first report in this series
( 17). The present data, however, reveal sim-
ilar Tac-peptide levels in nonreacting le-
sions from all portions of the spectrum. To-
gether, these findings suggest that an
equilibrium or "steady state" has been es-
tablished in which different types of non-
reacting leprosy lesions have accumulated
differing numbers of T-helper cells, but
nevertheless show a low, similar level of
immunologic activation.

The direct correlation of the increased
numbers of T-helper cells and elevated Tac
peptide in some RR lesions appears to rep-
resent a disruption of this equilibrium in
RR, employing immunologic processes set
in motion by natural, spontaneous events.
If so, then some of the immunologic changes
in these reactions might involve an attempt
to re-establish equilibrium, and in doing so
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they might recapitulate some of the im-
munologic events involved in the devel-
opment of CMI during the early silent pe-
riod of infection when the patient's
immunologic responsiveness to M. leprae is
being established for the first time. The
mechanism of such spontaneous change in
immunity in leprosy is of considerable in-
terest, not only to understand the reaction
but also to examine the underlying deter-
minants of DTH and CMI in leprosy and
the potential for artificially manipulating
these responses, as proposed with vaccines
or immunotherapy.

SUMMARY
To examine the pathogenesis of type 1

(reversal) reactions in leprosy, we studied
cellular and soluble immunologic compo-
nents of skin lesions in 10 patients with re-
actions, 24 active patients without reac-
tions, and 33 control patients whose leprosy
had been treated and cured. Cells and Tac-
peptide levels were obtained from fluid as-
pirated from blisters induced by suction di-
rectly over representative skin lesions. Dur-
ing reversal reactions: a) the lesions
contained an increased number and per-
centage of CD4+ (T-helper) cells; b) Tac-
peptide levels were elevated in half of the
lesions; c) the increases in Tac peptide and
CD4+ cells were directly correlated; and d)
systemic administration of corticosteroids
appeared to cause a reduction in the intrale-
sional CD4+ cell population. These find-
ings were localized to the skin, and do not
represent simple filtration of these compo-
nents from the peripheral blood. We con-
clude that spontaneous lymphocyte acti-
vation in situ, primarily of CD4+ cells, is
an important feature of reversal reactions,
and may be an intermittent or cyclic phe-
nomenon during the reaction. Findings in
active patients without reactions are con-
sistent with the hypothesis that differing
states of immunologic equilibrium have
been established in different portions of the
leprosy spectrum. In reversal reactions we
may, therefore, be examining immunologic
processes set in motion when a pre-existing
equilibrium has been upset by spontaneous,
natural events. The mechanism of such
spontaneous changes in immunity in lep-
rosy is of considerable interest, not only to
understand the reaction, but also to exam-

ine the underlying determinants of delayed-
type hypersensitivity and cell-mediated
immunity in leprosy and the potential for
artificially manipulating these responses, as
proposed with vaccines or immunotherapy.

RESUMEN
Para examinar la patogénesis de las reacciones del

tipo 1 (reversas) en la lepra, estudiamos los compo-
nentes inmunolOgicos celulares y humorales en las le-
siones dérmicas de 10 pacientes con reaction, en 24
pacientes activos sin reacciOn, y en 33 pacientes control
cuya lepra habia sido tratada y curada. Los niveles de
células y del péptido Tac se midieron en el liquido de
ampollas inducidas por suction directa sobre lesiones
dérmicas representativas. Durante las reacciones re-
versas: a) las lesiones contuvieron un minter° aumen-
tado de células CD4+ (T-cooperadoras), b) los niveles
del peptido Tac estuvieron elevados en la mitad de las
lesiones, c) los incrementos en los niveles del peptido
Tac y de las células CD4+ mostraron una correlación
directa, y d) la administración sistémica de corticoes-
teroides cause. una reducciOn en la población de células
CD4+ intralesionales. Estos hallazgos estuvieron lo-
calizados en la piel y no representan una simple filtra-
cleat de estos componentes a partir de sangre periférica.
Concluimos que la activation espontanea de los lin-
focitos in situ, fundamentalmente células CD4+, es
una caracteristica importante de las reaccioncs reversas
y puede ser un fenOmeno intermitente o ciclico durante
la reacción. Los hallazgos en los pacientes activos sin
reacción son consistentes con la hipOtesis de que se han
establecido diferentes estados de equilibrio inmuno-
lOgico en las diferentes zonas del espectro de la lepra.
Por lo tanto, en las reacciones reversas podemos estar
examinando procesos inmunolOgicos desencadenados
cuando el equilibrio pre-existente se ha alterado por
eventos naturales espontaneos. El mecanismo de tales
cambios espontáncos en la inmunidad de la lepra es
de considerable interés, no solo para entender la reac-
ción, sino también para entender los mecanismos de
la inmunidad celular y la hipersensibilidad retardada
en la lepra, con miras a su posible manipulación por
vacunaciOn o inmunoterapia.

RESUME
Afin d'étudier la pathogenese des reactions de type

I (reverse) dans la lepre, nous avons étudié les com-
posants immunologiques cellulaires et solubles des le-
sions cutanées de 10 patients presentant des reactions,
de 24 patients actifs sans reactions, et de 33 temoins
dont la lepre avait été traitée et guérie. Les cellules et
les taux de peptide Tac furent obtenus a partir d'am-
poules produites par aspiration directement au-dessus
de lesions cutanées caractéristiques. Durant les reac-
tions reverses: a) les lesions présentaient une augmen-
tation du nombre et du pourcentage de cellules CD4+
(T-helper); b) les taux de peptide Tac etaient élevés
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dans Ia moitie des lesions; c) les augmentations des

peptides Tac et des CD4 étaient directement correlés;

et d) ]'administration de corticosteroIdes par voie

systemique apparut résulter en une reduction de Ia
population des cellules CD4+ a l'intericur des lesions.

Ces observations etaicnt bicn localisées au nivcau de
la peau, et ne sont pas dues a une simple infiltration

de ccs Clements a partir du sang périphérique. Nous

concluons qu'une activation lymphocytaire spontanée
in situ principalement de cellules CD4+, est une car-

actéristique importante des reactions reverses, et pout
etre un phénomène intermittent ou cyclique durant la

reaction. Les observations faites chez des patients actifs

ne présentant pas de reactions sont compatibles avec
l'hypothese que differents (mats d'équilibre immuno-

logique se retrouvent a differents niveaux du spectre

de la lepre. Au cours des reactions reverses, nous pou-

vons des lors examiner des processus immunologiques
déclenchés lorsqu'un déséquilibre pre-existant a éte

derange par des événements spontanes, naturels. Le
mécanisme de tels changements spontanés dans l'im-

munité de la lepre est d'un intéret considerable, non

sculement pour comprendre la reaction, mais aussi pour
étudier les determinants sous-jacents de l'hypersensi-

bilité retardée et de l'immunité cellulaire dans la lepre,
et la possibilité de manipuler artificiellement ces ré-

ponses, comme on se propose de le faire avec des vac-

cins ou l'immunotherapie.
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