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Elevated levels of circulating immune
complexes (CICs) have been reported in al-
most all types of leprosy patients (2.9• 13. 16)

and deposition/in situ formation of immune
complexes (ICs) is thought to be a precipi-
tating factor for the development of the er-
ythema nodosum leprosum (ENL) type of
reaction in lepromatous (LL) leprosy pa-
tients (25 ). Although increased levels of CICs
have been reported in all types of leprosy
patients, the pathophysiological role of these
complexes in leprosy has not been studied.
However, Saha and his colleagues (20) have
shown that CICs isolated from leprosy pa-
tients were able to activate complement.

Laboratory and animal studies have
shown that ICs formed in in vivo conditions
activate the complement system through
both the classical pathway and the alter-
native pathway ( 3). Miller and Nussenzweig
( 12) have shown that activation of comple-
ment leads to solubilization of ICs, and once
fully solubilized, ICs lose their ability to ac-
tivate complement further and they are
termed end-stage complexes (1.8,12,23).

A recent report by Ramanathan, et al. ( 17 )
has shown that reactional leprosy patients
of the tuberculoid and borderline tubercu-
loid (TT/BT) and lepromatous (BL/LL)
types have a reduced complement-mediat-
ed solubilization (CMS) capacity. The total
complement functional activity in these pa-
tients, however, was found to be normal.
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Whether reduced CMS ability plays any im-
portant role in determining the pathophysi-
ological nature of CICs in reactional leprosy
patients is not known. Furthermore, wheth-
er CICs in reactional and nonreactional lep-
rosy patients differ in their immunopatho-
logical properties is also not known. Since
complement activation leads to the gener-
ation of a variety of inflammatory reactions,
the present study was planned in order to
find out a) whether CICs isolated from the
sera of various types of leprosy patients have
the ability to activate complement, and b)
whether reactional and nonreactional TT/
BT and BL/LL patients differ in their ability
to activate complement pathways.

MATERIALS AND METHODS
Reagents. Polyethylene glycol (PEG

6000), bovine serum albumin (BSA), and
ethylene glycol-bis (amino-ethylether) tet-
ra-acetic acid (EGTA) were obtained from
Sigma Chemical Co., Poole, Dorset, U.K.

Antigen. The cell-free extract (CFE) of
Mycobacterium leprae derived from arma-
dillo was kindly supplied by Dr. R. J. W.
Rees, National Institute for Medical Re-
search, London, from the IMMLEP (WHO)
Bank.

Antisera. Anti-sheep hemolysin was ob-
tained from Span Diagnostic, Surat, India.
Anti-human IgG and IgM peroxidase con-
jugates were obtained from Sigma Chemical
Co., St. Louis, Missouri, U.S.A.

Buffers and substrate. Phosphate buff-
ered saline (PBS, 0.15 M, pH 7.2) and PBS
containing EDTA (0.01 M EDTA, pH 7.6)
were used for precipitating CICs from the
serum samples. Veronal buffered saline, pH
7.35, 0.15 M containing 0.1% gelatin,
0.00015 M Ca 2 and 0.005 M Mg 2 +

(GVBS++) was used for the total hemolytic
complement assay (CHSO). GVBS contain-
ing 0.005 M Mg 2+ and 0.05 M EGTA
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(GVBSMgEGTA) was used for the alter-
native pathway hemolytic complement as-
say (AHSO). GVBS containing 0.01 M
EDTA (GVBSEDTA) was used for stopping
the complement reactions. PBS containing
0.05% Tween 20 (PBST-20) was used for
washing the ELISA plates. Ten mg of
O-phenylene diamine and 15 pl of 6% H2O,
were mixed in 25 ml of 0.1 M citrate phos-
phate buffer, pH 5.0, and used as the sub-
strate.

Sera. For the isolation of CICs, 10 ml
blood samples from each of 80 leprosy pa-
tients-20 tuberculoid/borderline tubercu-
loid (TT/BT); 20 BT with reaction (I3TR);
20 lepromatous (BL/LL); and 20 BL/LL with
ENL reaction—were collected. The patients
were classified by the criteria of Ridley and
Jopling ('s). Those patients who gave no his-
tory of reactional episodes during the pre-
ceding 30 months at the time of blood col-
lection were categorized as nonreactional
cases. BL/LL patients who had episodes of
reactions during the preceding months, and
those who were having ENL and TT/13T
patients in reaction at the time of blood
collection were designated as reactional
cases. Blood samples collected from 15
healthy laboratory volunteers from the Cen-
tral JALMA Institute for Leprosy, Agra,
were used as control samples. All of the sera
obtained from these blood samples were
stored at —70°C in 0.5 ml aliquots.

Isolation of CICs by PEG precipitation.
CICs were precipitated by 2.5% (w/v) PEG
6000 following the method of Creighton, et
al. ( 7). The PEG precipitates were freshly
prepared for each experiment from aliquots
of serum samples for each group. One ml
ofthe aliquots was diluted 1:5 in PBS EDTA.
Equal volumes of 5% PEG 6000 in PBS
were added to the diluted sera. After 18-24
hr incubation at 4°C, the precipitates were
separated by centrifugation at 1032 x g x
20 min at 10°C. The precipitates were
washed once with 2.5% PEG. They were
then thoroughly dissolved in PBS at 37°C
for 2 hr, and the volume was reconstituted
to the original serum volume with PBS. All
PEG precipitates were stored at —20°C in
0.5 ml aliquots and were thawed once and
used in the experiments.

Estimation of total protein content. Total
protein concentrations in the PEG precip-

itates were estimated using Lowry, et a/.'s
method ('").

Estimation of mycobacterial CICs in PEG
precipitates. The CICs in the PEG precip-
itates containing lgG and IgM antibodies
directed against M. leprae antigens were de-
termined using an enzyme-linked immu-
nosorbent assay (ELISA) developed in our
laboratory. The ELISA was carried out as
follows: 50 pl of 100 pg/ml cell-free extract
of IL leprac (CFE) was added to each well
of a 96-well microtiter plate (U-bottom;
Nunc, Denmark). After overnight incuba-
tion at 4°C, the antigen solution was re-
moved and the plates were washed twice
with PBST-20. The plates were then incu-
bated at 37°C for 2 hr after adding 100 pl
of 1% BSA in PBS to block all free sites of
each well. After washing the wells twice with
PBST-20, 50 pl of 1/10 diluted PEG pre-
cipitates from various types of leprosy pa-
tients and normal controls were added to
the wells, and the plates were incubated for
2 hr at 37°C. The PEG precipitates were also
added to the 1% BSA-PBS-coated wells in
addition to the CFE-coated wells to deter-
mine the specific as well as nonspecific bind-
ing of the CICs to the I. leprae antigens.
After washing the wells with PBST-20 five
times, 50 pl of 1:1000 peroxidase-conju-
gated antihuman IgG or IgM was added to
all the wells, and the plates were incubated
for 2 hr at 37°C. The plates were finally
washed five times with PBST-20, and 50 pl
of the substrate was added to each well. The
plates were incubated for 30 min in the dark,
and the reaction was stopped by the addi-
tion of 50 pl of 7% H 2SO4 . The intensity of
the final color reaction was read at 492 nm
in a Titertek Multiskan plus ELISA reader
(Flow Laboratories, U.K.).

Determination of optimal dose of PEG
precipitates for activation of complement.
For the classical pathway (CP) of comple-
ment activation, 0.025 ml fresh normal hu-
man scrum (NHS) was diluted with GVBS*+
buffer in the ratio of 1:100. PEG precipitates
and the diluted NHS were mixed in the pro-
portions of 1:1, 2:1, 3:1, and 4:1 and were
incubated at 37°C for 1 hr.

For the alternative pathway (AP) of com-
plement activation, 0.065 ml NHSMg-
EGTA (0.05 ml NHS and 0.005 ml 5 mM
MgCl 2 and 0.01 ml 50 mM EGTA) was di-



0.165 ± 0.115
(0.00-0.342)

0.566 ± 0.554
(0.00-1.86)

0.527 ± 0.200
(0.392-0.833)
0.670 ± 0.243
(0.222-0.843)
0.880 ± 0.373
(0.183-1.544)

p < 0.05
p < 0.05
p < 0.001
p < 0.001

NS
NS
NS
NS
NS

0.035 ± 0.037
(0.010-0.034)
0.106 ± 0.042
(0.043-0.181)
0.086 ± 0.074
(0.031-0.239)
0.343 ± 0.165
(0.057-0.584)
0.373 ± 0.275
(0.060-0.528)

NS'
NS

p < 0.001
p < 0.001
p < 0.001
p < 0.001

NS
p < 0.001
p < 0.001
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THE TABLE. Total protein concentrations and 171ycobaderial ill/1111111C complexes (IgG
and 101 Oyes) in PEG precipitates jrein sera qf leprosy patient and control groups and
their ability to consume classical and alternative pathways of complement.a

Group

NHS

TT/I3T

I3TR

BL/LL

ENL

Statistical analysis
NHS vs TT/BT
NHS vs IITR
NHS vs 13L/LL
NHS vs ENL
TT/BT vs I3L/LL
TT/BT vs ENL
13T12 vs 13T
13 -1'12 vs 13L/LL
IITR vs ENL

No Total protein
cone. pg/ml

10^82 ± 39
(40-140)

9^347 ± 260
(80-900)

7^191 ± 89
(100-360)

8^331 ± 150
(80-620)

8^375 ± 211
(120-700)

p < 0.001
NS

p < 0.001
p < 0.001

NS
NS
NS

p < 0.05
NS

Percentage complement
consumption

CHSO U/ml AHSO U /mI

0.62 ± 1.97 0.87 ± 2.74
(0-6.24) (0-8.69)
NC' 11.18 ± 2.46

(1.356-33.0)
0.83 ± 2.70 15.39 ± 9.48

(0-9.09) (13.8-32.5)
7.44 ± 7.34 26.26 ± 16.75
(6.09-17.6) (12.7-56.5)
4.97 ± 6.99 18.45 ± 14.76

(0-19.2) (5.50-41.3)

NS NS
NS p < 0.01

p < 0.05 p < 0.01
NS p < 0.01
NS NS
NS NS
NS NS
NS NS
NS NS

Mycobacterial ICs (OD)

IgG^IgN1

Values are given as mean ± S.D. (range). NHS = normal human sera; TT/BT = tuberculoid/borderline tuber-
culoid leprosy; BTR = I3T in reaction; BL/LL = borderline lepromatous/lepromatous leprosy; ENL = BL/LL
with erythema nodosum leprosum.

" NC = no consumption of complement.
NS = not significant.

luted with GVBSMgEGTA in the ratio of
1:13.5. The PEG precipitates and the di-
luted NHS were mixed in the proportions
of 1:1, 2:1, 3:1, 4:1, 5:1, and 6:1, and were
incubated at 37°C for 1 hr.

Determination of CHSO consumption. The
PEG-precipitate-treated NHS samples were
subjected to the residual CHSO assay using
the method of Mayer ("). Briefly, serial di-
lutions of PEG-precipitate-treated NHS
were incubated with 0.1 ml of 2.5% opti-
mally sensitized sheep red blood cells
(SRBC) at 37°C for 1 hr, followed by the
addition of 2 ml of GVBSEDTA in each
dilution to stop further activation of com-
plement. Nonlysed SRBC were spun down
at 600 x g x 7 min. The percent hemolysis
was measured in the supernatant for each
dilution at 412 nm in a spectrophotometer
(Shimadzu UV-160, Kyoto, Japan).

Determination of AHSO consumption.
The PEG-precipitate-treated NHS samples
(containing GVBSMgEGTA) were assayed

for the residual AHSO activity using the
method of Platts-Mills and Ishizaka ( 14 ).
Briefly, serial dilutions of PEG-precipitate-
treated NHS were incubated with 0.05 ml
of 2.5% washed rabbit red blood cells
(RRBC) at 37°C for 1 hr, followed by the
addition of 1 ml of GVBSEDTA in each
dilution to stop further activation of com-
plement. Nonlysed RRBC were spun down
at 660 x g x 7 min. The percent hemolysis
in the supernatant was measured for each
dilution at 412 nm in a spectrophotometer
as above.

Statistical analysis. Group means were
compared by Student's t test. The total he-
molytic complement assay (CHSO U/ml)
and hemolytic assay for alternative pathway
(AHSO U/ml) were calculated by linear
regression analysis. Program 6D of the
13M DP statistical software (Dixon and
Brown, 1987) was used to calculate the cor-
relation coefficient and simple linear regres-
sion (6).
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IgG OD Value

FIG. I. Correlation between levels of total protein
concentration (+g/ml) and immune complexes (IgG
type) in PEG precipitates from leprosy patients and
normal controls. Numbers denote the number of iden-
tical results.

RESULTS
Total protein content in PEG precipitates.

It can be seen from The Table that the total
protein concentrations in the PEG precip-
itates from TT/BT, BL/LL, and ENL pa-
tients were significantly higher than those
in the control group. Among the PEG pre-
cipitates from the patient groups, it was
found that the BL/LL group had a signifi-
cantly higher protein concentration than did
the BTR group. However, no marked dif-
ferences in protein concentration were ob-
served among the TT/BT, BL/LL, and ENL
groups.

Immune complex levels in PEG precipi-
tates. The Table shows that the PEG pre-
cipitates from the BL/LL and ENL groups
had significantly higher levels of IgG and
IgM antimycobacterial antibodies than did
those from the TT/BT, BTR, and control
groups. The PEG precipitates from TT/BT,
BTR, and the control groups had very low
IgM levels. However, the IgG level was
found to be high in one of the BT patients.
No significant differences in the levels of
IgG and IgM types of immune complexes

IgM OD Value

FIG. 2. Correlation between levels of total protein
concentration (pg/m1) immune complexes (IgM type)
in PEG precipitates from leprosy patients and normal
controls. Numbers denote the number of identical re-
sults.

were noticed between the reactional and
nonreactional cases of either TT/BT or BL/
LL types of leprosy.

Correlation between levels of total pro-
teins and mycobacterial immune complexes.
A significant positive correlation was found
between the values of total proteins and the
mycobacterial ICs (IgG and IgM type) in
the PEG precipitates. The correlation coef-
ficients and the p values obtained were r =
0.750, p <0.001 and r= 0.646, p <0.001
for IgG and IgM (Figs. 1 and 2).

Dose-dependent effect of PEG precipi-
tates on complement. In our initial exper-
iments to determine the optimal dose of
PEG precipitates in activating complement,
the different concentrations of PEG precip-
itates obtained from only the BL/LL groups
were tested for their ability to activate the
classical and alternative pathways. Figure
3a shows that while PEG precipitates from
BL/LL sera were capable of activating the
classical pathway at twofold concentration
and above, the PEG precipitates from NHS
could do so only at fourfold concentration.
As for activating the alternative pathway,
Figure 3b shows that while the PEG pre-
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1.1^21^11^4:1

CONCENTRATION OF PEG PRECIPITATE

FIG. 3. a = Normal human serum (NHS) (25 pl) diluted to 1:100 in GVBS+ 4 was incubated at 37°C for 1
hr with 25 pl, 50 pl, 75 p1, and 100 Al of PEG precipitates from NHS and LL sera. The effects of different
concentrations of PEG precipitates from NHS (0 0) and LL (L L) sera on the classical pathway of
complement are shown. b = NHS (50 Al), containing 5 pl 5 mM MgCI, and 10 Al 50 mM EGTA, diluted to
1:13.5 with GV13SNIgEGTA was incubated at 37°C for 1 hr with 50 pl, 100 pl, 150 pl, 200 Al, 250 pl, and 300
Al of PEG precipitates from NHS and LL sera. The effects of different doses of PEG precipitates obtained from
NHS (0 0) and LL (x—x) sera on the alternative pathway of complement are shown.

cipitates from NHS failed to activate this
pathway at any concentration, PEG precip-
itates from the I3L/LL sera could activate
the alternative pathway at all concentra-
tions. Hence, for subsequent experiments
for a complement consumption study, we
used the PEG precipitates from the various
groups of subjects at a twofold concentra-
tion for CHSO and at an equal (1:1) con-
centration for AHSO.

CI-150 consumption. As can be seen in
The Table, although the PEG precipitates
from BL/LL patients can activate the clas-
sical pathway of complement significantly,
PEG precipitates from the TT/BT and BTR
patients and the control group were found
to be inefficient activators of this pathway.
The percentage complement consumption
patterns obtained were: TT/BT, 0%; BTR,
0.83% ± 2.70; BL/LL, 7.44% ± 7.34; and
ENL, 4.97% ± 6.99. PEG precipitates from
one NHS were also found to activate the
classical pathway (6.24%). The difference in
the mean values of percentage consumption
between NHS and BL/LL was found to be
statistically significant (p < 0.05); whereas
the differences between NHS and BTR or
ENL were not found to be statistically sig-
nificant (p > 0.1; p > 0.05). No direct he-
molytic effect of the PEG precipitates on the
sensitized SRBC under similar test condi-
tions was observed.

AHSO consumption. From The Table it
can be seen that the PEG precipitates from
all of the leprosy groups were found to ac-
tivate the alternative pathway of comple-
ment efficiently. The percentage consump-
tion patterns obtained were: TT/BT, 1 1.18%
± 2.46; BTR, 15.39% ± 9.48; BL/LL,
26.26% ± 16.75; and ENL, 18.45% ± 14.76.
While the differences in the percentage con-
sumption between the control and individ-
ual leprosy groups were statistically signif-
icant (i.e., NHS vs BTR, BL/LL, and ENL
= p < 0.01, 0.01, and 0.01), the differences
within the leprosy groups were not found to
be statistically significant (p > 0.05). The
PEG precipitate from one normal serum was
also found to activate the alternative path-
way to a small extent (8.69%).

DISCUSSION
It is now well established that all types of

leprosy patients have elevated levels of CICs,
and this is more evident in BL/LL and ENL
patients (2. 13. IS, 22, 25 , .) The immunochemi-
cal analysis of these CICs isolated in the
form of PEG precipitates showed the pres-
ence of IgG, IgM, IgA, Clq, C3, C4, C-re-
active protein, and rheumatoid factor
( 5 . ' 6 ). Recently, Ramanathan, et al. ( 17 ) and
Chakrabarty, et al. (4) have further reported
diminished complement-mediated solubil-
ization of in vitro formed immune com-
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plexes in the sera of13TR, BL/LL, and ENL
patients. Whether the reduced complement-
mediated solubilization capacity of reac-
tional and nonreactional patients' sera ac-
tually renders the CICs unsolubilized in
these patients, and therefore causes harmful
effects, is not known.

This study is an attempt to find out
whether or not immune complexes in the
circulation of different types of leprosy pa-
tients are different in their ability to activate
the complement system in order to better
understand the role of immune complexes
in leprosy pathology. In the present study,
a positive correlation between the protein
contents and the levels of immune com-
plexes might indicate (Figs. 1 and 2) that
the high levels of total protein in the PEG
precipitates are due to an increase in im-
mune complex levels.

Saha, et al. ( 20) have demonstrated the
complement-activating ability in PEG pre-
cipitates from leprosy patients for the clas-
sical pathway. Like Saha, et al. ( 20), we also
could not demonstrate any difference in the
complement-activating ability of the PEG
precipitates obtained from reactional and
nonreactional patients. However, their study
included only LL and ENL types of leprosy.
Our results show that while the PEG pre-
cipitates from sera of BL/LL and ENL pa-
tients were capable of activating both the
classical and the alternative pathways of
complement, PEG precipitates from TT/BT
and BTR sera were found to activate the
alternative pathway more efficiently than the
classical pathway of complement. This is
probably due to the fact that CICs isolated
as PEG precipitates were found to contain
mycobacteria ( 19), and mycobacterial com-
ponents arc known to activate the alterna-
tive pathway of complement 21 ).

The differences in the total protein con-
centration in the PEG precipitates from TT/
BT, BL/LL, and ENL patients were not
found to be statistically significant. The fact
that the total protein concentration in the
PEG precipitates from TT/BT patients was
found to be as high as that of the PEG pre-
cipitate from ENL sera is very difficult to
explain. However, it is known that BT lep-
rosy is a very heterogeneous group in which
it is common to find a large variation in
antibody levels ( 24). The present study also
revealed a wide range of protein levels in

the PEG precipitates in this group. Probably
due to this range of variation in protein val-
ues in PEG precipitates, there is no statis-
tical difference in the protein values be-
tween the TT/BT and ENL groups.

The differences in the IgG CIC levels in
the PEG precipitates from TT/I3T, BL/LL,
and ENL sera were not found to be statis-
tically significant. However, the comple-
ment activating ability through both the
classical and the alternative pathways was
found to be much higher in the PEG pre-
cipitates from the BL/LL and ENL groups
than in the PEG precipitates from TT/BT
and BTR sera; the reason for this could be
the presence of high levels of mycobacterial
IgM types of immune complexes in these
patients (The Table). Further, in all of the
leprosy and control groups, a positive cor-
relation was found between the immune
complex levels in the PEG precipitates and
their ability to activate the classical and the
alternative pathways of complement (Figs.
4 and 5). It was interesting to note that while
the normal human serum PEG precipitates
were unable to activate complement up to
a threefold concentration for the classical
pathway and up to a sixfold concentration
for the alternative pathway, PEG precipi-
tates from the BL/LL patients were found
to activate the classical pathway at a twofold
concentration and above, and the alterna-
tive pathway at all concentrations. This
might indicate that the CICs were not com-
pletely solubilized and therefore were avail-
able in the BL/LL patients for further ac-
tivation of the complement system.

We can conclude from this study that cir-
culating immune complexes isolated from
TT/BT and BL/LL leprosy sera were func-
tionally different from each other with re-
gard to their complement activating ability.
However, no significant functional differ-
ence was noticed between the PEG precip-
itates from reactional and nonreactional
types of TT/BT and BL/LL leprosy groups.

SUMMARY
Circulating immune complexes isolated

from different types of leprosy sera as poly-
ethylene glycol (PEG) precipitates were
found to be efficient activators of the alter-
native pathway of complement. PEG pre-
cipitates from BL/LL leprosy patients and
those with erythema nodosum leprosum
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FIG. 4. Correlation between levels of mycobacterial
immune complexes (IgG + IgM) in PEG precipitates
and their classical pathway complement (CHSO U/ml)
consumption capacity. Y axis represents percentage
(CHSO U/ml) consumption; X axis denotes combined
(0D4+2) value for (IgG + IgM).
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FIG. 5. Correlation between levels of mycobacterial
immune complexes (IgG + IgM) in PEG precipitates
and their alternative pathway complement (AHSO
U/ml) consumption capacity. Y axis represents per-
centage (AHSO U/ml) consumption; X axis denotes
combined (0D 49 ,) value for (IgG + IgM).

were found to activate both the classical
pathway and the alternative pathway of
complement efficiently, while PEG precip-
itates from TT/BT leprosy patients and bor-
derline tuberculoid patients in reaction were
found to active the alternative pathway of
complement but not the classical pathway.
No significant differences were observed be-
tween the PEG precipitates from reactional
and nonreactional TT/BT and BL/LL pa-
tients in their complement activating abil-
ity.

RESUMEN
Sc eoncontrO que los complejos inmuncs circulantes

aislados del suero de diferentes tipos de lepra por pre-
cipitaciOn con polietilen glicol (PEG), fueron cficientes
activadores de la via alterna del complemento. Los
precipitados-PEG de pacientes con lepra BL/LL y de
pacientes con eritema nodoso leproso activaron efi-
cientemente tanto la via clasica como la via alterna del
complemento. Los precipitados-PEG de pacientes con
lepra TT/BT y BT en reacciOn, activaron solo la via
alterna pero no la via clasica del complemento. No se
observaron diferencias significativas entre los preci-
pitados-PEG de pacientes TT/BT y BL/LL reaccio-

nales y no reaccionales, en su capacidad de activar al
complemento.

RESUME

On a observe que les complexes immuns circulants
isolês sous la forme de precipitat de polyethilene glycol
(PEG) provenant de malades atteints de differentes
formes de lepre, agissaicnt comme des activateurs ef-
ficaces des voles metaboliques alternatives du comple-
ment. Les precipitats PEG recucillis a partir de malades
south-ant des formes BL/LL de lepre ou bien de sujets
atteints d'erytheme noueux lepreux, activaient effica-
cement a la fois la voic metabolique classique et la vote
alternative du complement. Par contre les prêcipitats
PEG provenant de sujets TT/BT ou de malades atteints
de lepre tuberculcale dimorphe en reaction, n'acti-
vaient que la voic metabolique alternative du comple-
ment; ils n'avaient pas d'action sur la voie classique.
Aucune difference significative n'a Ote constatee entre
les precipitats PEG provenant de malades TT/BT ou
BL/LL, en reaction ou sans reaction, quant ]cur ca-
pacite d'activer le complement.
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