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Persistent Reduced Solubilization of Immune
Complexes in Lepromatous Leprosy

Patients with Reactions'
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Kiran Katoch, Utpal Sengupta, and Gopal Ramu 2

Reactions that occur in leprosy are acute
episodes superimposed on the underlying
chronic inflammation. These are most com-
monly seen after starting treatment, and can
lead to serious sequelae arising from severe
neuritis, uveitis, nephritis or arthritis. It is
held that immune complexes (IC) actively
participate in the production of leproma-
tous reactions ( 10• 19 ). We had earlier shown
that while circulating immune complexes
(CIC) were elevated in all lepromatous lep-
rosy (LL) patients, reactions occurred pre-
dominantly in those whose complement
system was unable to solubilize IC in vitro
( 12). Precipitated IC arc solubilized and re-
leased by the complement system, and such
complexes have been shown to lose their
pathogenic potential ( 7 . ' 7 ). We, therefore,
considered it important to define the tem-
poral relationship between the levels of
complement-mediated solubilization (CMS)
and the occurrence of reactions clinically.
We also measured sequentially the levels of
CIC, immunoglobulins, and the comple-
ment catabolic fragment, C3d, in these pa-
tients.

MATERIALS AND METHODS
Subjects. Twenty-six, untreated, adult

borderline and lepromatous leprosy pa-
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tients were diagnosed according to the cri-
teria of Ridley and Jopling (' 4), and were
put on multidrug regimens as per the sched-
ule prescribed by the National Leprosy As-
sociation program of India ( 4). Blood was
collected from them at the inception of
treatment and at 2-month intervals up to
20 months. It was also taken when they pre-
sented with features of reaction.

The 24 control subjects consisted of
healthy laboratory volunteers and hospital
staff of Central JALMA Institute for Lep-
rosy, Agra, India. Sera from 3-5 of these
individuals were run along with those of the
patients in all of the tests. The control sub-
jects were bled from time to time, and se-
rum pooled from any five of the controls
(designated as normal human serum or
NHS) was used as the standard.

Serum. Blood was collected by veni-
puncture into centrifuge tubes which were
incubated at 37°C for 30 min and 4°C for 2
hr. After clot retraction had occurred, the
tubes were centrifuged at 1250 x g X 15
min at 4°C, and the separated serum was
aliquoted to be stored at —70°C. Each ali-
quot was used only once after thawing.

Materials. Bovine conglutinin was pre-
pared as described ( 5) from normal bovine
serum which was kindly supplied by Dr. V.
D. Padmanabhan, Madras Veterinary Col-
lege, Madras, India. Conglutinin and bovine
serum albumin (BSA) were labeled with ' 25 1
(Bhabha Atomic Research Centre, Bombay,
India), using iodogen ( 3). Antiserum against
BSA was raised in rabbits. Antisera against
C3d (Dakopatts, Glostrup, Denmark) and
immunoglobulins G, A, and M (Hoechst
India, Ltd.) were purchased.

Methods. Circulating immune complex-
es were estimated using ' 25 I-labeled con-
glutinin by a PEG precipitation method ( 10).
Serum C3d was measured using an elec-

5



6^ International Journal of Leprosy^ 1991

THE TABLE. Details of reactions that occurred in lepromatous leprosy patients.

Leprosy type Clinical manifestation Reaction
at month

Duration
in weeks

Treated with'
(weeks)

LL ENLb 2... 4 TLD, CHQ (12)
LL ENL 3 3 TLD, CHQ (8)

Arthritis 12 4 CHQ, ASA (6)
BL ENL 5 4 CHQ (8)

11 3 CHQ (6)
13 4 CHQ, TLD (12)

LL ENL 2 6 CHQ (8)
6 4 CHQ (4)
11 6 CHQ (8)

LL ENL 4 5 CHQ, TLD (6)
8 3 CHQ, TLD (6)

BL ENL 12 3 CHQ (5)
BL ENL 9 4 CHQ (8)
LL Arthritis 8 6 CHQ (6)

PRED (8)
LL ENL; iridocyclitis 7 4 PRED (8)
BL ENL; arthritis 9 7 CHQ, TLD (12)
BL ENL 10 3 CHQ (5)
BL ENL; arthritis 6 4 CHQ, TLD (12)

TLD = thalidomide; CHQ = chloroquine; ASA = aspirin; PRED = prednisolonc.
h ENL = erythema nodosum Icprosum.

troimmunodiffusion procedure in agarose
containing anti-C3d antibody ( 10).

Complement-mediated IC solubilization
was performed using ' 25 I-labeled BSA-anti-
BSA complexes prepared at an antibody :
antigen ratio of 2.9 ( 12). Briefly, 1 pg of com-
plexed antibody was added to 0.2 ml of se-
rum diluted 1 in 2 in PBS. After incubation
at 37°C for 1 hr, the reaction was stopped
by the addition of ice-cold PBS EDTA con-
taining 0.05% sheep erythrocytes. The mix-
ture was centrifuged at 1500 x g x 10 min,
and the radioactivity in the supernatant and
that in the pellet were counted in a gamma
counter. From this, the percentage IC sol-
ubilized was calculated.

Immunoglobulins G, A, and M were
quantitated using an immunodiffusion tech-
nique in agarose incorporated with group-
specific antisera (8).

Analysis of results. The results were an-
alyzed at the end of the study period after
completing all of the laboratory tests to avoid
bias. Furthermore, the patients were divid-
ed into two groups: a) patients who re-
mained free of reactions (LL), and b) those
who suffered from reactions (LR). Student's
two-tailed unpaired-I test was used for in-
tergroup comparisons. The paired-I test was
used for comparisons within a group at dif-
ferent periods relative to a fixed time point.

RESULTS
Clinical features of reactions. Of the 26

patients, 12 developed reactions. The re-
maining 14 were free of reactions during the
study period of 24 months and also during
the subsequent clinical follow up until 48
months. Features of severe reaction mani-
fested themselves at varying time periods
in LL patients after starting chemotherapy.
The clinical features of these reactions are
summarized in The Table.

Circulating immune complexes. The
amount of 25 I conglutinin (K) bound to the
IC was quantitated. In each day's assay, the
following samples were routinely included
in addition to the patients' sera: pooled NHS,
NHS treated with 10 mM EDTA (since
binding of conglutinin to IC is a Ca 2 *-de-
pendent process), NHS incubated at 37°C
for 60 min with BSA-antiBSA complexes at
5 times antibody excess. Binding of ' 25 I-K
to EDTA-treated serum was less than 5%;
while NHS bound between 5% and 14%,
and BSA-antiBSA complexes between 45%
and 55%. The results of the assay in the
controls and patients were expressed as an
index of the NHS value:

% K binding in sera of subjects
% K binding in NHS
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FIG. I. Levels (mean ± S.E.M.) of circulating im-
mune complexes in patients and subjects expressed as
an index of values obtained with pooled normal human
serum. Values in both groups of leprosy patients were
significantly elevated compared to control values at all
time periods tested. * = Values of LR patients were
significantly elevated compared to nonreactional pa-
tients at 8 and 17 months; 0 = LL patients who did
not suffer from reactions; • = LL patients who suffered
from reactions; ^ = 95% confidence interval values of
control subjects.

As seen in Figure 1, the levels were sig-
nificantly elevated in all of the patients, even
when they were untreated. The levels start-
ed to increase after initiation of treatment,
reaching a peak by 5-8 months. In the non-
reactional patients, the levels started to de-
crease gradually, although at the end of the
study period they were still elevated signif-
icantly. The reactional LL patients also con-
tinued to exhibit high levels of CIC.

Complement C3d. The levels of C3d
which were elevated in the beginning de-
creased by the sixth month in the nonreac-
tional LL patients; whereas in the LR group
wide fluctuations in the levels were ob-
served during the study period (Fig. 2).

Complement-mediated IC solubilization.
The most striking feature of the study was
that the nonreactional LL patients had CMS
levels comparable to those of NHS; whereas
the LR patients had significantly lower lev-
els throughout the period of the study (Fig.
3). When the CMS levels of the individual
patients of the two groups were compared
with NHS values, it was found that one LL
patient and 10 LR patients had abnormal
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FIG. 2. Levels of serum C3d (mean ± S.E.M.) ex-
pressed as arbitrary units (AU). 0 = Nonreactional LL
patients; ^ = 95% confidence interval values of control
subjects.

values on more than four of the eight oc-
casions they were tested. Patients whose
CMS levels were less than 64.4% (mean —
2 S.E. of control values) were considered to
be abnormally low.

Immunoglobulins. All three immuno-
globulins were significantly elevated in the
patients at the inception of treatment. In
the nonreactional patients, IgM came down
to normal levels by the 12th month, and
IgG followed at the 17th month; IgA re-
mained high at 20 months. In the LR pa-
tients, IgA and IgM levels returned to nor-
mal by the 20th month; while IgG was
significantly elevated even at 20 months
(Figs. 4-6).
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FIG. 3. Levels of complement-mediated IC solu-
bilization (mean ± S.E.M.) expressed as percentage of
values obtained with pooled normal human serum.
Values of LL patients were comparable with those of
controls; those of LR patients were significantly de-
pressed at all time points tested. 0 = Nonreactional
LL patients; • = reactional LL patients; ^ = 95%
confidence interval values of control subjects.
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FIG. 4. Levels of immunoglobulin G (mean ±
S.E.M.) expressed as international units (IU). 0 = Non-
reactional LL patients; • = reactional LL patients; ^
= 95% confidence interval values of control subjects.

Relationship between reactional episodes
and laboratory parameters. Since the main
objective of the study was to determine the
temporal relationship between each of the
parameters and the occurrence of reactions,
the data were analyzed in relation to the
reaction. It was found that a maximal ele-
vation of CIC and C3d levels occurred at
the time of reactions. Although evidence of
complement activation disappeared by 3-
6 months after the clinical subsidence of
reactions, the CIC levels were still signifi-
cantly elevated when compared to control
values. The levels of CMS were consistently
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FIG. 5. Levels of immunoglobulin A (mean ±
S.E.M.) expressed as international units (IU). Key is
same as for Fig. 4.
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FIG. 6. Levels of immunoglobulin M (mean ±
S.E.M.) expressed as international units (IU). Key is
same as for Fig. 4.

low during the entire period (Fig. 7). There
were no correlations between the levels of
C3d and CMS or CIC. Similarly, there were
no associations between the levels of CMS
and the severity, number of episodes, du-
ration or manifestations of reactions. The
immunoglobulin levels were also not sig-
nificantly related to the occurrence of re-
actions (Fig. 8).

DISCUSSION
The range of clinical manifestations ob-

served in LL patients with reactions, col-
lectively termed erythema nodosum lepro-
sum (ENL) syndrome, was seen in 46% of
the patients studied. The remaining patients
were free of reactions for 4 years of clinical
follow up. This finding is in agreement with
the earlier reported observations that re-
actions occur only in a proportion of the
leprosy patients, and that these arc generally
seen in the first 18 months after initiation
of treatment ( 13). It is widely believed that
mycobacterial antigens are released during
chemotherapy and that they complex with
antibody which precipitates at various sites
( 19). These precipitated complexes activate
the various mediator systems producing in-
flammation which results in damage at the
site of precipitation.

It was interesting to note that the levels
of CIC, which were elevated initially, in-
creased further, reaching a peak between the
fifth and the llth months after starting che-
motherapy, and falling slowly thereafter.
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FIG. 7. Levels (mean ± S.E.M.) of CIC (0); C3d
(^); and CMS (A) in reactional patients at 3 months
prior to onset of reactions, at time of reactions (R), and
at subsequent months. Levels of CIC were not esti-
mated at 15 months postreaction. Levels of C3d were
significantly lower from 3 months postreaction com-
pared to values at time of reaction; CIC and CMS did
not alter subsequently.

However, these were still significantly high-
er when compared to the control values at
18 months (Fig. 1). This probably is a re-
flection of the antigenic load in these pa-
tients.

The levels of CIC were paralleled by in-
creases in the concentrations of immuno-
globulins G and M which were elevated in
both groups of LL patients and returned to
normal levels by the 20th month of treat-
ment. Immunoglobulin A, on the other
hand, showed a marked elevation by the
eighth month, falling slowly to normal lev-
els from the 1 1 th month onward (Figs. 4-
6).

Although CIC were elevated in all of the
patients, reactions were seen predominantly
in those who had markedly low CMS levels.
There was no association between the levels
of CMS and C3d in both groups of patients.
The disappearance of C3d in the nonreac-
tional LL patients after initiating treatment
probably indicates a substantial lowering of
the complement activators of mycobacteri-
al origin (9, 1 ) as a response to chemother-
apy (Fig. 3). When the data for the LR pa-
tients with reactional episodes as their focal
point were analyzed, it was observed that
there was a maximal activation of the com-
plement system at this point, indirectly con-
firming the participation of this system in
the genesis of reactive states. A similar as-
sociation of C3d levels with clinical reaction
has been found in other sequential studies
also ( 15 ' 18 ).

FIG. 8. Mean levels of immunoglobulins G (0), A
(^), and M (A) measured at same time points as those
given in Fig. 7.

In this sequential study, it was found that
the reaction-prone patients had reduced
CMS well before the onset of reactions, and
this persisted for a long time after the sub-
sidence of reactions. Chakrabarty and his
colleagues have reported a similar reduced
IC solubilization in leprosy patients ( 2). The
reasons for this persistent reduced CMS are
not clear. This is seen even in the absence
of complement activation and after stop-
ping antireaction treatment. Similarly, this
is unlikely to be due to the antigenic load
because the nonreactional LL patients have
similar CIC levels. Nor is this due to ad-
ministration of clofazimine, a known inhib-
itor of the complement system, since pa-
tients in both of the groups received this
drug. We had previously shown that the
CMS was reduced in reactional LL patients
although their hemolytic complement levels
were found to be comparable with those of
nonreactional LL patients or individuals
without leprosy ( 12) . Similarly, significant
changes in C4 levels were also not found in
earlier studies (I , ' 5 ). The reasons for this
apparent dissociation between hemolytic
complement and CMS are not known.
However, it has been shown that the poly-
morphic variants of C4, C4A and C4B have
different hemolytic and protein binding ac-
tivities (6). Thus, future studies should con-
centrate on measuring CMS levels and re-
lating them to the genetic variants of C4.

From the foregoing, it is clear that re-
duced CMS is one feature which distin-
guishes reactional from nonreactional LL
patients. Thus, although CIC are formed in
all LL patients in situ, the complement sys-
tem solubilizes and renders the complexes
innocuous in the nonreactional patients. It
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should, however, be noted that two of the
LR patients had normal CMS levels and one
LL patient without reaction had abnormal
CMS values. It is probable that reactions
were independent of the CMS levels in these
patients. Since the CMS levels were low
throughout the period of the study and this
was the only feature which distinguished the
LR from the nonreactional patient, it is sug-
gested that the defective CMS acts as a pre-
disposing cause of reactions. However, fac-
tors whose nature is yet to be properly
understood are probably responsible for
precipitating reactive phenomena in these
patients.

SUMMARY
It is held that immune complexes (IC)

play a vital role in the pathogenesis of some
of the reactions in leprosy. The complement
system is known to solubilize and render IC
innocuous. We have previously shown that
patients undergoing lepra reactions had
lowered complement-mediated IC solubi-
lization (CMS). We, therefore, undertook a
prospective study of untreated multibacil-
lary leprosy patients and monitored their
CMS levels sequentially while on therapy.
In addition, the concentrations of the com-
plement component C3d, immunoglobu-
lins G, A and M, and circulating immune
complexes (CIC) were also estimated. A to-
tal of 26 patients were included in the study
and were investigated at 3-month intervals
for 3 years. Thirteen of the 14 patients who
did not develop reactions at all had normal
CMS values, although all of them showed
elevated CIC. From the inception of treat-
ment, 10 of the 12 patients who developed
lepra reactions had low CMS values which
remained below normal levels even after
evidence of complement activation disap-
peared and long after the subsidence of re-
action. It is suggested that this defective CMS
acts as a predisposing cause of lepra reac-
tions.

RESUMEN
Se acepta que los complejos inmunes (CI) juegan un

papel importante en la patogenesis de algunas de las
reacciones de la lepra. Sc sabe que el complemento
solubiliza y hate inocuos a los CI. Previamentc, se ha
demostrado que los pacientes que presentan reacciones
leprosas tienen disminuida su capacidad de solubili-
zación de CI mediada por complemento (CSMC). Con

esta base, empezamos un estudio prospectivo de pa-
cientes con lepra multibacilar sin tratamiento previo
en los cuales cuantificamos su CSMC en funciOn del
tratamiento. También se cuantificaron sus niveles de
C3d, de inmunoglobulinas G, A y M, y de complejos
inmunes circulantes (CIC). Se incluyeron 26 patientes
que fueron investigados a intervalos de 3 meses du-
rante 3 aiios. Trece de los 14 pacientes que no desa-
rrollaron reacciones tuvieron valores normales de
CSMC, aunquc todos mostraron nivcles elevados de
CIC. A partir del inicio del tratamiento, 10 de los 12
pacientes que desarrollaron reacciones leprosas tuvie-
ron una baja CSMC, quc permaneciO por debajo de lo
normal aim después de que desaparecieron las eviden-
cias de activation del complemento y mucho despues
de la remisiOn de la reaction. Sc sugierc que esta de-
fectuosa CSMC actUa como causa predisponente de las
reacciones leprosas.

RÉSUMÉ

Il est admis que les complexes immuns (CI) jouent
un role vital dans la pathogenese de certaincs reactions
observées dan la lepre. Le systéme du complement est
connu pour rendre soluble et inoffensif les complexes
immuns. Nous avons montre précédemment quc les
patients présentant des reactions lépreuses avaient une
diminution de la solubilisation des CI sous la media-
tion du complement (SMC). De ce fait, nous avons
entrepris une etude prospective de lépreux multibacil-
laires non traités et suivi lours taux de SMC dans le
temps au tours du traitement. De plus, les concentra-
tions du composant C3d du complement, les immu-
noglobulines G, A et M, et les complexes immuns cir-
culants (CIC) ont été egalement mesurés. Un total de
26 malades ont éte inclus dans l'étude et furent exa-
mines a intervalles de 3 mois pendant 3 ans. Treize
des 14 patients qui n'ont pas développé de reaction
avaient des valeurs de SMC normales, Bien que tour
montraient des CIC Cleves. Depuis le debut du trai-
tement, 10 des 12 patients qui ont developpé des reac-
tions lépreuses avaient des valeurs basses de SMC, et
celles-ci restérent inférieures 0 la normale meme apres
que les signes d'activation du complement aient dis-
paru et longtemps apres la fin de la reaction. Ceci sug-
gère que cette SMC déficiente agit comme un facteur
prédisposant aux reactions lépreuses.
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