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Circulating Immune Complexes in Leprosy Sera:
Demonstration of Antibodies Against Mycobacterial

Glycolipidic Antigens in Isolated Immune Complexes'
Jane Tomimori Yamashita, Philippe Cruaud, Fernand Papa,

Osmar Rotta, and Hugo Lopes David'

Circulating immune complexes (CIC)
have been demonstrated in a wide variety
of diseases including: autoimmune diseases
(systemic lupus erythematosus, Wegener's
granulomatosis, Hashimoto's thyroiditis);
infectious diseases (lepromatous leprosy,
bacterial subacute endocarditis, sepsis) as
well as neoplastic disorders ( 8 • 1 ").

Methods for CIC detection have recently
been introduced by many investigators:
binding of exogenous Clq to complexes us-
ing gel diffusion ('); platelet aggregation test
(IS); anticomplementary activity ( 12 ); pre-
cipitation with polyethylene glycol ( 5 ); in-
hibition of phagocytosis using labeled ag-
gregated IgG and macrophages ( 14 );

quantitation of immune complexes by bind-
ing to radiolabeled C 1 q and complex pre-
cipitation ( 13 ); and detection of CIC by their
inhibitory effect on the agglutination of IgG-
coated particles by rheumatoid factor or Clq
("). These methods have been largely em-
ployed in the study of diseases in which CIC
could play an important role.

Some of these methods have been per-
formed for detecting the presence of CIC in
leprosy sera: demonstrating the whole My-
cobacterium leprae and its molecularcom-
ponents (4. 7 ); detecting high levels of CIC
( 19 . 22 ); and also demonstrating tissue de-
position of immune complexes (21, 24, 26) .

The purpose of the present work was to
apply an enzyme immunoassay for the ti-
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tration of the antibodies isolated by poly-
ethylene glycol (PEG) precipitation of the
CIC in leprosy sera. We analyzed these iso-
lated antibodies using two different anti-
gens: the phenolic glycolipid-I (PGL-I) of
M. leprae ( 2 ) and the glycolipid-IV (SL-IV)
of M. tuberculosis ( 7 ). This procedure was
previously described by Louzir, et a!. (I")
and involved the CIC precipitation with
PEG, treatment of the isolated CIC with an
acid buffer, neutralization and the analysis
of the antibodies by enzyme immunoassay.

MATERIALS AND METHODS
Sera. Sixty-five sera from patients with

leprosy [38 lepromatous, 18 dimorphous
(borderline) and 9 tuberculoid] were ob-
tained from the Department of Dermatol-
ogy and Health Center, Escola Paulista de
Medicina, S5o Paulo, Brazil. Their ages
ranged from 17 to 68 years. The diagnosis
was made by clinical, bacteriological, his-
topathological and immunological features,
and the cases were classified according to
the Madrid classification ( 9 ). Paucibacillary
patients were treated with dapsone 100 mg/
day and multibacillary patients received
dapsone 100 mg/day and rifampin 600 mg/
day; some of them were under corticoste-
roid treatment. Of these 65 patients, some
developed type 2 reactions (erythema no-
dosum leprosum) and others, type 1 reac-
tions. In addition, sera from 10 tuberculosis
patients from SA° Paulo, and sera from 26
normal controls from Paris, France, were
included as controls.

Antigens. We used two lipidic antigens:
the PGL-I of M. leprae ( 2 ) that was kindly
supplied by Dr. R. J. W. Rees (WHO-
IMMLEP) and the SL-IV (diacyl-trehalose
IV) of M. tuberculosis ( 7 ). The methods for
isolation, purification and characterization
of the SL-IV antigens were reported previ-
ously (15,1(,).
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PEG precipitation. The PEG precipita-
tion test was performed according to the
method described previously by Louzir, et
al. el, developed from the original tech-
nique by Digeon, et al. ( 8). The sera were
diluted 1:1 with phosphate buffered saline
(PBS) without Tween, pH 7.4. To 200 Al of
diluted serum 200 kt1 of 5% PEG 6000 (Pro-
labo, France) in 150 mM NACI, 20 mM
potassium phosphate buffer, pH 7.4, was
added and the mixtures were incubated
overnight at 4°C. The precipitates were col-
lected by centrifugation (1500 x g x 20
min, 4°C) (Sigma-Bioblock, France), were
washed twice with 2.5% PEG, and then were
dissolved in 100 Al of 150 mM NaCI, 20
mM potassium phosphate buffer, pH 7.5,
10 mM EDTA (Sigma, France).

To 50 of the obtained solution, 50 ill
of cold 0.2 M HC1-glycine, pH 2.8, was add-
ed and incubated at 4°C for 15 min. This
solution was neutralized with 25 pcl of 1 M
K,HPO 4 , pH 9.0, was diluted 1:20 by add-
ing 1825 u1 of 1% bovine serum albumin
(BSA) without Tween 80, and was then test-
ed within 30 min.

ELISA. We used the enzyme-linked im-
munosorbent assay (ELISA) for the isolated
CIC, using the same method for lipidic my-
cobacterial antigens, as described by Cruaud,
et al. ( 6). Polystyrene microtiter plates pur-
chased from CML-Nemours (France) were
coated with PGL-I (250 ng/well) and SL-IV
(100 ng/well) antigens. For coating, the in-
dicated amounts of antigen in 25 ul of hex-
ane were placed in the wells, and the solu-
tions were let to dry overnight at 37°C. For
verification of nonspecific adsorption, one
well treated with 25 of hexane without
antigen was included for each test. We also
tested the sera without PEG precipitation.
The main difference between the CIC pre-
cipitation test and the current ELISA se-
rology was the dilution factor for the CIC,
1/20, and for the sera, 1/250. The tested
sera were diluted in PBS containing 0.5%
of BSA and each was tested in duplicate, as
the isolated CIC. After saturation by PBS
containing 5% of BSA (overnight at 4°C),
the plates were washed with PBS without
Tween (Titertek Microplate Washer; Flow
Laboratories, Puteaux, France) and 100 ill
of diluted sera/isolated CIC was incubated
at 37°C for 1 hr 30 min for IgG and for 2
hr for IgM determinations. After washings,

the conjugates with appropriate dilution
were allowed to react for 2 hr at 37°C; the
conjugates were goat antihuman IgG (H +
L) and IgM43-galactosidase (Biosys, Corn-
piezne, France). After washing, the appro-
priate substrate was added, and the plates
were incubated at 37°C for 1 hr. To correlate
the data, three titrated sera used as stan-
dards having low, medium, and high levels
of IgG or IgM antibodies were included in
each plate, and PBS with 0.5% of BSA was
used as the control (zero point activity). Ali-
quots of the standard sera were stored at
—80°C until ready for use.

After reading, for each plate, a curve was
drawn using the zero and standard values
after calculation of the slope and correlation
coefficient. If these data were not satisfac-
tory (slope too low, fit below 98%), the plate
was rejected and the assays were repeated.
The values of tested sera were corrected as
follows: First, the difference between ab-
sorbance of serum and the nonspecific ab-
sorption was taken and a mean value was
calculated. Then, the normalized data were
calculated to establish the corrected 414
values by using the curve of the standards.
These calculations were made using the
Multiscan apparatus (Flow) connected to an
IBM PS-60 computer using the Flow Lab-
oratories Titersoft program revision 2.0A
serial 0.197. It should be noted that all cal-
culations can be easily performed using a
statistical calculator.

Statistical analysis. Because of the non-
normal distribution of the obtained values,
the data were analyzed by the nonparamet-
ric Kruskal-Wallis test to confirm the anal-
ysis of variance results ( 25). The percentile
5% statistics was used to determine the nor-
mal limit of the control group. Because of
the concentration of the sera, it was not pos-
sible to compare the results obtained by the
CIC precipitation test followed by an ELISA
with the classical serologic test and, con-
sequently, we used the McNemar test ( 20 )
to analyze the discordances between these
two tests.

RESULTS
After the CIC were dissociated the lib-

erated immunoglobulins (IgG and IgM) were
assayed by ELISA using the PGL-I and SL-
IV antigens. As shown in The Figure, CIC
were manifestedly predominant in lepro-
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THE FIGURE. ELISA activity in precipitable CIC from patients with lepromatous leprosy (L), borderline
leprosy (B), tuberculoid leprosy (T), tuberculosis (TBS), and healthy controls (HC). (-- —) = cut-off level for this
test. A = anti-PGL-I IgG; B = anti-PGL-I IgM; C = anti-SL-IV IgG; D = anti-SL-IV IgM.

matous and borderline leprosy, and high IgG
and IgM anti-PGL-I titers were detected
(The Figure, A and B). The same pattern
was observed using SL-IV as the antigen
(The Figure, C and D). CIC were also dem-
onstrated in tuberculoid leprosy. However,
anti-PGL-I titers were low: surprisingly,
anti-SL-IV antibody titers were high in CIC
from tuberculoid patients' sera. Analyzing
the tuberculosis group, we observed that
anti-PGL-I and anti-SL-IV titers were dem-
onstrated, although the Kruskal-Wallis test

showed a statistically significant difference
just for IgG anti-PGL-I compared with the
control group. The Figure shows the anti-
body levels' distribution in the different
groups, and we can also observe that the
antibody levels were higher in PEG precip-
itates of patients with lepromatous and bor-
derline leprosy.

Table 1 shows the positivity and mean
level of antibodies isolated from CIC in the
analyzed groups. The Kruskal-Wallis test
comparing the five groups (lepromatous
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TABLE 1. PEG precipitable immune complexes antibodies.

Patients No.
IgG IgM

Positive (% ) Mean level Positive (%) Mean level

Anti-PG L-1
Lepromatous leprosy 38 33 (86.8) 301.4 29 (76.3) 278.0
Borderline leprosy 18 13 (72.2) 278.7 13 (72.2) 317.4
Tuberculoid leprosy 9 6 (66.7) 132.1 2 (22.2) 71.0
Tuberculosis 10 7 (70.0) 197.9 3 (30.0) 77.2
Control 26 1 (3.8) 45.4 I (3.8) 27.5

Anti-SL-IV
Lepromatous leprosy 38 30 (78.9) 383.0 21 (55.2) 244.3
Borderline leprosy 18 13 (72.2) 380.8 12 (66.7) 248.8
Tuberculoid leprosy 9 6 (66.7) 303.9 6 (66.7) 155.0
Tuberculosis 10 6 (60.0) 216.4 0 (0) 67.4
Control 26 1 (3.8) 85.5 1 (3.8) 48.3

leprosy, borderline leprosy, tuberculoid lep-
rosy, tuberculosis, and normal control)
showed that the lepromatous and border-
line leprosy groups presented high levels of
antibodies-a statistically significant differ-
ence compared with the control group. We
observed a similar distribution in the se-
rology for PGL-I and SL-IV.

When we analyzed all of the leprosy groups
by the McNemar test, we observed that the
PEG precipitation did not increase the pos-
itivity of the serologic test, except for the
antigen SL-IV-IgM in the lepromatous
group (positivity for the serology 34.2% and
positivity after CIC precipitation 55.3%) and
the borderline leprosy group (positivity for
serology 27.7% and positivity after CIC pre-
cipitation 66.7%) (data not shown).

Comparing the clinical features and the
results obtained, we observed high titers of
IgM anti-PGL-I from isolated CIC among
untreated borderline leprosy patients. Sim-
ilarly, high IgM anti-PGL-I titers were ob-
served when we analyzed the disease activ-
ity (clinical and bacteriological activity)
among the lepromatous and borderline
groups. We did not observe any relationship
between the isolated CIC titers and type 1
or type 2 reactions. Table 2 represents the
different clinical features and the main val-
ue obtained with isolated CIC. The Mann-
Whitney test showed a statistical difference
among the analyzed groups.

DISCUSSION
The presence of CIC in leprosy sera has

been reported (4 • ' 7). However, there is little
information concerning the antigen and the

antibody that are responsible for the CIC
formation. The present study describes a
technique showing that PEG is suitable for
precipitation and isolation of CIC in human
sera. It was also shown that an immunoen-
zymatic test could be performed using the
mycobacterial antigens PGL-I and SL-IV.

Analyzing the PEG precipitable immune
complexes, the anti-PGL-I and anti-SL-IV
antibody levels were likely to be higher in
patients with the multibacillary form (lep-
romatous leprosy and borderline leprosy)
than in the PEG precipitates from tuber-
culoid leprosy and controls. It was also in-
teresting to note that the analyzed immu-
noglobulin classes- IgG and IgM -were
present in these precipitable immune com-
plexes. In these CIC we did not note any
difference between the IgG and IgM levels.

An interesting aspect was observed when
we analyzed the clinical features and the
titers obtained. Among the multibacillary
form (lepromatous and borderline leprosy),
high IgM anti-PGL-I titers were related with
the disease activity, as has been observed
in the serological studies ( 6 . 23 ). In relation
to the specific treatment, we observed that
the IgM anti-PGL-I level was higher in the
untreated borderline group than in the treat-
ed group, but we did not find any difference
among lepromatous patients. There was no
difference between the patients with or
without leprosy reaction, perhaps because
the previous treatment with corticosteroids
and/or thalidomide might change the CIC
levels.

The presence of antibodies against my-
cobacterial antigens was found in the sera
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TABLE 2. PEG precipitable immune complexes, leprosy clinical features and mean values
(data given as mean ELISA OD x 10 3).

Disease activity

CIC Lepromatous Borderline Tuberculoid
antigen-antibody

Active
(N = 28)

Inactive
(N = 10)

Active
(N = 16)

Inactive
(N = 2)

Active^Inactive
(N = 9)^(N = 0)

PG L-1-IgG 328.8 224.7 313.9 91.5 132.1
PGL-I-IgM 324.9' 147.0 353.6• 28.5 71.0
SL-IV-IgG 397.6 341.8 400.2 225.5 303.9
SL-IV-IgM 278.6 148.5 270.5 76.5 155.0

Treatment

CIC Lepromatous Borderline Tuberculoid
antigen-antibody

Untreated Treated Untreated Treated Untreated^Treated
(N = 1 1) (N = 27) (N = 6) (N = 12) (N = 9)^(N = 0)

PGL-I-IgG 304.1 300.3 316.6 234.5 132.1
PGL-I-IgM 296.6 270.4 414.6' 123.2 71.0

390.9 379.7 382.0 378.3 303.9
SL-IV-IgM 244.5 244.3 284.2 178.0 155.0

Reaction

CIC Type 1 Type 2
antigen-antibody

Reaction No reaction Reaction No reaction
(N = 7) (N= 11) (N= 15) (N = 23)

PGL-I-IgG 257.7 309.3 367.1 258.6
PGL-I-IgM 217.7 380.9 350.5 230.7
SL-IV-IgG 442.6 341.5 411.0 364.7
SL-IV-IgM 296.0 219.0 304.3 205.2

Statistically significant difference compared to inactive or treated patients' values.

as well as in the isolated CIC. However, a
reciprocal relationship between circulating
antibodies and CIC was not apparent. Al-
though sequestration of the antibodies by
CIC formation was not demonstrated here-
in, it is possible that because of low solu-
bility the immune complexes may be de-
posited in the tissues, as suggested by
Chakrabarty, et al. (4 ). Although it has been
proposed that formation of immune com-
plexes in the vascular and extravascular
compartments contribute to erythema no-
dosum leprosum (ENL), we found no evi-
dence for this in our series of cases. In spite
of the high levels of CIC precipitate, we
should not forget the possibility of free im-
munoglobulins' co-precipitation, that could
raise the test titration. This problem was
previously reported by other researchers us-
ing this method ( 5 • 8 ). Since we did not ob-
serve any apparent relationship between CIC
levels and leprosy reactions, we think that
a prospective study using this technique
should be conducted by assaying CIC during

the course of ENL. This should be of interest
to determine whether the glycolipid anti-
gens also participate in the pathogenesis of
ENL.

SUMMARY
Circulating immune complexes (CIC)

were assayed in sera of leprosy patients. Us-
ing an immunoassay for two mycobacterial
antigens-phenolic glycolipid-I (PGL-I) and
glycolipid IV (SL-IV)-sera from 65 pa-
tients with leprosy (38 lepromatous, 18 bor-
derline, and 9 tuberculoid) were studied. The
CIC were isolated by polyethylene glycol
(PEG) precipitation, washed, treated with
an acid buffer, neutralized, and tested using
an enzyme-linked immunosorbent assay
(ELISA). We demonstrated that CIC could
contain IgG and IgM antibodies reacting
against PGL-I and SL-IV. The high levels
of antibodies in the precipitable CIC showed
concordance with high levels in the original
sera, although some patients presented high
levels of precipitable CIC in the absence of
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high titers of antibodies in their sera. It was
concluded that some of the CIC observed
in patients with leprosy were composed of
IgG and IgM immunoglobulins against spe-
cific mycobacterial antigens.

RESUMEN
Se buscaron complejos inmunes circulantes (CIC) en

los sueros de los pacientes con lepra. Utilizando un
inmunoensayo para dos antigenos micobacterianos
(glicolipido fenOlico I [GLF-I] y glicolipido IV [SL-
IV]), se analizaron los sueros de 65 pacientes con lepra
(38 lepromatosos, 18 intermedios, y 9 tuberculoides).
Los complejos inmunes circulantes se aislaron por pre-
cipitaciOn con polietilên glicol (PEG), Sc lavaron, sc
trataron con regulador acid°, sc neutralizaron, y se
probaron usando un inmunoensayo enzimatico (ELI-
SA). Se demostrO que los CIC pueden contener anti-
cuerpos IgG c IgM reaccionando con GLF-I y con SL-
IV. Los elevados niveles de anticuerpos en los CIC
precipitables, mostraron concordancia con sus niveles
elevados en los sueros originales, aunquc algunos pa-
cientes presentaron altos niveles de CIC precipitables
aim en ausencia de titulos elevados de anticuerpos en
sus sueros. Se concluy6 que algunos de los CIC obser-
vados en los pacientes con lepra estuvieron compuestos
de inmunoglobulinas IgG e IgM contra antigenos mi-
cobacterianos especificos.

RÉSUMÉ

Les complexes immuns circulant (CIC) ont etc doses
dans le serum de malades de Ia liTre. On a êtudiô le
serum de 65 malades de Ia le.pre (38 lepromateux, 18
borderline et 9 tuberculoides) a l'aidc d'un test im-
munologique pour deux antigênes mycobact6riens, le
glycolipide phênolique-I (PGL-I) et lc glycolipide IV
(SL-IV). Les CIC ont etc isolês par prêcipitation au
polyethylêne glycol (PEG), lavês, traitOs avec un tam-
pon acide, neutralisês, et testes A l'aide d'un test en-
zymatique (ELISA). Nous avons montre que les CIC
pouvaient contenir des anticorps IgG et IgM thagissant
vis-a-vis de PGL-I et SL-IV. Les taux elevês d'anti-
corps dans les CIC prêcipitables montraient one con-
cordance avec des taux êlevês dans le serum original,
bien que certains patients prOsentaient des taux êlevês
de CIC prOcipitables en ]'absence de taux êlevês d'anti-
corps dans lour serum. On en conclut que certains des
CIC observes chez des malades de la lepre se compo-
sent d'immunoglobulines IgG et IgM dirigees contre
des antigenes mycobacteriens specifiques.
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