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The triglycosyl phenolphthiocerol dimy-
coserosates from Mycobacterium leprae
(PGL-I) ( 32) and M. tuberculosis (PGL-Tbl)
( 17) are species-specific antigens ( 31 . 43) in-
ducing in humans the production of IgG and
IgM immunoglobulins (8, 12, 15, 54

)
. The spec-

ificity of these antigens is supposedly deter-
mined by the nature of the terminal sugar
in the trisaccharide which is a 3,6-di-o-
methyl-f3 -D-glucopyranose in PGL-I (3 !) and
a 2,3,4-tri-methyl-a-L-fucopyranose in
PGL-Tbl ( 17). Using ELISA, the high spec-
ificity of these antigens has been well estab-
lished. However, for a specificity predeter-
mined at 100%, the sensitivity of the assays
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in serodiagnosis has been variable between
reports and generally was found to be low.

The low sensitivity of serodiagnosis in
leprosy was soon understood as judged from
three kinds of observations: a) anti-PGL-I
antibody titers increased from the tuber-
culoid toward the lepromatous end of the
Ridley-Jopling classification of leprosy
(6, 31, 54‘ ;) b) a reasonable direct correlation
was found between the bacterial index (BI)
and the antibody titers ( 38 . 51 ); and c) a neat
reciprocal relationship was found between
the intensity of the Mitsuda reaction and
the antibody titers (24). Consequently, the
sensitivity of serodiagnosis should vary from
one endemic region to another according to
the incidence of lepromatous leprosy.

The low sensitivity of serodiagnosis in tu-
berculosis has been more difficult to under-
stand. One hypothesis was that not all strains
of tubercle bacilli synthesized the specific
PGL-Tb 1 phenolic glycolipid ( 16); another
was that low sensitivity could be related to
an immune spectrum in tuberculosis (21, 24).

Even though the existence of an immune
spectrum in tuberculosis is still controver-
sial (21 ' 36) it was suggested that the above
considerations of the relationships between
humoral, cell-mediated immunity, bacte-
riological loads and the clinical condition
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in leprosy might also apply to tuberculosis
(21) .

Following the above considerations, we
reasoned that comparative studies relating
antibody titers against species-specific an-
tigens (PGL-I and PGL-Tbl) and antigens
common to AI. leprae and AI. tuberculosis
to bacteriological loads, the intensity of the
Mitsuda and Mantoux reactions, and the
clinical condition should give useful infor-
mation about the immune responses to gly-
colipid antigens in mycobacterial diseases,
and might help in developing new reagents
for the diagnosis as well as the classification
of cases within the immune spectrum.
Among the glycolipid antigens common to
both species that have been examined for
serodiagnosis (the phosphomannosides 41 ; a
lipoarabinomannan" ); an arabinogalactan 48 ;
and an antigen designated SL-IV ' 5), we de-
cided to use the SL-IV antigen from AI. tu-
berculosis because it was known that anti-
bodies immunoreacting with it were found
in sera from leprosy cases ( 15). The SL-IV
antigen was formerly characterized as a dia-
cyl trehalose-2'-sulfate ( 18). However, its
structure was recently revised as a 2-3-dia-
cyl trehalose ( 37).

MATERIALS AND METHODS
Population studied. The sera used in this

investigation were collected from 1532 in-
dividuals and included 248 bacteriological-
ly confirmed tuberculosis cases, 65 profes-
sional contacts, 84 leprosy cases, and 1135
controls. All selected persons were adults
residing either in a low-endemic region
(France, N = 697) or in a high-endemic re-
gion (Manaus, Amazonia, Brazil, N = 835).
Hereafter, the groups of individuals residing
in the low-endemic and in the high-endemic
regions are designated the LER and the HER
populations, respectively. Subgroups within
the LER and HER are indicated in the Re-
sults section as appropriate.

Clinical and laboratory examinations.
Tuberculosis and leprosy were diagnosed
using current clinical examinations. For the
purpose of this study, all cases of tubercu-
losis were confirmed by the isolation and
identification of Al. tuberculosis using rec-
ommended methods ( 22), except in some
cases of tuberculosis of the skin which were
diagnosed on the basis of histopathology and
the presence of acid-fast bacilli in smears;

tuberculosis lesions were classified as rec-
ommended by Santa Cruz and Strayer ( 50).
The leprosy patients were diagnosed and
classified as recommended by Jopling ( 33 ).

Acid-fast stain. Smears were stained us-
ing the Kinyoun acid-fast staining proce-
dure. The method used for tuberculosis was
as recommended by the U.S. Centers for
Disease Control (CDC) and the Pasteur In-
stitut ("), and for leprosy as described by
Fandinho, et al. ( 26). In tuberculosis, the
smears were classified as proposed by David
( 20), and recommended by the American
Thoracic Society (ATS) ( 3) and the Pasteur
Institut (22, 23s ;) in leprosy, the smears were
classified as recommended by Jopling ( 33 ).

ELISAs. The PGL-Tb 1 and the SL-IV
antigens were isolated from Al. tuberculosis
strain Canetti CIPT-14-001-0059, and the
PGL-I antigen was isolated from the liver
of an armadillo experimentally infected with
AI. leprae. The antigens were isolated using
published methods ( 18 32 ). For analytic pur-
poses the authentic standards of PGL-Tb 1
and SL-IV were kindly supplied by M. Dafre
(Centre de Recherche de Biochimie et
Gênêtique Cellulaires, CNRS, Toulouse,
France), and the authentic PGL-I was kind-
ly supplied by R. J. W. Rees (WHO-
IMMLEP). The ELISA method used was
that of Cruaud, et al. ( 15). The purified an-
tigens (PGL-I, 250 ng/well; PGL-Tbl, 250
ng/well; SL-IV, 100 ng/well) were dissolved
in hexane and were added to the wells of
fiat-bottom, 96-well plates and dried over-
night at 37°C. The subsequent steps and fi-
nal calculation were as described in detail
by Cruaud, et al. ( 15 ).

Mantoux, Mitsuda and Fernandez reac-
tions. Tuberculin RT23 from WHO was
supplied by the Ministry of Health (Brazil);
the lepromin-H prepared from human lep-
romas was kindly supplied by M.-T. Orsi
Souza of the Centro de Dermatologia San-
itaria Dr. Alfredo da Mata, Manaus, Ama-
zonia, Brazil. Two tuberculin units of RT23
(5 bioequivalents of PPD-S) and lepro-
min-H containing 16 x 10 6 bacilli per 0.1
ml dose were used. Dual skin-test reactions
were performed only in 534 control indi-
viduals (army recruits, 18-20 years old) in
the HER. The Mitsuda reaction was per-
formed in all leprosy cases. The Mantoux
reaction was read 72 hr after injection as
the diameter of induration in mm; the Fer-



210^ International Journal of Leprosy^ 1992

TABLE 1. Percent frequency of ELIS11 results (absorbance > 200 for PGL-1 and PGL-
Tb1; > 300 for SL-IV) in the nonendemic region (LER) and in the high-endemic region
(HER).

Assay
LER" HER"

No. tested' Positive No. tested'' Positive

PGL-I, IgG 418 0.2 536 3 0.5
PGL-I, IgM 462 0 0.0 617 43 6.9
PGL-Tbl, IgG 487 0.4 557 4 0.7
PG L-Tbl, IgM 354 3 0.8 637 40 6. 1

SL-IV, IgG 458 19 4.1 548 39 7.1
SL-IV, IgM 431 7 1.6 648 85 13.1

Low-endemic region; 85% Europeans and 15% North Africans.
" High-endemic region.

Including: sarcoidosis, 1; plasmocytoma, 1; Crohn's disease, 1; lung cancer, 4; hepatitis-A, 2; bone-joint
infection, 2; bacterial meningitis, 13 (meningococcal, 10; pneumococcal, 1; llaemophilus sp., 1; herpetic en-
cephalitis, 1; lymphocytic meningitis, 21); acute respiratory infections, 23; and disseminated Mycobacterium
avium-complex infections in AIDS cases, 21 (one patient had positive serology for both PGL-Tbl and SL-IV).

' 1 Including:  Chromomycoses, 2; Jorge Lobo mycosis, 2; leishmaniasis, 2; cutaneous ulcers, 18; nontuberculous
respiratory infections, 30; and 15 other respiratory disease cases from whose secretions atypical mycobacteria
were isolated (M. avium - intracellulare, 1; .11. asiaticum, 1; Al. chelonae, 1; M. fortuitum, 1; AI. gordonae, 1; M.
terrae, 3; and 6 nonidentified mycobacteria. Among these, I patient had positive SL-IV IgG and IgM serology).

nandez reaction was read 72 hr after injec-
tion as the diameter of the erythema reac-
tion in mm; the Mitsuda reaction was read
21 days after injection as the diameter of
the nodule in mm. In the LER the Mantoux
tests were performed using IP48 PPD con-
taining 10 PPD-S bioequivalents. ,

Statistics. Statistics were performed us-
ing the Criket Graph and the StatView sta-
tistical programs for the Macintosh SE com-
puter. Sensitivity and specificity values were
calculated as described before ( 15 ).

RESULTS
Preliminary observations. To establish

specificity levels of the assay is a prerequi-
site for using the antigens in serodiagnosis.
The specificities of the assays using the cut-
off levels of > 200 for the PGL-I and PGL-
Tb1 and > 300 for the SL-IV antigens are
shown in Table 1. The specificity of the
method was in the range of 99% to 100%
in France (LER; Table 1) where leprosy is
not present and where the incidence of tu-
berculosis is about 16 per 100,000 inhabi-
tants. It did not differ significantly from our
previous report ( 1 s). From these data it was
concluded that serology values above 200
were positive test results for the PGL-I and
PGL-Tb 1 antigens and that values above
300 were positive test results for the SL-IV
antigen.

The frequency of the test results above
the threshold values was significantly higher

in the Brazilian population from Amazonia
(HER; Table 1) where the incidences of both
tuberculosis and leprosy are high (119 and
60 per 100,000 respectively; the prevalence
of leprosy was estimated at 12 per 1000)
('). Because crossreactions were not detect-
ed with respect to a large variety of infec-
tious and parasitic diseases and to coloni-
zation or infection by mycobacteria other
than the tubercle bacilli (Table 1, legend),
we concluded that the frequent occurrence
of antibodies immunoreacting against the
glycolipid antigens in sera of control sub-
jects residing in the HER indicated previous
contact with Al. tuberculosis or Al. leprae.
Further data supporting the conclusion that
the occurrence of specific antibodies in per-
sons in apparent health is indicative of sub-
clinal disease are presented below.

Antibody titers with respect to Mitsuda
and Mantoux reactions in leprosy and tu-
berculosis patients. The distribution of
ELISA results with respect to the Mitsuda
test results in leprosy patients is shown in
Figure 1. From the distribution of the paired
data, a straightline fit could not satisfacto-
rily describe the relationship between the
two variables. Consequently, polynomial fits
were traced, and the correlation coefficients
were calculated (Fig. 1). As apparent, the
increase in the values of one of the variables
resulted in decreasing values of the other.
Analysis of the paired data showed that the
highest titers of anti-PGL-I IgG- and IgM-
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FIG. I. Quantitative relationships between PGL-I and SL-IV antibody titers and the Mitsuda test reactions
in 84 leprosy patients.

specific antibodies occurred in patients with
negative (< 2 mm papules) Mitsuda reac-
tions. At the other end of the Mitsuda scale,
all patients with reactions > 6 mm had
ELISA results < 200 (a negative test result),
and within the 3 to 6 mm range of Mitsuda
reactions ELISA results were variable. Us-
ing the SL-IV antigen from M. tuberculosis,
the same relationships were found with re-
spect to the IgG assays (Fig. 1 C), while no
correlation was found between the Mitsuda
reaction and the anti-SL-IV IgM assay re-
sults (Fig. 1 D). From a clinical viewpoint,
it was concluded that PGL-I and SL-IV
ELISA may be an interesting adjunct for the
classification of recently discovered cases
within the immune spectrum.

In pulmonary tuberculosis no correlation
was found between the ELISA and the Man-
toux test results (Table 2). In this group of
56 patients, 7 (12.5%) did not react to tu-
berculin, confirming previous reports ( 52)
which indicated that when first discovered
patients may be in an anergic state.

We conclude that antibody titers were in-
versely related to (protective) cell-mediated
immunity (as judged from the Mitsuda test

reaction) but not to (unfavorable) delayed-
type hypersensitivity (as judged from the
Mantoux test reaction). The absence of cor-
relation between the PGL-I ELISA and the
delayed-type hypersensitivity leprosin-A
results in leprosy cases has been reported
by others (' 3 ).

Antibody titers with respect to bacterio-
logical loads. The finding that the quanti-
tative relationships with respect to Mitsuda
reactions were the same using a species-spe-
cific antigen (PGL-I) and a nonspecific an-
tigen (SL-IV) made it necessary to find out
if the same occurred with respect to bacte-

TABLE 2. Relationship between ELISA
and Mantoux test reactions in 56 recently
discovered cases of pulmonary tuberculosis.

Mantoux
^ELISA

No.
positive

0-4 7 3 42.8
5-9 0 0.0
>10 47 20 42.5

Total 56 23 41.0

(mm)^No. tested
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TABLE 3. Smear status and ELISA re-
sults in 165 bacteriologically confirnzed cases
of pulmonary tuberculosis.

ELISA
Smear  ^Total

Positive' Negative

Positive 55 (33.3) 48 (29.0) 103 (62.4)
Negative 32 (19.3) 30 (18.1) 62 (37.5)

Total 87 (52.7) 78 (42.7) 165 (100.0)

" ELISA > 200 for l'GL-Tbl and/or > 300 for SL-
Iv.

rial loads. Previous workers (38 . 5 ') found a
good correlation between anti-PGL-I anti-
body titers and the BI. These observations
were confirmed in this study. The correla-
tion coefficients (data not shown) were r =
0.63; r = 0.76 and r = 0.72 for, respectively,
IgG PGL-I, IgM PGL-I and SL-IV IgG. Vir-
tually no correlation was observed between
the BI and SL-IV IgM assays (r = 0.24).

In the pulmonary tuberculosis cases there
was no statistically significant difference (x 2

= 0.051, 90% < a < 50%) between the num-
ber of positive ELISA results and the num-
ber of bacilli seen in smears (Table 3). How-
ever, from a clinical viewpoint the data
showed that the sensitivity of sputum smear
examination was 62.4%; the sensitivity of
serodiagnosis was 52.7%; and the sensitivity
of the combined use of both procedures was
81.8%. These differences were statistically
significant (c = 10.3, p < 1%). Therefore,
serological assays may be an interesting ad-
junct for the diagnosis of tuberculosis in sus-
pected patients.

Antibody titers with respect to clinical
condition. The mean, standard deviations,
and the sensitivity of the ELISA results with

respect to the Ridley-Jopling classification
of leprosy patients are shown in Table 4. In
this series of cases there was no significant
difference between anti-PGL-I IgG and IgM
assays; anti-PGL-I IgG and IgM and SL-IV
IgG assays yielded values increasing from
the tuberculoid toward the lepromatous pole
of the spectrum; and the anti-SL-IV IgM
assays were negative in most cases. In the
21 LL and 8 BL leprosy cases, the PGL-I
IgM assay result was higher than the IgG
assay result in 20 patients, the PGL-I IgG
was higher than IgM in 8 patients, and the
same ELISA result was found in 1 patient.
With the SL-IV, the IgG assay result was
higher than the IgM assay in 25 patients,
the IgM assay was higher than the IgG in 2
patients, and the same ELISA result was
found in 2 patients. From these observa-
tions it was concluded that the humoral im-
munity response to the glycolipid antigen
isolated from AI. tuberculosis followed the
same general pattern as the humoral im-
munity response against the M. leprae PGL-
I-specific antigen, except that with the SL-
IV antigen virtually all of the IgG responses
were predominant while the PGL-I antigen
showed both an IgG and an IgM response.
It was therefore concluded that while the
IgM to IgG switch was somehow blocked
in the case of PGL-I, this was not the case
with respect to SL-IV.

In tuberculosis there was no apparent re-
lationship between antibody titers and the
clinical condition (Table 5). The lack of cor-
relation between antibody titers and the in-
tensity of the Mantoux test (Table 2), bac-
terial loads (Table 3), and the clinical
condition (Table 5) made us wonder if there
was a relationship between antibody titers

TABLE 4. Mean, standard deviations (S.D.) and sensitivity (S) of ELISA results with
respect to Ridley-Jopling leprosy classification (N = 84)."

IgG assays IgM assays
Clinical

form
No.

tested PGL-1 SL-IV PGL-I SL-IV

Mean S.D. S Mean S.D. S Mean S.D. S Mean S.D. S

LL 21 876 372 85 556 377 76 930 395 95 301 211 5
BL 8 730 498 75 487 407 63 738 440 100 192 118 13
BB 11 501 385 72 311 387 22 731 145 63 111 127 11
BT 10 126 165 20 86 114 0 126 147 30 71 129 10
TT 25 55 62 0 80 108 3 38 51 0 81 130 3
IND 9 121 160 22 90 106 0 148 311 22 221 332 11

For calculating sensitivity (S), a cut-off > 200 was used for the PGL-1 and > 300 for the SL-IV antigens.



IgG assays IgM assays
Clinical No.

form tested PGL-Tbl SL-IV PG L-Tbl SL-IV

Mean S.D. S Mean S.D. S Mean S.D. S Mean S.D. S

Pulmonary . 161'' 119 97 16 343 358 46 40 40 1 121 141 18
AIDS 59 150 143 21 242 223 53 20 29 0 121 157 18
Meningitis 9 62 43 0 220 183 57 124 183 11 205 181 28
Neuritis 6 152 98 17 444 341 100 57 59 0 310 303 5
Kidney 5 138 118 20 308 84 80 45 40 0 262 220 60
Skin 8 109 109 12 226 288 37 81 169 12 129 153 12

For calculating sensitivity, cut-off points of > 200 and > 300 were used for the PGL-Tbl and SL-IV,
respectively.

Four cases with one or more test results missing were excluded from the calculations.

and the structure of the lesions (presence or
absence of caseating granulomas). Because
tuberculosis of the skin is relatively frequent
in the HER and histopathological exami-
nations are required for diagnosis, we per-
formed ELISAs in sera from 31 individuals
with suspected tuberculosis of the skin.

Tuberculosis of the skin. The diagnosis
of cutaneous tuberculosis (Table 6) was es-
tablished by isolation of Al. tuberculosis in
seven cases; in one case the disease was
caused by M. africanum. In six cases the

presence of caseating tuberculoid granulo-
mas and acid-fast bacilli in smears were the
criteria for tentative diagnosis. As judged
from the presence of tuberculoid granulo-
mas and the results of tuberculin tests, all
patients had developed cell-mediated im-
munity, except that in two cases we did not
have the required information. Antibody ti-
ters above threshold values were found in
four cases (28.5%). Considering only cases
bacteriologically confirmed, positive serol-
ogy was obtained in 50%. Consequently, our

TABLE 6. Summary of 14 cases of tuberculosis of the skin (8 bacteriologically confirmed;
6 not confirmed by isolation of tubercle bacilli).
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TABLE 5. Mean, standard deviation (S.D.), and sensitivity (S) of ELISA with respect to
the clinical form of tuberculosis (N = 248)."

Case
No.

Clinical conditions
ELISA

PGL-Tbl SL-IV Serol-
ogy

result
Site Node Man- Smeartoux Cultured sp. Granuloma

IgM IgG IgM IgG

243" Arm ND'' 0 Al. tuberculosis ND 497' 85 418 308
16" Neck 25 0 Al. tuberculosis Complete 10 90 37 408
78' Neck ND 0 Al. tuberculosis Incomplete 0 296 81 204
87" Groin 16 1 Al. tuberculosis Complete 8 55 0 31
88 Neck 17 0 Al. tuberculosis ND 30 42 0 0

127 Neck 12 ND Al. tuberculosis ND 26 21 19 0
245 Neck ND 1 Al. tuberculosis ND 18 20 237 32
GAS' Multiple ND Af. africanum Complete 61 268 242 831 +

246 Foot 19 I 0 Incomplete 58 37 68 24
79 Leg + 15 I 0 Complete 7 76 24 89
80 Anus + 29 I 0 Complete 5 77 104 83
81 Neck + 14 1 0 Complete 5 103 24 57

234 Neck 16 1 0 Complete 154 42 268 101 —'1
14 Arm + 0 1 0 Incomplete 23 43 71 74

Associated pulmonary tuberculosis.
" ND = Not done.

Positive ELISA results are underlined.
d PGL-I ELISA > 200.

Disseminated tuberculosis caused by Af. africanum; a severely ill, comatose, 16-year-old black boy from
Mali evacuated to Paris for humanitarian reasons.
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TABLE 7. Incidence of tuberculosis in pro-
fessional contacts with respect to ELISA.

Tuberculosis'

ELI-^ LER +
LER"^HER'SA''  ^HER

+ — Total + — Total + — Total

2^1^3
^2^4^6

^4^5^9
0 19 19

^
4 33 37

^
4 52 56

Total
^

2
^

6 37 43
^

8 57 65

Tuberculosis diagnosed during 1 year of clinical
follow up.

" LER = Low-endemic region.
HER = high-endemic region.
PGL-TBI > 200 and/or SL-IV > 300 ELISA re-

sults.

observations indicated that all of our pa-
tients with cutaneous tuberculosis had re-
covered cell-mediated immunity when clin-
ical disease was apparent, and that only
about half of them produced the tested an-
tibodies. Because we did not find tubercu-
losis of the skin in the absence of tubercu-
loid granulomas and four cases also had
pulmonary tuberculosis, the relationship
between cell-mediated immunity and hu-
moral responses remained undecided. Con-
sidering that tuberculosis of the skin with-
out tuberculoid granulomas has been
described (30,49), we continue to search for
new cases. Nonetheless, the available data
did not disagree with our hypothesis (see
above) that development of protective cell-
mediated immunity results in suppression
of specific B-cell responses.

Professional contacts. An ELISA was
performed in sera from 65 professionals with
close contacts with leprosy and tuberculosis
patients or who handle pathological speci-
mens thereof. ELISA results in these sera
are shown in Table 7. A positive serology
result for tuberculosis was detected among
three persons in the LER group (N = 22;
13.6%), and a positive serology result for
tuberculosis was detected among six per-
sons in the HER group (N = 43; 13.9%). In
the LER group a positive test result for lep-
rosy was detected in none, while in the HER
group a positive test result for leprosy was
detected in three individuals (8.1%). Clin-
ical follow up of 6 months to 1 year for all
professional contacts yielded the following
information.

In the LER group there was one case of
patent pulmonary tuberculosis 3 months af-
ter the serum was tested (SL-IV IgM ELISA
value was 600; 4-mm Mantoux reaction)
and one individual was a recent tuberculin
converter (11-mm Mantoux reaction) with
an anti-SL-IV IgM titer of 386, a chest X-ray
considered suspect, and the individual was
placed under specific chemotherapy. The
remaining person with positive serology did
not develop tuberculosis disease during the
12 months of clinical observation.

In the HER group six cases of pulmonary
tuberculosis were detected, among which
two had positive serology for tuberculosis
(33.3%). The remaining persons with pos-
itive serology for tuberculosis did not de-
velop apparent disease during the obser-
vation period (now 1 year after their sera
were tested). With regard to the PGL-I (lep-
rosy) test results, the three persons con-
cerned did not develop leprosy for the
1-year period of clinical follow up.

Although the number of cases in each of
the subgroups is small, the percentages ar-
rived at allow the following preliminary
conclusions. The risk of subclinical tuber-
culosis among the professional contacts was
about the same in the LER and HER (13.6%
and 13.9%, respectively). The risk of patent
tuberculosis was significantly higher (X 2 yates

= 6.92, 1% > a > 0.1%) in persons with
positive serology (in case of positive serol-
ogy the calculated risks were about 66%,
33%, and 45%, respectively, in the LER,
HER and both groups). In case of negative
serology, the calculated risks were 0.0%,
10.8%, and 7.1% in the LER, HER, and
both groups. Judging from these results, it
seemed that regular ELISA testing may be
useful in the surveillance of tuberculosis
among health personnel. In the case of lep-
rosy, the observation period is still insuffi-
cient to draw conclusions about the value
of the test in this context.

Antibody titers with respect to Mitsuda,
Fernandez and Mantoux reactions in army
recruits. From the foregoing data it ap-
peared that high antibody titers in healthy
individuals might signify the presence of ac-
tual subclinical disease. To further examine
this question 534 army recruits from the
endemic region were tested (data shown in
Fig. 2; Tables 8, 9, and 10).
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As shown in Figure 2, the relative fre-
quency of different size reactions to tuber-
culin was distinctly bimodal in army re-
cruits who did not receive BCG in
childhood. BCG vaccination in childhood
resulted in the disappearance of the bimodal
shape of the curve. 6

When the data were arranged according
to the ATS classification of tuberculin re-
actions (Table 8A), it was apparent that pre-
vious BCG vaccination resulted in a de-^2
crease in the frequency of 0-4 mm reactions,
in an increase of 5-9 mm reactions. The
frequency of > 10 mm did not differ be-
tween the two groups ofarmy recruits. From
these data it was concluded that the > 10

r". 20mm criterion for tuberculosis infection (di-
agnosis of the infected not diseased) re-
mained valid for the interpretation of tu-
berculin test reactions in adult individuals
who had received BCG during their infancy >-(-)^10(in this 18-20-year-old group, BCG vacci- c
nation > 10 years before).

The frequency of positive serological re- cr
sults (PGL-Tbl > 200) in both groups (Ta- CI)
ble 8A) was slightly less in the vaccinated
group (8.7% and 5.9% in the nonvaccinated Li—

against the vaccinated groups). The differ-
ence between the two groups was not sta-
tistically significant (x 2 = 1.43, 20% > a >^30
30%). These data were tentatively inter-
preted to indicate that BCG vaccination did
not give protection against subclinical tu-^20_
berculosis. A most unexpected observation
was the finding that about 8% of the indi-
viduals contained anti-PGL-Tbl-specific
antibodies in their sera but were tuberculin
negative (reactions of 0-4 mm). These ob-
servations raise the interesting question of
whether there is in the human population a
group of persons unable to develop delayed-
type hypersensitivity during infection by tu-
bercle bacilli since it is known that 1%-5%
of individuals do not develop delayed-type
hypersensitivity even on repeated BCG vac-
cination ( 39).

The frequency distribution ofdifferent size
reactions to lepromin was near-Gaussian in
the nonvaccinated and the BCG-vaccinated
(Fig. 2). The Gaussian distribution indicat-
ed that the Mitsuda reaction in nonleprous
individuals is a characteristic biological pa-
rameter in humans, and that it was inde-
pendent of previous contact with M. leprae,

10
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FIG. 2. Mantoux, Fernandez and Mitsuda reactions
in 512 army recruits (199 nonvaccinated M; 319 BCG-
vaccinated A). In upper figure, for the nonvaccinated
group and values > 6 mm (N = 52), the mean and
median values were, respectively, 11.4 and 11.0 mm.
In bottom figure, the mean and median values were
6.0 and 8.0 for the nonvaccinated and BCG-vaccinat-
ed, respectively.

a notion that has been established before
(4 '). The frequencies of positive PGL-I se-
rological results were 9.3% and 5.2% in, re-
spectively, the nonvaccinated and in the
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TABLE 8. Elfrcts of BCG vaccination administered more than 10 years earlier on the
Mantoux and Mitsuda reactions and subclinical disease in army recruits.a

A. Mantoux vs. PGL-Th I serology

Nonvaccinated^ I3CG vaccinated'

mm^Mantoux
Serology

Mantoux ^
Serology

    

No.
No.

positive No. (3i)
No.

positive

0-4 129 66.4 10 7.7 141 48.9 13 9.2
5-9 27 13.9 3 11.1 88 30.5 2 2.2
>10 38 19.5 4 10.5 59 20.4 2 3.3

Total 194 100.0 17 8.7 288 100.0 17 5.9

B. Mitsuda vs POL-I serology

mm

Nonvaccinated BCC; vaccinated"

Mitsuda
Serology

Mitsuda
Serology

No.
positive (36

No.
positiveNo. % No.

0-3 26 13.4 3 11.5 25 8.1 8.0
4-5 57 29.4 5 8.7 58 18.9 5 8.6
>6 111 57.2 10 9.0 223 73.0 9 4.0

Total 194 100.0 18 9.3 306 100.0 16 5.2

From these 534 control individuals the serological data were performed on 482 and 500 individuals for the
Mantoux and Mitsuda examinations, respectively.

^

" BCG vaccination significantly increased the^5 mm group compared to the 0-4 mm group (x 2 = 14.42, a

^

< 0.1%), but it did not significantly increase the^10 mm group compared to the 0-9 mm group (x = = 0.054,
50% < a < 90%). (See text.)

BCG-vaccinated individuals (Table 8B). The
difference was not statistically significant (x 2

= 3.07, 5% < a < 10%), indicating that
BCG vaccination in infancy did not induce
protective immunity against leprosy. The
most interesting finding was that the ELISA
results were independent of the Mitsuda re-
actions (Table 8B), indicating that the prob-
ability of subclinical disease was the same
in all individuals. There was no difference
between the 0-3-mm and 4-mm groups

= 0.363, 50% < a < 90%); also there
was no difference between the 0-5 min and
^ 6 mm groups (x 2 = 1.96, 10% < a <

20%). Whether the outcome of infection was
the same in Mitsuda-negative as compared
to Mitsuda-positive reactors could not be
ascertained at this time since clinical follow
up of all individuals will not be completed
before a minimum of 2-5 years. As to the
question: Does BCG modify the Mitsuda
reaction? The answer was: Yes, since it sig-
nificantly increased the 6-mm group as
compared to the 5 5-mm group (x 2 = 13.14,
a < 0.1%).

As indicated above, the SL-IV antigen is
common to tuberculosis and leprosy and,

consequently, the analysis of data with re-
spect to the Mantoux and Mitsuda reactions
was not pertinent. The comparison of SL-
IV serological results with serological results
using the highly specific PGL-I and PGL-
Tb1 antigens is shown in Table 9. The SL-
IV antigen yielded positive test results more
often than the species-specific antigens. In
most instances a positive test result against
the species-specific antigens was also asso-
ciated with a positive test result for SL-IV
(25/34, 73.5% in case of PGL-I, 23/33 =
69.7% in case of PGL-Tb 1) and 12 indi-
viduals (9 in the nonvaccinated group and
3 in the BCG-vaccinated group) had posi-
tive ELISA results with respect to the three
antigens. From these data we concluded that
the SL-IV was more sensitive than the spe-
cies-specific antigens for case finding, but
the full benefit of the ELISA requires the
use of all three antigens.

When IgM and IgG absorbance values
were compared (Table 10) it was found that
in the majority of individuals with positive
serology the IgM values were higher than
the IgG values with respect to all of the
antigens used. This was an interesting find-



No. % No. % No.

2 11.1 0 0.0 15
16 88.9 17 100.0 28
0 0.0 0 0.0 0

No. % No. % No. "/o

1 7.7 2 11.8 17 31.5
12 92.3 15 88.2 35 64.8
0 0.0 0 0.0 2 3.7

IgG > IgM
IgG < IgM
IgG = IgM

34.8
65.2
0.0
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TABLE 9. Patterns of ELISA in 183 nonvaccinated and 313 BCG-vaccinated army
recruits residing in the high-endemic region.

Antigen
Nonvaccinated BCG-vaccinated Total

No. positive No. positive No. positive

PGL-I alone 4 5 1.6 9 1.8
PGL-Tbl alone 4 2.2 6 1.9 10 2.0
SL-IV alone 25 13.7 36 11.5 61 12.3
PGL-I + PGL-Tb 1 0 0.0 1 0.3 1 0.2
PGL-I + SL-IV 5 2.7 8 2.6 13 2.6
PGL-Tb 1 + SL-IV 4 7 2.2 11 /./
All 9 4.9 3 0.9 12 2.4

Total 52 28.4 66 21.1 118 23.8

ing because, as shown above, IgM levels are
often predominant in patent leprosy (Fig. 1,
Table 4), while IgG levels are predominant
in patent tuberculosis (Table 5). From these
observations we concluded that the IgM-to-
IgG shift with respect to PGL-I (but not to
SL-IV) is somehow blocked in leprosy. In
tuberculosis the IgM-to-IgG shift occurred
for both the PGL-Tbl and SL-IV antigens.

The data with respect to the Fernandez
reaction (Fig. 2) were more difficult to in-
terpret because the differences between the
groups did not seem to be significant and
no relationships were found between the re-
action and any of the other parameters ex-
amined. Furthermore, most reactions were
in the 2-3-mm range, and were possibly of
a nonspecific nature. Consequently, no con-
clusions could be drawn from the data, and
further studies are necessary to clarify the
nature of the Fernandez reaction.

DISCUSSION
To our knowledge, this was the first study
in which an attempt was made to infer com-
parative immunopathogenesis of tubercu-
losis and leprosy by relating humoral B-cell
responses to cellular T-cell responses. The
study demonstrated that the approach was
rewarding and deserving of further inves-

tigations. To conduct the study we exam-
ined the sera from individuals who were
tested using tuberculin (Mantoux test) and/
or lepromin (Fernandez and Mitsuda tests),
bacteriological examinations (Kinyoun acid-
fast microscopy; culture studies), and his-
topathological examinations as appropriate
for the various subgroups examined. The
ELISA data were then analyzed against the
other clinical and laboratory data. The test-
ed populations included 697 persons resid-
ing in a low tuberculosis endemy region
(LER) where leprosy has been eliminated
(France) and 835 persons residing in a re-
gion of high endemy (HER) for tuberculosis
and leprosy (Amazonia, Brazil). In the dis-
cussion that follows, the evidence support-
ing the thesis that humoral immunity is re-
lated to cell-mediated immunity and
proceeds along a definite time curve will be
discussed first. Then we will analyze our
data with respect to the value of the ELISA
in clinical microbiology.

Tuberculosis and leprosy are diseases in
which infection is not inexorably followed
by disease. In tuberculosis it was well es-
tablished that infection by tubercle bacilli
does not cause disease in the great majority
of individuals, which introduced the con-
cept of the "infected not diseased" detected

TABLE 10. Absorbance IgG/absorbance IgM ratios in sera of 183 nonvaccinated and
313 BCG-vaccinated army recruits residing in the high-endemic region.

Nonvaccinated
^

BCG-vaccinated

IgG/IgM^PGL-I^PGL-Tbl^SL-IV
^

PG L-I^PGL-Tbl^SL-IV
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using the Mantoux test ( 3 ). As shown in this
report, the diagnosis of subclinical disease
may be accomplished by assaying for IgM
and IgG immunoglobulins reacting against
the PGL-Tbl and SL-IV glycolipid antigens
from Al. tuberculosis. While the risk of tu-
berculosis disease was estimated at 3% to
5% in the newly infected during the first year
(reviewed in 20 and "), and at 1-10 per
10,000 in the "infected not diseased" in
community studies (reviewed in 2" and "),
the risk was calculated to be 44% (C.I. 95%
from 14.5% to 77%) during the first year in
individuals with subclinical tuberculosis
(present study). In the case of leprosy there
is no test useful in clinical medicine to iden-
tify the "infected not diseased." Indeed, the
product available (lepromin) induces skin-
test reactions (Mitsuda reactions) in the ma-
jority of individuals in the absence of ex-
posure to the agent ( 47 , and present study).

As in tuberculosis (see above), subclinical
leprosy was diagnosed using a PGI-I ELISA
but, in this case, the risk of leprosy disease
was not yet established. Because antibodies
are absent in sera from the "infected not
diseased," IgM immunoglobulins are pre-
dominant in subclinical disease, and IgG
immunoglobulins may be predominant in
patent disease, we concluded that as infec-
tion progresses into subclinical disease IgM
immunoglobulins are produced first, later
switching to IgG production. The IgM-to-
IgG switch was apparent in most cases of
patent tuberculosis but was somehow im-
paired in patent leprosy. In this respect, it
is of interest that serial anti-PGL-I IgM and
IgG assays during experimental leprosy of
mangabey monkeys clearly showed that the
rise of IgM antibodies was transitory and
preceded IgG production in most of the test-
ed animals (29 ), but in armadillos this was
less apparent ( 56 ).

According to our data, the B-cell response
was suppressed as protective cell-mediated
immunity was progressively established
during the protracted subclinical disease la-
tent period. Leprosy patients who develop
specific cell-mediated immunity (Mitsuda
reactors) respond poorly to the antigens that
produce specific circulating immunoglobu-
lins, as judged from clinical studies showing
that antibody titers and the sensitivity of
serodiagnosis increase from the tuberculoid
toward the lepromatous end of the leprosy

spectrum (8, 12, 64)) A more-detailed quan-
titative analysis ( 24 , and present study) re-
vealed that there was a strong reciprocal
relationship between the degree of cell-me-
diated immunity (expressed as the intensity
of the Mitsuda reaction) and antibody titers
against the PGL-I and the SL-IV antigens
(this study). These quantitative relation-
ships support our contention that the de-
velopment of protective cell-mediated im-
munity results in the suppression of B-cell
responses against specific antigens ofAl. lep-
rae and vice versa.

However, the above quantitative rela-
tionships that apply to leprosy disease were
not found in healthy individuals because
significant antibody levels were detected in
apparently healthy lepromin-positive indi-
viduals. In 1950 Rotberg, et al. (") de-
scribed the results of a comparative study
of the Fernandez and Mitsuda reactions in
healthy persons residing in a nonendemic
region (New York, USA) and in an endemic
region (Sao Paulo, Brazil). They showed that
the frequency of positive reactions to lep-
romin was about the same in both popu-
lations and was, therefore, independent of
exposure to Al. leprae. These earlier obser-
vations were confirmed in the present study
showing that the percent distribution of
Mitsuda reactions in army recruits was
Gaussian (mean = 6.8; median = 6.0 in the
nonvaccinated; mean = 7.9; median = 8.0
in the BCG-vaccinated), indicating that the
response to lepromin was a normal and
characteristic parameter in humans. An
ELISA performed with sera of these persons
added new information since it was shown
that healthy Mitsuda reactors produced IgM
antibodies upon exposure to Al. leprae as
often as the Mitsuda-negative healthy re-
actors. Furthermore our data demonstrated
that the presence of circulating specific im-
munoglobulins required exposure to leprosy
bacilli, because these antibodies were not
detected in sera from controls residing in
the LER region (N = 462, positive test re-
sults < 0.2%) while they were frequently
detected in sera from persons residing in the
HER region (N = 617; positive test results
= 6.9%).

Consequently, the Mitsuda test reaction
may not be interpreted the same way in
health and in disease. In the healthy, the
Mitsuda reaction must represent native re-
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sistance to leprosy; in the diseased, it rep-
resents specific protective immunity in-
duced by the leprosy bacilli. According to
the data the antigens were equally processed
in the healthy irrespective of their Mitsuda
status. The question remains whether, upon
infection by leprosy bacilli as judged from
ELISA, the healthy Mitsuda reactor devel-
ops specific immunity more efficiently than
the nonreactor. Also, the question remains
whether the clinical forms of leprosy are
related to the presence of native immunity,
that is, whether tuberculoid leprosy follows
infection of the Mitsuda-positive healthy
individual and lepromatous leprosy follows
infection of the Mitsuda-negative healthy
individual. The clinical follow up of army
recruits now in progress should help to clar-
ify this matter. However, 2 to 5 years of
clinical supervision may be necessary be-
fore conclusive data will be available.

In tuberculosis, although the antigens were
highly specific the sensitivity of the ELISA
as judged from assays in bacteriologically
confirmed tuberculosis was low (the overall
sensitivity was in the 50%-60% range). The
low sensitivity of the ELISA in patent tu-
berculosis may also be attributed to a re-
ciprocal relationship between B-cell prolif-
eration and T-cell protective immunity.
Indeed, it has been well established that in
the absence of immunosuppression all pa-
tients suffering from tuberculosis are capa-
ble of building up specific cell-mediated im-
munity (9 . 40). Supportive evidence from our
study was the finding that tuberculoid gran-
ulomas were found in all biopsy samples
examined and, although the tuberculin re-
action is not a measurement of (protective)
cell-mediated immunity, the finding that
only 12.5% of recently discovered cases had
tuberculin reactions of 0-4 mm also indi-
cated that most patients had competent
T-cell responses. Therefore, it was apparent
that in tuberculosis as in leprosy the devel-
opment of the specific protective cell-me-
diated immunity results in suppression of
the B-cell response against specific antigens.
In this respect it is pertinent to note that in
mice experimentally infected with Al. avi-
um, a quantitative relationship between
B-cell activation and immunosuppression
was recently described ( 27).

One unexpected observation in our find-
ings was that same individuals (8.4%) in

whose sera antibodies were detected did not
react to tuberculin, which brought to light
the possibility that in human populations
there are individuals unable to build up de-
layed-type hypersensitivity upon infection
by tubercle bacilli (that some individuals do
not develop delayed-type hypersensitivity
even upon repeated vaccination with BCG
has been well documented 36.39) In light of
the above considerations, it is also possible
that these persons had actual primary in-
fections detected before delayed-type hy-
persensitivity was established. A minimum
of 1 to 2 years of clinical follow up is nec-
essary to clarify these possibilities, to verify
if the probability of tuberculosis disease is
higher in these individuals, and to evaluate
the severity of the disease in the various
subgroups.

Although it is difficult to infer fundamen-
tal mechanisms from studies in human pop-
ulations, the cumulative data allow us to
advance the following preliminary expla-
nations. The phenol glycolipid (PGL-I) from
M. leprae accumulates in large quantities in
the tissues of patients with lepromatous lep-
rosy ( I I), and in tissues of experimentally
infected armadillos ( 31 . 32); cultured mac-
rophages phagocytize the bacteria which are
slowly digested with a relative lack of an-
tigen transfer to the surface of macrophages
(44); and PGL-I was shown to suppress
T-cell responses to a variety of effector mol-
ecules (28 32 ' 35 ). The fact that the phenolic
glycolipid antigen from M. tuberculosis
(PGL-Tb 1) might also accumulate in tissues
of tuberculosis patients or in animals ex-
perimentally infected has not been exam-
ined yet. However, it was found that it per-
sists in cultured macrophages (unpublished
observations). Although a monomycolate of
trehalose was reported to occur in M. leprae
( 19), we did not detect the SL-IV antigen in
the tissues of armadillos infected with Al.
leprae. Their possible accumulation in the
tissues of animals infected with Al. tuber-
culosis has not yet been examined, but it
was established that these molecules are
rapidly processed in cultured macrophages
(44). Furthermore, the powerful and highly
efficient drugs used in tuberculosis rapidly
stop the progression of the infection and,
consequently, the accumulation of the an-
tigens in tissues may not be expected. The
differential processing of the antigens, the
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distinct host-parasite relationships in lep-
rosy and tuberculosis, and the efficacy of
antituberculosis treatment were considered
in the following comparative analysis of the
immunological data.

Using PGL-I as the antigen, IgM is the
predominant immunoglobulin class in sera
from leprosy patients, which led some in-
vestigators to the conclusion that a failure
to activate T cells could be responsible for
the lack of the IgM-to-IgG switch (t 2) or to
the complete lack of the IgG response (").
The present study does not seem to support
these conclusions. Indeed, the IgM-to-IgG
switch is impaired but is not absent in the
case of PGL-I, and it proceeded as expected
when another glycolipid (SL-IV) was used
as the antigen. These findings did not seem
to support the notion of defective antigen
presentation or the absence of specific re-
active T cells in the circulation ( 33 34 . 3 ').

In our opinion the comparative immu-
nopathological data on leprosy and tuber-
culosis herein reported are more consistent
with views attributing the diversity of the
clinicopathological features to the complex-
ity of the regulatory mechanism controlling
cell-mediated immunity (46). We have al-
ready proposed ( 24) that the simplest com-
prehensive explanation of these complexi-
ties was to assume that for every specific T
cell there was a twin specific B-cell clone,
their ratio being strictly regulated, and that
during the subclinical phase of the disease
whichever was primed to proliferate, the
other would be suppressed. Regulation of
the T-cell/B-cell twin lines could operate by
direct cell-to-cell signals and, consequently,
we began to culture B cells and T cells spe-
cifically responding to the antigen as a way
to test the hypothesis. In this respect, it was
shown by others (42) that T cells from lep-
romatous patients recovered reactivity when
cultured in vitro. In our laboratory we found
that B cells from a tuberculoid patient pro-
duced anti-PGL-I IgG antibodies even
though antibodies immunoreacting against
PGL-I were not significantly detected in his
serum (unpublished observation).

The quantitative relationships between
anti-PGL-I antibody levels and bacterio-
logical loads (bacterial index, BI) reported
by others were confirmed in our study. The
antibody levels/BI relationship was not ob-
served in tuberculosis, perhaps because the

numbers of bacilli in smears are not a true
representation of bacterial loads in the tis-
sues and, in tuberculosis, the number of ba-
cilli in the patient's body is many orders of
magnitude less than in multibacillary lep-
rosy (the number of tubercle bacilli in a lung
cavity was estimated at 10 6 ; in a leproma-
tous nodule the number of leprosy bacilli
was estimated to be 7 x 10' per gram of
tissue'• "). These quantitative differences
in bacteriological loads may be attributed
to the fact that M. tuberculosis, not M. lep-
rae, is a deadly pathogen.

Irrespective of further investigations to
elucidate the fundamental nature of the
foregoing, our study justifies some epide-
miological and clinical considerations. Con-
trary to the Mantoux test ( 2 , and present
study) criteria to define a positive Mitsuda
reaction have not been firmly established
but our data clearly demonstrated that Mi-
tsuda reactions > 6 mm is the best criterion
to classify a positive test reaction. Judging
from our data, Mitsuda reactions of > 6
mm in the absence of detectable amounts
of antibodies characterize the polar forms
of tuberculoid leprosy; Mitsuda reactions of
0- to 2-mm in presence of high titers of
antibodies (> 500 using the PGL-I antigen)
characterize the polar forms of lepromatous
leprosy. Any other combination of Mitsuda
reactions versus serology should apply to all
other forms of leprosy. From these obser-
vations we conclude that an ELISA using
the glycolipid antigens is a laboratory ex-
amination that could be used as an aid for
the classification of recently discovered pa-
tients within the immune spectrum. From
our data and the data in the literature
(4, 5, 14, 25, 45, 49)

) it was apparent that anti-
PGL-I and SL-IV IgM antibodies may be
found in the sera of leprosy contacts, that
some of the contacts were Mitsuda reactors
(it is unfortunate that previous workers did
not report the actual intensity of the Mitsu-
da reaction), and that clinical leprosy was
diagnosed in some of these individuals.
However, views on the value of the ELISA
PGL-I for predicting leprosy in these pop-
ulations differed widely.

Considering the importance of and the
conflicting opinions about this matter we
began to collect sera and to perform Mitsu-
da and Mantoux tests in dermatology cases
with lesions of undetermined nature at-



60, 2^David, et al.: Antibodies vs Glycolipid Antigens^221

tending dermatology outpatient clinics in
the highly endemic region. This was justi-
fied considering the report by Binford ( 7) of
a 6-year-old boy who returned to the USA
after living in a leprosy-endemic region and
who had a skin lesion histologically diag-
nosed as nonspecific dermatitis. He devel-
oped lepromatous leprosy at the age of 14,
and a review of the skin sections performed
8 years before showed the presence of acid-
fast bacilli in deep terminal nerves. Also,
clinical experience in Manaus, Brazil has
shown that a definitive diagnosis of leprosy
is obtained in a significant number of cases
for whom a diagnosis of nonspecific der-
matitis was made months before.

In the case of tuberculosis, assays of serial
sera ( 6) showed that the peak of antibody
titers was reached several months before
clinical tuberculosis was apparent. The ti-
ters declined afterward and, in some of the
tested cases, it was already below the pos-
itivity threshold when the disease was first
diagnosed. Consequently, as in leprosy, the
sensitivity of the ELISA for the serodiag-
nosis of clinical tuberculosis must be nec-
essarily low (in our studies, about 50% of
all cases examined).

In our opinion, the foregoing observa-
tions explain why the highly specific anti-
gens may be inadequately sensitive for se-
rodiagnosis. Nonetheless, the overall
evaluation of available information indi-
cates that the ELISA remains a useful lab-
oratory procedure for case-finding among
populations at high risk (in leprosy, all pa-
tients attending outpatient dermatology
clinics in endemic regions; in tuberculosis,
all HIV-infected individuals; in life threat-
ening infections such as suspected tuber-
culosis meningitis; in regular check-ups of
exposed personnel; and, perhaps, in nursing
homes for the aged). Furthermore, an ELISA
as described in this report may be used as
a rapid, reliable and nonexpensive method
for the classification of patients within the
immune spectrum.

The question remains whether positive
serology may justify preventive treatment
of these cases. For recommending preven-
tive treatment it is still necessary to estab-
lish a significant level of antibody titers per-
haps well above the positivity threshold
levels as estimated from control subjects.
However, clinical follow up of the studied

populations is still required to decide on the
appropriate titer for making treatment de-
cisions.

SUMMARY
Analysis of cell-mediated immunity

[(CMI) as judged from the Mantoux, Fer-
nandez, and Mitsuda reactions and the pres-
ence of granulomas in biopsy material]
against humoral immunity (measurements
of anti-PGL-I, PGL-Tb 1 , and SL-IV IgG
and IgM antibody titers by ELISA) were
performed in selected human populations.
The investigations yielded data indicating
that humoral (B-cell) responses preceded
protective CMI in both tuberculosis and
leprosy. The B-cell responses were unrelat-
ed to (unfavorable) cell-mediated delayed-
type hypersensitivity (DTH). Notwith-
standing the difficulty in inferring sequential
events from studies in humans, it was shown
that in humoral responses there was an ini-
tial rise of specific IgM immunoglobulins
that switched afterward to IgG production
during subclinical tuberculosis and leprosy
infections. In patent tuberculosis disease the
IgM-to-IgG switch was observed in the ma-
jority of patients; in patent leprosy disease
the switch was impaired in the majority of
patients. The clinical, immunological, and
laboratory data indicated that the B-cell re-
sponses were suppressed as protective CMI
was re-established in the patients during the
protracted subclinical infection. According
to the data, the diagnosis of subclinical tu-
berculosis and leprosy may be accom-
plished using ELISA. The yearly risk of tu-
berculosis in apparently healthy persons but
with significant antibody titers was esti-
mated at 44%; the yearly risk for leprosy
has not yet been established. The clinical,
epidemiologic, and diagnostic implications
of these findings are discussed.

RESUMEN
Sc analiz6 la inmunidad mediada por celulas, CMI

(reacciones de Mantoux, de Fernandez y de Mitsuda,

y presencia de granulomas en biopsias de piel), y la
inmunidad humoral (anticuerpos IgG e IgM anti-PGL-I,

anti-PGL-TB1, y anti-SL-IV, por ELISAs), en grupos
de individuos seleccionados. Los resultados indicaron
que las respuestas humorales B) precedieron a

las respuestas celulares protectoras tanto en lepra como

en tuberculosis. Las respuestas de las celulas B no es-
tuvieron relacionadas con la (desfavorable) hipersen-



222^ International Journal of Leprosy^ 1992

sibilidad retardada mediada por celulas (DTH). No
obstante la dificultad para inferir eventos secuenciales
a partir de estudios en humanos, se observO que ini-
cialmente hubo una elevaciOn en los niveles de in-
munoglobulinas 1gM especificas, que después cambiO
a la producciOn de IgG durante las infecciones subcli-
nicas de la lepra y la tuberculosis. En la mayoria de
los pacientes con tuberculosis se observe) el cambio
IgM a IgG; en Ia mayoria de los pacientes con lepra
este cambio no occurrie). Los datos clinicos, inmuno-
lOgicos y de laboratorio, indicaron que al reestablecerse
Ia CMI durante Ia infecciOn subclinica retardada, se
suprimieron las respuestas de las celulas B. De acuerdo
a los resultados, el diagnOstico de Ia tuberculosis y de
la lepra subclinicas, podria hacerse usando la tecnica
de ELISA. Se estime) que el riesgo anual de tuberculosis
en personas aparentemente sanas pero con titulos sig-
nificativos de anticuerpos fue del 44%; el riesgo anual
para los pacientes con lepra no se ha establecido. Sc
discuten las implicaciones clinicas, epidemiolOgicas y
diagnOsticas de estos hallazgos.

RESUME
L'analyse de l'immunite it mediation cellulaire (CMI)

êvaluee a partir des reaction de Mantoux, Fernandez,
et Mitsuda, et de la presence de granulomes dans le
materiel de biopsie comparee a l'immunite humorale
(mesure des titres d'anticorps IgG et IgM, vis-a-vis du
PGL-I, PGL-Tbl, et SL-IV par ELISA) a ête rêalisee
dans des populations humaines selectionneees. Les re-
cherches ont fourni des donnaes indiquant que les res-
ponses humorales (cellules B) precexiaient Ia protection
do l'immunite cellulaire dans la tuberculose et la 14)re.
Les rêponses des cellules B n'etaient pas associees a
une hypersensibilite retard& (defavorable) a mediation
cellulaire. Malgre la difliculte de comprendre d&s evO-
nements successifs a partir d'etudes dans les popula-
tions humaines, on a montrO qu'il y avait une aug-
mentation initials, dans les reponses humorales, des
immunoglobulines IgM specifiques, qui evolue dans la
suite vers une production d'IgG durant les infections
subcliniques tuberculeuse et lepreuse. Durant la phase
de tuberculose-maladie, le glissement d'IgM en IgG a
ête observe dans la majorite des patients; ce change-
ment etait alter& chez la majoritê des patients presen-
tant une lepre symptOmatique. Les donnees cliniques,
immunologiques et de laboratoire ont montre que les
réponses cellulaires B êtaient supprimees tandis que
l'immunite cellulaire protectrice etait retablie chez les
patients au cours de ('infection subclinique prolongêe.
D'apres les donnees, le diagnostic de tuberculose et
lepre subcliniques peut 'etre etabli par l'ELISA. Le risque
annuel de tuberculose chez des personnes apparem-
ment en bonne sante mais avec des titres significatifs
d'anticorps a ête estimê a 44%, le risque annuel pour
la lepre n'a pas encore ete determine. Les implications
cliniques, epidemiologiques et diagnostiques de ces ob-
servations sont discutées.
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