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Despite effective treatment, tuberculosis
(TB) remains a major scourge in the world.
Mycobacterium tuberculosis is responsible
for some ten million new cases and three
million deaths per year. The situation is get-
ting worse in most countries since the ac-
quired immune deficiency syndrome (AIDS)
is an important risk factor ( 13 ). For an ef-
fective control of this disease, a rapid, sen-
sitive and low-cost diagnostic method to
identify the new cases is still needed.

There are a large number of reports show-
ing that antibody levels arc significantly
higher in patients as a group than in a con-
trol population. The report ofa major trigly-
cosyl phenol phthiocerol glycolipid in some
strains of it/. tuberculosis ( 7 . 8 ) that resembles
the phenolic glycolipid-I (PGL-I) of H. lep-
rae(") raised the prospect of a specific se-
rodiagnosis for tuberculosis, at least for the
smear-positive patients, by analogy to what
was known for multibacillary leprosy pa-

' Received for publication on 13 May 1991; accepted
for publication on 30 October 1991.

= S. Chanteau, Ph.D.; P. Glaziou, M.D., Institut Ter-
ritorial de Recherches Medicales Louis Malarde, 13. P.
30, Papeete, French Polynesia. R. Chansin, M.D., Cen-
tre Hospitaller Territorial Mamao, Papeete, French
Polynesia.

tients ( 3 ). In some preliminary studies, this
PGLTB 1 and a sulfolipid IV (SLIV) ( 5 - '")
were found to be reactive against a large
proportion of the sera from tuberculosis (TB)
patients ("' ' 5 ). The synthesis of the termi-
nal disaccharide of PGLTB I , namely,
PGLTBO, was undertaken and this product
was converted to a water-soluble neogly-
coconjugate for use in ELISA

The purpose of our study was to assess
the relative sensitivity, specificity, efficien-
cy, and predictive values of three ELISAs
using PGLTB1, PGLTBO, or SLIV as an-
tigen for the serodiagnosis of TB patients.

METHODS
Populations studied. The different groups

of sera tested were: a) 191 Polynesian TB
patients before treatment of whom 119 were
smear-positive and 72 were smear-negative
but culture-positive; b) 29 healthy subjects
living in France and 102 healthy Polynesian
blood donors as negative controls; c) 82
contacts of new TB patients; and d) 20 lep-
rosy patients before treatment (11 multi-
bacillary and 9 paucibacillary).

Antigens tested. The native PGLTB 1 and
the sulfolipid SLIV were kindly supplied by
Professor H. L. David (Institut Pasteur, Par-
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TABLE 1. Antibody activity against SLIT PGLTB I and PGLTBO in diJkrent groups of
sera tested.

Groups tested
No.
sera

tested

IgG anti-SLIV 1gM anti-
PGLT131

1gM anti-
PGLTBO

Mean OD ± S.D. Mean OD ± S.D. Mean OD ± S.D.
Healthy French contacts 29 0.064 ± 0.129 0.069 ± 0.072 0.027 ± 0.041
Healthy Polynesian controls 102 0.126 ± 0.229 0.375 ± 0.376 0.216 ± 0.340
TB contacts 82 0.174 ± 0.281 0.453 ± 0.371 0.309 ± 0.297
Leprosy patients" 20 0.278 ± 0.582 0.356 ± 0.399 0.365 ± 0.368
All TB patients 191 0.617 ± 0.796 0.410 ± 0.390 0.315 ± 0.412
Smear-positive TB patients 119 0.756 ± 0.883 0.420 ± 0.424 0.360 ± 0.468
Smear-negative TB patients 72 0.386 ± 0.562 0.393 ± 0.327 0.230 ± 0.282

Eleven multibacillary and 9 paucibacillary.

is, France) and the synthetic PGLT130 con-
jugate, by Professor P. Brennan (Colorado
State University, Fort Collins, Colorado,
U.S.A.). The SLIV was coated at 250 ng/
well (ELISA microplate; CML, France) in
hexane. The PGLTI31 was used at 100 ng/
well in hexane, and the PGLTBO at 1 ng
carbohydrate/well in carbonate buffer, pH
9.6. The plates were incubated overnight at
4°C, and washed four times with PI3S/BSA
0.1% (1% Tween 20 was added for the ELISA
PG LTBO).

ELISA technique. The conventional in-
direct ELISA procedure for the detection of
human IgG and IgM has been described
elsewhere ( 2). After a preliminary study to
define the optimum conditions to obtain the
best discriminative results, the sera diluted
in PBS with 10% normal goat serum were
screened for IgG anti-SLIV at a 1/250 di-
lution; IgM anti-PGLTB I and IgM anti-
PGLTBO each at a 1/100 dilution. Peroxi-
dase-conjugated goat anti-human IgG
(Biosys) or IgM (Cappel) was then added
and incubated, and the substrate solution
was H,0 2-0-phenylenediamine. The reac-
tions were stopped with H,SO 4 2.5 N, and

the optical density (OD) was read at 492 nm
using an automatic ELISA reader (Titertek)
connected to an IBM-compatible computer
(Goupil G5). The specific activity expressed
in OD was the difference in mean OD be-
tween the antigen-coated wells and the non-
coated wells for each sera.

Statistical analysis. Statistical analysis
was performed with the PCSM statistical
package (Deltasoft) on an IBM-PC-com-
patible microcomputer. We used variance
analysis and Student's t test to compare the
OD among the different groups and stan-
dard regression analyses for the correlations
between antigens.

The sensitivity in the proportion of pa-
tients with the disease who have a positive
test and the specificity is the proportion of
the nondiseased individuals with a negative
test. The efficiency of the test is the per-
centage of individuals (diseased and non-
diseased) correctly classified. The receiver
operating curve (ROC), which is the trend
of the couple sensitivity/specificity accord-
ing to the cut-off defined, was represented
for each antigen. The predictive value for a
positive result (PVP) and the predictive val-

TABLE 2. Comparison of antibody activity between different groups of sera tested (Stu-
dent's t test).

Compared populations IgM anti-
PG LT131

IgM anti-
PGLTI30IgG anti-SLIV

Healthy Polynesians/healthy French controls
Healthy Polynesians/leprosy patients
Healthy Polynesians/TB contacts
Healthy Polynesians/TB patients
Smear-positive/smear-negative TB patients

NSD"
NSD
NSD
SD (p < 10 -4 )
SD (p < 10 ")

SD" (p < 10 ')
NSD
NSD
NSD
NSD

SD (p = 0.01)
NSD
NSD
SD (p = 0.025)
SD (p = 0.016)

No significant difference.
b Significant difference.
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FIG. 1. Scattergrams of individual scroreactivity in controls and TB patients. Cut-offs were OD = 0.400 for
SLIV; 0.700 for PGLTBI; 0.600 for PGLTBO.

ue for a negative result (PVN) were calcu-
lated according to the Bayes' theorem.

RESULTS
Comparison of antibody activity among

different groups of sera tested. The IgG anti-
SLIV, IgM anti-PGLTB1, and IgM anti-
PGLTBO activity for the group of Polyne-
sian negative controls and for the TB patients
are shown in Figure 1. The mean values and
respective standard deviations of the ELISA
results for each group of sera tested are given
in Table 1.

In order to assess the differences in mean
ODs among groups for each antigen tested,
we performed an analysis of variance which
showed significant differences among groups
for SLIV (F = 17.095, p < 10 -4), PGLTB1
(F = 6.09, p < 10 -4), and PGLTBO (F =
5.014, p < 10 -4). These findings allowed us
to compare groups two by two, using the t
test with residual variances. The results of
this comparison for each of the three anti-
gens tested are given in Table 2. Healthy
Polynesians displayed significantly higher
IgM anti-PGLTB1 and IgM anti-PGLTBO
than did healthy subjects living in France,
and no correlation for a linear trend with

age was found. The contacts of TB patients
were not significantly different from healthy
Polynesians for any of the three antigens
tested. There was no difference between
multibacillary and paucibacillary leprosy
patients and, overall, leprosy patients did
not display higher activity than healthy
Polynesian controls.

TB patients showed significantly higher
activity than healthy Polynesians when test-
ed against SLIV and PGLTBO. In those pa-
tients, the activity of the smear-positive
group was significantly higher than the
smear-negative group, especially for IgG
anti-SLIV. The correlation between anti-
body titers in tuberculous patients was found
to be significant between PGLTB1 and its
synthetic analog PGLTBO (r = 0.67, p <
10 '). On the other hand, IgG anti-SLIV
titers were not correlated with IgM anti-
PGLTB I nor with IgM anti-PGLTBO.

Sensitivity, specificity, and predictive val-
ues. The diagnostic value of each test was
assessed by the sensitivity, the specificity,
and the predictive value of a positive result
(PVP) and the predictive value of a negative
result (PVN). These parameters depend on
the cut-off chosen, which generally results
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FIG. 2. Receiver operating curve representation for
scrodiagnosis of tuberculosis; trend of sensitivity and
specificity for each antigen used according to cut-off of
ELISA reaction. ■ = SL1V; O = PG LTI30; • = PG LT131 .

from a compromise between desired sen-
sitivity and specificity. Figure 2 shows the
trend of sensitivity and specificity according
to different cut-off points of the ELISA for
each of the three antigens tested (ROC), us-
ing healthy Polynesians as a control group.

In order to reach an acceptable specificity,
the cut-offs we retained were: OD = 0.400
for SLIV (specificity = 95%, sensitivity =
36%); OD = 0.700 for PGLTB1 (specificity
= 85%, sensitivity = 16%) and OD = 0.600
for PGLTBO (specificity = 89%, sensitivity
= 15%). The efficiencies calculated respec-
tively for SLIV, PGLTB1, and PGLTBO
were 58%, 40%, and 39%.

For each antigen, the predictive values for
a positive or a negative result were calcu-

lated for an overall prevalence of TB in Pol-
ynesia (50/100,000) and for a prevalence of
TB among individuals with respiratory
symptoms (15%). The PVP and PVN for
each antigen are shown in Table 3.

To improve the sensitivity of this serol-
ogy, two tests—SLIV and PGLTBO—were
combined because they are not correlated
and PGLTBO seems to be better than
PGLTB1. A positive result was defined as
a positive response to at least one of the two
antigens. The sensitivity of the two tests
combined increased to 47%, but the speci-
ficity decreased to 84%.

DISCUSSION
This work was conducted to evaluate the

sensitivity, specificity, efficiency, predictive
values, and correlations among three anti-
gens (SLIV, PGLTB1, and PGLTBO) for the
serodiagnosis of tuberculosis. Tuberculosis
patients responded preferentially in IgM
against PGLTB1 or its synthetic analog,
similar to leprosy patients against Al. lep-
rae PGL-I We found a good correlation
between the native PGLTB1 and its syn-
thetic analog (r = 0.67, p < 10 -4), as pre-
viously reported by Daffé, et al. ( 6 ).

It is noteworthy that healthy Polynesian
subjects gave higher ODs for PGLTB1 and
PGLTBO than did healthy subjects living in
France. Such an observation was already
noticed for the response to Al. leprae PGL-I
('). This forced us to use Polynesian neg-
ative controls rather than French controls
to establish the cut-offs and the specificities
of the three tests for the diagnosis of Poly-
nesian patients.

Most of the diagnostic tests overlap be-
tween results in those individuals with and
without disease. This overlap is shown

TABLE 3. Predictive values of SLI V, PGLTBO and PGLTB1 EL1SAs for the serodiagnosis
of tuberculosis.

Population Predictive
values' SLIV PGLTB I PGLTBO

Overall population PVP% 0.36 0.053 0.068
(prevalence 50/100,000) PVN% 99.97 99.95 99.95

Patients with respiratory symptoms PVP% 30 16 19
(prevalence 15/100) PVN% 88 85 86

Calculated for the following cut-offs: SLIV cut-off = 0.400, i.e., 95% specificity and 36% sensitivity; PGLTB1
cut-off = 0.700, i.e., 85% specificity and 16% sensitivity; PGLTBO cut-off = 0.600, i.e., 83% specificity and 15%
sensitivity.
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clearly in Figure 1 and by the mean OD
values in Table 1. The smear-positive TB
patients showed statistically higher anti-
body activity than did the smear-negative
patients with SLIV and PGLTBO; this dif-
ference was not significant with native
PGLTI31. Conversely to the big difference
in seroreactivity between multibacillary and
paucibacillary leprosy patients against the
PGL-I antigen ( 3), the difference between
smear-positive and smear-negative TB pa-
tients, although statistically significant, is
small and this may explain the disagree-
ment between the phenolic glycolipid and
its synthetic glycoconjugate.

Each user has to define the appropriate
cut-off point of the test according to the
specificity and sensitivity needed. The trend
of the ROC curves as seen in Figure 2 do
not portend a future for any of the three
tests for the serodiagnosis of tuberculosis.
A cut-off was chosen however for each test
and gave specificities of 95%, 85% and 89%,
respectively, for SLIV, PGLTB1, and
PGLTBO. The corresponding sensitivities
were low: 36% for SLIV, 16% for PGLTB1,
and 15% for PGLTBO. The proportion of
well-categorized individuals for each test was
not high enough for any of them to be con-
sidered a valuable diagnostic test (58% to
39%). Of the three ELISAs, the IgG anti-
SLIV test has shown the best specificity and
sensitivity. A previous report described a
slightly better performance for the ELISA
IgG anti-SLIV (sensitivity = 51%, specific-
ity = 100%). Our results on the phenolic
glycolipid do not support previous opti-
mistic studies reporting excellent (> 90%)
sensitivity and specificity ( 12 • ' 4 ). Other au-
thors found similar disappointing results
(sensitivity = 20%) ( 6). Some experimental
findings may explain the difference in anti-
PGLTB1 activity from patient to patient.
The Al. tuberculosis isolates from different
parts of the world may or may not contain
the specific PGLTB1, and this would affect
the level of anti-glycolipid in the sera of
patients. A further study to phenotype the
Al. tuberculosis isolates from Polynesia
would be helpful to confirming this hypoth-
esis.

For any preselected sensitivity and spec-
ificity, the significance of a positive or neg-
ative result is critically dependent on the

prevalence of the disease in the population
under study. With indiscriminate screening,
even in very highly endemic areas, the pre-
dictive value for a positive result (PVP)
would be very low for all three tests ( < 1%
for a prevalence of 50/100,000 in Polyne-
sia). Thus, to achieve higher PVP values it
is necessary to target the screening to the
high-risk populations such as contacts or
those with clinical symptoms. Assuming a
prevalence of 15% among this latter group,
the calculated PVP was 30% for SLIV, 16%
for PGLTB1, and 19% for PGLTBO. To be
of use in the diagnosis of tuberculosis, se-
rological methods have to be accurate when
microscopic examination shows no bacilli
or in extra-pulmonary tuberculosis. In our
study, the smear-negative patients dis-
played significantly lower IgG anti-SLIV
than smear-positive patients; the sensitivity
in diagnosing the smear-negative patients
was still very low (27%). We attempted to
improve the quality of the serodiagnosis with
the association of SLIV and PGLTBO. This
association yielded a sensitivity of 50%.

In unusual clinical cases such as HIV-
seropositive patients, this serology has to be
evaluated since tuberculosis occurs very
early in the course of AIDS when antibody
responses are still intact or are only slightly
reduced (u).

In conclusion, in contrast to the PGL-I
antigen for the serodiagnosis of multibacil-
lary leprosy patients, PGLTB1 or its syn-
thetic analog were not effective for the se-
rodiagnosis of TB patients. Among the three
antigens tested, SLIV was found to be better
than PGLTB1 and PGLTBO. However, de-
spite a higher antibody response in TB pa-
tients than in controls, neither of these tests
has potential value for clinical practice. Fur-
ther research is still needed to identify new
antigens which may provide a more specific
and sensitive test for the serodiagnosis of
TB.

SUMMARY
A major phenolic glycolipid (PGLIB1)

from Mycobacterium tuberculosis, that re-
sembles the phenolic glycolipid-I (PGL-I)
from Al. leprae, and its synthetic terminal
diglycosyl conjugate (PGLTBO) were re-
ported and raised the prospects of a specific
serodiagnostic test for tuberculosis (TB). The
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diagnostic use of a sulfolipid, namely the
SLIV, was also reported. The objective of
this investigation was to assess the relative
sensitivity, specificity, and predictive val-
ues of three ELISAs using the PGLTB1, the
PGLTBO, and the SLIV as antigens for the
serodiagnosis of TB. Similarly to leprosy
patients for the PGL-I antigen, the TB pa-
tients responded preferentially in IgM
against the phenolic glycolipid. We screened
the sera from 191 active tuberculous pa-
tients, 29 healthy subjects living in France,
102 healthy Polynesian blood donors, 82
contacts of new TB patients, and 20 leprosy
patients before treatment for IgG anti-SLIV,
and for IgM anti-PGLTB1 and 1gM anti-
PGLTBO. TB patients showed significantly
higher activity than did healthy Polynesians
when tested against SLIV and PGLTBO, and
the smear-positive group gave higher activ-
ity than did the smear-negative but culture-
positive group, especially for IgG anti-SLI V.
The leprosy patients did not show higher
activity than the Polynesian controls. Re-
spectively, for SLIV, PGLTB1 and PGLTBO
antigens, the specificities were of 95%, 85%,
and 89%; the sensitivities of 36%, 16% and
15%; the efficiencies of 58%, 40% and 39%;
the predictive values for a positive result,
assuming a prevalence of 15% among pa-
tients with respiratory symptoms, were of
30%, 16% and 19%.

RESUMEN
Previamente se ha reportado la existencia de un gli-

colipido fenOlico del Mycobacterium tuberculosis
(PGLTBI) y la preparaciOn de un conjugado con su
residuo glicosilico terminal sintetico (PGLTI30). El
PGLTI31 se semeja al glicolipido fen6lico-1 del .1/. /ep-
rae También se ha reportado el use del sul-
folipido SLIV del M. tuberculosis para el diagnóstico
de la tuberculosis (TB). El objetivo de esta investiga-
ción fue el establecer la sensibilidad relativa, la espe-
cilicidad y el valor predictivo, de tres ELISAs para el
serodiagnóstico de TB, usando como antigenos el
PGLTBI, el PGLTBO, y el SLIV. Al igual quc los pa-
cientes con lepra con el PGL-I, los pacicntcs con TB
respondieron preferentemente con anticuerpos 1gM
contra el glicolipido fen6lico. Se analizaron los sueros
de 191 pacientes con TB activa, de 29 sujetos sanos
habitantes de Francia, de 102 donadores de sangre po-
linesios, de 82 contactor de nuevos pacientes con TB,
y de 20 pacientes con lepra sin tratamiento. Se bus-
caron las respuestas de IgG anti-SLIV, de 1gM anti-
PGLTI31, y de IgM ant-PGLTBO. Los pacientes TB
mostraron una actividad signilicativamente mayor que

los controles polinesios sanos cuando se probaron con-
tra SLIV y contra PGLTI30. El grupo con baciloscopias
positives dio mayor reactividad que los pacicntcs con
baciloscopias negatives pero con cultivos positivos, es-
pecialmente para IgG anti-SLIV. Los pacientes con
lepra no mostraron mayor reactividad que los controles
polinesios. Las especiticidades respecti vas para los ani-
genos SLIV, PGLTI31 y PGLTI30, (heron: 95%, 85%,
y 89%; las sensibilidades: 36%, 16%, y 15%, y las eli-
ciencias: 58%, 40%, y 39%. Los valores predictivos de
un resultado positivo, suponicndo una prevalencia del
15% entre los pacientes con sintomas respiratorios,
fucron del 30%, 16% y 19%, respectivamente.

RESUME
Un glycolipide phenolique majeur (PGLTI31) de

Mycobacterium tuberculosis, qui ressemble au glyco-
lipide phenolique-I (PGL-I) de .1/. leprae, et son
conjugué diglycosyl terminal synthetique (PGLTI30)
ont été mis en evidence et ont fait naitre l'espoir de
voir developper un test specifique pour le serodiagnos-
tic de la tuberculose (TB). L'utilite diagnostiquc d'un
sulfolipide, le SLIV, a egalement été rapportee. L'ob-
jectif de setts recherche était d'évaluer les sensibilité,
spécificitê et valour predictive de 3 ELISA utilisant le
PGLTI31, le PGLTBO, et le SLIV comme antigenes
pour le serodiagnostic de la tuberculose. De meme quc
l'antigene PGL-I pour les patients lepreux, les patients
tuberculeux répondent de maniére préférentielle par
des IgM vis-a-vis du glycolipide phénolique. Nous aeons
tests les serums en provenance de 191 patients pre-
sentant une tuberculose active, 29 personnes en bonne
sante vivant en France, 102 donneurs de sang poly-
nesiens en bonne sante, 82 contacts de nouveaux pa-
tients tuberculeux, et 20 patients lépreux avant trai-
tement, pour la presence d'lgG vis-à-vis du SLIV, et
pour la presence d'lgM vis-a-vis du PGLTI31 et du
PGLTBO. Les patients tuberculeux ont montre une ac-
tivitC significativement plus importante que les poly-
nésiens quand its furent testes vis-a-vis du SLIV et du
PGLTI30, et le groupe des personnes positives a l'exa-
men direct montra une activité plus importante que
les personnes negatives a ('examen direct mais posi-
tives a la culture, surtout pour les IgG anti-SLIV. Les
patients lépreux n'ont pas montre une activite plus
importante que les témoins polynCsiens. Les spécifi-
cites &talent respectivement de 95%, 85%, et 89% vis-
a-vis des antigénes SLIV, PGLTBI et PGLTBO; les
sensibilités étaient de 36%, 16% et 15%; les efficiences
étaient de 58%, 40% et 39%; les valcurs predictives
pour un test positif, en supposant une prevalence de
15% parmi les patients présentant des sympttimes res-
piratoires, étaient de 30%, 16% et 19%.
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