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Summary - The potential usefulness of ELISA based serological tests to assist in
rapid, early and specific diagnosis of tuberculosis was investigated. The materials
were selected, based on published data and on our preliminary findings. Initially
screening tests were performed using crude antigens such as Purified Protein
Derivate (PPD) and a BCG-filtrate. Unfortunately, the results with these antigens
were not promising. The specificity of both antigens using sera from 84 healthy
controls was 64%. As a consequence of these findings, the crude antigens were
excluded from further tests, and the study was continued with purified antigens.

The work focused on 2 purified proteins: Antigen 60 (A60), a lipopolysacch-
aride-protein complex, and P32, a stress protein produced in zinc deprived
cultures, identified as Antigen 85 A in the BCG reference system, both isolated
from Mycobacterium bovis BCG. The commercial A60 based ELISA and our own
P32 based ELISA were used to test a total of 300 sera frcm HIV positive,
negative and unscreened individuals, mainly originating from Burundi. These sera
were collected from clinical established cases of pulmonary TB, extrapulmonary
TB, and patients with non-tuberculous tropical diseases such as salmonellosis,
trypanosomiasis, malaria, etc. and healthy individuals.

The AB0 based ELISA had a sensitivity of 76.8 % for the proven cases of
active pulmonary tuberculosis and 61.9 % for the extrapulmonary tuberculosis
cases. No difference was shown between HIV positive and HIV negative patients.
Specificity reached 95.2 % for healthy individuals, but dropped to 68.1 % when
persons with active non-tuberculous tropical diseases were included.

Eighty-six percent of the pulmonary cases and 87.7 % of the extrapulmonary
cases were detected by the ELISA-P32. These findings suggest that this test
might be useful as a confirmatory test for the diagnosis of extrapulmonary
tuberculosis. Again no difference was noticed between HIV negative and positive
patients. The main contraindication for the use of the ELISA-P32 for the diagnosis
of tuberculosis is its low specificity: 70.2 % with sera from healthy controls and
22.2 % for hospitalised patients and persons with non-tuberculous tropical
diseases.

In a small recent prospective study 4 out of 10 HIV+ persons with no evidence
for TB yielded a positive result for the ELISA-P32. Two of them developed
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pulmonary tuberculosis within 6 months, whereas 2 P32-positives and 6 P32-
negatives remained up to now without any manifestations of tuberculosis. The
difference was not significant, but the number of cases was limited.

To avoid false positive reactions, two specific lipid antigens isolated from M.
tuberculosis were selected : Sulfolipid IV (SLIV), a diacyl trehalose sulfate, and
Phenolic Glycolipid Th1 (PGLTb1), a glycolipid. Most of the testing was done with
SLIV, where a specificity of 81.2 % was reached among control sera, When only
'healthy' persons (HIV negatives and positives) were included, the specificity
increased to 87%. The test detected 75.0 % of the pulmonary TB cases and
52.0% of the tuberculous lymphadenitis cases.

Our results are promising and further studies on the usefulness of the ELISA-
P32, ELISA-SLIV and other antigens, in confirming active tuberculosis or predict-
ing reactivation in HIV + persons, should be pursued on a larger number of
subjects.

In view of the low specificity of the ELISA-P32 among patients with other
diseases, research on the possible occurence of cross reactions with shared
epitopes among other etiological agents is being studied in collaboration with the
Erasmus Hospital in Brussels (Drowart and coworkers). Although a good diagnos-
tic ELISA test (with both high sensitivity and specificity) for the detection of active
tuberculosis still needs to be developed, our findings and those of others would
suggest that it is possible to improve or modify existing tests by identifying specific
epitopes and careful application of these tests to high risk groups.

INTRODUCTION

Worldwide tuberculosis remains one of the major heaith care problems due to
infectious diseases, with an estimated incidence of 10 million new cases a year
causing 3 million deaths (29). Where tuberculosis was thought to have become a
minor problem in industrialised countries in the seventies, it again became one of
the priorities in the early eighties due to the HIV-infection epidemic (24). In
developing countries the existing primary health care problems caused by
tuberculosis were enhanced by the HIV epidemic, where both infections are often
associated (5) and nosocomial infections are not uncommon (12).

As Collins and coworkers say : "The best way to prevent the spread of
tuberculosis in any community is to identify those people who are excreting the
tubercle bacillus and to render them non-infectious to others." (6), meaning that
infected persons should be diagnosed and treated as soon as possible. Diagnosis
of tuberculosis is difficult and often based on the clinical signs (fever, cough,
weight-loss), supported by subjective confirmation through the microscopic
detection of acid fast bacilli and rarely by X-ray of the chest and/or culture of the
bacilli. The sampling for extrapulmonary TB and pulmonary TB from children is
particularly difficult and diagnosis of HIV positive patients with active pulmonary
TB is complicated because they may present normal radiographs (17). These
short comings in diagnosis require development of additional tools to detect
infection and disease.

Alternative approaches such as the detection of tuberculostearic acid (TSA) by
combined gas-chromatography-mass spectrometry (15), detection of bacilli by



polymerase chain reaction (PCR) (22,28) and radiometric determination of
bacterial growth (13) have been developed but their use is still limited for financial
and practical reasons. Many efforts have been made to develop a serodiagnostic
test for the rapid, early and specific detection of tuberculosis (1, 9).

In this study we examine the potential usefulness of some newer ELISA
antigens to assist in the diagnosis of tuberculosis.

OBJECTIVES OF THE STUDY
The objectives of this study were :

(1) To compare the suitable mycobacterial antigens in ELISA tests for the rapid,
early and specific detection of IgG anti-tuberculous antibodies

(2) To analyze the antibody response in patients with pulmonary and extrapulmo-
nary tuberculosis

(38) To analyze the antibody response in HIV negative and HIV positive patients

MATERIALS AND METHODS

Antigens

Different classes of mycobacterial antigens were analyzed for their ELISA
antigenic activity. The following antigens were used :

- Crude antigen : M. bovis BCG filtrate : prepared by J. De Bruyn

- Semi purified antigen : Purified Protein Derivate (PPD) : a reagent for cutan-
eous tests, prepared from M. bovis BCG and kindly provided by Dr. | De
kantor (Centro Panamerica de Zoonosis, Buenos Aires, Argentina)

- Purified protein : Antigen 60 (A 60) : a lipopolysaccharide-protein complex,
prepared from M. bovis BCG by ANDA biologicals (Strasbourg, France)

- Purified protein : Protein 32 (P32) : a fibronectin binding 32 kDa component
identified as Antigen 85 A in the BCG reference system, prepared by J. De
Bruyn

- Purified lipid : Sulfolipid IV (SLIV) : a trehalose sulfate isolated from M.
tuberculosis and kindly provided by Dr. H.L. David (IPP, Paris, France)

- Purified lipid : Phenolic Glycolipid (PGL-Tb1) : a glycolipid isolated from M.
tuberculosis and kindly provided by Dr. H.L. David (IPP, Paris, France)

Serum samples

For the initial screening tests with crude antigens, well documented sera of
patients from Europe, Honduras, Burundi and Zaire with pulmonary tuberculosis,
and healthy controls from the same population were used. More sera from
Burundi became available as the study progressed. A review of the serum
samples that were used for the testing of the ELISA-A60, ELISA-P32 and ELISA-
SLIV is presented in Table 1.
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ELISA procedures

ELISA-BCG and ELISA-PPD : The peroxidase based IgG antibody capture assay
was performed as described by Ritacco et al. (25) with slight modifications (20).

ELISA-A60 : An ELISA diagnostic kit, prepared by Anda Biologicals (Strasbourg,
France) was used to measure the IgG level directed against A60. Based on the
optical densities (OD) of the reference sera, the OD vaiues of the samples were
recalculated as described in the manual. The results were interpreted as follows

<100 units = negative; 101 - 124 units = doubtful; >125 units = positive.
Doubtful results were considered as positives.

ELISA-P32 : The peroxidase based |gG antibody capture assay was performed
as described by Turneer et al. (30). The cut-off value was arbitrarily chosen at an
OD of 0.500 units.

ELISA-SLIV and ELISA-PGL-Tb1 : The galactosidase based IgG antibody capture
assay was performed as described by Cruaud et al. (7). The cut-off value was
arbitrarily chosen at an OD of 0.500 units.

RESULTS

The screening tests for serodiagnosis of active tuberculosis using the crude
and semi-purified antigens suffered from low specificities (64.2 % for healthy
controls with BCG-filtrate and 63.6 % with PPD).

The results of the ELISA-AB0 tests are shown in Table 2. The proven cases
of active pulmonary TB and lymphadenitis resulted in a sensitivity of 76.8 % and
61.9 % respectively, whereas the suspected cases resulted in lower sensitivities
(39.1 % and 46.2 % respectively). Sixty-four out of 94 control sera were negative
in the AB0 serological test, giving a specificity of 68.1 %. The positive sera found
in the control group came from hospitalized and out-patients with active infections
different from M. tuberculosis : Plasmodium sp (15/16), Salmonella sp (4/4),
Tryponasoma cruzi (4/4) and Schistosoma sp (4/8).

The results of the ELISA-P32 are presented in Table 2. Pulmonary TB and
different forms of proven tuberculous lymphadenitis reached sensitivity of 86.5 %
and 87.7 % respectively. One case of suspected lymphadenitis and 3 cases
suspected of other forms of extrapuimonary TB (50 %) reacted positively.
Specificity with healthy controls was 70.2 %, but dropped to 44.1 % upon
inclusion of patients hospitalized without known tuberculosis and out-patients with
other tropical infections. In this last group 79.4 % (77/97) were positive.

In view of HIV serology in 'healthy' controls we observed a significant (X* =
6.12; p < 0.05) difference in the P32 seroreactivity between HIV+ en HIV- cases:
8 out of 9 (88.8 %) HIV+ subjects were positive in the ELISA-P32, whereas 10 out
of 39 (34.5 %) HIV- cases remained negative in the ELISA-P32. A clinical follow-
up of the patients could not be performed for practical reasons.



In a small prospective study, ten serum samples of HIV+ persons with no
evidence for TB or any other opportunistic infection, were collected in Burundi and
tested in Antwerp by the ELISA-P32. Four of the ten sera were ELISA positive.
During a six months clinical follow up in Burundi, 2 out of 4 patients with a positive
TB serology developed pulmonary tuberculosis, whereas 2 P32-positives and 6
P32-negatives remained up to now without any manifestations of tuberculosis
disease. The difference was not significant (Fischer Exact Test).

The results of the ELISA-SLIV are summarized in Table 2. Twelve out of 16
proven pulmonary TB cases gave a positive reaction with the ELISA-SLIV,
resulting in a sensitivity of 75.0 %. Only 37.8 % of the sera from confirmed
extrapulmonary cases responded with positive reactions (52.0 % for lymphadeni-
tis, 20.0 % for other forms) and one of the suspected cases was positive.
Specificity of 87.2 % was obtained with sera from healthy controls, dropping to
81.2 % when non TB hospitalized patients were included. Remarkable was the
high number of positive reactions of schistosomiasis patients (6/14). None of the
22 'healthy' HIV-seroconverted persons reacted positive for the ELISA-SLIV.

No difference was noticed between the seroreactivity capacity of HIV positive
and negative TB patients for the three TB tests.

DISCUSSION AND CONCLUSION

Our results confirm that the A60, P32 and SLIV based ELISA tests might be
useful as a confirmatory and suggestive test for the diagnosis of pulmonary TB for
both HIV positive and negative patients, giving sensitivities of 76.8, 86.5 and 75.0
% respectively. These sensitivities are comparable to the findings of Zatla et al.
{84 % with AB0) or higher than the reports of Turneer et al. (56 % with P32) and
Cruaud et al. (59 % with SLIV) (7, 30, 32). The lower sensitivities obtained by
Turneer and Cruaud mainly resulted from their option to define a high cut-off
value, giving high specificities in healthy controls (95 % and 100 % respectively).

Comparison of the optical densities of individual serum samples, revealed that
all the sera of TB patients that were tested with both the ELISA-P32 and the
ELISA-SLIV, were positive in at least one of these tests, suggesting a 100 %
sensitivity if both antigens were to be assembled in the same test. Indeed, so far,
no real dominant specific Ag for TB has been found, and patient to patient
variations in the Ag to which an individual responds, were noticed. Therefore use
of a pool of purified antigens might augment the sensitivity. Indeed, Bothamley et
al. demonstrated that a combination of a 38 kDa and 19 kDa antigen, liporab-
inomannan and Hsp65 gave good seroreactivities for smear positive and smear
negative pulmonary tuberculosis cases, and that these iests were useful for
monitoring therapeutic outcomes (4). Similar results were obtained for the
serodiagnosis of leprosy patients, for which it was shown that lepromatous and
tuberculoid patients had (class) specific antibody responses to a broad panel of
protein antigens (9, 10, 18, 19, 26).

Although a better specificity (81.2 %) is obtained with ELISA-SLIV compared
to ELISA-P32 (44.2 %) and ELISA-AB0 (68.1 %), the lowe: sensitivity for confirm-



ed pulmonary tubercuiosis (76.8 %) does not allow to recommend this antigen
alone for the serological diagnosis of tuberculosis. Ridell and co-workers found
that the use of a combination of highly purified native lipid antigens from M.
tuberculosis gave good results for the diagnosis of tuberculosis in Swedish
patients (23).

The benefit of synthetic glycolipids to augment the sensitivity of the lipid based
ELISAtests is still being discussed. Daffé et al. found a disappointing seroreactivi-
ty rate in TB patients with a synthetic Ag resembling the triglycosyl phenolic
glycolipid, though there was a good correlation with the native Ag (8). However,
Laszlo and coworkers reported an enhanced serodiagnostic power of a synthetic
glycolipid resembling sulfolipid 1V, compared to the native mycobacterial antigens
(16). The synthetic antigens are thought to resemble more to phagosome-
lysosome modified antigens, giving a better epitope presentation.

In cases of extrapulmonary tuberculosis, a good sensitivity of 87.7 % was
obtained with the ELISA-P32, whereas 61.9 % and 52.0 % of the lymphadenitis
cases were detected with the ELISA-A60 and ELISA-SLIV respectively. This
means that the test might be useful as a confirmatory and suggestive test for the
serodiagnosis of lymphadenitis. Examination of sera from other forms of extrapul-
monary TB have yielded less promising results, but the number of patients tested
was limited and not always bacteriologically confirmed. Conclusions on the use of
these serodiagnostic tests for these cases are premature.

The main contra-indication for the use of the ELISA-P32 or ELISA-AB0 for the
diagnosis of tuberculosis was their low specificity, as seen in the reactions of
patients with non-tuberculous tropical diseases. The occurence of similar reactions
with ABO has been reported by Zatla and coworkers (32). The research on the
possible occurrence of cross reactions with shared epitopes among the microor-
ganisms causing non tuberculous diseases in our control group, is being carried
out at the Erasmus Hospital in Brussels (Drowart et al.). Preliminary immunoblot-
ting results of sera from patients with Schistosoma infections have shown positive
reactions against P-32 antigen (Drowart et al., personal communication). Further
investigations are necessary to confirm these findings.

Another preliminary study on the possible cross-reaction of fibronectine with
the control sera which gave positive reactions in the ELISA-P32, yielded no
definite results (21).

The results of the small prospective study on IgG anti-TB antibody levels in
HIV + persons, suggests that the ELISA-P32 might have been effective as a rapid
and early diagnosis of TB for 2 cases. Similar findings were reported by Berlie
and coworkers, who used PGL-Tb1 glycolipid as antigen (2). We found no such
reactions with the ELISA-SLIV so far. Although the statistical difference was not
significant, the total number of cases in our study was a limiting factor in the
evaluation. A follow-up study of a larger HIV+ population seems warranted to
investigate whether the higher IgG antibody levels detected with the ELISA-P32
in HIV+ persons result from an aspecific polyclonal B cell activation induced by
the Human Immunodeficiency Virus (27) or from a TB-specific B cell activation,
predicting the onset of tuberculosis.



We may conclude that although a good diagnostic ELISA test (with high
sensitivity and specificity) for the detection of active tuberculosis is not yet
available, the results are promising and further studies on the usefulness of
ELISA-tests with P32, SLIV and other antigens, in confirming active tuberculosis
or predicting reactivation in HIV + persons should be pursued on a larger number
of subjects.
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