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Serological diagnosis of tuberculosis 
using IgA detection against the 
mycobacterial kp-90 antigen

We read with interest the article by Julián et al. pub-
lished in a recent issue of the International Journal
concerning the evaluation of the Kreatech TB IgA
enzyme-linked assay in Barcelona, Spain.1 In their
study, a sensitivity of 70.58% and a specificity of
68.68% were obtained. The authors attributed the
overall low specificity to the inclusion of a high pro-
portion of non-tuberculous pneumonia patients in the
study, as this group gave a specificity of only 47.22%.
Two published studies2,3 that obtained high specifici-
ties of �90% included non-tuberculous chest dis-
eases and healthy volunteers as controls. Amongst the
former, there was about 10% of non-TB pneumonia
patients only. In 1995, we evaluated 122 patients
with active tuberculosis (smear-positive, culture-
positive cases 90, histologically confirmed cases 18,
clinical and radiographically compatible cases 14), 10
patients with inactive pulmonary TB, and 27 patients
with non-tuberculous lung diseases (carcinoma of the
lung, COPD, bronchiectasis) by a similar kit (unpub-
lished data). The sensitivity and specificity of this
method of serodiagnosis of TB were found to be
respectively only 67.2% and 40.0%.

We used the cut-off points for positivity and nega-
tivity as recommended by the manufacturer at the
time. Further evaluations were made by performing
ROC analysis with a view to delineating a cut-off
value with more optimal sensitivity and specificity. It
was, however, found that the curve assumed a some-
what linear, rather than a parabolic configuration,
thus precluding the possibility of obtaining more sat-
isfactory sensitivity and specificity results. This is in
contrast to the findings in one study,2 but quite in
keeping with that in another,4 both of which used
ROC analysis. In the latter, the optimal sensitivity
and specificity obtained were also relatively low, i.e.,
62.6% and 66.3%, respectively.

Thus, whilst serological tests can be a potentially
attractive addition to the armamentarium in diagno-
sis of TB, perhaps especially in HIV-infected5 and
geriatric patients,6 much more work has to be done to
identify a test with replicative usefulness in clinical
settings in different communities.4,7
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In reply

We entirely agree with the comments from Yew et al.
When the aim of the study is to evaluate a new com-
mercial serological assay in order to diagnosis a dis-
ease (as with our cited paper1), inclusion of healthy
donors only is not a realistic situation. The most
problematic controls are people who are ill and who
are susceptible to being confused with tuberculous
patients. The sample studied has to be representative
of the patients who are cared for in the hospitals of
the given country or area. In addition to adult and
child patients suffering from pulmonary and extra-
pulmonary disease, it would have been interesting to
include patients with infectious diseases endemic to,
or with a high prevalence in that particular area. The
control population studied must be representative of
the average type of person, healthy or otherwise,
found in the environment.

In the case of commercial assays that are not sub-
ject to methodological differences, as in house tests, it
is not possible to find results that are as divergent as
those found in the literature. As we mention in our
study,1 bias in the control population has a consider-
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able influence on test specificity, and that is extremely
important, given that any new diagnostic test must
reach specificities close to 100% in order to compete
with existing standard diagnostic methods (micros-
copy and culture). There are only a few commercially
available tests for the serodiagnosis of tuberculosis
disease; nevertheless, none of them is yet in use as a
standard diagnostic tool anywhere, as the results
reported are discrepant with respect with their utility.3
Currently, there is no commercial assay that provides
a high sensitivity and specificity, but it is true that it is
difficult to find work that strictly revises the charac-
teristics of these assays with the optimal population.

On the other hand, serology is still one of the most
promising current methods for detecting infected
individuals, or even in providing trials for new candi-
date vaccines.4 In these other approaches the group of
people to be considered for checking these tests is
very different from that in diagnostic tests. For all
these reasons, as Small and Perkins remark,5 in the
evaluation of new serodiagnostic assays, it is indis-
pensable to maintain a serious consensus with regard
to the type and number of population studied, as a
means of clarifying what occurs with each case.
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Evidence for the transmission of tuberculosis 
in a prison in Nakhon Ratchasima, Thailand

In industrialised countries strain characterisation has
demonstrated tuberculosis transmission among pris-
oners.1 However, such studies are relatively rare in
developing countries.2 This is the first report from
Thailand providing evidence of tuberculous transmis-
sion in a prison.

The study was performed in a provincial prison

in Nakhon Ratchasima, North-eastern Thailand, which
had about 930 prisoners in four non-air-conditioned
buildings. The prisoners shared nine sleeping units
at night.

Every 3–5 months, from October 1996 to Septem-
ber 1997, all prisoners were requested to provide spu-
tum specimens for microscopic examination and cul-
tivation. Mycobacterium tuberculosis was isolated
from 24 samples of the prisoners during this period.
Nine were smear-positive, and all of the others were
smear-negative. The mean age of patients was 39
years. Three patients were known to be HIV-positive.
M. tuberculosis was identified by the niacin test as
well as by analysis of the 16S–23S rDNA spacer.3
Chromosomal DNA of 22 isolates was available for
Southern hybridisation with IS6I10-, DR- and PGRS-
specific probes, which was performed as previously
described.4 Thirty-six M. tuberculosis isolates ran-
domly selected among smear-positive patients with pul-
monary tuberculosis from the general population in the
province during the same period were also studied.

The distribution of 1S6110-hybridization patterns
was similar to that previously described.4 Respec-
tively 11 and eight isolates belonged to the Beijing
and Nonthaburi groups. Sixteen had a single copy of
IS6110, while the others had heterogeneous hybridis-
ation patterns.

Among 42 isolates with more than one copy of
IS6110, two pairs of isolates with identical hybridisa-
tion patterns were found. Both isolates in the first pair
contained two copies of IS6110 but had different DR-
and PGRS-hybridisation patterns. One of the isolates
was from a prisoner. These indicated that the isolates
were not the same strain and confirmed the need to
recharacterise isolates which contain few identical
IS6110-hybridised bands by other methods before
concluding the biological relationships between them.

Both isolates in the second pair had five hybridised
bands and identical DR- and PGRS-hybridisation
patterns. The first was isolated at the start of the
study, while the second was isolated 4 months later
from an HIV-infected patient who was imprisoned in
the same unit as the first patient, indicating that
transmission had occurred from the first patient to
the second. HIV infection in the second patient
would accelerate progression to the disease.5 Mea-
sures to control tuberculosis transmission in prisons
are clearly required.

Sixteen isolates had a single IS6110-hybridised
band. On characterisation by DR- and PGRS-specific
probes, most single-banded isolates had either unique
DR- or PGRS-hybridised patterns, or both. However,
four isolates shared identical DR- and PGRS-hybridi-
sation patterns. One isolate in the group was from a
prisoner, while the others were from the general pop-
ulation. There was no known epidemiological link
between the four patients. This supports the conten-
tion that limited epidemiological inferences can be
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Abstract

Mycobacterium tuberculosis cell wall contains antigenic glycolipids: phenol-glycolipid (PGL), diacyltrehalose (DAT),
triacyltrehalose (TAT), cord-factor (CF), and sulpholipid-I (SL-I). In the last decade, the usefulness of these antigens for the
serodiagnosis of tuberculosis has been evaluated mainly using enzyme-linked immunosorbent assays (ELISA). Currently,
there are no conclusive results about the utility of these glycolipidic antigens, because the results obtained by different
groups are discrepant. In order to explain these discrepancies, we have investigated the methodological variations in the
ELISAs used previously. Specifically, we have studied the following: the coating solvent, the optimum amount of glycolipid
coated per well, the blocking agent, and the use of detergent (Tween 20) in the washing buffer. The most significant finding
was that Tween 20 detaches PGL, DAT, TAT and SL-I from microtitre wells. However, Tween 20 does not remove CF from
the wells. In addition, we have found that the best solvent for coating is n-hexane, that the optimum antigen coating
concentration is 1000 ng/well, and that BSA and gelatin are equally effective blocking agents. We can therefore conclude
that the use of Tween 20 as a detergent, and the lower antigen coating concentrations (100–200 ng/well), may well explain
some of the discrepancies in previous studies.  2001 Elsevier Science B.V. All rights reserved.

Keywords: ELISA; Glycolipid; Serology; Tuberculosis; Tween 20

1. Introduction

Abbreviations: BSA, Bovine serum albumin; CF, Cord factor;
Tuberculosis (TB) is still one of the greatestDAT, Diacyltrehalose; ELISA, Enzyme-linked immunosorbent

health care problems in the world. Prompt detectionassay; M. bovis, Mycobacterium bovis; M. tuberculosis, Mycobac-
terium tuberculosis; PGL, Phenol glycolipid; PPD, Purified pro- of the illness is essential if the fight against TB is to
tein derivative; SL-I, Sulpholipid I; TAT, Triacyltrehalose; TB, be successful. For this reason, one of the goals of the
Tuberculosis; TBS, Tris-buffered saline; TBST, TBS plus 0.05% World Health Organization is the rapid detection of
(wt /vol) Tween 20; TLC, Thin-layer chromatography

70% of new infectious TB cases by 2010. In this*Corresponding author. Tel.: 134-93-5813096; fax: 134-93-
way, one-quarter of TB deaths could be prevented in5812387.

´E-mail address: esther.julian@uab.es (E. Julian). the next two decades (World Health Organization,

0022-1759/01/$ – see front matter  2001 Elsevier Science B.V. All rights reserved.
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1998). Traditional diagnostic techniques based on many studies using the ELISA technique were
the isolation of the tuberculous bacillus in culture performed to test the utility of these glycolipids in
media are time consuming, and it is necessary to TB diagnosis.
wait several weeks to obtain a result. However, However, the results obtained showed a lack of
recent molecular biology techniques have made it uniformity. As an example of this, Savage et al.
possible to diagnose TB in a few hours. Another (1993) and Escamilla et al. (1996) using the
rapid diagnostic method would be the detection of diacyltrehalose (DAT) antigen both obtained a spe-
specific antibodies in TB patients. One of the princi- cificity of 98%, but sensitivities of 11.45% and
pal advantages of serological as opposed to molecu- 86.7%, respectively. We observed that these re-
lar methods is the possibility of using blood, which searchers used very different amounts of coated
is easier to obtain than respiratory samples or other glycolipid per well (Table 1). Moreover, Torgal-

´organic fluids and tissues. However, at present there Garcıa et al. (1988) obtained a sensitivity of 97.5%
are no serological tests with sensitivities and specifi- using phenol glycolipid (PGL) antigen, as against the
cities similar to those obtained using both molecular 60% reported by Ridell et al. (1992). Their ELISA
tests and traditional culture techniques. protocol only differs in the use of detergent in the

Since the first serological trial in 1898 using an washing buffer to avoid non-specific binding (Table
agglutination test, many assays to detect specific 1). On the other hand, in almost all the previous
antibodies in TB patients have been tested (Daniel assays, BSA was used in the saturating buffer (Table
and Debanne, 1987). With the appearance of the 1), but Simonney et al. (1995) questioned its use
enzyme-linked immunosorbent assay (ELISA) tech- because high background levels were observed with
nique, many antigens have been evaluated in order to the sera from TB patients.
develop a rapid TB diagnostic test. First, there was We believe that the technical differences in the
the use of culture filtrates or sonicated extracts, previous ELISAs may be responsible for some of the
either from Mycobacterium tuberculosis or from discrepancies between groups. As a result, in the
Mycobacterium bovis. Later, the purified protein present study we performed an ELISA under various
derivative (PPD) from M. tuberculosis and other conditions in order to clarify these issues: after
semipurified antigens such as A60 from M. bovis selecting an antigen solvent, an optimal coating dose,

´Bacille Calmette-Guerin were used. These complex and a blocking agent, we were able to investigate the
antigens showed low specificities which were attribu- effect of Tween 20, with five glycolipids from the M.
ted to cross-reactions with similar antigens present in tuberculosis cell wall.
environmental mycobacteria or other micro-organ-
isms (Wilkins, 1998). More purified proteins: Ag5,
Ag6 or a variety of purified and recombinant pro- 2. Material and methods
teins, showed better specificities but low sensitivities
(reviewed by Daniel and Debanne, 1987; Bothamley, 2.1. Antigens
1995; and Wilkins, 1998).

Reggiardo et al. (1980) described the first ELISA This study was performed using the following
with purified glycolipids from the M. bovis cell wall, glycolipids: PGL antigen (phenol glycolipid, or
reporting sensitivities of up to 91.3%, and specifi- triglycosyl phenolphthiocerol dimycocerosate) from
cities of between 97.8 and 100%. Later, Papa et al. the M. tuberculosis Canetti strain (CIPT 1400100-
(1989) demonstrated the specificity of some of these 059); and, DAT (2,3-diacyltrehalose), TAT (2,3,6-
glycolipids, because immune sera raised in rabbits triacyltrehalose), CF (cord factor, or trehalose-6,69-
reacted exclusively with the corresponding antigen dimycolate), and SL-I (2,3,6,69-tetraacyl trehalose
and with crude extracts of M. tuberculosis complex, 29-sulphate) antigens from M. tuberculosis H37Rv
but not with crude extracts from 39 other myco- strain (ATCC 27294).
bacterial species. These findings prompted the re- To isolate the glycolipids, M. tuberculosis was
searchers to verify whether these molecules had a grown for 6 weeks at 378C on Middlebrook 7H9
potential for TB serodiagnosis. Therefore, in the 90s broth supplemented with ADC enrichment (Difco
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Table 1
Survey of literature on ELISA procedures for measuring mycobacterial anti-glycolipid antibodies in sera, showing non-uniformity in the
assay protocols

Antigen Reference Solvent for adding Amount of Blocking agent Detergent
to microtitre plate glycolipid

(per well)

DAT Cruaud et al., 1990 n-hexane 100 ng 5% BSA None
Saad et al., 1996 n-hexane 100 ng 5% BSA None
Simonney et al., 1995 n-hexane 100 ng 0.5% gelatin None
Escamilla et al., 1996* n-hexane/ethanol (1 /1) 1000 ng 3% BSA None
Ridell et al., 1992 Ethanol /PBS 500 ng 5% BSA 0.05% Tween 20
Sempere et al., 1995* Methanol /carbonate buffer 2000 ng 0.2% BSA10.05% Tween 20 0.05% Tween 20

˜Munoz et al., 1997a* n-hexane 1000 ng 1–2% BSA None
TAT Sempere et al., 1995* Methanol /carbonate buffer 2000 ng 0.2% BSA10.05% Tween 20 0.05% Tween 20

Escamilla et al., 1996* n-hexane/ethanol (1 /1) 1000 ng 3% BSA None
˜Munoz et al., 1997a* n-hexane 1000 ng 1–2% BSA None

CF Laszlo et al., 1992 n-hexane 100 ng 5% BSA None
Maekura et al., 1993 n-hexane 2500 ng 0.05% Tween 20 0.05% Tween 20
Chaicumpar et al., 1997 n-hexane 2500 ng 0.05% Tween 20 0.05% Tween 20
Kawamura et al., 1997 n-hexane 2500 ng 0.05% Tween 20 0.05% Tween 20

SL-I Cruaud et al., 1989 n-hexane 100 ng 0.5% BSA None
Chaicumpar et al., 1997 n-hexane 2500 ng 0.05% Tween 20 0.05% Tween 20
Pan et al., 1999 n-hexane 2500 ng 0.05% Tween 20 0.05% Tween 20
Rojas-Espinosa et al., 1999 ethanol 2000 ng 3% BSA None

´PGL Torgal-Garcıa et al., 1988 n-hexane 250 ng 5% BSA None
David et al., 1992 n-hexane 250 ng 5% BSA None
Ridell et al., 1992 n-hexane 250 ng 5% BSA 0.05% Tween 20
Simonney et al., 1995 n-hexane 100 ng 0.5% gelatin None
Chaicumpar et al., 1997** n-hexane 2500 ng 0.05% Tween 20 0.05% Tween 20

*DAT or TAT from M. tuberculosis and/or Mycobacterium fortuitum.
**Investigators used PGLs with a similar structure to PGL-Tb 1.

Laboratories, Detroit, MI). The glycolipids were from 10 PPD-negative healthy employees at the
purified using column chromatography as previously same hospital. These donors had no known history of

˜described (Munoz et al., 1997a, b). All the purified mycobacterial disease. All sera were stored at 2408C
glycolipids were dissolved in chloroform, divided before testing.
into 50 mg aliquots, and evaporated to dryness under
a stream of nitrogen. All the aliquots were stored at 2.3. Solvent, coating doses and microtitre plate
48C and were checked before use. selection

2.2. Patients and control subjects The purified glycolipids used in this study are very
easily re-dissolved with chloroform. However, as

Sera from 10 patients with active pulmonary chloroform cannot be used with ELISA microtitre
tuberculosis, who had been admitted to the Universi- plates, we tested other candidate solvents for re-
tari Germans Trias i Pujol Hospital, Badalona suspension of the glycolipids and for fixing them to
(Spain), were obtained before anti-tuberculous microtitre plates. Dry glycolipids (10 mg) were re-
chemotherapy was started. In all the TB cases, suspended in n-hexane, ethanol, ethanol /n-hexane
diagnosis was confirmed by isolation of tuberculous (1 /1), and methanol, and the capacity of these

¨bacillus in cultures: Lowenstein-Jensen and the non- solvents to recover glycolipids was compared with
radiometric MB/Bact system (Organon Teknika, that of chloroform. Comparisons were made on TLC
Durham, NC). Healthy control sera were obtained plates (G-60, 0.25 mm thick, Merck, Darmstadt,
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Germany), developed with chloroform–methanol– 2.5. ELISA protocol
water (30:8:1 vol /vol /vol), revealed by spraying the
plates with 1% (wt /vol) anthrone in sulphuric acid, Purified 1000 ng of DAT, TAT, CF, SL-I, and

˜and heating at 1208C (Munoz et al., 1997b). PGL were each dissolved in 50 ml of n-hexane and
Optimal coating doses for the ELISA protocol for the solutions were added to the wells of the plates

each glycolipid were determined by coating mi- (Immulon I, M129B), which were air dried and used
crotitre wells with various amounts of each (from 0 the following day.
ng/well to 3000 ng/well), and evaluated against the Before the blocking step, the microtitre plates
sera (from TB patients and controls). We chose the were washed once with Tris-buffered saline (TBS,
minimal concentration yielding absorbance values at 0.02 M Tris–HCl, 0.5 M NaCl, pH 7.5). The plates
the beginning of the stationary curve in our ELISA were saturated for 1 h with 200 ml /well of blocking
procedure on human TB sera as the optimal coating agent: 0.5% (wt /vol) gelatin or 1% (wt /vol) BSA
dose. For these assays different microtitre plates solution in TBS. Then they were washed three times
were studied (Immulon I M129B, from Dynatech with TBS (three washes of 5 min each). Following
Laboratories, USA; PolySorp from Nunc, Nether- this, 100 ml volumes of the serum samples, diluted
lands; Cliniplate from LabSystems, Finland; and 1/200 in each blocking buffer, were added in
Costar 3590 from Costar, USA). duplicate to the wells and incubated for 1 h. After

another three washings with TBS, goat anti-human
IgG alkaline phosphatase conjugate (SBA, Inc.) was

2.4. Immunoblot analysis added, at 1 /3000 dilution in each blocking buffer,
followed by a 1 h incubation period. The wells were

In order to test cross-reactivity between serum then washed with TBS and developed with 200 ml of
samples and blocking agents we carried out an 1 mg/ml p-nitrophenyl phosphate substrate (pNPP,
immunoblot analysis. Bovine serum albumin (8 mg; Sigma) in 10% diethanolamine buffer, pH 9.8,
BSA, Sigma Chemical Co., St Louis, MO) and 16 containing 0.5 mM MgCl . After 25 min the reaction2

mg gelatin (Sigma) were applied to a 7.5% SDS– was stopped with 50 ml of 3 M NaOH. Absorbance
PAGE gel (Bio-Rad laboratories, Richmond, CA, values were read at 405 nm with a microtitre reader
USA) and protein electro-transferred onto nitrocellu- (ELx 800, Automated Microplate Reader, Bio-Tech

lose membranes (Bio-Rad) using a Mini-PROTEAN Instruments Inc.).
II system (Bio-Rad), according to the manufacturer’s All incubations were performed on a platform
protocol. Membranes were blocked in a solution of rocker (Titramax 100, Heidolph Elektro GmbH &
3% (wt /vol) dry non-fat milk (Molico Sveltesse, Co. KG), and at room temperature (around 258C).

´Nestle, Esplugues de Llobregat, Spain) in Tris buffer For each serum sample we used similarly treated
(0.02 M Tris–HCl, 0.15 M NaCl) overnight at 48C. wells, but without antigen, to check for non-specific

Serum samples were used at a dilution of 1 /200 absorption (zero point activity).
and incubated for 2 h. After washing the sheets with
Tris buffer, a 1 /1500 dilution of goat anti-human
IgG (H1L) alkaline phosphatase conjugate (SBA, 2.6. Washes with detergent
Southern Biotechnology Associates, Inc., Birming-
ham, AL) was used. The antibody–antigen complex In order to minimize non-specific reactions and/or
was detected using a solution of 1 ml of the nitro to improve the affinity of the antigen–antibody
blue tetrazolium (NBT, 30 mg/ml in 70% dimethyl- interaction, we carried out the ELISA previously
formamide; Bio-Rad) and 1 ml of the 5-bromo-4- described (2.5. ELISA protocol) using 0.5% gelatin
chloro-3-indolyl phosphate (BCIP, 60 mg/ml in in TBS as a blocking buffer, and TBS plus 0.5%
dimethylformamide; Bio-Rad) in 100 ml of the polyoxyethylene sorbitan monolaureate, Tween 20,
substrate buffer (0.1 M Tris, 0.5 mM MgCl , pH (wt /vol) (TBST) as a washing buffer.2

9.5) until colour developed. The reaction was Given that the result was entirely different with
stopped by washing with water. CF in contrast to the other glycolipids, the same
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ELISA was performed using Tween 20 in the wash of the solvents: ethanol, ethanol /n-hexane or metha-
and antibody dilution buffers, with CF-coated plates. nol; we observed that they were not recovered

adequately, displaying either very diffuse spots on
2.7. Tween 20 influence the TLC, or no spots at all. Moreover, optimal

coating doses were established for all the glycolipids
To investigate why the use of detergent modifies studied. A dose of 1000 ng of each antigen gave the

the ELISA results with these glycolipids, duplicate greatest difference in absorbance values between the
wells were coated with 1000 ng of each glycolipid sera from TB patients and healthy controls. On the
diluted in n-hexane and evaporated at room tempera- basis of these studies we performed the ELISA using
ture. After blocking with 0.5% gelatin in TBS for 1 1000 ng of each antigen dissolved in 50 ml n-hexane
h, the wells were incubated for 10, 20 or 60 min with per well.
50 ml of TBS or TBST. Afterwards, the whole We performed the assay with different plates
volume of each well was recovered and subjected to specifically developed for these types of molecules.
TLC on silica gel-coated plates. In order to recover No differences were found for the various plates,
the antigen remaining attached to the well, 50 ml of although a more uniform and reproducible coating of
hexane were added to each well, and, following an the wells was obtained using Immulon I plates from
interval of 20 min, the n-hexane was recovered and Dynatech Laboratories.
also monitored by TLC. The TLC plates were
developed and revealed as described previously (see 3.2. Differences in blocking agents
Section 2.3), in order to detect the presence of
glycolipids. In order to test for sero-reactive lineal epitopes in

the blocking agents, which could react and produce a
background signal when used in the saturating

3. Results buffer, immunoblots were performed. The sera from
the TB patients and healthy controls did not, appar-

3.1. ELISA protocol optimization ently, react with the two blocking agents, gelatin and
BSA (data not shown).

We chose n-hexane as the antigen solvent because Subsequently, the ELISA procedure was carried
good (solid, uniform) glycolipid spots were observed out with the five glycolipid antigens using the two
on TLC plates for all the purified antigens when different blocking agents. The data obtained are
compared with antigen dissolved in chloroform. shown in Table 2. We did not observe any non-
Some of these glycolipids were insoluble in the rest specific reactions in the blank wells (without an-

Table 2
aELISA for five glycolipids from M. tuberculosis. Effect of two blocking agents on absorbance values

Antigen Serum samples Blocking agent

Gelatin BSA

DAT TB patients 0.445160.1918 0.488760.0886
Control subjects 0.121060.0415 0.169260.1237

TAT TB patients 0.458860.1691 0.472460.2090
Control subjects 0.071760.0768 0.092360.0533

CF TB patients 1.065561.0771 1.138561.2568
Control subjects 0.070560.0214 0.012360.0084

SL-I TB patients 0.321360.1875 0.302260.1411
Control subjects 0.064760.0186 0.035360.0552

PGL TB patients 0.068160.0398 0.060160.0316
Control subjects 0.047860.0196 0.067560.0420

a Values are expressed as mean absorbance values6S.Ds, obtained in the ELISA with sera from TB patients and controls. Results are
shown as the average absorbance at 405 nm of samples from 10 TB patients and 10 healthy adults, assayed in duplicate.
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tigen). The absorbance values obtained in all the 4. Discussion
assays were very similar for all the glycolipids when
1% BSA or 0.5% gelatin were used as blocking The selection of a particular ELISA procedure
agents (see Table 2). depends on the type of biomolecule being assayed.

The development of immunoassays for mycobac-
3.3. Diluting antibodies and washing buffer with terial glycolipids has been complicated by the
detergent characteristics of these molecules. In this study we

attempted to establish some basic conditions suitable
The results obtained in the ELISA with or without for the adequate development of a test using glyco-

detergent in the washing buffer are shown in Fig. 1. lipids, by analysing the antigen solvent, the con-
The absorbance values for patients who had tested centration per well, and above all the blocking agent
positive with DAT, TAT, SL-I and PGL, became and the use of detergent in the washing buffer.
negative in the ELISA using TBST as a washing Blocking a surface to reduce non-specific binding
buffer. The sera that had previously given positive is a compromise between low background and high
results, gave negative results when Tween 20 was sensitivity and specificity. The use of BSA, the most
used. popular blocking agent (Table 1), is questionable

However, the absorbance values did not decrease because it gives a high background with sera from
in the sera which had reacted against the CF antigen TB patients (Simonney et al., 1995). Moreover,
(Fig. 1). Finally, to investigate whether the use of Deshpande et al. (1994) have described a specific
detergent had any effect at all on the CF antigen– seroreactive protein (TB66) from the M. tuberculosis
antibody reaction, we performed the ELISA using complex with an 85% homology with BSA in N-
TBST both as washing buffer and for antibody terminal sequence. In an earlier study Thorns and
dilution. The results obtained were similar to those Morris (1985) also described common epitopes
obtained using only TBS (data not shown), demon- between mycobacterial antigens and BSA, based on
strating that Tween 20 did not interfere in CF– the reaction with BSA of five monoclonal antibodies
antibody interactions. produced from a sonicated extract of M. bovis. These

findings may have important implications for the
3.4. Tween interference serodiagnosis of mycobacterial infections. However,

we found no evidence for cross-reactions with BSA
The recovery of glycolipids as detected by TLC is using sera from TB patients in our experiments,

illustrated in Fig. 2. When we incubated the wells neither by immunoblot nor ELISA. We obtained
with TBS (10, 20 or 60 min), there was no recovery similar results (Table 2) using BSA or gelatin.
of any glycolipid in the TLC (Fig. 2A1 and B1). However, gelatin is a cheaper choice (about 1000%)
This was confirmed when we subsequently added than BSA in ELISA and therefore we used gelatin in
n-hexane to these wells, because we then recovered all the ELISA procedures.
all of the antigens (Fig. 2A2 and B2). The ability of Tween 20 to reduce non-specific

When we incubated the wells with TBST, the binding has been amply established in many ELISA
results differed from antigen to antigen. The DAT procedures when the nature of the antigen is
and TAT were recovered from the plate after being proteinaceous. It does not interfere with the specific
in contact with TBST for only 10 min (Fig. 2B3). antigen–antibody interaction but minimises non-spe-
With SL-I and PGL, approximately 50% of the cific hydrophobic interactions between the added
antigen was recovered after 10 min, and all the proteins and the microtitre plate (Carpenter, 1997).
antigen was recovered after 10–20 min of incuba- However, its use has been much discussed for assays
tion. However, the CF antigen remained attached to in which the antigens were glycolipids or phos-
the microtitre plate even after being in contact with pholipids (Cabral et al., 1994; Ravindranath et al.,
TBST for 1 h. This was confirmed by the recovery of 1994; Black and Reynolds, 1998; Akimoto et al.,
all the antigen attached to the plate when we added 1999).
n-hexane after washing the wells (Fig. 2A4). In the case of the glycolipids from the myco-
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Fig. 1. Effect of the presence (1Tween 20) and absence (2 Tween 20) of detergent in the washing buffer used in the ELISAs for five glycolipids from M. tuberculosis.
Reactivities of anti-glycolipid antibodies were tested with sera from 10 tuberculous patients (s), and sera from 10 healthy controls (3). Each plotted point represents the mean
of two different measurements.
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Fig. 2. Recovery of glycolipids, detected by TLC, with the following solutions: 1, TBS; 2, n-hexane after incubation with TBS; 3, TBST; 4,
n-hexane after incubation with TBST. CF and TAT lanes show the glycolipidic patterns diluted with n-hexane. The TLC was developed
with chloroform–methanol–water (30:8:1 vol /vol /vol). Arrows indicate the solvent front. (A) CF antigen; (B) TAT antigen.

˜bacterial cell wall, Cho et al. (1983) speculated that ported (Escamilla et al., 1996; Munoz et al., 1997a).
the PGL-I from Mycobacterium leprae was lost in In another study Pan et al. (1999), with 2500 ng of
the fluid phase when Tween was used. Rojas-Espin- SL-I antigen, but using detergent in the assay, hardly
osa et al. (1999) also expressed doubts about the detected antibodies in TB patients.
results obtained in assays with SL-I when using In the case of CF, which is the only one of the
Tween 20. In our study we confirmed that detergent glycolipids which does not become detached when
interference could occur in the assay (Fig. 1). The washed with Tween 20 (Fig. 1), our data is in
ELISA results obtained using Tween 20 could be due agreement with the reports of Maekura et al. (1993),
to the detergent interfering with the antigen–anti- Chaicumpar et al. (1997) and Pan et al. (1999), in
body reaction, because it disturbs the structure of the which TBST was used in the wash and antibody
glycolipid molecule, or to the detergent detaching the dilution buffers (Table 1). Chaicumpar et al. (1997)
antigen from the plate, thus impeding the subsequent followed the same ELISA protocol for CF, SL-I, and
reaction. In order to rule out one of the two PGL, and found that all sera from TB patients
possibilities we incubated the antigens attached to reacted strongly with CF as compared with SL-I and
the plate with TBS or TBST for different periods of PGL reactions.
time, to determine whether they could be detached. The different behaviour of CF, compared with the
After monitoring the results by TLC, we demon- rest of the glycolipids tested, is probably due to its
strated that the fall in absorbance values was due to structure. DAT and TAT are made up of a trehalose
the ability of Tween 20 to detach the antigen bound molecule esterified by two or three fatty acids, with
to the plate (Fig. 2). lengths of up to 28 carbon atoms. SL-I is made up of

Our findings may explain the contradictory results four fatty acids with up to 33 carbon atoms (Goren et
obtained in previous studies. Using 2000 ng of TAT al., 1976). PGL is composed of two rhamnoses and
and DAT antigens and Tween in the assay, with sera one fucose, a phenol group, and two fatty acids of
from TB patients and healthy controls, Sempere et al. approximately 34 carbon atoms (Brennan and
(1995) obtained specificities between 91 and 98.8%, Nikaido, 1995). However the CF is a trehalose
and sensitivities between 9 and 51%. In contrast, in molecule esterified by two mycolic acids which are
the absence of Tween 20, specificities of 96% and fatty acids with chains of 70–90 carbons atoms
sensitivities between 80 and 93.3% have been re- (Brennan and Nikaido, 1995), and hence far bigger
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than the fatty acids in the rest of the glycolipids tance with the immunoblot analysis and for their
studied. This is probably what improves binding to valuable discussions.
the wells of microtitre plates and prevents displace-
ment by TBST buffer.

Finally, we observed that the results obtained
differed when using different coating doses of an- References
tigen. With the DAT antigen, researchers who used
small amounts (100 ng) of antigen (Cruaud et al., Akimoto, T., Akama, T., Kono, I., Yamane, K., Sumida, T., 1999.

Detergent and antigen fragility affect the ELISA for measure-1989; 1990) obtained sensitivities of around 50–
ment of anti-prothrombin autoantibodies. J. Rheumatol. 26,60%, whereas investigators using 1000 ng per well
580.˜(Escamilla et al., 1996; Munoz et al., 1997a) ob- Black, C.L., Reynolds, E.C., 1998. An ELISA for a multiphos-

tained sensitivities of around 80–90%. Laszlo et al. phorylated peptide, a -casein(59–79). J. Immunol. Methodss1

(1992) concluded that CF was not a good antigen 214, 63.
Bothamley, G.H., 1995. Serological diagnosis of tuberculosis. Eur.since, using a coating dose of 200 ng, the difference

Respir. J. 8 (Suppl. 20), 676s.in absorbance values between TB patients and
Brennan, P.J., Nikaido, H., 1995. The envelope of mycobacteria.

control sera was only 0.201. However, using high Annu. Rev. Biochem. 64, 29.
concentrations (2000 ng) of the same antigen, Mae- ´Cabral, A.R., Cabiedes, J., Alarcon-Segovia, D., 1994. Tween 20
kura et al. (1993) obtained differences of 1.13 in detaches cardiolipin from ELISA plates and makes anticar-

diolopin antibodies undetectable regardless of he presence ofabsorbance values. These results also highlight the
b2-glycoprotein-I. J. Immunol. Methods 175, 107.importance of the choosing the right antigen con-

Carpenter, A.B., 1997. Enzyme-linked immunoassays. In: Rose,
centration. N.R., Conway de Macario, E., Fahey, J.L., Friedman, H.,

Penn, G.M. (Eds.), Manual of Clinical Laboratory Immunol-
ogy, 6th Edition. American Society for Microbiology,
Washington, DC, p. 20.5. Conclusion

Chaicumpar, K., Fujiwara, N., Nishimura, O., Hotta, H., Pan, J.W.,
Takahashi, M., Abe, C., Yano, I., 1997. Studies of poly-

We can conclude that the discrepancies in anti- morphic DNA fingerprinting and lipid pattern of Mycobac-
body measurement that we observed in ELISAs terium tuberculosis patient isolates in Japan. Microbiol. Im-
using mycobacterial glycolipids were mainly due to munol. 41, 107.

Cho, S.-N., Yanagihara, D.L., Hunter, S.W., Gelber, R.H., Bren-the different amounts of glycolipid coating, and to
nan, P.J., 1983. Serological specificity of phenolic glycolipid Ithe use of Tween 20 as a detergent. It is therefore
from Mycobacterium leprae and use in serodiagnosis of

very important to standardize ELISA conditions. leprosy. Infect. Immun. 41, 1077.
Detergent should not be added to the washing buffer Cruaud, P.H., Berlie, C., Torgal-Garcia, J., Papa, F., David, H.L.,
in assays with four of these antigens (DAT, TAT, 1989. Human IgG antibodies immunoreacting with specific

sulfolipids from Mycobacterium tuberculosis. Zentraubl. Bakt.SL-I, and PGL); only tests using CF as an antigen
271, 481.can be performed with Tween 20.

´Cruaud, P., Yamashita, J.T., Martın-Casabona, N., Papa, F., David,
We recommend a coating concentration of 1000 H.L., 1990. Evaluation of a novel 2,3-diacil-trehalose-29-sul-

ng using n-hexane as a solvent for these myco- phate (SL-IV) antigen for case finding and diagnosis of
bacterial glycolipids. We also recommend the use of leprosy and tuberculosis. Res. Microbiol. 141, 679.

Daniel, T.M., Debanne, S.M., 1987. The serodiagnosis of tuber-0.5% gelatin as a blocking agent, and the avoidance
culosis and other mycobacterial diseases by enzyme-linkedof buffers containing Tween 20.
immunosorbent assay. Am. Rev. Respir. Dis. 135, 1137.

David, H.L., Papa, F., Cruaud, P., Berlie, H.C., Maroja, M.,
Salem, J.I., Costa, M.F., 1992. Relationships between titres of

Acknowledgements antibodies immunoreacting against glycolipid antigens from
Mycobacterium leprae and M. tuberculosis, the Mitsuda and
Mantoux reactions, and bacteriological loads: implications inThis work was supported by the Fondo de Inves-
the pathogenesis, epidemiology and serodiagnosis of leprosy

tigaciones Sanitarias de la Seguridad Social, FISS and tuberculosis. Int. J. Lepr. 60, 208.
96 /1422. The authors are grateful to Joan Josep Deshpande, R.G., Khan, M.B., Bhat, D.A., Navalkar, R.G., 1994.
Bech and Eduard Torrents for their technical assis- Purification and partial characterisation of a novel 66-kDa

125



´30 E. Julian et al. / Journal of Immunological Methods 251 (2001) 21 –30

seroreactive protein of Mycobacterium tuberculosis H Rv. J. antibodies against mycobacterial glycolipids. J. Immunol.37

Med. Microbiol. 41, 173. Methods 34, 55.
´ ´Escamilla, L., Mancilla, R., Glender, W., Lopez-Marın, L.-M., ¨Ridell, M., Wallerstrom, G., Minnikin, D.E., Bolton, R.C., Mag-

1996. Mycobacterium fortuitum glycolipids for the serodiag- nusson, M., 1992. A comparative serological study of an-
nosis of pulmonary tuberculosis. Am. J. Respir. Crit. Care tigenic glycolipids from Mycobacterium tuberculosis. Tuber.
Med. 154, 1964. Lung Dis. 73, 101.

Goren, M.B., Brokl, O., Roller, P., Fales, H.M., Das, B.C., 1976. Rojas-Espinosa, O., Luna-Herrera, J., Arce-Paredes, P., 1999.
Sulfatides of Mycobacterium tuberculosis: The structure of the Recognition of phenolic glycolipid-I (Mycobacterium leprae)
principal sulfatide (SL-I). Biochemistry 15, 2728. and sulfolipid-I (M. tuberculosis) by serum from Mexican

Kawamura, M., Sueshige, N., Imayoshi, K., Yano, I., Maekura, R., patients with leprosy or tuberculosis. Int. J. Tuberc. Lung Dis.
Kohno, H., 1997. Enzyme immunoassay to detect antitubercul- 3, 1106.
ous glycolipid antigen (anti-TBGL antigen) antibodies in Saad, M.H.F., Kritski, A.L., Werneck-Barroso, E., Cavalcante, S.,
serum for diagnosis of tuberculosis. J. Clin. Lab. Anal. 11, Ferreira, M.A.S., Fonseca, L.d.S., 1996. Use of the 2,3-diacyl-
140. trehalose and the purified protein derivative in the serodiag-

Laszlo, A., Baer, H.H., Goren, M.B., Handzel, V., Barrera, L., de nosis of tuberculosis in AIDS. Mem. Inst. Oswaldo Cruz 91,
Kantor, I.N., 1992. Evaluation of synthetic pseudo cord-factor- 97.
like glycolipids for the serodiagnosis of tuberculosis. Res. Savage, C., Vincent, P., Leclerc, H., 1993. Serodiagnosis of
Microbiol. 143, 217. tuberculosis. Evaluation of a sulpholipid antigen. Zentraubl.

Maekura, R., Nakagawa, M., Hiraga, Y., Yamamura, Y., Ito, M.,
Bakt. 278, 49.

Ueda, E., Yano, S., He, H., Oka, S., Kashima, K., Yano, I.,
´ ´Sempere, M., Ariza, M., Sanchez-Monton, T., Rodriguez-Gon-

1993. Clinical evaluation of rapid serodiagnosis of pulmonary
´ ´ ´zalez, T., Martın-Luengo, F., Valero-Guillen, P.L., 1995.

tuberculosis by ELISA with Cord Factor (trehalose-6,69-
´Evaluacion de aciltrehalosas de Mycobacterium fortuitum en el

dimycolate) as antigen purified from Mycobacterium tuber-
´ ´diagnostico serologico de tuberculosis pulmonar. Enferm.

culosis. Am. Rev. Respir. Dis. 148, 997.
Infecc. Microbiol. Clin. 13, 292.˜ ´ ´Munoz, M., Laneelle, M.-A., Luquin, M., Torrelles, J., Julian, E.,

Simonney, N., Molina, J.M., Molimard, M., Oksenhendler, E.,´Ausina, V., Daffe, M., 1997a. Occurrence of an antigenic
Perronne, C., Lagrange, P.H., 1995. Analysis of the immuno-triacyl trehalose in clinical isolates and reference strains of
logical humoral response to Mycobacterium tuberculosisMycobacterium tuberculosis. FEMS Microbiol. Letters. 157,
glycolipid antigens (DAT, PGLTb1) for diagnosis in HIV-251.
seropositive and -seronegative patients. Eur. J. Clin. Mi-˜ ´ ´ ´Munoz, M., Luquin, M., Garcıa-Barcelo, M., Julian, E., Ausina,V.,
crobiol. Infect. Dis. 14, 883.´Laneelle, M.A., 1997b. Distribution of surface-exposed an-

´Torgal-Garcıa, J., David, H.L., Papa, F., 1988. Preliminarytigenic glycolipids in recent clinical isolates of Mycobacterium
evaluation of a Mycobacterium tuberculosis phenolglycolipidtuberculosis. Res. Microbiol. 148, 405.
antigen in the serologic diagnosis of tuberculosis. Ann. Inst.Pan, J., Fujiwara, N., Oka, S., Maekura, R., Ogura, T., Yano, I.,
Pasteur /Microbiol. 139, 289.1999. Anti-cord factor (trehalose 6,69-dimycolate) IgG anti-

Thorns, C.J., Morris, J.A., 1985. Common epitopes betweenbody in tuberculosis patients recognizes mycolic acid subclas-
mycobacterial and certain host tissue antigens. Clin. Exp.ses. Microbiol. Immunol. 43, 863.
Immunol. 61, 323.Papa, F., Cruaud, P., David, H.L., 1989. Antigenicity and spe-

Wilkins, E.G.L., 1998. Antibody detection in tuberculosis. In:cificity of selected glycolipid fractions from Mycobacterium
Davies, P.D.O. (Ed.), Clinical Tuberculosis. Chapman & Hall,tuberculosis. Res. Microbiol. 140, 569.
London, p. 81.Ravindranath, M.H., Ravindranath, R.M.H., Morton, D.L., Graves,

M.C., 1994. Factors affecting the fine specificity and sensitivi- World Health Organization, 1998. Tuberculosis is a global public
ty of serum antiganglioside antibodies in ELISA. J. Immunol. health concern. In: Tuberculosis control and medical schools.
Methods 169, 257. Report of a WHO Workshop, Rome, Italy. 29–31 October

Reggiardo, Z., Vazquez, E., Schnaper, L., 1980. ELISA test for 1997. World Health Organization, Geneva, Switzerland.

126



127

Article V

V. Julián, E.;  Matas, L.; Pérez, A.; Alcaide, J.; Lanéelle, M.A.; Luquin, M.
“Potential Role of IgA / SL-I Test for the Serodiagnosis of Tuberculosis.
Comparison with IgG and IgM Responses and DAT, TAT and CF
Antígens”. [presentat al Journal of Clinical Microbiology].



128



129

Potential Role of IgA / SL-I Test for the Serodiagnosis of

Tuberculosis. Comparison with IgG and IgM Responses and DAT,

TAT and CF Antigens.

ESTHER JULIÁN,1 LURDES MATAS,2 ANDRÉS PÉREZ,2 JOSÉ ALCAIDE,3 MARIE-

ANTOINETTE LANÉELLE,4 AND MARINA LUQUIN1*

1Departament de Genètica i de Microbiologia. Facultat de Ciències i Institut de
Biotecnologia i Biomedicina, Universitat Autònoma de Barcelona, Bellaterra; 2Servei de
Microbiologia, Hospital Universitari Germans Trias i Pujol, Badalona; 3Programa de Control i
Prevenció de la Tuberculosi, Departament de Salut i Seguretat Social, Barcelona, Spain;
4Institut de Pharmacologie et de Biologie Structurale du CNRS, Université Paul Sabatier,
Toulouse, France.

* Corresponding author: Dra. Marina Luquin, Phone: 34-93-5812540; FAX: 34-93-
5812387; E-mail: marina.luquin@uab.es

Running title : Humoral response to mycobacterial glycolipids

ABSTRACT

Non-peptidic antigens from the Mycobacterium tuberculosis cell wall are the focus
of extensive studies to determine their potential role as protective antigens or
serological markers of tuberculous disease. Regarding this latter role and using an
enzyme-linked immunosorbent assay, we have comparatively studied the
immunoglobulin G, M, and A antibody response to four trehalose-containing
glycolipids purified from M. tuberculosis: diacyltrehaloses, triacyltrehaloses, cord
factor, and sulpholipid-I (SL-I). Sera from 92 tuberculous patients (taken before
starting antituberculous treatment) and a wide group of control individuals (84 sera
from healthy donors including PPD-negatives, -positives, healed and vaccinated;
and 52 from non-tuberculous pneumonia patients) from Spain, were studied. The
results indicated a significantly elevated IgG and IgA antibody response in
tuberculous patients compared with controls, with all the antigens studied. SL-I was
the best antigen studied, showing test sensitivities and specificities for IgG of 81%
and 77.6% respectively, and 66% and 87.5% for IgA. Using this antigen and
combining IgA and IgG antibody detection, high test specificity was achieved
(93.7%) with a sensitivity of 67.5%. Nowadays it is widely accepted that it is not
possible to achieve sensitivities above 80% in tuberculosis serodiagnostic using one
antigen alone. Thus, we conclude that SL-I, in combination with other antigenic
molecules, could be a useful antigen for tuberculosis serodiagnostic.
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INTRODUCTION

To control tuberculosis (TB), it is still
necessary to find a diagnostic method
that is both more rapid to carry out and
more sensitive than traditional methods
(smear and culture), but which is simpler
and less expensive than the new
molecular diagnostic tests, based on the
amplification of nucleic acids. Serological
methods seem to be the ideal choice,
thus many mycobacterial antigens have
been evaluated: cellular extracts, proteins,
and glycolipidic molecules from the
mycobacterial cell wall (30). In addition
to the lipoarabinomannan (LAM) antigen,
the family of the acylated trehaloses has
been the most checked glycolipids. They
are: the 2,3-diacyltrehalose (DAT), 2,3,6-
triacyltrehalose (TAT), 2,3,6,6’-
tetraacyltrehalose 2’-sulphate (sulpholipid
I, SL-I) and trehalose-6,6’-dimycolate
(cord-factor, CF). Using the enzyme-
linked immunosorbent assay (ELISA)
technique, several studies were
performed with these antigens, and an
extensive variability of immunoglobulin
G or IgM titers (5, 6, 10, 17, 19, 23-25)
was obtained, i.e. test sensitivity results as
different as 11%-88% for the DAT antigen
(24, 10) and 51-93% for the TAT antigen
(25, 10). These contradictory results are
due to the ELISA protocol used (the
different antigen concentrations or the
use of detergent in washing buffers) (14,
29), or to the different sera groups
analyzed (quantity and type of patients
and control subjects) (9). Thus, no
definite conclusions as to their utility as
serodiagnostic antigens have been
reached.

In spite of the presence of high IgA
antibody levels in sera from TB patients
(8) and, although different
commercialized assays exist that detect
IgA antibodies against cellular extracts
and purified proteins (13, 15, 22), to date

no analysis has been undertaken to
determine the presence of specific IgA
against the glycolipids mentioned above.

In order to evaluate the serological
interest of DAT, TAT, SL-I and CF, the
present work compares IgG, IgM and IgA
antibody responses in a total of 228 sera,
using the ELISA method recommended
for these glycolipids (14).

METHODS

Study Subjects

228 serum samples were studied. The
demographic and clinical characteristics
of the individuals involved are listed in
Table 1.

Tuberculous patients. Sera were collected
from adult patients who, according to
clinical parameters, were suspected of
having TB, and who had been admitted
to the “Germans Trias i Pujol” University
Hospital (HUGTiP) in Badalona (Spain).
However, the only serum samples
included in this group were from patients
in whom the disease had been confirmed
by isolation of the tuberculous bacillus in
cultures: Löwenstein-Jensen and the non-
radiometric MB/Bact system (Organon
Teknika, Durham, NC). Fifty-eight of
these adult patients were suffering from
pulmonary TB (10 of them co-infected
with the Human Immunodeficiency
Virus, HIV), and 16 from extrapulmonary
TB (3 of them HIV-positive). The
extrapulmonary localizations comprised
disseminated TB (seven), pleural TB
(two), lymphatic (two), puncture (two),
pus abscess (one), bone (one) and
cutaneous (one). The patients had not yet
started the antituberculous treatment
when the serum samples were taken.
Eighteen serum samples from children
with a clinical diagnosis of tuberculosis
were also included in the study; for six
children, the illness was confirmed later
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by isolating M. tuberculosis from gastric
lavage or from respiratory specimens.

Control Subjects. One hundred and thirty-
six HIV-seronegative serum samples were
also included as negative controls (Table
1). Fifty of these were from non-TB
pneumonia patients. These diseases were
originated by Chlamydia  spp. (12 serum
samples), Coxiella burnetii (6), Legionella
pneumophila (11), Mycoplasma
pneumoniae (9 from adults and 4 from
children) and Streptococcus pneumoniae
(8). They were all PPD-negative.
Moreover, two sera samples were
included in this group from patients with
pulmonary mycobacterial diseases, one
produced by Mycobacterium kansasii
and the other by Mycobacterium xenopi.
The sera from these non-TB pneumonia
patients were obtained from the
Microbiology Service seroteca at the
HUGTiP.

Eighty-four sera were taken from healthy
controls: 44 of these were PPD-negative,
9 had been BCG-vaccinated in the past,
and 22 were PPD-positive (8 adults and
14 children). Three serum samples were
included from adults who had suffered
from TB more than five years prior to
sampling; they had received the standard
treatment for TB and had completed it
correctly. In addition, six sera were taken
from children upon termination of
standard treatment. These healthy control
sera were obtained from employees of
the HUGTiP, Ph.D. students, or were
collected from the Barcelona
Tuberculosis Prevention and Control
Programme. All sera were aliquoted and
stored at -40ºC until use.

ELISA glycolipids

For glycolipid isolation, a M. tuberculosis
clinical isolated strain (21) was grown for
6 weeks at 37ºC on Middlebrook 7H10
supplemented with OADC enrichment

(Difco Laboratories, Detroit, MI). DAT,
TAT, SL-I and CF were purified using
column chromatography as previously
described by us (20, 21). ELISA was
performed as we described (14). Briefly,
purified DAT, TAT, CF or SL-I (1,000 ng
each in 50 µl n-hexane/well) were coated
to the plates (Immulon I from Dynatech
Laboratories, USA). Sera were diluted in
blocking buffer at 1/400, 1/200 and 1/100
for measuring IgG, IgM and IgA
antibodies respectively. All points were
duplicated. Goat anti-human IgG, IgM,
and IgA alkaline phosphatase conjugates
(Southern Biotechnology Associates, Inc.,
Birmingham, Ala) at 1/3000 dilution in
blocking buffer were added. Absorbance
was determined at 405 nm with a
microtitre reader (ELx 800, Automated
Microplate Reader, Bio-Tech
Instruments, Inc.).

Data analysis

Final calculations were performed as
previously described (5) with slight
modifications. To correlate the data for
day-to-day variations, 3 titrated sera
having low, medium and high levels
(standards) and a blank (blocking buffer)
were included in each plate. A curve was
drawn for each plate and the comparison
of their slopes was carried out. If these
data were not satisfactory (slope below
98%) the plate was rejected. Moreover, to
detect non-specific absorption, wells
treated with solvent alone (i.e. without
any antigen) were included for each
serum tested and were used as a second
negative control. The values of tested
sera were corrected as follows: The
difference between absorbance of serum
and non-specific absorption (zero) was
taken and the mean value was calculated.
The normalized data were then
calculated to establish the corrected ∆405
values by using the curve of standards.
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Statistical treatment of results

Arithmetic means and standard deviations
(SD) from the mean were calculated for
corrected optical density (OD) values.
The cut-off points chosen were equal to
the means of the OD corrected readings
obtained with sera from all the healthy
individuals plus 3 SD for each antigen
and Ig. To adjust the cut-off value, we
selected the mean plus 2 SD measured in
the overall control population. The
significance of the difference between
means was calculated using the Mann-
Whitney U. Comparison among several
groups was made using the Kruskal-
Wallis analysis (11). Sensitivity and
specificity were calculated by standard
methods. All statistical tests were
conducted using SPSS for Windows
(version 9.0, SPSS, Chicago) statistical
software.

RESULTS

The demographic and clinical data of the
TB patients and controls studied are
shown in Table 1. There was no
statistically significant difference in the
mean ± SD age of TB patients and
control subjects (35.7 ± 22.1 versus 31.5 ±
23.5, respectively).

Mean and individual antibody levels

In TB adult patients, the mean values of
IgG and IgA antibodies to each of the
four glycolipid antigens tested were
significantly elevated (P<0.001),
compared with those obtained in the
overall control sera (healthy and non-TB
pneumonia) (Figure 1). Differences in the
IgM antibody levels were observed
between TB patients and overall controls
using DAT and TAT antigens, but not
using SL-I and CF antigens. For all the
antigens and Igs tested, no significant
differences were observed between the
mean values of the different groups of

healthy controls within each test.
However, the non-TB pneumonia
patients did show higher levels (P<0.001)
than the rest of the controls within each
test (Figure 1).

In the child group, no significant
differences were observed between the
OD mean values from TB patients and
overall controls for any antigen or
antibody assayed (P>0.05). Although only
four sera from children with non-TB
pneumonia were studied, the results are
higher than those from TB children in all
the tests.

Sensitivity and specificity

In Table 2 the reactivity of pulmonary
TB, extrapulmonary TB, smear positive
and smear negative samples are
represented. This table shows that higher
test sensitivities were obtained in smear
positive TB patients with respect to smear
negative, and in pulmonary TB with
respect to extrapulmonary TB (Table 2).
The highest test sensitivity was obtained
when detecting IgG antibodies against
the SL-I antigen (81%, with a specificity of
77.6%). Sensitivity values above 65%
were obtained with TAT/IgA (74.3%),
TAT/IgG (68.9%) and SL-I/IgA (66.2%)
tests. The SL-I/IgG test was the most
efficient for detecting smear negative TB
cases. Among healthy adult subjects, only
one or two serum samples out of 64
were positive for some of the tests, so
test specificities between 96.8% and 100%
were obtained. However, these
percentages drop in non-TB pneumonia
patients. Around 50% of non-TB
pneumonia patients reacted to the SL-
I/IgG, TAT/IgG, and TAT/IgA tests (Table
2). On the other hand only 29% of these
patients reacted to SL-I/IgA. Taking this
control population (non-TB pneumonia
patients) into account, the SL-I/IgA was
the most specific test (87.5%, with a
sensitivity of 66.2%).
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A test sensitivity of 58.1% with a
specificity of 90.1% were obtained when
detecting both IgG and IgA antibodies
(i.e. the presence of both antibodies)
against SL-I. One way to improve the
results obtained consists of adjusting the
cut-off. In our case, test sensitivity and
specificity values of 67.56% and 93.75%,
respectively, were achieved by adjusting
it for SL-I/IgA and IgG tests and
combining them.

Test sensitivities lower than 25% were
obtained in all the tests when detecting
IgM antibodies in adult patients. With
respect to child TB, very low sensitivity
values were obtained in all tests
(between 0% to 22.2%) (data not shown).
Even using a different cut-off from that
selected, it is not possible to discriminate
between true and false positives in any
test.

DISCUSSION

To determine the best test for potential
use in TB serodiagnosis, we have
accurately analyzed the complete
antibody response to each one of these
antigenic molecules: DAT, TAT, SL-I, and
CF, using a wide population.

The results obtained both in the child
group and when detecting IgM
antibodies in adult sera are particularly
bleak. In child populations few studies
have been carried out throughout the
history of TB serodiagnosis. In general,
the observed humoral response is lower
than with adult patients (3, 8, 26 and
present results), and no differences
between infected and ill children have
been reported (26, 27, and current work).
Thus, no antigen tested would seem to
be useful as a diagnostic tool in child TB
patients. In the case of IgM detection in
adults, these discouraging results (Table
2) have already been described for three

of the four glycolipids (DAT, SL-I, and
CF) (6, 19), and for purified
proteinaceous antigens (28).

The best results were obtained when
detecting IgG and IgA in adult TB
patients. IgG was comparatively more
reactive in giving the highest absorbance
values and highest sensitivities (Figure 1
and Table 2), whereas IgA was found to
be more specific. Among the antigens,
SL-I showed the best relation between
test sensitivity and specificity: 81% and
77.6% respectively for IgG, and 66.2%
and 87.5% for IgA. Despite it being an
exclusive antigen to the M. tuberculosis
virulent strains (7), there are only two
previous serological evaluations detecting
IgG and IgM antibodies against SL-I (6,
23). Like us, Cruaud et al. (6) found that
the reaction of sera from TB patients was
significantly higher than that from healthy
controls when detecting IgG antibodies
to SL-I, and that IgM reactivity was
negligible. However, we achieved a test
sensitivity of 81% in contrast to only 33%
reported by these authors. We think this
is due to differences in the ELISA
procedure, specifically the low quantity
of antigen used by them (only 100 ng per
well), while we found 1,000 ng per well
for SL-I to be an optimum coating (14).
The results obtained by Rojas-Espinosa et
al. (23) are discrepant in the sense that
they found a high reactivity for the IgM
detection.
IgA was not tested either in these
previous serological studies using SL-I or
in the other studies using the other
glycolipids. We show, for the first time,
that adult TB patients have a specific IgA
response against these glycolipids. In
comparison with the IgG, IgA is less
sensitive but its attractiveness lies in that
it is more specific. Thus, by combining
the detection of IgA and IgG antibodies
against SL-I, and adjusting the cut-off
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value, we have achieved the best relation
between sensitivity (67.5%) and
specificity (93.7%).

With both Igs, elevated test specificity
values were obtained in the healthy
control group (between 96 and 100%);
nevertheless it drops dramatically when
sera from patients with non-TB
pneumonia are considered. We have
observed that this fact is a constant in TB
serological studies. Reports showing high
test specificities (90% and 95%) studied
few samples belonging to non-TB
pneumonia patients (1, 2). When the
same test was carried out with a larger
number of non-TB pneumonia patients,
the specificity went down markedly (4,
15). The evaluation of new tests using
mainly healthy subjects, and few (if any)
patients infected by other agents is one of
the common defects in TB serology
studies (30). Unquestionably the inclusion
of this population is crucial for clinical
evaluation of new tests since they are
susceptible of being confused with TB
patients. For this reason we have
included a large number (38.2% with
respect to overall controls) of non-TB
pneumonia patients in the current study.

We think that three strategies could be
used to improve the specificity of TB
serodiagnosis. First, by always using the
specific antigens present only in M.
tuberculosis; second, by avoing possible
antigen contamination during the
purification process and third, by
preabsorbing the sera with mycobacteria
other than M. tuberculosis, with other
bacteria, or with molecules that share
epitopes with the specific antigens. Very
few studies (16) analyze the efficacy of
absorbents in diminishing the cross-
reactions and it would be very interesting
to go into this by testing a wide range of
absorbents.

Nowadays, it has been clearly accepted

that TB patients produce antibodies
against more than one antigen (18) and
consequently a wide spectrum of
humoral responses exists in these
patients. Thus, some authors (12) and
ourselves propound the combination of
specific purified antigens to increase the
sensitivity of serodiagnosis. In this way
SL-I, combined with other specific
antigens, could be a useful antigen to be
included in a TB serodiagnostic test.
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FIGURE 1. Results of the ELISA glycolipids in sera from adult subjects.

Individual absorbance values for each test. Each dot indicates an individual serum
sample. The dotted line indicates cut-off values above which a test is positive: mean +
3SD healthy population values.

Pulm. TB: pulmonary TB; Extra TB: extrapulmonary TB; PPD-: healthy PPD-negative;
PPD+: healthy PPD-positive; Vaccin: healthy vaccinated; Healed: healthy healed;
Mycob: other mycobacterial diseases; and Other resp dis: other respiratory diseases.
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ABSTRACT

The combination of several specific antigens has been proposed to improve the
tuberculosis (TB) serodiagnosis tests. To date the comparison of antibody responses in
the same population has been carried out using only proteinaceous antigens. In this
study were compared the presence of Immunoglobulin G, IgM and IgA antibodies to
Mycobacterium tuberculosis glycolipids (sulpholipid-I, diacylthrealoses, triacylthrealoses
and cord-factor) with the response to the 38kDa antigen. Fifty-two sera from TB
patients and 83 from control individuals (48 healthy and 35 non-TB pneumonia
patients) were studied. The results showed three relevant facts. (1) More TB patients
reacted to glycolipids than to protein-based tests. In 24 of the 29 smear-positive
pulmonary TB patients, IgG and IgA antibodies were detected to one glycolipid at
least; however, only 16 sera reacted to protein-based tests. (2) Glycolipid-based tests
are more specific than proteins. Only one control subject showed IgAs to a glycolipid
out of the 15 that reacted to some of the tests. (3) Finally, test sensitivity is improved
(from 23% to 62%) when the glycolipids studied here are used together with specific
proteins and IgG and IgA antibodies are detected.

INTRODUCTION

Serodiagnosis has been considered the

Holy Grail of tuberculosis (TB)
diagnosis research. A serological test
would be the ideal method for
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worldwide implantation due to its low
cost and simplicity. It should possess
sensitivity values over 80% and test
specificity over 95% to substitute gold
standard culture, following the
recommendations of the World Health
Organization [1]. Nowadays there is no
test with these features, despite the fact
that researchers have been looking for
one for more than 100 years.

The TB serodiagnosis history started in
1898 when Argoing and Courmant
agglutinated antibodies from TB patient
sera [2]. Since the introduction of the
enzyme-linked immunosorbent assay
(ELISA) in the 70s, several authors have
been trying to find an optimum antigen.
Semi-purified antigens such as purified
protein derivative (PPD), A60 or Kp90
have been used. Purified antigens, both
proteins and glycolipids (e.g. the antigen
5 (38kDa protein) or the
lipoarabinomanan (LAM)), have also
been assayed. However, no test showed
sufficiently high sensitivity and specificity
values for diagnosing purposes [3-8]. The
third assay generation was originated
with the introduction of recombinant
proteins, but none of these new tests
achieved good test diagnostic
characteristics either [8-10].

Nowadays, it has been clearly accepted
that a patient produces antibodies to
more than one antigen [11-14]. A wide
spectrum of humoral responses exists in
TB patients, in terms of the disease stage,
the immunological patient background,
the antituberculous therapy, and/or the
differential gene expression of different
strains of Mycobacterium tuberculosis
[11]. Thus, some authors suggest the
combination of specific purified antigens
for TB serodiagnosis [15]. It seems
unquestionable that the only way to
evaluate combinations of antigens is to
analyze the presence of antibodies

against them in parallel, using the same
population [9, 12, 16, 17]. However, all
previous studies simultaneously
analyzing the response to several
antigens, were made using purified
proteins alone and detecting IgG
antibodies [11-14, 16, 17]. To our
knowledge, there is no research which
comparatively studies the complete
pattern of antibody responses against
purified proteinaceous and glycolipidic
antigens in the same population.

In the current work we have analyzed
the IgG, IgM and IgA antibody response
to proteinaceous antigens (38kDa and
16kDa), using commercially available
PATHOZYME kits, in parallel to
glycolipids (diacyltrehaloses (DAT),
triacyltrehaloses (TAT), sulpholipid (SL-
I) and cord factor (CF)), purified from
M. tuberculosis by ourselves and using
an in-house ELISA test [18].

MATERIAL AND METHODS

SERA PATIENTS

Tuberculous patients

Fifty-two serum samples taken from
Human Immunodeficiency Virus (HIV)-
negative persons, aged between 19 and
87, were studied. All these patients had
been admitted to the Hospital
Universitari Germans Trias i Pujol
(HUGTiP) in Barcelona (Spain), and
were clinically diagnosed as suffering
from TB, which was subsequently
confirmed bacteriologically by isolation
of tuberculous bacillus in cultures:
Löwenstein-Jensen and the
nonradiometric MB/Bact system
(Organon Teknika, Durham, NC). Forty
serum samples were from patients
suffering from pulmonary TB, and 12
from extrapulmonary TB. The
extrapulmonary localizations comprised
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disseminated TB (three), lymphatic (two),
puncture (two), pleural (two), pus
abscess (one), bone (one) and cutaneous
(one). The patients had not yet started
the antituberculous treatment when the
serum samples were taken.

CONTROL SUBJECTS

Eighty-three HIV-seronegative serum
samples (aged from 20 to 80) were
included as negative controls. Thirty-five
of these samples were from patients
suffering from pneumonia other than TB.
These diseases were originated by
Streptococcus pneumoniae (6 serum
samples), Coxiella burnetii (6),
Chlamydia spp. (8), Mycoplasma
pneumoniae (8) and Legionella
pneumophila (7). All of them were PPD-
negative. Sera from these patients were
obtained from the Microbiology Service
seroteca at the HUGTiP. Forty-eight sera
were taken from healthy adults. Eight of
these had been BCG-vaccinated in the
past, eight were PPD-positive, and
twenty-nine were PPD-negative at the
time the serum samples were taken.
Three samples were from persons who
had suffered from TB more than five
years previously, and who had received
and completed the standard TB
treatment. Healthy control sera were
obtained from employees of the HUGTiP,
Ph.D. students at the Universitat
Autònoma de Barcelona and from the
Barcelona Tuberculosis Prevention and
Control Program. All sera were collected
and stored at -40ºC until use.

SEROLOGICAL TESTS

ELISA with glycolipids

The glycolipidic antigens were purified
from an M. tuberculosis clinical isolate as
described previously [19, 20]. The
glycolipidic fraction was extracted from

M. tuberculosis cells using a mixture of
chloroform and methanol, and
individual glycolipids were purified
using silica-gel column
chromatography. ELISA was performed
as described by us [18]. Briefly,
microtiter plates (Immulon I from
Dynex Technologies, Inc., Chantilly,
VA) were coated with purified DAT,
TAT, SL-I or CF (1,000 ng each in 50 µl
n-hexane/well). Sera were diluted at
1/400, 1/200 and 1/100 in blocking
agent and added in duplicate to wells,
for measuring IgG, IgM and IgA
antibodies, respectively. Specific IgG,
IgM and IgA conjugates marked with
alkaline phosphatase (Southern
Biotechnology Associated, Inc.,
Birmingham, AL) at a 1/3000 dilution in
blocking agent were used. Absorbance
was determined at 405 nm with a
microtiter reader (ELx 800, Automated
Microplate Reader, Bio-Tech
Instruments®, Inc.).

ELISA kits

Four commercially available tests were
used: the PATHOZYME-TB complex kit
and the individual PATHOZYME-MYCO
IgG, IgM and IgA kits (Omega
Diagnostics, Alloa, Scotland, UK). All
these tests use one compound basically,
the 38kDa antigen, which is obtained
by recombinant technology. In the
PATHOZYME-TB complex test the
38kDa is mixed with the 16kDa
recombinant protein, and in the
PATHOZYME-MYCO tests it is mixed
with the LAM antigen. The tests were
performed according to the
manufacturer’s instructions.

Data analysis

For the ELISA using glycolipids, the data
analysis was performed as follows. To
correlate the data for day-to-day
variations, three titrated sera (standards)
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and a blank (blocking buffer alone) were
included in each plate. A curve was
drawn on each plate and the comparison
of their slopes was carried out. If these
data were not satisfactory (slope below
98%) the plate was rejected. The
difference between absorbance of serum
and non-specific absorption (wells treated
with solvent alone included for each
serum tested) was noted and the mean
value was calculated. The normalized
data were then calculated to establish the
corrected ∆405 values by using the curve
of standards.

The cut-off was chosen as the mean plus
3 standard deviation (SD) of the corrected
optical density (OD) values obtained
from the healthy population. For each
test a second cut-off was chosen (mean
plus 6 SD, as shown in Table 1) in order
to distinguish the highest reactivities [11,
21].

The serum samples and the positive,
negative, and cut-off controls included in
the kits were tested in duplicate. For the
IgG and IgA kits all results are expressed
in serounits (U) of specific IgG or IgA/ml
which are read from a semi-logarithmic
reference curve, prepared with standard
solutions included in the kit. For the IgM
test the low positive control was used for
the interpretation of the results. The
calculation of cut-off values was carried
out according to the recommendations of
the manufacturer (Table 2).

RESULTS

Data from antibody responses to different
antigens were expressed as negative, low
and high positive results, according to the
different cut-off values described in the
Material and Methods Section (Table 1
and 2). All the results obtained in each
test either with glycolipidic or
proteinaceous antigens are shown in

Table 3.

Sera reactivity

To compare the results of TB patients,
we chose the most specific antigens by
selecting the highest cut-off values
(Table 1 and 2). We discarded the tests
that provided more than 6 control sera
with high values (Table 3). The selected
tests had a global specificity value of at
least 92.7%. The eliminated tests were
TAT/IgG, SL-I/IgG, DAT/IgA and
TAT/IgA. Finally, for comparative
purposes, we excluded all the tests
based on IgM response since a high
IgM antibody response was observed in
very few TB patients (Table 3).

Antibody pattern

Using the selected tests we analyzed the
antibody response pattern as shown in
Tables 4, 5, and 6. In Table 4, a
distinction is made between smear-
positive and negative TB pulmonary
patients. The results showed that 24
sera from the 29 smear-positive TB
pulmonary patients reacted to at least
one of the glycolipidic antigens: 6 had
only IgG antibodies, 9 showed only IgA
antibodies, and 9 showed both IgG and
IgA antibodies to glycolipids. However,
only 16 sera from these patients reacted
to proteins: 10 sera presented only IgG
antibodies, one serum IgAs, and 5 sera
showed both IgG and IgA antibodies.
In the case of 11 smear-negative TB
pulmonary patients, only four reacted:
all four to the SL-I/IgA test, three to the
CF/IgA test and one to the CF/IgG.

Only three sera from the twelve
extrapulmonary TB patients showed
antibodies to proteins or glycolipids. In
this group, only one serum belonging
to a patient suffering from disseminated
TB showed antibodies to six different
tests (Table 4).

With respect to controls, no sera from
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healthy subjects reacted against
glycolipidic antigens, although three of
them showed antibodies to proteins
(Table 5). With reference to sera from
patients affected with non-TB
pneumonia, the IgA tests were the most
specific, and only two sera reacted.
However, tests based on IgG antibody
detection were more unspecific: ten
different sera reacted to the four different
tests. In this case no reacting sera showed
antibodies to more than one antigen
(Table 6).

Combinations of different tests

Considering the seven different tests, 26
of the 29 smear-positive TB pulmonary
patients reacted to at least one test (Table
4): 10 sera reacted only to glycolipids,
two sera only to proteins, and 14 sera to
both types of antigens. Thirty of the 40
pulmonary TB patients showed
antibodies to at least one test, showing a
sensitivity value of 75%, however, the
highest sensitivity obtained with an
individual test was 50% (SL-I/IgA).

Combining the results, we observed that
14 different control sera showed IgG or
IgA antibodies to different antigens. Only
one serum from a patient affected with
pneumonia originated by Streptococcus
pneumoniae showed IgG and IgA
antibodies against two different antigens
(Table 6). In general, 69 sera from the 83
controls did not show any response to
mycobacterial antigens (a specificity value
of 83.1%).

If the most unspecific test is not
considered (38kDa + 16kDa/IgG), the
overall test sensitivity is not lowered
because the sera which reacted to 38kDa
+ 16kDa also reacted against the other
tests. Thus, considering all the other tests
together, the overall test specificity
increased to 90.3%: 95.8% in healthy
controls (Table 5), and 82.8% in non-TB

pneumonia patients (Table 6).

DISCUSSION

We report here the antibody pattern
obtained against four glycolipids from
the M. tuberculosis cell wall and,
simultaneously, against four
commercially available tests based on
the 38kDa antigen, using 135 serum
specimens. Our results show a very
heterogeneous antibody response in TB
patients (Table 4). The majority of
smear-positive pulmonary TB patients
reacted to three or more different tests.
Comparatively, the response was
considerably reduced in smear-negative
patients and extrapulmonary TB
patients. In this latter group, one patient
(number 83, Table 4) was the
exception, reacting to 6 different tests.
This patient had disseminated TB. Thus,
in this study we found a clear
relationship between the capacity to
recognize a greater variety of antigens
and the bacterial load in TB patients.
Previous studies analyzing IgG
antibodies to culture filtrate proteins
showed that smear-positive pulmonary
TB patients recognize more
proteinaceous antigens than smear-
negative TB patients [14, 22, 23].
Interestingly, we have found the same
behavior in TB patients with respect to
glycolipids.

One of the most attractive results of this
comparative study has been that TB
patients reacted more to glycolipids
than to proteins (Table 4). Twenty-four
of the 29 smear-positive pulmonary TB
patients had IgG or IgA antibodies to at
least one of the glycolipidic antigens.
However only 16 of them reacted to
proteins. In the most problematic cases
to diagnose, smear-negative pulmonary
TB patients (11 cases) and
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extrapulmonary forms (12 cases), 7
patients reacted against glycolipids and
only one to proteins. Regarding the
controls, no sera from healthy subjects
showed anti-glycolipid antibodies, but
three showed antibodies to the IgG or
IgA tests based on the 38kDa protein.
Thus, the glycolipids studied here
provide higher test sensitivity and
specificity values than the test based on
the 38kDa antigen.

For this comparative study we chose the
38kDa antigen (initially named antigen 5)
because it is the most studied antigen for
TB serodiagnosis, and it is easily available
in commercial tests. The previous studies
that used this antigen coincide with the
high test specificity reported (between
88% and 100%). However, test sensitivity
varies widely among the different reports:
from 36 to 89% for smear-positive TB
patients, from 16% to 54% for smear-
negative, and between 12-56% for
extrapulmonary TB patients [3, 4, 6, 11,
24]. Furthermore, in studies distinguishing
between smear-positive and smear-
negative pulmonary TB patients,
antibodies to the 38kDa antigen were
detected only from patients with sputum
smear-positive for TB [14]. This
observation is in agreement with our
results since we did not find any smear-
negative pulmonary TB patient who
reacted to this antigen. Thus, it seems
that antibodies to 38kDa are not
produced in the early stages of TB
disease and consequently that it is not a
good antigen for detecting the most
problematic smear-negative cases. In
view of this fact, the 38kDa antigen has
been combined with other proteins in
order to increase its test sensitivity.
Combining it with MTB48, a test
sensitivity of 56.3% has been achieved (a
gain of 12.9%) [16]; mixed with Mtb81,
68% of the TB patients analyzed reacted

[17]; or mixed with rCFP-10, antibody
detection increased from 49% to 58% in
smear-positive TB patients, and from
21% to 40% in smear-negative [25]. In
this work we used two commercially
available tests, the first combined the
38kDa antigen with the 16kDa antigen,
and the second combined it with LAM,
a lipopolysaccharide present in all
mycobacteria, obtaining overall test
sensitivities of 19% and 23%,
respectively, when detecting IgG
antibodies. None of these mixtures have
yet attained enough sensitivity to
diagnose TB.

Concerning glycolipids, we chose the
most studied specific from M.
tuberculosis. SL-I, DAT and TAT are
antigenic glycolipids exposed on the
surface of M. tuberculosis [26]. SL-I is
exclusive to M. tuberculosis, and DAT
and TAT are only present in M.
tuberculosis and M. fortuitum . CF is
located in dipper cell wall layers and is
present in all mycobacteria, but it has a
similar structure to the other three.
Previous studies analyzing the
serodiagnostic power of these antigens
found significantly higher antibody titers
in TB patients with respect to the
control group, although the sensitivities
and specificities reported varied widely
among the different studies [18]. As we
discussed above we found that more
TB patients (both smear-positive and
smear-negative) reacted to these
glycolipids than to the 38kDa protein-
based tests. Surprisingly, six of the
seven sera from smear-negative patients
that reacted only did so to glycolipids.
The data indicate that IgA detection
identifies more smear-negative
pulmonary TB patients than does IgG
detection (Table 4): among the four that
reacted, IgA was detected in all of
them, whereas IgG was detected in
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only one patient. Furthermore IgA was
more specific than IgG when glycolipids
were detected. Out of the 15 control
subjects that reacted to some tests, only
one reacted to IgA detecting one
glycolipid (SL-I/IgA).

The response to the most specific
glycolipid could complement the
antibody response to protein-based tests:
combining SL-I/IgA and 38kDa+LAM/IgG
tests, a test sensitivity of 62% in
pulmonary TB patients has been
achieved, with an overall test specificity
of 96.3%. This supposes a gain of 12%
and 32% respectively with respect to both
tests.

Our data show that the glycolipidic
antigens studied in this work induce a
higher IgG and IgA humoral response
than the 38kDa protein in TB patients
who have not yet started the
antituberculous treatment. However,
neither the glycolipidic nor the
proteinaceous antigens used in this study
are useful for routine diagnostic
application by themselves. The test
sensitivity values improve using these
glycolipids together with specific proteins
and detecting IgG and IgA antibodies,
but neither are good for diagnosing
purposes.

We therefore conclude that it is necessary
to find other specific antigens, or a
combination of antigens, useful
fundamentally for the diagnosis of smear-
negative patients, since the majority of
them did not react against the antigens
studied here, and in general against the
known antigens tested to date.
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Table 1.  Cut-off values chosen for the glycolipid tests.

ResultELISA

glycolipids Negative* Low** High***

DAT/IgG < 0.352 0.352 - 0.623 > 0.623

TAT/IgG < 0.141 0.141 - 0.243 > 0.243

SL-I/IgG < 0.111 0.111 - 0.189 > 0.189

CF/IgG < 0.130 0.130 - 0.214 > 0.214

DAT/IgA < 0.115 0.115 - 0.194 > 0.194

TAT/IgA < 0.063 0.063 - 0.113 > 0.113

SL-I/IgA < 0.099 0.099 - 0.171 > 0.171

CF/IgA < 0.103 0.103 - 0.179 > 0.179

DAT/IgM < 0.572 0.572 - 0.990 > 0.990

TAT/IgM < 0.149 0.149 - 0.256 > 0.256

SL-I/IgM < 0.168 0.168 - 0.292 > 0.292

CF/IgM < 0.331 0.331 - 0.561 > 0.561

* A negative result is considered when a corrected OD value is lower than the mean plus 3
SD from healthy donors in each test

** a low positive is between the mean plus 3 SD and 6 SD from healthy donors

*** a high positive is greater than the mean plus 6 SD.

Table 2.  Cut-off values chosen for the PATHOZYME tests.

PATHOZYME testsResult

38kDa+16k

Da IgG

38kDa+LAM

IgG

38kDa+LAM

IgA

38kDa+LAM IgM

Negative < 200 < 400 < 300 < OD low positive
control

Low positive 200 to 450 400 to 900 300 to 600 OD low positive control
to OD low positive

control x 1.5

High
Positive

> 450 > 900 > 600 > OD low positive
control x 1.5

Data were expressed in serounits according to the standard curve provided by the
manufacturer, for IgG and IgA tests.

38kDa+16kDa PATHOZYME Complex plus test; 38kDa+LAM, PATHOZYME-MYCO test.
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D. Conclusions

1. El protocol d’immunoassaig en suport de plàstic que hem trobat idoni per
a l’ús de DAT, TAT, SL-I, CF i PGL de la paret de M. tuberculosis inclou
una quantitat de 1.000 ng d’antigen dissolt en hexà i la no-utilització del
detergent Tween 20.

2. La utilització del detergent Tween 20 en l’enzim immunoassaig amb
antígens glicolipídics comporta una davallada de la sensibilitat en el cas
de les DAT, TAT, SL-I i PGL, no així amb el CF. La incubació dels diferents
reactius diluïts amb tampó més detergent, o la seva utilització en els
rentats, determina que l’antigen es pugui desenganxar del suport de
plàstic.

3. La inclusió d’una població de control formada per individus afectes
d’altres infeccions respiratòries és indispensable per a l’avaluació dels
nous tests serodiagnòstics per a la TB. La utilització únicament d’individus
sans com a controls proporciona dades esbiaxades sobre la seva utilitat.

4. La resposta d’IgG enfront del LAM en individus amb una TB reincident és
més elevada que la que s’obté en individus amb una nova TB.

5. Els malalts amb una TB reincident cal prendre’ls en consideració a l’hora
d’avaluar un test de serodiagnòstic, a causa de la diferència de producció
d’anticossos enfront dels casos de nova TB.

6. Cap dels nou tests comercialment disponibles avaluats (MycoDotTM,
Tuberculosis IgA test, ANDA-TB o Pathozyme) té una capacitat
serodiagnòstica adient per a ser utilitzat en el nostre entorn. El més
específic ha estat el test MycoDotTM, amb un 100% d’especificitat però amb
una sensibilitat del 18,5%.

7. Tot i que alguns dels dotze tests basats en antígens glicolipídics han
presentat millors resultats d’especificitat que els tests comercialitzats
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(Tuberculosis IgA test, ANDA-TB o Pathozyme), cap d’ells ha mostrat
suficient criteri de discriminació entre la població de control i la
tuberculosa com per a ser utilitzat per sí mateix com a eina diagnòstica.

8. La pre-absorció de les IgG dels sèrums prèviament a la detecció tant d’IgM
com d’IgA no millora la sensibilitat dels tests basats en antígens
glicolipídics.

9. Els resultats de sensibilitat obtinguts en el grup de nens amb TB són molt
baixos (inferiors al 20%) per a qualsevol dels antígens i de les
immunoglobulines assajats. Ni els antígens glicolipídics ni l’antigen Kp-90
son útils per al diagnòstic de la TB infantil.

10. La detecció d’anticossos IgM enfront dels antígens glicolípidics de la paret
de M. tuberculosis no té utilitat serodiagnòstica.

11. La resposta IgA enfront dels glicolípids basats en una molècula de trealosa
és més específica que per a la resta d’antígens avaluats (Kp-90, A60 i la
proteïna 38 kDa) i les immunoglobulines assajades. Els tests MycoDotTM i
SL-I/IgA han resultat ser els més específics dels vint-i-un tests avaluats.

12. La detecció d’anticossos enfront de diferents antígens de diferent
naturalesa bioquímica millora la sensibilitat del test. La combinació del test
SL-I/IgA amb tests basats en la proteïna 38 kDa proporciona un increment
de la sensibilitat (del 62%) alhora que manté una especificitat elevada (del
96,3%).
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G. Agraïments

Bé, arribats a aquest punt.... per fi!, em resta un dels apartats més importants de la
feina: agrair als qui directa o indirectament han contribuït a que la pugués dur a
terme.

L’haver treballat en el món de la tuberculosi pot ser una de les coses més
interessants que poden passar-li a qualsevol principiant de científic. Et penses que
malgrat aquesta malaltia porti fins 4.000 anys amb nosaltres, i més de 100 anys els
científics tractant de tu a tu al bacil, ... arribaràs tu i ho solucionaràs tot. Però només
cal trobar-se a una jefa com la Marina per a adonar-te de que això no és el que et
penses. Primer m’inculcà el “...no t'has de creure res del que llegeixes, res del que et
diuen i només una petita part del que veus” us enrecordeu a la tesina?, doncs
després de conviure dia a dia més de set anys amb ella (!!!), encara he aprés més
coses ... Tot i el seu escepticisme i fer-te creure fins el final el que fas per a
demostrar-li a ella, és de les poques persones que he vist emocionar-se i mostrar
humanitat en aquest món de la recerca, malgrat que “estem aquí només per a
divertir-nos”. Així, hi ha molts moments que no podré oblidar mai, com veure-la
totalment cagada (gairebé diria que més que jo) abans de sortir a xerrar a Berlin, la
cara girada quan li han tombat un projecte o un article, la celebració absolutament
sempre dels petits “èxits” amb cava, ... diria que m’ha semblat més un company de
laboratori que un “jefa”. Gràcies per tot. Em penso que ets de les poques persones
que ha patit i sap valorar el que ha costat aquesta tesi.

Després de la Marina, el Manolo és amb qui més he conviscut al lab, els primers 4
anys i, fins i tot, una reentré que va fer d’un any amb la que va ser capaç de regirar
de nou el ritme del laboratori. Ell em va ensenyar a tenir paciència amb els
micobacteris, a fer columnes, a fer plaques de cromatografia de tota mena, ... a
com tractar a les cambreres de Can Ruti, a les del Quiñonero, quin és el millor lloc
del congelador per a guardar els gelats, com pot arribar a estar de bó un pastís de
xocolata, etc, etc, etc. Gracias por todo Manolo!

Els que estan heretant tot això ara són el Pep i la Mercè. Quan treballes amb el Pep
t’encomanes d’un esperit científic perfeccionista horrorós però amb el que aprens
un munt. Malgrat potser sí és una mica-massa pessimista, és un plaer poder
comptar amb ell al lab, només cal demanar-li ajut i sempre està disposat. La Mercè:
Hola què taaal!!!! És més distesa.. però tot i que sembla que passa de tot, no és
així... ja us ho dic jo!: ho viu!; encara recordo el dia que ens vam posar a saltar al
lab perquè veiem el CF a la CCF, després del rentat amb Tween. A tots dos us vull
donar gràcies primer per haver estat capaços de llegir-vos i corregir-me tota la tesi!,
i a més dornar-vos les gràcies pel que hem compartit, per la complicitat, i
recomanar-vos molta molta paciència i empenta en les vostres respectives tesis. Ja
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sabeu que si hem passeu un manuscrit jo us el corregeixo, eh?. Els darrers anys
també hem conviscut al laboratori amb el Carlos Yesid al qui dessitjo molta sort en
la seva tesi, i darrerament amb la Núria que tot just comença ara.

Quan vaig arribar a la UAB em vaig trobar tot un grapat de tesinandos amb els que
vaig compartir moltes hores de menjador i una bona convivència. Amb ells em vaig
introduir en el món submarí, en les classes de salsa, en les festes mexicanes, ... A
tots ells: l’Esther, l’Albert, el Chechi, l’Anna, el Chapi, el Calin, el David, la Nathalie,
el Sebi, la Laura, el Rodri, l’Emilio, la Teresa, l’Olga, i el Francesc, que han anat
seguint diferents camins, els agraeixo tots els moments viscuts, l’ajut quan ha calgut
i la seva amistat que espero que es mantingui molts anys. Faig extensiu aquest
agraïment a les noves generacions (potser ja no tan noves...), els “nens” de l’Isidre:
la Irma i l’Ignasi per ajudar-me sempre que ho he necessitat, per les correccions
d’anglès, per avisar-me sempre que venien els bascos de Burdinola, en fi: per
tractar-me tant bé. Igual que a la Mercé i al Pep, us dessitjo sort en les vostres tesis,
que ja veureu com tard o d’hora arribaran; a més, tinc entés que això de les RNR és
molt interessant i hi ha molta feina per fer.

Per una altra banda, he de donar les gràcies a tota la gent amb la que durant els
darrers quatre anys he compartit la dificil feina de sobreviure donant pràctiques.
Agrair la feina de la senyora Virginia, a més de tots els consells rebuts i xerrades
compartides, i de la Lidia que, a més, ha estat capaç de soportar la correcció de la
mega-bibliografia d’aquesta tesi. A les secres, la Conchi i la Júlia, per estar
disposades sempre a ajudar-me encara que estiguin fins al sostre de feina, i a la
Elisa per la seva complicitat. I agrair a la Silvia i la Mª José de Genètica per la
paciència quan les he atabalat a preguntes de la tesi.

Tampoc hagués pogut realitzar la feina tots aquests anys sense l’ajut d’un munt de
persones que desinteressadament s’han preocupat i col·laborat en els diferents
petits projectes. Primer de tot li he d’agrair a la gent del Servei de Microbiologia de
Can Ruti el seu ajut. Amb ells vaig conviure els primers mesos abans de treslladar-
nos a la UAB, i posteriorment han estat continues les meves trucades demanant
coses.... He d’agrair la seva disponibilitat al Jose, el Joan Lonca, l’Eduardo, o el
PereJoan que sempre responen amablement a les meves comandes!!. Al Manterola
que em va ajudar molt al congrés de la SEIMC a Barcelona. Però sobretot he
d’agrair el seu ajut al Vicenç i a la Lurdes, al començament en la recollida de tots
els sèrums i posteriorment en l’assessorament al llarg d’aquests darrers anys.

Igualment agrair al Dr. Alcaide per l’ajut en la recollida de la resta de sèrums. I a les
infermeres del Dispensari de la UAB per la paciència i eficiència amb tots els
voluntaris que els vam portar.

A la Paz Martínez i al Joanjo del laboratori d’immunologia de l’IBB per introduir-me
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en el món dels ELISAs i col·laborar en la posada en marxar d’aquesta tesi.
Igualment, a l’inici d’aquest projecte vam rebre el suport econòmic i l’assessorament
tècnic de l’empresa Biokit, S.A.; he d’agrair en especial la col·laboració i l’interés de
l’Angels Díaz, l’Angels Mor, i el Joaquin Ortiz. Al Xavi Carbo del laboratori de Micro
de l’IBB per intentar fer-me entendre els problemes informàtics i resoldre-me’ls
sempre!. I a tota la gent del laboratori de micro, de biologia molecular i
d’immunologia de l’IBB pel suministrament de tot el què he necessitat urgentment i
no arribava mai: BSA, substrate per la fosfatasa, plaques d’ELISA, ... fins i tot es van
prestar a donar-me la seva pròpia sang! Gràcies a tots.

Agrair al Gabinet de Llengua Catalana de la UAB l’acurada correcció d’aquesta tesi.
I moltes mercès també a la Carol, l’Ian i el Pompeu pel seu ajut amb el meu
catanglish.

A part de tota la gent relacionada amb la part “científica”, no hagués pogut dur a
terme aquesta tesi sense els que m’han permés la necessària desconexió. Aquí he
d’incloure un munt de persones diferents. Els “de Badalona”: la Maica, la Montse,
els Alberts, les Martas, els Davids, la Lidia, la Gemma, la Mireia, el Xavi, i el Joan
amb el que he compartit molts viatges i “aventures”. Als de la facultat (el Xaus,
l’Eva, la Marina, la Conxi i el Josep) amb els que sortosament hem aconseguit no
parlar de biologia. Als de Sabadell (el Gregor, el Jose, el Juan Ramon, el César, el
David de Terrassa, i el David i la Teresa) per adoptar-me dins el seu grupet i saber-
me aconsellar (sobretot el César). A l’Andrés, la Mònica, el Xavi Serra i la Teresa (la
basca). A la Sònia, la Mariví (que fins i tot s’han vist indirectament implicades en la
part científica d’aquesta tesi), la Susana i la Yolanda per la seva amistat. I als de
Cubla per ser-hi sempre on són, i recordar-me sempre que no només Teruel existe
sinó que Cubla también existe.

Bé, arribant al final em queda el més important.... sense els que no hagués pogut
fer res: la meva família i l’Eddi. Agrair a l’Eulàlia i al Pedro acollir-me tan bé. Als
meus pares els he d’agrair profundament gairebé tot: la paciència, la preocupació,
la comprensió que m’han demostrat sempre en totes les decisions que he anat
prenent i la seva estima. I al Simón i a la Bàrbara la seva complicitat, i el preocupar-
se de mantenir la relació que tenim malgrat estigui a trenta kilómetres.

I l’Eddi?? Doncs tot: primer per ser l’altra persona que sap el que ha costat tot això,
per entendre-ho i ajudar-me al llarg de tots aquests anys (crec que saps tan de
serologia de TB com jo), per la paciència (la molta paciència) i els consells. Per
transmetre’m la teva fortalesa i seguretat, pel teu somriure, pel dia a dia, per
ensenyar-me a veure el cel més blau, en fi per estimar-me com m’estimes. Per tot
això i més vull dedicar-te aquesta tesi.

Qui ho anava a dir, eh?


