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The tuberculin skin test is currently the only accepted
immunological diagnostic tool available to detect infec-
tion with Mycobacterium tuberculosis. Immunological
diagnosis of active tuberculosis (TB) in childhood is
essential, since chest X-ray findings are less characteris-
tic than in adults and as many as 60%-70% of cases
remain culture-negative. However, tuberculin is not
specific for M. tuberculosis due to the presence of epi-
topes shared with M. bovis BCG and non-tuberculous
mycobacteria (NTM), such as M. avium. Since therapy
of infections with M. tuberculosis and NTM differs, we
assessed whether defined antigens for in vitro testing
may improve diagnostic strategies.

Data from human studies have shown that one of
these antigens, ESAT-6, elicits strong in vitro T-cell
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immune responses in adult TB patients but not in
healthy tuberculin (PPD, purified protein derivative)
skin test negative individuals (reviewed in [1]). MPT63
elicits specific humoral immune responses in humans
with TB [3]. For the M. avium antigen mig specific
antibody production in humans with M. avium infection
(MAC) has been described [5]. Currently, there is only
limited knowledge on the diagnostic potential of these
antigens to discriminate between M. tuberculosis and
MAC infection in T-cell-based tests in humans [2], and
no data on paediatric mycobacterial infections are
available.

In our experiments, PPD induced in vitro prolifera-
tion in 29/30 (Fig. 1A) and interferon-y (IFNy) secretion
in 20/24 of TB patients, but these responses were not
specific for M. tuberculosis since it was also recognised
by 8/10 of MAC patients and 8/21 of healthy PPD skin
test negative controls (IFNy secretion in 2/9 and 0/20,
respectively). Neither results in healthy skin test negative
individuals nor in TB patients were influenced by BCG
vaccination status. In contrast, ESAT-6 induced strong
and highly specific in vitro proliferation in 20/27 and
IFNy-secretion in 11/24 of TB patients, but not in MAC
patients or controls (Fig. 1B). The differences in
responder rates of TB patients and controls or TB and
MAC patients were highly significant. Both responders
and non-responders to ESAT-6 showed comparable
reactivity to PPD (Table 1).

MPT63 induced proliferation (Fig. 1C) and IFNy
release from peripheral blood mononuclear cells
(PBMC) from a subgroup of TB patients (6/30 and 2/24,
respectively) but not from those of MAC patients or
controls (responder rates TB versus MAC, P=0.01; TB
versus controls, P=0.001). One TB patient showed
in vitro recognition of MPT63 but not of ESAT-6. The
magnitude of proliferative responses induced by ESAT-6
in TB patients was significantly higher than that by
MPT63 (P<0.001), but was lower than that by PPD
(P<0.001, Fig. 1A-C). Comparable differences were
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Fig. 1 Proliferation of PBMC from patients with TB, MAC or
healthy, PPD skin test negative controls after stimulation with PPD
or single recombinant antigens (age < 16 years: without prior BCG
vaccination inverted solid triangles, with vaccination solid squares;
age > 16 years: without prior BCG vaccination solid diamonds, with
vaccination solid triangles). A PPD (0.6 pg/ml). B ESAT-6
(1+5 pg/ml). C MPT63 (3+15 pg/ml). D mig (5+25 pg/ml).
Purified PBMC were cultured for 5 days (37°C, 5% CO,, positive
control phytohaemagglutinin: 3 pg/ml for 3 days), pulse-labelled
with 1 pCi *H-thymidine before scintillation counting. Stimulation
index (SI; mean cpm of triplicate stimulated cells/non-stimulated
cells) of maximal individual response to each antigen. SI >3:
recognition assumed. Horizontal bars show means of respective
results. IFNy-secretion into culture supernatants was analysed by
ELISA (IFNy-OptEIA, Pharmingen, Germany). Cut-off for rele-
vant IFNy-secretion > 300 pg/ml

Table 1 Characteristics of patients and healthy controls
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seen for analysis of IFNy. The BCG vaccination status
did not influence the responses to any of these antigens.
Results of mig-stimulated PBMC did not differ
(Fig. 1D). In TB patients, but not in controls, PBMC
from BCG vaccinated individuals proliferated with a
higher frequency (P=0.006), and the magnitude of re-
sponses was likewise higher (median stimulation index
(SI) 13.7 versus 3.8, P=0.005). Since the immuno-bio-
logical characterisation of mig has not been completed, a
possibility remains that our data result from cross-reac-
tive recognition, which is compatible with the increase in
recognition in BCG vaccinated TB patients. The antigen
preparation was free of LPS (Limulus assay).

TB < 16a TB>16a MAC Controls

n 14 16 10 21
Age [years, median (range)] 6.5 (1.7-15.1) 30.0 (16.4-39.9) 3.7 (1.5-8.5) 12.2 (0.9-44.2)
Abnormal chest x-ray 14 16 2 -
Culture (n) positive 8 16 6 -

negative 6" 0 4° -
HIV negative 14 16 10 21
Skin test (n) i.c. std. dose: <10 mm 0 0 1 21

i.c. std. dose: 10-14 mm 4 3 4 0

i.c. std. dose: 215 mm S 2 2 0

i.c. low dose: > 10 mm 5 11 0 -

i.c. std. dose: equivalent to 5 TU PPD-S, i.c. low dose: equal to
<0.5 TU PPD-S

46/6 clinical response to antituberculous therapy; 2/6 recent smear
positive TB exposition; further 2/6 positive M. tuberculosis complex
PCR (twice). MAC patients: 8 cervical lymphadenitis with epith-
eloid cell granulomatosis, 2 pulmonary manifestation

4/4 positive M. avium complex PCR (twice). HIV negative:
serology negative +/CD4>25%/lymphoc.+ >1000/pl (<6 years)
or 500/ul (> 6 years)
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Paediatric TB is predominantly a localised infection
(hilar lymphadenopathy) and a paucibacillary disease, a
potential cause for a different pattern of immune re-
sponses compared to adults. However, results for ESAT-
6 in children (9/14) and adults (11/13) were comparable
(P=0.4). Differences were even less pronounced when
only culture positive children were included (6/8, P=0.6).
Likewise PPD and mig had equal responder rates. How-
ever, MPT63 induced proliferation only in adult TB pa-
tients (6/16 versus 0/11 in children, P=0.02). If only
children with positive M. tuberculosis cultures were con-
sidered, then this was only a trend (P =0.07) most likely
due to lower patient numbers.

Our data show that in vitro stimulation of human
PBMC with the secreted M. tuberculosis antigens ESAT-6
and MPT63 has a significantly higher potential than PPD
for differentiating between infections with M. tuberculosis
and with M. avium, the NTM species of highest relevance
in humans. These could be used for the development of
new, specific diagnostic tools. So far, only limited
knowledge on its diagnostic potential to discriminate
between these infections in humans has been available
from eight adults with pulmonary M. avium disease and
unknown HIV status [2]. In particular, ESAT-6 seems to
be a potent candidate since antigen recognition between
children and adults was comparable. We have further
shown that T-cell recognition of mycobacterial antigens
in children must be carefully assessed for the proper
development of new diagnostic tools since it might differ
from that in adults as seen for MPT63. While single
antigens might not be sensitive enough for clinical diag-
nostic purposes, defined cocktails containing several
specific antigens or peptides could be advantageous [4].
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