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This report of an accidental exposure to Mycobacterium tuberculosis in a microbiological laboratory illus-
trates the value of gamma interferon enzyme-linked immunospot assay using peptides of ESAT-6, CFP-10,
TB37.6, and TB7.7 for the diagnosis of latent infection. In particular, positive responses to peptides 2 to 6 of
TB37.6 were observed exclusively in recently infected persons.

CASE REPORT

In a microbiological laboratory in The Netherlands, a tech-
nician (referred to as A) accidentally dropped a glass tube,
containing a culture of Mycobacterium tuberculosis on solid
Lowenstein-Jensen medium, on the floor. The sputum sample
had been incubated for 3 to 4 weeks and many M. tuberculosis
colonies were visible. The tube broke and the culture medium
with M. tuberculosis colonies was spilled on the floor of the hall
(Fig. 1). Technician A threw a paper cloth soaked in chlorine
solution (1,000 ppm) on top of the spills. Subsequently, he
cleaned up everything with a colleague (B). They wore gloves
but did not wear protective masks. At the time of the accident,
seven other colleagues were at work in surrounding rooms
(Fig. 1, C through I). As all doors and windows were open, they
could also have been exposed to mycobacteria.

Three months after the accident, a contact investigation was
carried out among all nine potentially exposed technicians, of
whom five were Mycobacterium bovis BCG vaccinated. Tech-
nician B, a non-BCG-vaccinated Dutch person, had a tuber-
culin skin test (TST) conversion, as the TST was 25 mm, while
previous yearly routine TST results had been negative (0 mm)
(see Table 2, subject code B). Thus, B had most likely become
infected with M. tuberculosis during the accident. Technician A
had a TST of 20 mm (see Table 2, subject code A). No previous
TST had been done, as he was BCG vaccinated (>20 years
ago) and was born in a country where tuberculosis (TB) is
endemic. Chest radiographs of technician B and all BCG-
vaccinated persons were normal, excluding active pulmonary
TB. However, a recently acquired latent M. tuberculosis infec-
tion due to the accidental exposure could not be excluded by
radiography.

Therefore, we evaluated an M. tuberculosis-specific immu-
nodiagnostic assay (2, 25). Ten colleagues who were not at
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work on the day of the accident (see Table 2, subject codes Lab
1 to Lab 10) were included as a control group with comparable
levels of background exposure to M. tuberculosis. Furthermore,
six well-defined M. tuberculosis-infected individuals (three la-
tently infected and three cured tuberculosis patients), with
known positive responses to ESAT-6 and/or CFP-10 in a 6-day
lymphocyte stimulation assay (3), were included as a positive
control group (see Table 2, subject codes TB 1 to 3 and TST
1 to 3).

From a venous blood sample peripheral blood mononuclear
cells (PBMC) were isolated and an overnight gamma inter-
feron (IFN-y) enzyme-linked immunospot (ELISPOT) assay
was performed as previously described (5). In the positive
control group, available frozen PBMC were used. A positive
test result was predefined as a response of at least 20 spot-
forming cells (SFC) per million PBMC (after subtraction of
the background value) and of at least twice the background
value. As antigenic stimuli we used ESAT-6 and CFP-10, those
having been used in most previous studies of M. tuberculosis-
specific immunodiagnostic assays, as was recently reviewed
(25). In addition, we included overlapping peptides of TB7.7
and TB37.6 that were the most promising novel diagnostic
antigens in earlier studies (1, 7, 21) (Table 1). All four coding
genes are situated on genomic regions of difference (RD) that
are present in M. tuberculosis but absent from BCG and most
environmental mycobacterial species (6). TB7.7 is encoded by
a phage-inserted region (phiRv2) which is highly specific for M.
tuberculosis (6, 8, 12). TB37.6 is a PPE protein (PPE68) which
is predominantly found in the membrane and cell wall fraction
(13, 24). Despite being encoded by RD1, TB37.6 was recog-
nized by BCG-vaccinated individuals (7, 11, 21), due to cross-
reactivity to conserved epitopes within the PPE family that are
also present in BCG (24). We tested only peptides 2 to 6 of
TB37.6, which were found to be highly specific for M. tubercu-
losis (7). Purified protein derivative (PPD) was used as a non-
specific mycobacterial antigenic stimulus.

The individual results of the ELISPOT are shown in Table 2.
High numbers of ESAT-6- and CFP-10-specific T cells were
detected in the two laboratory technicians (A and B) who had
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FIG. 1. Schematic drawing of the microbiological laboratory where
the accident with the TB culture took place. The position of each
technician (A through I), at the time of the accident, is indicated in the
floor plan, as well as the place where the M. tuberculosis culture on
solid Lowenstein-Jensen medium was dropped (k).

been most closely involved in the accident and had a positive
TST. None of the other seven potentially exposed technicians
(C through I) were positive. From the 10 colleagues who had not
been present during the accident, only 1 TST-positive individual
(Lab 6) responded to PPD and ESAT-6 in the ELISPOT. Of
note, specimens from four other TST-positive individuals and two
technicians who had been treated for limited pulmonary TB 33
and 8 years earlier (Lab 9 and Lab 10, respectively) did not
recognize any of the four M. tuberculosis-specific peptide pools in
an overnight ELISPOT assay. All three well-documented TST
converters and two of the three TB patients responded to
ESAT-6 and CFP-10 in the overnight IFN-y ELISPOT assay
(Table 2, subject codes TST 1 to 3 and TB 2 to 3). For one of the
cured TB patients (TB 1), who suffered from TB disease 10 years
ago, ESAT-6- and CFP-10-specific T cells were just below the
cutoff level for a positive response.

The peptide pool of TB7.7 was poorly recognized (Table 2).
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Stimulation with peptides of TB37.6 using PBMC from the
recently exposed technicians A and B did result in a significant
number of IFN-y-producing T cells (Table 2). Interestingly,
none of the samples from the other nine TST-positive individ-
uals responded to TB37.6, even though samples from some of
these persons with a TST conversion in the past did respond
strongly to ESAT-6 and CFP-10. Also, none of the samples
from the five individuals with a history of TB recognized the
TB37.6 peptides.

A follow-up analysis of M. tuberculosis-specific T-cell re-
sponses was done 1 year later, including those of all laboratory
technicians who had been present at the time of the accident
with M. tuberculosis. The results showed that the number of
IFN-vy-producing T cells in response to PPD and the peptide
pools of ESAT-6, CFP-10, and TB7.7 had remained of the
same order of magnitude as 1 year earlier (Table 2). In con-
trast, responses to the TB37.6 peptides had become undetect-
able in subjects A and B, those being the subjects who were
most likely infected with M. tuberculosis during the laboratory
accident, who had both been treated for 6 months with isoni-
azid (to which the isolate was sensitive).

This report illustrates the diagnostic potential of an ELISPOT
assay using M. tuberculosis-specific peptide pools of ESAT-6,
CFP-10, and TB37.6 for diagnosis of recent infection with M.
tuberculosis. The TST has limited value for diagnosis of recent
TB infection, especially when many exposed individuals are
BCG vaccinated or are already TST positive due to previous
exposure to mycobacteria, as was the case in our study setting,
where personnel of a microbiological laboratory were acciden-
tally exposed to M. tuberculosis. Based on ELISPOT, two lab-
oratory technicians with the highest level of exposure during
the accident were found to respond strongly to ESAT-6 and
CFP-10. Interestingly, peptides 2 to 6 of TB37.6 were exclu-
sively recognized by specimens from these two recently ex-
posed individuals and not by any of the controls with a history
of TST conversion or cured TB who did respond to ESAT-6
and CFP-10. Moreover, follow-up with ELISPOT 1 year after
the accident revealed that responses to TB37.6 had become
undetectable, while responses to ESAT-6 and CFP-10 re-
mained unchanged. These observations suggest that the pat-
tern of antigen-specific responses may reflect the phase of
infection and that a positive ELISPOT response to TB37.6
peptides could be a marker for recent infection.

Previous studies demonstrated that the antigens used in this
study are highly specific for M. tuberculosis (3, 7, 10, 20, 22, 23,
27). Therefore, positive responses can be regarded as a corre-
late of infection. In contacts of smear-positive pulmonary TB

TABLE 1. Diagnostic antigens and peptides

RD“ region Rv code Antigen Antigenic stimulus Sequence Concn
PPD PPD (RT 49 SSI) 5 pg/ml
RD1 Rv3875 ESAT-6 Peptide pool (p1-p9) Complete sequence 10 pg/ml/peptide
Rv3874 CFP-10 Peptide pool (p1-p9) Complete sequence 10 pg/ml/peptide
Rv3873 TB37.6 Peptide pool (p2-p6) Amino acids 13-70 10 pg/ml/peptide
RD11 Rv2654 TB7.7 Peptide pool (p1-p6) Complete sequence 10 pg/ml/peptide

“ RD, regions of difference that are present in M. tuberculosis but absent from BCG and most environmental mycobacterial species.
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TABLE 2. Clinical information and IFN-y ELISPOT results of study subjects*”
TST PPD* ESAT-6° CFP-10¢ TB37.6° TB7.7¢
Code® BCG TB Treatment
(mm) Yro  Yrl  YrO Yrl  Yr0 Yrl  YrO Yrl  Yr0  Yrl
A Yes 20 No Yes 275 76 71 78 469 190 52 < 7 <
B No 25 No Yes 146 160 370 275 104 148 53 8 5 <
C Yes 3 No No 5 98 < 9 < < < < 0 <
D No 0 No No 12 16 6 3 4 1 1 1 0 8
E Yes ND No No 27 23 7 < 7 4 6 0 6 <
F Yes ND NO NO * * * * * * * * * *
G Yes >10 No No < 5 5 11 <
H No 0 No No 5 42 < 4 < < < < < <
1 No 0 No No 46 < < 1 2
Lab 1 No 0 No No < < < < 2
Lab 2 Yes 0 No No 15 < < < <
Lab 3 Yes 0 No No 2 < < < 3
Lab 4 Yes 22 No No 14 < < < <
Lab 5 No >10 No No 0 < < < <
Lab 6 Unknown >10 No No 271 27 7 < 19
Lab 7 No >10 No Yes 3 < < < <
Lab 8 No 11 No No 6 < < < <
Lab 9 Yes ND Cured TB? Yes 22 < < 3 <
Lab 10 Yes 11 Cured TB? Yes 17 < < < <
TB 1 No ND Cured TB Yes 144 18 19 5 12
TB 2 Unknown ND Cured TB Yes 52 84 34 < 16
TB 3 No ND Cured TB Yes 196 63 104 < 3
TST 1 No >10 No Yes 325 35 275 < <
TST 2 No >10 No Yes 243 77 111 2 115
TST 3 No >10 No Yes 181 324 240 7 16

“IFN-y ELISPOT was done 4 months (year 0) and 16 months (year 1) after the accidental exposure. ELISPOT results are shown as mean numbers of spot-forming

cells (SFC)/10° PBMC minus the mean of medium value.

b Symbols: <, number of SFC less than in medium; ND, not done; *, not interpretable due to high medium values.

¢ A to I, technicians present during the accident, by decreasing exposure level; Lab 1 to 10, technicians not present during the accident; TB 1 to 3, cured TB patients,
treated 10, 3, and 2 years before; TST 1 to 3, tuberculin skin test converters after a known exposure to TB 5, 6, and 10 years before.

@ Limited pulmonary TB diagnosed during routine checkup before clinical symptoms became apparent; Lab 9, 33 years ago and Lab 10, 8 years ago.

¢ A value that is >20 constitutes a positive response.

patients, results of ESAT-6/CFP-10 ELISPOT correlated bet-
ter with the degree of exposure than did the TST and, more-
over, seemed to be more sensitive (15, 17, 18). Thus, we think
that the persons with negative ELISPOT results had not been
infected during the accident. During a follow-up period of 3
years, none of them developed active TB disease.

A positive response to ESAT-6 was observed in only one of
the laboratory controls who had been infected with M. tuber-
culosis in the past. This is in contrast with previous reports that
ESAT-6 and CFP-10 are frequently recognized by samples
from TST-positive individuals and cured TB patients (3, 26,
30). This apparent discrepancy may be explained by a waning
of ELISPOT responses during effective treatment, as has been
reported (9). Another explanation could be that an overnight
ELISPOT detects mainly responses of circulating effector
memory T cells (16), which could cause a negative test result in
case of a remote infection. In accordance, in some of techni-
cians who were infected with M. fuberculosis in the past, we
observed positive responses to ESAT-6 and CFP-10 in a 6-day
culture, while overnight ELISPOT results were negative (data
not shown). Thus, ELISPOT could be the method of choice for
diagnosis of recent infection with M. tuberculosis, while more
prolonged cultures may be required when diagnosis of more
remote infection is relevant as well, such as in immunocom-

promised persons or those eligible for immunosuppressive
treatment (4, 19).

Our findings illustrate that ELISPOT responses to ESAT-6
and CFP-10 can remain positive for years after adequate treat-
ment and thus cannot discriminate between recent and remote
infection. The study setting of an accidental exposure to M.
tuberculosis in a laboratory was particularly suitable to evaluate
novel antigens for the diagnosis of recent infection and to study
the kinetics of immune responses, because the exact moment
of exposure was known. We evaluated two promising novel
diagnostic antigens, TB37.6 and TB7.7, of which TB7.7 was
recognized poorly. The M. tuberculosis-specific peptides 2 to 6
of TB37.6 were exclusively recognized by samples from re-
cently infected individuals. In seeming contrast to our results,
another study reported that samples from remote TST con-
verters could recognize TB37.6. In that study, whole recombi-
nant antigen was tested in a 5-day culture assay (24), while we
tested only the M. tuberculosis-specific peptides and used a
short culture assay, which could explain the difference in ob-
servation. Previously, the M. tuberculosis-specific peptide pool
of TB37.6 was tested only in patients with active TB and a
small group of recently and latently infected individuals, in-
ducing IFN-y responses in 38 to 46% of these persons (7).
However, the number of subjects in our study was too small to
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conclude definitively that responses to TB37.6 are found ex-
clusively in recently infected individuals, and the observation
could be coincidental. Further studies are needed to validate
our findings. In both accidentally infected persons, responses
to TB37.6 had become undetectable after treatment was com-
pleted, but this does not necessarily imply a causal relationship
between treatment and the kinetics of the immune response.
Two other studies indicate that there might be a sequential
appearance of antigen-specific responses after infection with
M. tuberculosis (28, 29). It has been reported that ELISPOT
responses to ESAT-6 and CFP-10 became negative during
successful treatment of active TB, while remaining positive in
those without clinical improvement (9). A prospective follow-up
study of recently infected persons with or without treatment for
latent TB infection may clarify the natural kinetics of T-cell re-
sponses to TB37.6 and assess the effect of treatment.

A diagnostic assay that could specifically diagnose recently
acquired latent infection would allow more targeted treatment,
because the risk of progression to active TB decreases signif-
icantly with time after infection in persons with a normal im-
mune system. The present report provides a novel hypothesis
in this regard, namely, that ELISPOT responses to TB37.6
indicate recent infection. Targeting treatment to recently in-
fected individuals would benefit even more if it would be pos-
sible to identify persons specifically at risk of developing active
TB disease. One study found that recently exposed individuals
with high ESAT-6 responses were most likely to progress to
active TB within 2 years (14).

In conclusion, ELISPOT using peptide pools of ESAT-6,
CFP-10, and TB37.6 allowed specific diagnosis of recent M.
tuberculosis infection after accidental exposure to M. tubercu-
losis, irrespective of BCG vaccination or TST results. In par-
ticular, responses to M. tuberculosis-specific peptides of TB37.6
were exclusively found in association with a recently acquired
infection. Clearly, the ideal assay for diagnosis of latent M.
tuberculosis infection is not yet available, but our findings may
represent another step in the right direction.
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