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Chapter 3

ABSTRACT

Improved diagnosis and treatment of recently acquired, latent Mycobacterium tuberculo-
sis infection would reduce the number of clinically manifest tuberculosis (TB) cases and
therewith contribute to a better control of TB. In this study, we evaluated the diagnostic
potential of ELISPOT using M. tuberculosis-specific peptide pools of ESAT-6, CFP-10,
TB37.6 and TB7.7 for detection of recent infection with M. tuberculosis after accidental
exposure of personnel in a microbiological laboratory. The tuberculin skin test (TST)
was of limited value, as five of the nine exposed individuals were BCG vaccinated. Based
on ELISPOT, two laboratory technicians were found to respond strongly to ESAT-6 and
CFP-10, precisely those with the highest level of exposure during the accident and in one
of them a TST conversion was observed. Interestingly, the peptides 2-6 of TB37.6 were
solely recognized by these two recently exposed individuals and not by controls with
a history of TST conversion or cured TB who did responded to ESAT-6 and CFP-1o.
Moreover, follow-up with ELISPOT one year after the accident revealed that responses
to TB37.6 had become undetectable, while responses to ESAT-6, CFP-10 remained un-
changed. This suggests that a positive ELISPOT response to TB37.6 peptides could be
a marker for recent infection. The present findings on an accidental exposure to M. tu-
berculosis in a microbiology laboratory illustrates the value of an IFN-y-ELISPOT based
on multiple M. tuberculosis-specific peptides for the detection of recent latent infection,
in particular in a setting with a high level of BCG vaccination and possible previous
exposure to mycobacteria.
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INTRODUCTION

Contact tracing and treatment of individuals who are infected with Mycobacterium tuber-
culosis but have not yet developed clinically manifest lung tuberculosis (TB) is of utmost
importance for the control of TB, as most cases of contagious TB arise from this reservoir.
However, there is no gold standard for the diagnosis of latent M. tuberculosis infection.
Since its discovery, the tuberculin skin test (TST) has for almost a century remained the
only available method to determine whether an individual is infected with M. tuberculosis
after exposure to a patient with pulmonary TB. The closest proxy to proof of infection
consists of an observed conversion of the TST from negative to positive.

Contact tracing is complicated by several factors that limit the interpretation of the TST.
Firstly, prior vaccination with M. bovis bacillus Calmette-Guérin (BCG) often induces a
positive TST, especially in case of recent BCG vaccination or when repeated skin testing
was done (14, 28, 29). Secondly, false positive TST reactions can be caused by cross-
reactivity to non-tuberculous mycobacteria. A third factor is that a positive TST result
does not discriminate between recent M. tuberculosis infection or infection which was
acquired in the past, while the risk of developing clinically manifest TB disease is highest
in the first two years after infection and rapidly declines to a very low risk thereafter. As
a consequence, the potential benefit of treatment of immunocompetent individuals with
latent TB infection is highest in case of recent infection.

Recently, a novel method for more reliable detection of infection with M. tuberculo-
sis has come in scope. Since the deciphering of the complete genome of M. tuberculosis
(18), it has become possible to identify genomic regions of difference that are present in
M. tuberculosis but absent from BCG and most environmental mycobacterial species.
One of those was RD1, which was found to encode two potent T cell antigens, ESAT-6
(Rv3875) and CFP-10 (Rv3874) (3, 4, 6, 34). Immunodiagnostic assays based on these
two M. tuberculosis-specific secreted antigens were found to be sensitive as well as specific
for the detection of latent tuberculosis infection, at least in regions with a low prevalence
of TB (12). Other studies, using ESAT-6 and CFP-10 in an ELISPOT assay, suggest that
this method could even be more sensitive than skin testing for detection of latent M.
tuberculosis infection (21, 25).

Although ESAT-6 and CFP-10 are potent T cell antigens that are recognized by geneti-
cally heterogeneous populations (36), the sensitivity of such immunodiagnostic assays
could be further improved by adding other M. tuberculosis specific antigens or peptide
pools. This was indicated by a recent study, demonstrating that T cell responses to three
newly identified M. tuberculosis-specific peptide pools combined with ESAT-6 and
CFP-10 resulted in a sensitivity of 9o % for detection of M. tuberculosis infection with a
specificity of 95% (11). Of these, the antigens TB37.6 and TB7.7 were of special interest.
TB37.6 (Rv3873, PPE68), a PPE protein encoded by the RD1 region, is predominantly

51



Chapter 3

found in the membrane and cell wall fraction of M. tuberculosis (19, 32). The PPE gene
family is unique to M. tuberculosis, with few homologues in M. leprae, M. marinum, M.
bovis and other species. PPE genes are hypothesized to be a source of antigenic variability
and in this regard they could constitute interesting antigens for immunodiagnosis. De-
spite being encoded by RD1, TB37.6 was recognized by BCG vaccinated individuals and
BCG vaccinated cattle (11, 17, 27, 32). This was explained by cross-reactivity to conserved
epitopes within the PPE family, because homologous genes of the PPE family are found
throughout the genomes of M. tuberculosis and many of these genes are also present in
BCG (32). Several peptides of TB37.6, however, were highly M. tuberculosis specific, not
being recognized by BCG-vaccinated persons (11).

TB 7.7 (Rv2654) is encoded by the RD 11 region, a phage-inserted region (phiRv2).
This is a particularly interesting region for diagnostic purposes because it is highly spe-
cific for M. tuberculosis; it is not only absent from all tested BCG strains but also from
environmental mycobacteria (9, 13, 18). TB7.7 was recently found to contain many hu-
man T cell epitopes and was well recognized by the majority of TB patients, while none of
the BCG vaccinated individuals responded to this antigen (1, 11). Moreover, TB7.7 was
able to induce M. tuberculosis-specific skin-test responses in guinea pigs (1).

In a microbiological laboratory several technicians were exposed to M. tuberculosis after
an accident during which a culture tube was spilled outside of a containment cabinet. As
individuals working in a diagnostic microbiological laboratory are often BCG vaccinated
and have been at risk for exposure to M. tuberculosis in the past, the TST can be expected
to be of limited value for the detection of recent M. tuberculosis infection. Therefore we
evaluated responses to ESAT-6, CFP-10, TB37.6 and TB7.7 in ELISPOT for the detection
of recent latent M. tuberculosis infection in this setting.

MATERIALS AND METHODES

Study setting

In a microbiological laboratory in the Netherlands, a technician (referred to as A) acci-
dentally dropped a glass tube containing a culture of M. tuberculosis on solid Léwenstein-
Jensen medium on the floor. The sputum sample had been incubated for 3 to 4 weeks and
many M. tuberculosis colonies were visible. The glass tube was dropped from a height of
about 1.5 m (five feet). The tube broke and pieces of glass and culture medium with M.
tuberculosis colonies were spilled on the floor of the hall (Fig. 1). Technician A threw
a paper cloth soaked in chlorine solution (1000 parts per million) on top of the spills.
Subsequently, he cleaned up everything with a colleague (B). They wore gloves but did
not wear protective masks. In the mean time another laboratory technician (C) was in
the wardrobe (Fig. 1), situated down the hall from where the incident happened. A third
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Figure 1. Schematic drawing of the microbiological laboratory where the accident with the TB culture
took place.

The position of each technician (A-l), 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 ().

wardrobe

Oji-

colleague (D) inspected the area where the tube was dropped shortly after everything
was removed and cleaned with chlorine. Diagonally across from the area where the TB
culture was dropped, a laboratory was situated where 5 other technicians (E to I) were
at work (Fig. 1). At the time of the accident, the door to this laboratory was open and
windows were open on both sides of the laboratory building.

Three months after the accident, all 4 non-BCG vaccinated individuals were screened
with a TST while chest radiographs were made of the 5 BCG-vaccinated, exposed techni-
cians. One month later, a TST was also offered to all BCG-vaccinated study subjects. In
addition, blood was drawn from 19 laboratory technicians who volunteered to participate
in this study, for an ex-vivo ELISPOT assay. One year after the first blood sampling, thus
16 month after the accident, a second blood sample was drawn from 8 colleagues who
had been present during the accident, and the ELISPOT assays were repeated.

Study subjects

The study included g laboratory technicians (Table 2; A-I) who had been present in the
laboratory at the day and time of the accident, as described above (Fig. 1).
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In addition, 10 other laboratory technicians (colleagues) who were not present the
day of the accident were included (Table 2; labi-lab1o). This group served as a control
group with a comparable level of background exposure to M. tuberculosis. Three of these
technicians were TST negative (lab1-3) and 5 were TST positive (lab4-8) of whom one
(lab7) had previously been treated with isoniazide (INH). The remaining two had been
successfully treated for limited pulmonary tuberculosis in the past (labg in 1970, lab1o in
1994), which was diagnosed during routine check-up before clinical symptoms became
apparent. In this group, 5 of the 10 persons were BCG vaccinated.

A second control group was added including 6 well defined M. tuberculosis infected
individuals. Three persons, TB1, TB2 and TB3 (Table 2), were successfully treated for TB
disease respectively 10, 3 and 2 years before this study. In these individuals, the possibil-
ity of re-exposure to M. tuberculosis is considered to be very small. The 3 TST positive
individuals, TST1, TST2 and TST3 (Table 2) had had documented TST conversion after
contact with a case of smear positive pulmonary TB, respectively 5, 6 and 10 years before
blood sampling. All 3 had been treated with INH. Frozen cells from these individuals
were available from a previous study (4). These subjects were chosen because of known
positive responses to ESAT-6 and/or CFP-10 in a 6-day lymphocyte stimulation assay.

From all individuals, a blood sample (45 ml) was drawn after a written informed con-
sent was obtained. Peripheral blood mononuclear cells (PBMC) were isolated and stored
in liquid nitrogen until used for the assays. The study protocol (p207/99) was approved by
the Institutional Review Board of the Leiden University Medical Center.

Mycobacterial antigens and peptides

For the present study, peptides of 20 amino-acids (aa) long, with a 10-aa overlap spanning
the complete sequence of CFP-10 and ESAT-6 were synthesized as previously described
(7). The overlapping 18-mers peptides from the two proteins TB 7.7 (Rv2654) (5- or 6-aa
overlap) and TB37.6 (Rv3873) (8-aa overlap) were synthesized by standard solid-phase
methods at Schafer-N, Copenhagen, Denmark (Figure 2). The peptides were purified by
reverse phase high-pressure liquid chromatography. Purified peptides were lyophilized
and stored dry until reconstitution in phosphate-buffered saline. For TB7.7, a peptide
pool was used spanning the complete sequence of the protein (peptide 1-6). For TB37.6,
the peptide pool consisted only of peptides 2-6, corresponding to aa 13-70. Recombinant
ESAT-6 (batch F800) and CFP-10 (batch 02-1II) were expressed in E. coli and purified as
described elsewhere (10). Purified protein derivative (PPD) RT49, recombinant antigens
and the peptide pools of TB37.6 and TBy.7 were made available by the Statens Serum
Institute (Copenhagen, Denmark).
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TABLE 1. DIAGNOSTIC ANTIGENS AND PEPTIDES

RD“region Rvcode Antigen Antigenic stimulus Sequence Concentration
- - PPD PPD (RT 49 SSI) - 5 ug/ml
RD1 Rv3875  ESAT-6 peptide pool (p1-p9 complete sequence 10 ug/ml/peptide

)

Rv3874  CFP-10 peptide pool (p1-p9) complete sequence 10 ug/ml/peptide

Rv3873  TB37.6 peptide pool (p2-p6) amino-acid 13-70 10 ug/ml/peptide
)

RD11 Rv2654  TB7.7 peptide pool (p1-p6 complete sequence 10 ug/ml/peptide

a RD; Regions of Difference that are present in M. tuberculosis but absent from BCG and most environmen-
tal mycobacterial species.

ELISPOT assay for single-cell interferon (IFN)-y release

For ELISPOT, 96-well filtration plates, multiscreen™-HA, sterile plate (MAHAS4510
Millipore, Bedford, MA) were precoated with 5 ug/ml anti-IFN-y monoclonal antibody
(MADb) 1-D1K (Mabtech, Stockholm, Sweden), washed 6 times with Iscoves Modified
Dulbecco’s Medium (IMDM) with 10% fetal calf serum, and blocked for 2 h with IMDM
supplemented with 10% pooled human AB serum, penicillin at 100 U/ml, and strepto-
mycin at 100 pg/ml (complete medium). PBMC at 2.5 x 10° per well were cultured in
200 ul of complete medium, in ELISPOT plates with antigen (PPD, rESAT-6, rCFP-10;
at 5 ug/ml each) or peptide pools (ESAT-6, CFP-10, TB7.7 and TB37.6 each at 10 ug/
ml/peptide) and incubated for 18 hours at 37°C in humidified air containing 5% CO..
As a positive control, phytohemagglutinin was used at a final concentration of 5 ug/ml
and culture medium without antigen served as negative control. Tests were performed
at least in triplicate. The ELISPOT plates were developed as previously described (8)
and analyzed on a high resolution image analyzer (Bioreader pro 3000, Bio-Sys, GmbH,
Germany). For analysis, the mean number of spot-forming cells (SFC) per well from
triplicate values for each antigen was calculated and transformed to number of SFC per
million PBMC. In order to obtain an antigen-specific response, the mean number of SFC
of the negative control wells (background value) was subtracted from the mean number
of SFC in the wells containing antigen. A positive test result was predefined as at least 20
SEC per million PBMC (after subtraction of the background value) and at least twice the
background value.

Lymphocyte stimulation assay

PBMC (1.5 x 105/well) were cultured in complete medium in triplicate in 96-wells
round-bottom microtiter plates at 37 °C, 5% CO, in the absence or presence of antigen
(PPD 5 pg/ml or peptide pools of ESAT-6, CFP-10 each at 10 ug/ml/peptide). At day
6, supernatants were harvested (60 ul/well, pooled per triplicate). IFN-y concentration
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in the supernatants was measure by enzyme-linked immunosorbent assay (ELISA) (U-
CyTech, Utrecht, The Netherlands). ELISA samples were tested in duplicate. The mean
IFN-y concentration in unstimulated wells was subtracted from the mean concentration
in stimulated wells. A positive response was defined as an IFN-y level of = 130 pg/ml (3
times the standard deviation of the concentration in unstimulated wells).

Tuberculin skin testing

In all exposed laboratory technicians, including those with a BCG vaccination, a TST was
done by trained personnel according to standard procedures. In brief, 0.1 ml (2 Tuber-
culin Units) of PPD (RT23; Statens Serum Institut, Copenhagen, Denmark) was injected
intradermally into the dorsal side of the forearm. Transverse induration at the TST site
was measured after 72 hours by experienced personnel.

RESULTS

Tuberculin skin testing and chest radiographs

A TST was offered to all 9 laboratory technicians who were potentially exposed to M.
tuberculosis during the accident. Two of the 5 previously BCG vaccinated technicians
agreed to have a TST done and all 4 BCG unvaccinated persons had a TST done (Table
2). A TST conversion was observed in one of the BCG unvaccinated technicians; the TST
was 25 mm, while previous yearly routine TSTs had been negative (o mm) (Table 2; B).
Thus this person, who helped cleaning up, was most likely infected with M. tuberculosis
during the accident. Technician A, who accidentally dropped the M. tuberculosis culture
had a TST of 20 mm (Table 2; A). No previous TSTs were done as he was BCG vaccinated
in the past (> 20 years ago).

Chest radiographs of all 5 BCG vaccinated individuals and of the person with the TST
conversion were normal, excluding active pulmonary TB disease. However, the possibility
of latent M. tuberculosis infection due to the accidental exposure could not be excluded
in the BCG vaccinated technicians. Therefore, blood was drawn from exposed and unex-
posed personnel of the microbiological laboratory to perform an IFN-y ELISPOT assay
using PPD, ESAT-6, CFP-10, TB7.7 and TB37.6 as antigenic stimuli (Table 1).

ESAT-6 and CFP-10 specific T cells

The individual results are shown in Table 2. High numbers of ESAT-6 and CFP-10 spe-
cific T cells were detected in the two laboratory technicians (A and B) who had been most
closely involved in the accident and had a positive TST. No significant numbers of ESAT-6
or CFP-10 specific T cells were observed in subject C, who was in the proximity of the

accident, or subject D, who inspected the area of the accident just after the cleaning with
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chlorine was completed.. In agreement, their TSTs were negative. None of the other tested
subjects (E-I) were positive, but for one individual the ELISPOT results were inconclusive
due to high background values (median 96 SFC/million PBMC).

As a control group, 10 colleagues who had not been present during the accident with
M. tuberculosis were tested. The 3 technicians with a negative TST also had negative in
vitro responses to PPD as well as to all 4 peptide pools (labi-lab3 in Table 2). Of the
5 TST positive technicians (lab4-lab8), only one (lab6) responded to PPD and ESAT-6
in the ELISPOT. Of note, the two technicians who were treated for limited pulmonary
TB respectively 33 and 8 years ago (labg and lab1o) did not recognize any of the 4 M.
tuberculosis specific peptide pools in an overnight ELISPOT assay.

Because the ELISPOT is a short-term culture for detection of effector T cell responses,
a 6 day lymphocyte stimulation assay was done in 16 subjects (A-I, lab1-3 and lab7-10) in
order to evaluate whether results would be different after prolonged incubation allowing
more time for memory T cells to respond. With this 6 day assay, 4 additional laboratory
technicians (F,G, H and lab7) could be identified who recognized ESAT-6 (IFN-y of 506,
395, 157 and 245 pg/ml respectively), although IFN-y responses were less strong than
those found in technician A and B (IFN-y of 6438 and 16801 pg/ml). In the two col-
leagues (labg and lab1o) with a history of limited pulmonary TB, no responses to ESAT-6
or CFP-10 were found in the 6 day culture, which was in accordance with the ELISPOT
results (data not shown).

The second control group consisted of individuals with a well documented M. tuber-
culosis infection (Table 2; TST1-3 and TB1-3). All 3 TST converters and 2 of the 3 TB
patients responded to ESAT-6 and CFP-10 in an overnight IFN-y ELISPOT. For one of
the cured TB patients, who suffered from TB disease 10 years ago, ESAT-6 and CFP-10
specific T cells were just below the cut-off level for a positive response. In a 6 day culture,
PBMC that had been obtained during the same venapuncture from this person responded
positively to these two antigens with the production of significant amounts of IFN-y.

Responses to recombinant ESAT-6 and CFP-10 proteins were very similar to those to
the peptide pools spanning the complete sequence of these antigens (data not shown).
This is in accordance with an earlier study (7).

TB37.6 and TB7.7 specificT cells

Stimulation with the M. tuberculosis specific peptide pool of TB37.6 resulted in a sig-
nificant number of IFN-y producing T cells using PBMC from subjects A and B (52 and
53 SEC/million PBMC respectively; Table 2). These two individuals were most directly
exposed, were or had become TST positive and also recognized ESAT-6 and CFP-1o0.
Interestingly, none of the other 9 TST positive individuals responded to TB37.6. Three
of these individuals (Table 2; TST1-3), who had had a TST conversion 5, 6 and 10 years
ago for which they were treated with INH, did respond strongly to ESAT-6 and CFP-1o0.
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TABLE 2. CLINICAL INFORMATION AND IFN-y ELISPOT RESULTS OF STUDY SUBJECTS *

Code¢ BCG TST B Treat- PPD ESAT-6 CFP-10 TB37.6 TB7.7
(mm) ment  year  year year year year year year year year year

0 1 0 1 0 1 0 1 0 1

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 - no no 27 23 7 < 7 4 6 0 6 <

F yes R no no * * * * * * * * * *

G yes >10 no no < 5 5 1 <

H no 0 no no 5 42 < 4 < < < < < <

1 no 0 no no 46 < < 1 2

Lab1 no 0 no no < < < < 2

Lab2 vyes 0 no no 15 < < < <

Lab3 yes 0 no no 2 < < < 3

Lab4 yes 22 no no 14 < < < <

Lab5 no >10 no no 0 < < < <

tabe " 510 no no 271 27 7 < 19

kown

Lab7 no >10 no yes 3 < < < <

Lab8 no 1 no no 6 < < < <

Lab9 yes - ;;rsd e 5o < < 3 <

:':b yes 11 ,T_;rjd yes 17 < < < <

T81 no - ;;red Y qaa 18 19 5 12

82 ngn ;Lémd Y 5 84 34 < 16

™83 no - %md e 106 63 104 < 3

TST1 no >10 no yes 325 35 275 < <

TST2 no >10 no yes 243 77 111 2 115

TST3 no >10 no yes 181 324 240 7 16

alFN-y ELISPOT was done 4 months (year 0) and 16 months (year 1) after the accidental exposure. ELISPOT results
are shown in mean spot forming cells (SFC)/10° PBMC minus the mean of medium value. Bold numbers indicate
a positive response.
b Symbols: <, number of SCF less than in medium; -, not done; ,, not interpretable due to high medium values.

¢ A-l, technicians present during the accident; decreasing exposure level. Lab1-10, technicians not present during
the accident. TB 1-3, cured TB patients, treated 10, 3 and 2 years before, TST 1-3, tuberculin skin test converters
after a known exposure to TB 5, 6 and 10 years before.
d Limited pulmonary TB diagnosed during routine check-up before clinical symptoms became apparent; lab9 32

years ago and lab10 8 years ago.
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Also none of the 5 individuals with a history of TB recognized the peptides of TB37.6 in
the ELISPOT assay.

TB7.7 was not recognized by any of the laboratory technicians that were present during
the accident nor by any of their colleagues. Among subjects with a history of TB disease,
TB7.7 did not induce significant numbers of IFN-y producing T cells in an overnight
ELISPOT assay either. Only in one of the 3 TST converters TB7.7 specific T cells (115
SFC/million PBMC) were found (Table 2; TST 2).

Follow-up of M. tuberculosis-specific T cell responses

One year after the first ELISPOT assays were done, another blood sample was obtained
from the laboratory technicians who had been present at the time of the accident with
M. tuberculosis and ELISPOT assays were repeated. The results showed that the number
of IFN-y producing T cells in response to PPD and the peptide pools of ESAT-6, CFP-10
and TBy7.7 had remained of the same order of magnitude as one year earlier (Table 2). In
contrast, responses to the TB37.6 peptides had become undetectable in subjects A and
B, who were most likely infected with M. tuberculosis after the laboratory accident, and
were treated for 6 month with INH (the isolate was INH sensitive). The INH treatment
was finished 7 months before the second blood sampling. None of their colleagues with a
positive TST had received INH treatment.

DISCUSSION

This study illustrates the diagnostic potential of ELISPOT using M. tuberculosis-specific
peptide pools of ESAT-6, CFP-10, TB37.6 and TBy7.7 for detection of recent infection
with M. tuberculosis. Especially when many exposed individuals are BCG vaccinated or
already TST positive due to previous exposure to mycobacteria, as was the case in our
study setting, where personnel of a microbiological laboratory was accidentally exposed
to M. tuberculosis, the TST has limited value for detection of recent TB infection. In
one of 4 BCG non-vaccinated persons with potential exposure to M. tuberculosis, the
ELISPOT showed positive responses to ESAT-6 and CFP-10; this was the only person
in whom a TST conversion was observed. Among 5 BCG vaccinated person with pos-
sible accidental exposure, one responded to ESAT-6 and CFP-10 in ELISPOT. These two
ESAT-6/CFP-10 positive persons were precisely those laboratory technicians who had
been most closely involved in the accident and would be expected to have had the highest
level of exposure. Interestingly, the peptide pool of TB37.6 was only recognized by T cells
from these two subjects, while individuals with a history of TST conversion in the past,
did also respond to ESAT-6/CFP-10 but did not respond to TB37.6. When the ELISPOT
assay was repeated one year later, responses to TB37.6 had become undetectable in the
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two persons who were most likely infected with M. tuberculosis during the accident, while
responses to ESAT-6 and CFP-10 had remained of similar heights. This suggests that the
pattern of antigen-specific responses may reflect the phase of infection. Alternatively, a
positive ELISPOT response to TB37.6 could reflect an exposure to a high bacterial load
and that these responses become negative when the bacterial load decreases during the
course of the infection. Either way, a positive ELISPOT response to TB37.6, together
with a positive response to ESAT-6/CFP-10, could be a marker for recent exposure and
subsequent infection.

Previous studies demonstrated that the antigens used in this study are highly specific
for M. tuberculosis and are unlikely to elicit false-positive test results (4, 11, 16, 26, 30,
31, 35). Therefore, positive responses can be regarded as a correlate of infection. However,
the sensitivity of ELISPOT for detection of accidental infection has thus far not been
reported and, thus, the question can be posed whether the negative ELISPOT results that
were observed in our study reliably exclude infection with M. tuberculosis. In previous
studies, the sensitivity of an ELISPOT-based assay using specific antigens was reported
to be 90 % in HIV+ and up to 100% in HIV-negative patients with clinically manifest
TB (16, 35). In contacts of smear-positive pulmonary TB patients, the ELISPOT was not
only found to correlate better with degree of exposure than the TST, but even seemed to
be more sensitive (21). During the accident that was described in the present study, the
technicians were exposed to a number of bacilli that was potentially much higher than
the number that is inhaled during exposure to an individual with a natural infection. Up
to a certain level of exposure, the strength of immune responses will increase directly
with the amount of antigen (2, 22, 23), and accidental infection can therefore be expected
to result in an equal if not higher number of antigen-specific T cells. Thus, we think that
the persons with negative ELISPOT results were not infected during the accident. During
a follow-up period of 3 years, none of them developed active TB disease.

Of the antigens that were used in the present study, ESAT-6 and CFP-10 were used in
most previous studies of M. tuberculosis-specific immunodiagnostic assays, as was re-
cently reviewed (33). However, it has become clear that T cell responses to these antigens
can be found in persons who have been infected with M. tuberculosis in the past and
may even persist after adequate treatment (4, 34, 39). Therefore, new diagnostic antigens
should not only be able to further optimize the sensitivity of immunodiagnostic assays
but ideally should also differentiate between recent and remote M. tuberculosis infec-
tion. The study setting of an accidental exposure to M. tuberculosis in a laboratory was
particularly suitable to evaluate the value of novel diagnostic antigens for the detection
of recent infection and to study the kinetics of immune responses, because the exact
moment of exposure was known. This is in contrast to the usual contact investigations
in which individuals have been exposed to a person with contagious TB for an extended
period of time that can often not be specified.
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We evaluated the most promising novel diagnostic antigens identified in recent studies,
TB37.6 and TB7.7 (1, 11, 27), of which TBy.7 was recognized poorly. The M. tuberculosis-
specific peptide pool of TB37.6, however, was found to be of particular interest as our
results indicate that it is only recognized by individuals with a recent infection. Previous
studies showed that TB37.6 is recognized by 42% of TB patients tested 0-6 months after
diagnosis (32) and by 53% of untreated TB patients (27). In seeming contrast to our re-
sults, another study demonstrated that remote TST converters can recognize TB37.6, but
in that study whole recombinant antigen was tested in a 5 day culture assay (32), while
we tested only the M. tuberculosis-specific peptides and used a short culture assay, which
could explain the difference in observation. Previously, M. tuberculosis-specific peptide
pool of TB37.6 was only tested in patients with active TB and a small group of recently
latently infected individuals, inducing IFN-y responses in 38-46% of these persons (11).
In our study, both accidentally infected persons were treated and responses to TB37.6
had become undetectable in both of them after treatment was completed, but this does
not necessarily imply a causal relationship between treatment and the kinetics of the im-
mune response. Two other studies indicate that there might be a sequential appearance
of antigen-specific responses after infection with M. tuberculosis (37, 38). It has been
reported that ELISPOT responses to ESAT-6 and CFP-10 became negative during suc-
cessful treatment of active TB, while remained positive in those without clinical improve-
ment (15). 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 responses to
TB37.6 and assess the effect of treatment.

Among the laboratory controls were several persons who had most likely been infected
with M. tuberculosis in the past, as several of the BCG non-vaccinated persons had a
positive TST result and two persons had a history of limited pulmonary TB for which
they had received treatment. Yet, a positive response to ESAT-6 was observed in only
one of them and a response to the other specific antigens in none. This finding is in
seeming contrast with previous studies showing that responses to ESAT-6 and CFP-10
are frequent among TST positive individuals and (cured) TB patients (4, 39). Besides
a relatively small study size, there are two possible explanations for this apparent dis-
crepancy. First, it has been reported that ELISPOT responses decrease rapidly during
effective treatment (15) and this may have been the case in the technicians who had been
treated in the past. Secondly, an overnight-ELISPOT is highly sensitive but mainly detects
responses of circulating effector memory T cells as exist during active or recent infection,
while a more prolonged cell culture allows detection of responses of central memory T
cells as well. In individuals who have been infected with M. tuberculosis in the past, the
number of circulating antigen-specific effector cells could be low, causing negative results
in a short-term assay but positive responses after prolonged culture. In accordance, in
some of the persons who were most probably latently infected with M. tuberculosis in the
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past, we observed positive responses to ESAT-6 and CFP-10 in a 6 day culture, but not
in an overnight ELISPOT. Thus, ELISPOT could be the method of choice for detection
of recent infection with M. tuberculosis while more prolonged cultures may be required
when detection of more remote infection is relevant as well. The latter is important in
immunocompromised persons or those eligible for immunosuppressive treatment, e.g.
such as is used in transplant recipients or TNF-alpha antagonistic drugs (5, 24).

A diagnostic assay that could specifically detect recently acquired latent infection would
allow more targeted treatment, because the risk of progression to active TB decreases
significantly with time after infection. The present study provides a novel hypothesis in
this regard, namely that ELISPOT responses to TB37.6 indicate recent infection. Selec-
tion of latently infected individuals would benefit even more if it were possible to identify
persons specifically at risk of developing active TB disease. One study found that that
recently exposed individuals with high ESAT-6 responses were most likely to progress to
active TB (20).

In conclusion, ELISPOT using peptide pools of ESAT-6, CFP-10 and TB37.6 allowed
specific detection of recent M. tuberculosis infection after accidental exposure to M. tu-
berculosis, irrespective of BCG vaccination or TST results. In particular, responses to
M. tuberculosis-specific peptides of TB37.6 were indicative for a recently acquired latent
infection. Clearly, the ideal diagnostic test for detection of latent TB infection is not yet
available, but the findings of this study contribute to another step in the right direction.
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