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aBsTRacT
INTRODUCTION: A positive interferon-gamma release assay 

(IGRA) is regarded as proof of latent Mycobacterium tuber-
culosis infection. We conducted an evaluation of the IGRA 
test “T-SPOT.TB” to test its performance during clinical rou-
tine use by analysing the positivity rate and odds, effect of 
season and sensitivity.
MATERIAL AND METHODS: Data from T-SPOT.TB testing to-
gether with age and test indications (anti-tumour necrosis 

factor alpha (TNFα) candidate, contact investigation or sus-
picion of tuberculosis (TB)) were combined with mycobac-
teria culture results.
RESULTS: A total of 1,809 patients were tested. Conclusive 
results were achieved for 1,780 patients (98.4%). Among 

these, 4.6% of anti-TNFα candidates, 19.3% of contacts and 
24.4% of TB suspects tested positive. Compared with anti-

TNFα candidates, the odds for a positive result were signifi-
cantly higher for contact investigations (odds ratio (OR), 
mean (95% confidence interval): 4.93 (3.11-7.81)) and TB 
suspects (OR: 6.83 (4.33-10.77)). Elevated odds of an incon-
clusive test were found during autumn and winter periods 
(OR: 2.53 (1.58-4.05)) and for patients > 75 years of age 
(OR: 2.66 (1.43-4.94)) and < 6 years of age (OR: 3.35 (1.58-
7.09)). In all, 41 of 43 culture-verified M. tuberculosis infec-
tions tested positive with one false negative. 
CONCLUSION: During routine testing, inconclusive tests 
were rare, but more frequent during autumn/winter  
periods and for patients < 6 and > 75 years of age. The T-
SPOT.TB showed a high sensitivity in culture-verified TB, al-
though false negative results did occur.

FUNDING: not relevant.
TRIAL REGISTRATION: not relevant.

Mycobacterium tuberculosis is a major cause of mortal-
ity and morbidity worldwide. Nine million new tubercu-
losis (TB) cases evolve every year, and an estimated one 
third of the world population are latently infected with 
M. tuberculosis (LTBI) which implies that there is a large 
reservoir for future TB disease [1]. Approximately 10% of 
all LTBI cases will progress to active TB [2].

Until recently, the only means of diagnosing LTBI 
was the tuberculin skin test (TST), which detects cell-me-
diated immunity through a delayed-type hypersensitivity 
reaction towards a purified protein derivative of tuber-

culin [3]. However, the TST can also react to bacille 
Calmette Guérin (BCG) vaccination and non-tuberculous 
mycobacteria (NTM), which constitutes a considerable 
diagnostic challenge [4]. These limitations have largely 
been overcome by the introduction of interferon-gam-
ma release assays (IGRA) which quantify the ex vivo cel-
lular immune response towards M. tuberculosis-specific 
antigens [5]. At present, the T-SPOT.TB assay (Oxford 
Immunotec, Abingdon, UK) and the QuantiFERON-TB 
Gold In-Tube (QFT-GIT) assay (Cellestis, Carnegie, 
Australia) are commercially available and widely used 
IGRAs. Both assays quantify the response towards the 
M. tuberculosis-complex specific proteins ESAT-6 (early 
secreted antigen target/6 kDa) and CFP-10 (culture fil-
trate protein/10 kDa). As LTBI is defined as an immuno-
logical reaction without evidence of TB disease, a posi-
tive IGRA in an otherwise asymptomatic person is 
regarded as a diagnosis of LTBI. Especially in the TB low-
burden, high-income part of the world, IGRAs are rec-
ommended for contact investigations upon exposure to 
contagious TB patients [6] as well as for testing for la-
tent M. tuberculosis infection prior to anti-tumour ne-
crosis factor alpha (TNFα) therapy [7].

The performance of IGRAs has been studied and 
evaluated extensively throughout the past decade [4]. 
Whereas most studies focus on the performance of QFT-
GIT, we wished to summarise and evaluate the test re-
sults of the T-SPOT.TB in the context of routine contact 
investigations prior to TNFα inhibitor therapy and in per-
sons at risk of active TB. As age and season of the year 
have previously been reported to influence test results 
[8], we also evaluated these factors in our study. To our 
knowledge, only few evaluations of the performance of 
the T-SPOT.TB have been carried out in low-incidence 
settings [4, 8-13].

maTERial and mEThOds
We included all T-SPOT.TB results from the laboratory at 
the Department of Pulmonary Medicine, Aarhus Univer-
sity Hospital, from 1 January 2010 to 31 December 2011. 
Data on age, sex, date of testing and the clinical indica-
tion for testing (screening prior to anti-TNFα therapy, 
contact investigations or suspicion of TB) were collected 
for all patients. The test assays were performed and in-
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terpreted by permanent staff members in accordance 
with the manufacturer’s instructions. The laboratory is 
certified annually by the manufacturer to run the T.
SPOT.TB assay. Results were reported as positive, nega-
tive or inconclusive. Data on concomitant culture-ver-
ified mycobacterial infections were obtained for all  
included patients. Culture-verified infections and T.
SPOT.TB status were considered concomitant if they 
were performed within one year from the date of the  
T-SPOT.TB test.

Statistical analyses were performed using the χ2-
test. When appropriate, mean odds ratios (OR) with 
two-sided 95% confidence intervals (CIs) were calculat-
ed, and when needed, control for confounding was per-
formed according to the Mantel-Haenzel method. For all 
results, a significance level of 0.05 was assumed.

REsUlTs
A total of 2,018 T-SPOT.TB tests were performed in 
1,809 patients; 185 patients were tested more than 
once. The crude results were 17.8% positive, 82.2% 
nega tive and 4.9% inconclusive tests (Figure 1). 

Odds ratio for positive T-spot.TB
The indication for testing patients was reported in 1,631 
patients (90.1%) as either LTBI screening prior to anti-
TNFα therapy (31.7%), contact investigation (35.6%) or 
suspicion of TB (32.7%). When the T-SPOT.TB was per-
formed for selective screening purposes prior to anti-
TNFα therapy, 24 (4.6%) of 517 patients tested positive, 
whereas 112 (19.3%) of 581 patients tested due to con-
tact investigation and 130 (24.4%) of 533 tested on sus-
picion of TB had a positive test result.

The odds for a positive T-SPOT.TB were significantly 

higher for patients tested on suspicion of TB than for 
anti-TNFα therapy candidates; OR: 6.83 (4.33-10.77),  
p < 0.0001). The same was true for patients tested in 
contact investigation compared with anti-TNFα therapy 
candidates; OR: 4.93 (3.11-7.81), p < 0.0001). 

Patients tested on suspicion of TB had significantly 
higher odds for a positive result than patients tested in 
contact investigations; OR: 1.39 (1.04-1.85), p < 0.0263.

inconclusive test results
The test date was recorded for 1,977 (97.9%) tests; 
1,115 (53.6%) tests were performed during autumn and 
winter (September to February) and 862 (46.4%) were 
performed during spring and summer (March to Au-
gust). Inconclusive test results occurred in 98 (4.9%); 72 
tests (3.6%) done in autumn/winter and 26 tests (1.3%) 
done during spring/summer (Figure 2). The seasonal 
vari ation was significant (autumn/winter versus spring/
summer (OR: 2.53 (1.58-4.05), p < 0.0001). A major con-
tribution to the inconclusive results in wintertime was 
due to a high number of inconclusive results within one 
month (14 tests), all of which had an invalid negative 
control. The relation between inconclusive test results 
and the time of year remained significant when exclud-
ing these (OR: 1.78 (1.09-2.90), p < 0.02).

The initial test result was inconclusive for 30 (5.6%) 
of 533 patients with suspected TB, 23 (4.0%) of 581  
tested in contact investigations and 23 (4.5%) of 517 
anti-TNFα candidates. Test indication was unavailable 
for two patients with an initially inconclusive result. 
There was no statistically significant difference in the oc-
currence of inconclusive results according to test indica-
tion (p > 0.4). For patients above 75 years of age (n = 
13), significantly more inconclusive tests were observed 

FigURE 1

Distribution of definitive results for tested patients.
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FigURE 2

Distribution of inconclusive tests according to time of year.
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than for patients aged between 6-75 years; OR: 2.66 
(1.43-4.94), p < 0.0013). The same was true for patients 
< 6 years (n = 7) compared with patient aged between 6 
and 75 years (OR: 2.89 (1.27-6.57), p < 0.019). 

The impact of age on the odds for an inconclusive 
test became more evident when adjusting for the time 
of year; age < 6 years versus 6-75 years: OR: 3.35 (1.58-
7.09), p < 0.0001 and age ≥ 75 years versus 6-75 years: 
OR: 3.39 (2.11-11.07), p < 0.0073.

A conclusive result was achieved in 49 (83.1%) of 59 
retested patients. The median time passed between ini-
tial testing and retesting was seven days (range 1-117 
days). 

Dates, reason for retesting and final results were 
available for 53 (88.1%) retested patients (Table 1). 

Verified mycobacterial infections
Sixty patients (3.3%) had a culture-verified, mycobacter-
ial infection (Table 2). Of these, 43 were infected with 
M. tuberculosis and 41 had a concomitant positive  
T-SPOT.TB. Three of these patients were tested prior to 
anti-TNFα-therapy. Fifteen of 17 patients infected with 
NTM were tested on clinical suspicion of TB and two 
were tested prior to anti-TNFα therapy. One patient 
with culture-verified M. tuberculosis infection had an in-
conclusive T-SPOT.TB. Another patient tested in contact 
investigation had a false negative T-SPOT.TB, whereas  
M. tuberculosis was cultured from collected sputum, and 
the specimens for culture and T-SPOT.TB were collected 
the same day.

discUssiOn
We have presented results of T-SPOT.TB testing per-
formed under routine conditions during a two-year  
period at a single Danish laboratory affiliated with a hos-
pital department responsible for TB treatment, contact 
investigations and LTBI screening. 

Anti-TNFα therapy constitutes a major risk factor 
for reactivation of LTBI [14] as TNFα is pivotal for the in-
tegrity of granuloma formation, which plays a crucial 
role in containing surviving mycobacteria during latent 
infection [15]. Hence, screening with either TST or IGRA 
before initiating anti-TNFα therapy is highly recom-
mended in order to offer preventive therapy in case of 
suspected LTBI [16]. Though anti-TNFα candidates are 
expected to be at no greater risk of exposure to M. tu-
berculosis than the background population in general,  
a higher risk of TB has previously been observed among 
patients with rheumatoid arthritis treated with predni-
solone and disease-modifying anti-rheumatic drugs 
(DMARDs) [17]. This finding is probably due to co-mor-
bidities as well as the immunosuppressive effects of this 
treatment. Prednisolone and DMARDs are known to 
possibly interfere with IGRAs and generally cause a  

higher incidence of inconclusive test results [9]. The 
overall prevalence of inconclusive test results (4.9%) was 
in accordance with the overall observed frequency 
among immunosuppressed individuals in a recent meta-
analysis [4].

 In the present study, the crude prevalence of posi-
tive test results among anti-TNFα candidates (4.6%) cor-
responded to the background prevalence observed in 
previous studies, although the reported prevalence 
spanned considerably (1.9-9.5%) [9, 10, 18]. We argue 
that anti-TNFα candidates can be regarded as a proxy 
for the background population in a low-incidence setting 
since this group of patients is at no greater risk of LTBI 
or exposure than the general population.

Among patients with suspected TB, 32.7% tested 
positive, which corresponds to previous findings in simi-
lar settings [8]. Likewise, 22.7% of those tested in con-
tact investigations were positive, which is also in line 
with previous reports where the prevalence ranged from 

TaBlE 1

Reason for retesting and test results after retesting. The values are n.

Reason for retesting

Time from initial inconclusive  
result to result of retest

defective
positive control

defective 
negative control

controls
not reported Total

0-21 days
Positive
Negative
Inconclusive

0
5
0

  3
14
  1

  3
16
  1

  6
35
  2

> 21 days
Positive
Negative
Inconclusive

0
3
0

  2
  1
  2

  0
  2
  0

  2
  6
  2

Total 8 23 22 53

TaBlE 2

T-SPOT.TB status and mycobacterial species. The values are n.

T-sPOT.TB status

species negative positive inconclusive Total

Mycobacterium tuberculosis 
complex
M.tuberculosisa

  

  1 41 1 43

Non-tuberculous mycobacteria

M. marinuma   0   2 0   2

M. avium-intracellulare complex   7   0 1   8

M. gordoniib   3   1 0   4

M. celatum   1   0 0   1

M. xenopi   1   0 0   1

M. peregrinum   0   1 0   1

Total 13 45 2 60

CFP-10 = culture filtrate protein of 10 kDa; ESAT-6 = early secreted antigen target of 6 kDa.
a) Expresses T-SPOT.TB antigenic target proteins ESAT-6 and CFP-10.
b) May express ESAT-6. 
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11% to 34% among persons exposed to TB [8-11]. Com-
pared to anti-TNFα candidates, who were regarded a 
proxy of the background population in this context, we 
found ORs of 6.83 and 4.93 for a positive test result in 
TB suspects and contact investigations, respectively. 
Previous studies have reported ORs of 0.7 and 1.99 
when comparing background populations with contacts 
of TB patients [9, 10]. 

Many European centres depend on external author-
ities (public health departments etc.) to perform contact 
investigations. The responsibility of TB disease control in 
Denmark rests with the hospital departments in charge 
of diagnosing and treating TB. This structure may allow 
for a closer dialogue with both patient and contacts, 
yielding more precise contact investigations. On the  
other hand, a more selective screening procedure may 
be too narrow and might lead to testing of only individ-
uals at obvious risk. This would yield a higher OR of a 
positive result because some patients at risk might be 
omitted. It has thus been documented that there is in-
creased M. tuberculosis transmission in Denmark among 
socially marginalised persons, which underlines the need 
for a stronger focus on contact investigations and 
screening programmes [19].  

Previous reports on T-SPOT.TB performance indi-
cate a higher frequency of inconclusive test results dur-
ing autumn and winter [8]. Inconclusive results can arise 
from an insufficient response to the mitogen-positive 
control, unspecific staining in the wells or unspecific pro-
duction of interferon-gamma (IFNγ) by peripheral blood 
mononuclear cells. Furthermore, a compromised im-
mune function due to immunosuppressive treatment or 
disease may lead to a weak mitogen response. A pos-
sible explanation for the increased occurrence of incon-
clusive results during the cold months is the higher fre-
quency of benign viral infections leading to increased 
presence of IFNγ-immune cells in peripheral blood, caus-
ing an unspecific IGRA reaction. In addition, it has been 
proposed that failure to comply with suggested tem-

pera ture limits during transportation during wintertime 
may interfere with test performance [8]. 

A higher frequency of inconclusive results has also 
been observed when testing patients < 5 years and > 75 
years. Our findings are in accordance with previous re-
ports from routine testing in low-incidence settings  
[8, 11].

We found a crude prevalence of inconclusive results 
of 4.9%, which is higher than in similar studies (0.3-3.6%) 
[8, 11]. Despite the relatively high frequency of initially 
inconclusive results, a conclusive result was achieved in 
93.2% upon re-testing. The majority of the retests 
(81.1%) were performed within three weeks of initial 
testing. Local guidelines recommend that re-testing is 
postponed for at least three weeks following an incon-
clusive test because immunological activation due to 
trivial infections might theoretically interfere with the 
assay and give rise to more false positives and defective 
negative controls. However, we did not observe signifi-
cantly more positive and inconclusive test results in con-
nection with early retesting within three weeks.

A small subgroup of T-SPOT.TB-tested patients had 
a culture-verified mycobacteria infection. As noted, one 
patient with M. tuberculosis had a false negative T-SPOT.
TB: A 66-year-old male with known exposure to TB.  
A tracheal suction sample from the patient was positive 
for acid-fast bacilli. In addition, radiological signs were 
strongly indicative of TB. Subsequently, PCR and culture 
confirmed M. tuberculosis infection. The patient was 
ser iously ill at the time of diagnosis and the reactive T 
cells were probably at the site of infection rather than in 
circulation. This is a known shortcoming of IGRAs [4].

In four cases in which NTM infections were con-
firmed microbiologically, the T-SPOT.TB was positive 
(two patients infected with M. marinum and two in-
fected with M. peregrinum and M. gordonii, respective-
ly). M. marinum expresses the test target antigenic pro-
teins ESAT-6 and CFP-10, and positive results were to be 
expected. M. gordonii has been reported to express 
ESAT-6 in some cases, which may very well lead to cross 
reactivity in T-SPOT.TB as well as in QFN-GIT [20]. The 
case of M. peregrinum may be considered as latent co-
infection with M. tuberculosis.

cOnclUsiOn
The T-SPOT.TB performs well in routine screening prior 
to TNFα treatment as well as in contact investigation 
procedures. Furthermore, it is a useful diagnostic aid in 
low-incidence settings. 

Test performance is influenced by the age of the 
subject and by the season of year, but mostly in terms of 
the occurrence of inconclusive results. In the majority of 
inconclusive cases, a subsequent test can provide a con-
clusive result.

T-Spot.TB reading.  
a. Negative control panel.  
B. Posi tive control panel. 
c. Panel coated with 
ESAT-6 antigens. d. Panel 
coated with CFP-10 anti-
gens. The ESAT-6 panel (C) 
has 14 spots and the CFP-
10 panel (D) has > 20 
spots. The control panels 
(A, B) are valid. The test is 
positive for both antigens.
CFP-10 = culture filtrate 
protein of 10 kDa; ESAT-6 
= early secreted antigen 
target of 6 kDa.
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One false negative result was recorded. Therefore, 
a negative T-SPOT.TB should never overrule the judg-
ment of an experienced clinician if clinical findings or 
history are consistent or strongly suspicious of TB. 
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