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Diagnostic value of T-SPOT.TB interferon-y
release assays for active tuberculosis
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Abstract. The aim of the present study was to evaluate the
diagnostic value of interferon-y release assays for the detection
of active tuberculosis (ATB) in patients previously vaccinated
with Bacillus Calmette-Guérin (BCG). In total, 540 patients
underwent the T-SPOT.TB test, including 295 patients with
active pulmonary TB (PTB), 52 patients with active extra-
pulmonary TB (EPTB), 11 individuals with inactive TB and
182 non-TB cases. Simultaneously, 186 patients with ATB,
including PTB and EPTB cases, and 125 non-TB patients
underwent tuberculin skin tests (TST). Associations between
the sensitivity of the T-SPOT.TB assays and lung lesion
severity, positive smear grade, disease site and the duration of
anti-TB treatment were evaluated. The sensitivity and speci-
ficity values of the T-SPOT.TB assay for diagnosing ATB were
76.66 and 76.37%, respectively, and the positive rate in the inac-
tive TB test results was significantly lower (23.63%; P<0.001).
The diagnostic sensitivity was higher in the PTB cases when
compared with the EPTB cases (P=0.01). Furthermore, the
diagnostic sensitivity of the ATB cases undergoing anti-TB
treatment was significantly lower when compared with the
cases not undergoing treatment (P=0.002), and the sensitivity
gradually decreased with the treatment duration (P=0.01). In
addition, a statistically significant difference was identified
in the specificity between the T-SPOT.TB assay and the TST
(76.37 vs. 51.15%; P<0.001), whereas the sensitivity values
did not differ significantly (76.66 vs. 75.56%). Therefore, the
results indicated that the T-SPOT.TB assay is a promising
diagnostic test for active PTB in a BCG-vaccinated population,
and should replace the TST. As the administration of anti-TB
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treatment resulted in a lower sensitivity to the diagnostic test,
the T-SPOT.TB assay may also be suitable for the assessment
of treatment outcomes.

Introduction

Tuberculosis (TB) has the greatest mortality rate among all
infectious diseases, which is primarily due to the current
lack of effective diagnostic methods (1). The gold standard
for the diagnosis of pulmonary TB (PTB) is the identifica-
tion of Mycobacterium tuberculosis via in vitro culture.
However, the cultures are prone to detection limits and can
be time consuming, in addition to the difficulty of obtaining
clinical isolates, particularly in cases of extrapulmonary TB
(EPTB) (2); thus, clinicians often have to rely on immunoas-
says for diagnosis. In addition, the diagnostic value of the
tuberculin skin test (TST) is limited due to the cross-reac-
tivity of the purified protein derivative from the Bacillus
Calmette-Guérin (BCG) vaccination and non-tuberculous
Mycobacteria (NTM) species (3).

Previously, interferon-vy release assays (IGR As), which are
based on the level of IFN-y secreted by T cells in response to
M. tuberculosis specific antigens, have demonstrated a supe-
rior diagnostic performance over the conventional TST (4-6).
These specific antigens, which include early secreted antigenic
target (ESAT-6; 6 kDa) and culture filtrate protein (CFP-10;
10 kDa), are coded by region of difference 1, which is present
in the genome of M. tuberculosis and absent in BCG or NTM
strains, with the few exceptions of M. marinum, M. kansasii,
M. gordonae and M. szulgai (7,8). There are two IGRA tests
currently available on the market, namely Quanti FERON-Tb
Gold (Cellestis, Carnegie, Australia) and T-SPOT.TB (Oxford
Immunotec, Ltd., Oxford, UK). The Quanti FERON-Tb Gold
assay measures the level of IFN-y using an enzyme-linked
immunosorbent assay method, while the T-SPOT.TB assay
identifies T cells secreting IFN-y using an enzyme-linked
immuno-spot (ELISpot) assay technique, which combines
the immune enzymatic methods with a short-term culture of
T cells. One of the advantages of the ELISpot technique is
the high sensitivity, which enables the detection of a single
M. tuberculosis antigen-activated T cell. Although a number
of studies have evaluated the performance of IGRAs for the
diagnosis of latent TB infections (9-11), studies assessing
the value of IGRAs for the diagnosis of active TB (ATB) are
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limited, particularly those including a large patient sample
population. Certain studies have indicated that quantitative
T-cell responses, as measured with the T-SPOT.TB assay,
may indicate a mycobacterial burden and disease activity,
however, are unable to discriminate between active and
latent TB (12). By contrast, other studies have observed that
the T-SPOT.TB assay has a high sensitivity for diagnosing
ATB (13). To date, the diagnostic value of the T-SPOT.TB
assay for ATB remains controversial, and since China is
a country with a serious TB burden, a prospective study
was performed to evaluate the diagnostic reliability of the
T-SPOT.TB assay in 540 patients with and without ATB, as
well as inactive TB participants.

The aim of the present study was to investigate the factors
affecting the performance of T-SPOT.TB assays, and to eluci-
date whether T-SPOT.TB tests are sufficiently sensitive and
specific for the diagnosis of ATB, without the requirement of
a positive M. tuberculosis culture or the presence of caseating
granuloma in biopsy specimens, thereby providing the basis
for optimized treatment regimens and the avoidance of further
transmissions.

Patients and methods

Patient inclusion and diagnosis. In the prospective study,
540 consecutive patients, who were admitted to the
Shanghai Pulmonary Hospital (Shanghai, China) between
December 2011 and September 2012, were enrolled due to
a suspected case of TB. All the subjects were HIV-negative
and had received a BCG vaccination in early childhood or
during adolescence. A standard questionnaire was completed
for each patient, which included basic demographic data, a
history of TB contacts, previous TB history, current TB
symptoms, administration of anti-TB treatment, as well as
underlying diseases and concurrent immunosuppressive
therapies. All 540 patients underwent a T-SPOT.TB test at
enrollment, in addition to routine clinical, microbiological,
pathological and radiographic examinations, including
physical examination, sputum smear and culture, and chest
computed tomography. Final classifications were obtained
through analysis of the patients' medical records, in addition
to laboratory and chest X-ray results. Definite cases of TB
were confirmed based on positive cultures of M. tuberculosis
from the sputum or the presence of caseating granuloma in
the biopsy specimens. Clinical TB was diagnosed if there
were TB-specific radiographic observations, including
nodules, patches, cavity and tree-in-bud sign, and appropriate
responses to anti-TB treatments. Patients classified with ATB
included those with confirmed TB or clinical TB, and were
further classified into cases of PTB and EPTB. Inactive TB
was diagnosed if the patient had a history of TB, however,
the disease was not active at the time of admission. Patients
were classified as non-TB if there was a confirmed alternative
diagnosis without a history of TB. The study was approved
by the Ethical Committee of Shanghai Pulmonary Hospital,
and informed consent was obtained from all the participants.

X-ray criteria for the lesion severity scores. Chest X-rays of
the patients were divided into six lung fields (Fig. 1) and the
severity of the lung lesions was scored based on the following
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Table I. Criteria for lesion severity.

Criteria Severity score
Disease
No disease 0
<50% of area affected 1
>50% of area affected 2
Cavitation
No cavitation 0
Single cavity
<2 cm diameter 0.25
2-4 cm diameter 0.5
>4 cm diameter 10
Multiple cavities
Largest <2 cm diameter 05
Largest 2-4 cm diameter 10
Largest >4 cm diameter 20

factors: i) Range of the lung field foci; and ii) number/size
of the cavities (Table I). The final lesion severity score was
the sum of the scores from the six lung fields (every lung
field = i + ii, as outlined in Table I). Scores of <2.5 were clas-
sified as mild, while those ranging between 2.5 and 6 were
defined as moderate, and =6 points was classified as severe.

Sputum smear grade. The sputum smears were stained
by Ziehl-Neelsen staining (Merck Millipore, Darmstadt,
Germany), and were observed under a fluorescent microscope
(EPI LBX-2002H; Shanghai Longway Optical Instruments
Co., Ltd., Shanghai, China). Sputum smear samples were
graded as follows: Smear 3+, =10 acid-fast bacilli (AFB) per
1 high-power field (HPF); smear 2+, 1-9 AFB per 1 HPF; and
smear 1+, 10-99 AFB per 100 HPF.

T-SPOT.TB assay. T-SPOT.TB tests were performed in
accordance with the manufacturer's instructions outlined in
the assay kit (Oxford Immunotec Ltd.). Blood samples were
collected immediately prior to the tests in order to avoid
potential interferences, and patients who received blood trans-
fusions or underwent positron emission tomography-computed
tomography scans within 1 week of the test were recom-
mended to undergo a second test two weeks later. Peripheral
blood mononuclear cells (PBMCs) were separated from
blood samples using Ficoll-Hypaque gradient centrifugation
at 400 x g for 30 min at 20°C. Briefly, PBMCs were seeded
on precoated IFN-y ELISpot plates and incubated with media
without an antigen (as a negative control), media containing
peptide antigens derived from ESAT-6 (labeled panel A) or
peptide antigens derived from CFP-10 (labeled panel B), or
media containing phytohemagglutinin (as a positive control)
in a 5% CO, atmosphere at 37°C for 20 h. After counting the
number of spot-forming cells, the results of the T-SPOT.TB
assay were considered to be positive if panels A or B, or both
panels, exhibited six or more spots as compared with the nega-
tive control, or if the number of spots was at least two times
greater than that of the negative control.
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Figure 1. X-ray images showing the lesion severity scoring. The white arrows indicate the lesions and cavities. (A) Field 1, =50% of area affected = score 2;
Field 2, <50% of area affected = score 1. (B) Field 1, single cavity, <2 cm diameter = score 0.25. (C) Field 1, single cavity, 2-4 cm diameter = score 0.5; Field 3,
single cavity, >4 cm diameter = score 1. (D) Field 1, multiple cavities, the largest <2 cm diameter = score 0.5; Field 2, multiple cavities, the largest 2-4 cm
diameter = score 1. (E) Field 3, multiple cavities, the largest >4 cm diameter = score 2.

540 active TB suspects with T-SPOT.TB results, 311
suspects participated in the TST at the same time

ATB 0=347

TSPOT.TB pos.=347

Non-TB n=182

Inactive TB n=11 TSPOT.TB pos.=182
TSPOT.TB+TST pos=186 TSPOT.TB+ TSTpos=125
(n=186 +TST)
[ PTB n=295 ] | EPTB n=52 |
| [ | [
Smear +/Culture+ Smear -/Culture+ Biopsy-confirmed Clinical PTB
n=98 =107 n=13 2=90

Figure 2. Flowchart of the study population. A total of 540 subjects who were suspected of having ATB were recruited for the T-SPOT.TB test, and 311 indi-
viduals underwent a TST simultaneously. TB, tuberculosis; ATB, active tuberculosis; TST, tuberculin skin test; PTB, pulmonary tuberculosis; EPTB,

extrapulmonary tuberculosis.

TST. Medical staff of Shanghai Pulmonary Hospital conducted
the TSTs. In total, five tuberculin units of purified protein
derivative were injected intradermally into the volar aspects
of the left forearm, according to the Mantoux method, and
the skin induration was examined after 72 h. If the induration
diameter was <5 mm, the TST was considered to be negative,
while if the diameter was =5 mm, or in the case of blister
development, the TST was considered to be positive.

Statistical analysis. Statistical analyses were conducted using
SPSS statistical software (SPSS Statistics 17.0; SPSS, Inc.,
Chicago, IL, USA). Assuming a positive rate of 75% for the
T-SPOT.TB tests in the patients with ATB, a sample size of
133 patients with TB was required to conduct a power test.
Sensitivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), positive likelihood ratio (LR+)
and negative likelihood ratio (LR-) values, together with their
95% confidence intervals (Cls), were calculated to evaluate the
diagnostic performance of the T-SPOT.TB test, according to
the binomial distribution. P<0.05 was considered to indicate
a statistically significant difference. Comparisons of positive
rates between the different defined groups were analyzed using
Pearson's ° test or Fisher's exact test. The difference between
the paired proportions was analyzed with McNemar's test,
while the Wilcoxon rank test was used for the comparison
of continuous variables. Risk factors for individual assay

positivity were evaluated using odds ratios in a univariate
analysis. In addition, using a multiple regression analysis
model, the TSPOT.TB test was selected as a dependent vari-
able, while over the median age (>50 years), gender, clinical
symptoms, anti-TB treatment administration and disease site
(PTB or EPTB) were selected as independent variables. The
concordance of agreement between the TSPOT.TB test and
TST results was assessed using Cohen's k coefficient, where
«>0.75 inferred an excellent agreement, 0.4<x<0.75 indicated
moderate agreement and k<0.4 inferred a poor agreement.

Results

Demographic profiles of the patients. A total of 540 consecu-
tive patients, who required a TB differential diagnosis, were
initially enrolled in the study. The sample population included
295 active PTB cases (including 89 patients undergoing
anti-TB treatment), 52 active EPTB cases (including 6 cases
of osteoarticular TB, 13 cases of tuberculous lymphadenitis
and 33 cases of tuberculous pleurisy), as well as 11 inactive
TB cases and 182 patients without TB (non-TB) (Fig. 2).
Patients with EPTB in combination with PTB were included
in the PTB group. The baseline characteristics of the enrolled
patients are summarized in Table II. The mean ages of the
patients with ATB, an inactive form of the disease and the
non-TB subjects were 50+17, 56+16 and 50+17 years, respec-
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Table II. Baseline characteristics of the enrolled patients.
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ATB (n=347)
Characteristics PTB (n=295) EPTB (n=52) Non-TB (n=182) Inactive TB (n=11)
Age?, years 5017 (5-87) 51+16 (9-78) 5616 (15-88) 50+17 (19-75)
Gender (male:female), n 216:79 32:20 122:60 5:6
Diabetes mellitus, n 30 0 10 0
Malignant disease, n 1 1 1 0
Autoimmune diseases, n 4 0 1 0
Liver disease, n 1 0 0 0
Chronic renal failure, n 1 0 0 0

“Results are expressed as the mean + standard deviation (range). TB,
tuberculosis; ATB, active tuberculosis.

tuberculosis; PTB, pulmonary tuberculosis; EPTB, extrapulmonary

Table III. T-SPOT.TB results in the non-TB subgroups.

Gender T-SPOT.TB (+), T-SPOT.TB (-),
Condition Age, years (male:female), n n (%) n (%) Total, n
Pulmonary NTM disease 51+15 (32-78) 5:4 4 (44.44) 5 (55.56) 9
Lung cancer 48+16 (35-80) 35:26 16 (26.23) 45 (73.33) 61
Pneumonia 49+17 (21-78) 47:40 16 (18.39) 71 (81.61) 87
Pulmonary mycosis 51x17 (35-80) 4:3 2 (28.57) 5(71.43) 7
Silicosis 48+8 (40-57) 7:0 1(14.29) 6 (85.71) 7
Bronchogenic cyst 49+4 (45-51) 2:1 1(33.33) 2 (66.67) 3
Interstitial lung disease 50+2 (48-52) 1:1 0 (0) 2 (100) 2
Pulmonary embolism 50+1 (49-51) 1:1 1 (50.00) 1 (50.00) 2
Granulomatous vasculitis 43 0:1 0 (0) 1 (100) 1
Right lower lobe sequestration 46 1:0 0(0) 1 (100) 1
Lung tissue X disease 51 0:1 1 (100) 0 (0) 1
Myelodysplastic syndrome 45 1:0 1 (100) 0(0) 1
Total 51+16 (21-81) 104:78 43 (23.63) 139 (76.37) 182

Results are expressed as the mean + standard deviation (range). TB, tuberculosis; NTM, non-tuberculous Mycobacterium.

tively. Male patients were significantly dominant in the ATB
and non-TB groups. Almost 10% of the PTB patients presented
with diabetes mellitus, while in the non-TB patient group,
only 5.5% of the patients had diabetes mellitus. In the EPTB
and inactive TB groups, there were no patients with diabetes
mellitus, and few additional complications were observed in
any of the TB groups. The positive test rate in the non-TB
group was 23.63% (43/182; Table III). Patients with pulmonary
NTM disease were determined to have an equal positive and
negative T-SPOT.TB ratio, while other diseases, including lung
cancer, pneumonia, pulmonary mycosis and silicosis, in the
non-TB group exhibited negative T-SPOT.TB test ratios of
71.43-85.71% (Table I1I). With regard to the TB patients with
ATB and inactive TB (Table V), 76.66% of the ATB patients
were shown to test positive in the T-SPOT.TB test, which
included 77.97% PTB and 69.23% EPTB patients. By contrast,
in the inactive TB group, only 36.36% (4/11) of the patients
exhibited positive results. These results indicated that the

majority of ATB patients produced positive T-SPOT.TB test
results. In addition, positive T-SPOT.TB test results in the ATB
subgroup were found to be associated with positive results
from the bacterial cultures and smear or biopsy-confirmed
diagnoses (P=0.023); however, the test sensitivity was higher
in the smear+/culture+/clinical test cases, as compared with
the biopsy-confirmed cases. Subsequently, the performance of
the T-SPOT.TB assay stratified with the disease site was inves-
tigated, and the sensitivity was lower in the EPTB patients
when compared with the PTB cases. Notably, in contrast to
osteoarticular TB, a higher sensitivity was observed in the
patients with tuberculous pleurisy and tuberculous lymphad-
enitis. The difference among the three groups was statistically
significant (x*=9.1974, P=0.01; Table IV). Moreover, the
performance of the T-SPOT.TB assay when stratified with the
duration of anti-TB treatment revealed that the test sensitivity
in the ATB cases during treatment (65.17%, 58/89) was signifi-
cantly lower compared with those not undergoing treatment
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Table IV. T-SPOT.TB results in the TB subgroups.
T-SPOT.TB, n (%)
Parameter Positive Negative Total, n a P-value
ATB group 264 (76.08) 83 (23.92) 347
Gender 0.9252 0.336
Male 186 (74.70) 63 (25.30) 249
Female 78 (79.59) 20 (20.41) 98
Age 3.2241 0.072
Older patients (>50 years) 89 (70.63) 37 (29.37) 126
Younger patients (<50 years) 175 (79.20) 46 (20.80) 221
Diagnosis 11.1024 0.011
Smear positive TB 84 (85.71) 14 (14.29) 98
Culture positive TB 73 (73.66) 34 (26.34) 107
Biopsy-confirmed TB 9 (69.23) 4 (30.77) 13
Clinical TB 64 (83.12) 13 (16.88) 77
Site 1.8852 0.170
PTB 230 (77.97) 65 (22.03) 295
EPTB 36 (69.23) 16 (30.77) 52 9.1974 0.01
Osteoarticular 1(16.67) 5(83.33) 6
Tuberculous lymphadenitis 9 (69.23) 4 (30.77) 13
Tuberculous pleurisy 26 (78.79) 7(21.21) 33
Anti-TB treatment 8.5883 0.001
Without treatment 208 (80.62) 50 (19.38) 258
During ATB 54 (60.67) 35(39.33) 89 8.5883 0.01
Treatment <1 month 17 (85.00) 3 (15.00)
Treatment <1 year 29 (59.18) 20 (40.82)
Treatment >1 year 8 (40.00) 12 (60.00) 20
Inactive TB 4 (36.36) 7 (63.64) 11 9.3374 0.002

TB, tuberculosis; ATB, active tuberculosis; PTB, pulmonary tuberculosis; EPTB, extrapulmonary tuberculosis.

(80.62%, 208/258; %*=8.8292, P=0.003), and the sensitivity
gradually decreased with an increasing treatment duration.
The difference among the treatment times of <1 month,
<1 year and >1 year was statistically significant (%*=8.5883,
P=0.01; Table IV).

Factors associated with positive and negative test results.
Factors associated with positive and negative test results in the
ATB group were evaluated using a multivariate analysis. A
median age of >50 years, administration of anti-TB treatment
and the male gender were demonstrated to be three indepen-
dent factors associated with negative test results, whereas
a diagnosis of PTB was associated with positive test results
(Table V).

Consistency between T-SPOT.TB assay and TST. In
311 patients of the total 540 subjects (57.59%), TST results
were also recorded. These cases included 186 ATB patients
and 125 non-TB patients (Fig. 1). A statistically significant
difference in specificity was identified between the T-SPOT.TB
and TST assays (76.37 vs. 51.15%, x*=21.5487, P<0.001);
however, no statistically significant difference in sensitivity

Table V. Multivariate analysis of factors for T-SPOT.TB results
in the ATB subgroups.

Factors OR 95% CI P-value
Gender 0.742 0.574-0.959 0.023
Age 0.590 0.393-0.885 0.011
Site 1.457 1.057-2.008 0.022
Anti-TB treatment 0.610 0.474-0.785 <0.001

TB, tuberculosis; ATB, active tuberculosis; OR, odds ratio; CI, con-
fidence interval.

was observed (76.66 vs. 75.56%, »x>=0.0000, P=0.9987).
A poor level of agreement (n=311; 62.88%) was observed
between the T-SPOT.TB assay and the TST (x=0.26; 95% ClI,
0.18-0.34), and the majority of the discordant results were
due to TST-positive and T-SPOT.TB-negative results (68.31%,
125/183). Through stratifying the TST-positive patients into
four groups by the step-increased sizes of TST indurations, the
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Table VI. T-SPOT.TB results in the subgroups with different TST skin induration sizes.

T-SPOT.TB, n (%)

TST induration size Positive Negative Matching results (%)
Total, mm

<5 37 (33.33) 74 (66.67) 66.67

5-9 18 (48.65) 19 (51.35) 48.65

10-19 80 (69.57) 35(30.43) 69.57

=20 31 (64.58) 17 (3542) 64.58
ATB group, mm

<5 31 (65.96) 16 (34.04) 34.04

5-9 14 (56.00) 11 (44.00) 56.00

10-19 64 (81.01) 15 (18.99) 81.01

=20 27 (77.14) 8 (22.86) 77.14
Non-TB group, mm

<5 6 (9.38) 58 (90.62) 90.62

59 4 (33.33) 8 (66.67) 33.33

10-19 16 (44.44) 20 (55.56) 44 .44

=20 4(30.77) 9 (69.23) 30.77
TST, tuberculin skin test; TB, tuberculosis; ATB, active tuberculosis.
Table VII. Comparison of performances between TST and T-SPOT.TB tests and their combinations.
Tests Sensitivity, % Specificity, % PPV, % NPV, % LR+ LR-
T-SPOT.TB 76.66 76.37 86.08 63.18 324 0.31
TST 75.56 51.15 69.50 57.66 1.53 0.52
T-SPOT.TB and TST (parallel) 86.46 56.04 71.37 80.56 1.72 0.17
T-SPOT.TB and TST (serial) 67.72 79.67 82.73 57.06 331 0.52

TST, tuberculin skin test; PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR-, negative likeli-

hood ratio.

positive rates of the T-SPOT.TB assay in the four groups were
shown to exhibit an increasing trend (¥*=38.0113, P<0.001;
Table VI).

Efficiency of combining the T-SPOT.TB assay and TST
results. Further estimations were undertaken to assess
whether the diagnostic efficiency was improved by combining
the results from the T-SPOT.TB assay and TST. The results
were combined in a parallel manner, where a positive result
was assumed when either test was positive, and a nega-
tive result was assumed when both tests were negative. In
addition, the results were combined in a serial manner, in
which a positive result was assumed when both tests were
positive and a negative result was inferred when either test
was negative. Parallel testing increased the sensitivity of
the T-SPOT.TB assay to 86.46% when combined with the
TST; however, this was on the expense of a considerable
increase in the false-positive rate (the specificity declined to
56.04%). By contrast, serial testing increased the specificity
of the T-SPOT.TB assay to 79.67% when combined with TST;

however, the sensitivity decreased to 67.72% (Table VII).
With sole application of the T-SPOT.TB test, the specificity
was 76.37% (95% CI, 70.20-82.54%), the PPV was 86.08%
(95% CI, 89.93-82.23%), the NPV was 63.18% (95% ClI,
66.43-63.15%), the LR+ was 3.24 and the LR- was 0.31 for
an ATB diagnosis.

Discussion

The diagnosis of TB in patients with negative bacteriological
results remains a problem that requires resolving in clinical
practice. Nonetheless, since the cross-reaction of the TST with
the BCG vaccination attenuates the specificity, alternative, fast
and specific diagnostic tools are required to replace the TST.
The aim of the present study, performed in a country with
a high prevalence of TB and BCG vaccination rates, was to
determine the efficiency of the T-SPOT.TB test for diagnosing
TB in routine clinical practice.

In the present study, the sensitivity values of the T-SPOT.TB
test for the diagnosis of active PTB and EPTB were determined
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to be 77.97 and 69.23%, respectively, which were markedly
lower compared with previously reported studies (12-14). The
lower sensitivity obtained in the present analysis may be due
to the patients included in the sample population, since they
were undergoing anti-TB treatment. The positive rate of the
T-SPOT.TB assay in the ATB patients undergoing anti-TB
treatment was significantly lower when compared with the
patients not receiving treatment (P=0.002). In addition, an
increased treatment time was found to be associated with a
lower positive rate. This phenomenon may be associated with
adecreased antigen burden, which is in agreement with several
previous studies (15-18). In order to confirm the hypothesis that
the T-SPOT.TB assay results may be directly associated with
the actual bacterial load, the correlation between sensitivity
and disease severity, plus the smear grade, was further inves-
tigated. The sensitivity gradually decreased with a reduction
in disease severity and a decreasing smear grade; however, no
statistically significant differences were observed, which may
be due to the small sample size included in the present study.
Ribeiro et al demonstrated that only 10% of individuals with
a baseline reactive test reverted to negative results following
completion of 24 weeks of treatment (17). Thus, the hypothesis
that the T-SPOT.TB assay may serve as an effective predictor
of therapeutic efficacy in ATB patients undergoing anti-TB
treatment requires further investigation.

There has been considerable debate with regard to the
diagnostic value of IGRAs for EPTB. Fan et al recorded a
pooled sensitivity of 90% (95% CI, 86-93%) (13). However,
Cho et al reported that the T-SPOT.TB assay was more sensi-
tive in patients with chronic forms of EPTB, such as lymph
node or osteoarticular TB (93%), as compared with patients
with acute EPTB forms, such as TB meningitis or miliary TB
(79%) (19). Furthermore, Liao et al reported an overall sensi-
tivity of 79.8%, with the sensitivity ranging between 100% for
tuberculous meningitis, tuberculous pericarditis and intestinal
TB, 95% for lymphadenitis and 42.9% for tuberculous perito-
nitis (20). The results of the present study revealed an overall
sensitivity of 69.23%, which was considerably lower than the
value for PTB alone, and the sensitivity values ranged between
78.79% for tuberculous pleurisy to 69.23% for tuberculous
lymphadenitis and 16.67% for osteoarticular TB. The differ-
ence in sensitivity between the affected sites was determined
to be statistically significant (P=0.01). Therefore, the observa-
tions of the present study add strength to the hypothesis that
IFN-y-producing T-cell responses vary according to the loca-
tion of the disease; however, future investigation is required to
elucidate this hypothesis further. The positivity rate of 23.63%
for the T-SPOT.TB assay in the non-TB group is consistent
with the estimation that one third of the world's population is
infected with M. tuberculosis, according to the estimations of
the World Health Organization (21).

In conclusion, the results of the present study indicate that
the T-SPOT.TB assay may be a promising test for the diagnosis
of active PTB due to the improvement in specificity observed
in a BCG-vaccinated population. Thus, the test may replace the
TST in clinical practice. As the performance of the test was
shown to be associated with anti-TB treatments, for patients
undergoing anti-TB treatment, the T-SPOT.TB assay may be
of diagnostic value for the assessment of treatment outcomes.
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