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Tan et al.: T-SPOT.TB in Pulmonary Tuberculosis and Extrapulmonary Tuberculosis
This study aims to observe and analyze the diagnostic value of T-cell enzyme linked immunospot
assay for tuberculosis infection during the diagnosis of pulmonary tuberculosis and extrapulmonary
tuberculosis. The study objects were 200 cases of tuberculosis patients in the outpatient department or
inpatient department of our hospital, including 100 patients with active pulmonary tuberculosis, 100
patients with extrapulmonary tuberculosis. Meanwhile, we selected 90 non pulmonary tuberculosis
patients with pulmonary disease, 90 cases of extrapulmonary nontuberculous disease and 90 cases with
health examination. T-cell enzyme linked immunospot test for tuberculosis infection was used to detect
tuberculosis antigen specificity and the frequency of T cells secreting Interferon gamma and the results were
analyzed in detail. The positive rate of T-cell enzyme-linked immunospot assay for tuberculosis infection
in pulmonary tuberculosis group was higher than that in non-pulmonary tuberculosis group and healthy
control group (p<0.05). The positive rate of pulmonary tuberculosis group was significantly higher than
that of non-pulmonary tuberculosis group and healthy control group (p<0.05). The diagnostic sensitivity of
T-cell enzyme linked immunospot assay for tuberculosis infection was 88.56 % to bacteriological positive
tuberculosis, 80.25 % to bacteriological negative tuberculosis and 93.36 % to extrapulmonary tuberculosis.
The diagnosis specificity was respectively 85.67 %, 84.36 %, 89.73 %, the positive predictive values were
respectively 93.95 %, 88.79 % and 96.56 %, while the negative predictive values were 74.00 %, 74.00
% and 80.00 %, respectively. By comparing the bacteriological positive tuberculosis and bacteriological
negative tuberculosis, there is no significant difference in diagnostic efficiency of T-cell enzyme linked
immunospot assay for tuberculosis infection (p>0.05). In comparison of extrapulmonary tuberculosis
group, bacteriological negative pulmonary tuberculosis and bacteriological positive pulmonary
tuberculosis group, result showed that T-cell enzyme linked immunospot assay for tuberculosis infection
diagnostic efficacy was not statistically significant (p>0.05). T-cell enzyme linked immunosorbent assay has
ideal sensibility, specificity in diagnosis of tuberculosis infection, which can be widely used in diagnosis of
extrapulmonary tuberculosis and bacteriological negative pulmonary tuberculosis.
Key words: T-cell enzyme linked immunospot assay for tuberculosis infection, pulmonary tuberculosis,
extrapulmonary tuberculosis, diagnostic value, application significance

At present, one of the global public issues is tuberculosis.
According to World Health Organization (WHO)
statistics, around the world, about 2 billion people have
Mycobacterium tuberculosis infection and tuberculosis
deaths number 2 million people each year[1]. China is
one of the 22 countries with high burden of tuberculosis
in the world, ranking second. According to
epidemiological survey results, every year, about

130000 people die of tuberculosis. Hence, tuberculosis
has become a national and even the world’s key
controlled disease[2]. Tuberculosis has a variety of
clinical manifestations and its natural formation process
is shown in fig. 1 below. Tuberculosis can involve
multiple systems of the body. With hidden or atypical
symptoms, extrapulmonary tuberculosis is very prone
to misdiagnosis, which causes a certain degree of
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Fig. 1: The natural formation process of pulmonary tuberculosis

difficulty for clinical diagnosis. There are many
commonly used ways to detect Mycobacterium
tuberculosis, including acid fast staining, culture and
tuberculin test and tuberculosis antibody detection. Due
to the defects of low sensitivity, specificity and relatively
long detection cycle, it can no longer adapt to the
current clinical development needs[3,4]. In recent years,
with the continuous development of medical industry
and update in new detection technology, T-cell enzyme
linked immunospot assay for tuberculosis infection
(T-SPOT.TB), with higher sensitivity and specificity,
achieves good result in diagnosis of combined infection
and is widely used. This study was to analyze value of
T cell enzyme-linked immunospot assay for tuberculosis
infection (T-SPOT.TB) in the diagnosis of tuberculosis
and extrapulmonary tuberculosis. This study was to
investigate 200 cases of tuberculosis patients in the
outpatient department or inpatient department of
respiratory medicine department of our hospital from
August 2014 to August 2016. Including 108 males and
92 females, the patients were aged 19 to 80 y, with
mean age at (42.18±12.34) y. Tuberculosis group
included 100 cases, with 65 cases and 35 cases
respectively with positive and negative sputum acid
fast bacilli smear. The extrapulmonary tuberculosis
group included 100 cases respectively with 38 cases,
22 cases, 18 cases, 10 cases, 7 cases, 5 cases of
tuberculous pleurisy, tuberculous meningitis, lymphatic
tuberculosis, tuberculosis peritonitis, pelvic tuberculosis
and bone tuberculosis. All enrolled patients met the
following conditions: Cases were clinically diagnosed
as tuberculosis though there still lack etiological basis,
which were effectively treated by diagnostic anti
tuberculosis treatment; Mycobacterium tuberculosis
culture showed positive in sputum or cheese necrotic
223

granulomatous biopsy specimen. Exclusion criteria:
With silicosis, diabetes, cancer; tuberculosis retreatment
patients or patients with initial treatment time of 2 w
and above; with positive antibody in human
immunodeficiency virus detection; pregnancy, breast
feeding women; mental disorders. In addition, 90 cases
were selected as non-tuberculosis group, including
70 patients with extrapulmonary nontuberculous
disease patients and 20 patients with pulmonary disease
(non-tuberculosis). Moreover, 90 healthy persons were
selected as the control group. First, samples were
collected: Peripheral venous blood (8 ml) of the research
objects was put into the cell preparation tube (CPT)
vessels containing sodium citrate, to be centrifuged at
1600 g for 30 min at 18°[5]. Then, the mononuclear cell
layer in the CPT tube was transferred to new sterile
15 ml tip bottom centrifuge tube, AIM-V medium (10
ml) was added, to be centrifuged at 600 g for 8 min at
18°. The supernatant was removed and AIM-V (1 ml)
was added. The AIM-V culture solution was added to
10 ml after resuspension of the cell pellet, to be
centrifuged at 350 g for 8 min at 18°[6] After the
centrifugation, the supernatant was removed and the
cells were resuspended in AIM-V culture (0.7 ml). After
dilution of the mixed cell suspension, the cells were
counted and concentration of the cell suspension was
adjusted appropriately (2.5×106/ml) on the basis of the
counting results. Next, carry out the enzyme linked
immunospot assay: AIM-V cell culture medium (50 μl)
was added to 4 holes with anti-Interferon gamma
(IFN-γ) antibody micro plate as negative control, while
positive control was 50 μl phytohemagglutinin[7]. The
50 μl Mycobacterium tuberculosis specific hybrid
polypeptide A, i.e., early secretory antigenic target
(ESAT)-6 antigen, was taken as test hole A and 50 µl
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Mycobacterium tuberculosis specific hybrid polypeptide
B, i.e., culture filtrate protein (CFP-10) antigen, was
taken as test hole B. The above suspension with
250000 cells was added into each hole. Then, the
microplate was placed in a 37°, 5 % carbon dioxide
(CO2) incubator for about 18 h, to be washed 4 times
with phosphate buffered saline (PBS). The prepared
alkaline phosphatase labeled mouse anti-IFN-γ
monoclonal antibody was added (50 µl) and the plate
was incubated at 6° for 1 h[8]. After incubation, the plate
was washed 4 times with PBS. Finally, 50 μl substrate
working solution was added to each hole. The reaction
time was 8 min. Then, the reaction was terminated by
washing with distilled water. The culture plate was
dried at 37° for 3 h or overnight at room temperature.
And the spot forming cells (SFCs) were counted.
Finally, judge the results: With reaction of antigen A or
(and) antigen B hole as the basis, judge the results, that
is, if negative control hole SFCs is 0-5, (antigen A or
(and) antigen B hole SFCs) to (negative control hole
SFCs) is ≥6, it is negative[9]. If negative control hole
SFCs is greater than or equal to 6, (antigen A or (and)
antigen B hole SFCs) is ≥2 times of (negative control
hole SFCs), it is positive (fig. 2). Steinberg WN
diagnostic test was used to evaluate the value of
T-SPOT.TB in diagnosis of tuberculosis and
extrapulmonary tuberculosis. The count data involved
in this study were expressed as (n, %), comparison
between the two groups was tested by chi square and
SPSS 21.0 statistical software was employed for data
processing. As shown in Table 1, the sensitivity and
specificity of T-SPOT-TB detection in extrapulmonary

tuberculosis were 93.35 % and 89.90 %, respectively.
As shown in Table 2, positive rate of T-SPOT.TB in
pulmonary tuberculosis group was higher than that in
non-pulmonary tuberculosis group and healthy control
group (p<0.05). The positive rate of extrapulmonary
tuberculosis group was higher than that in nonpulmonary tuberculosis group and healthy control
group (p<0.05), with significant difference. As shown
in Table 3 below, T-SPOT.TB showed a diagnostic
sensitivity of 88.56 % to bacteriological positive
pulmonary tuberculosis, 80.25 % to bacteriological
negative pulmonary tuberculosis, 93.36 % to
extrapulmonary tuberculosis, while diagnostic
specificity was respectively 85.67 %, 84.36 %,
89.73 %, positive predictive values were 93.95 %,
88.79 % and 96.56 % respectively and negative
predictive values were 74.00 %, 74.00 % and 80.00 %
Negative Result

Positive Result
Nil Control
ESAT-6
Panel A
CFP 10
Panel B
Positive
Control

Fig. 2: Judgment of T-SPOT.TB result

TABLE 1: T-SPOT.TB TEST RESULTS FOR EXTRAPULMONARY TUBERCULOSIS AND EXTRAPULMONARY
NON-TUBERCULOUS DISEASE
Pleural disease
Tuberculosis

38
30

T-SPOT.TB
positive
28
28

Non-tuberculous
Lymphadenitis
Tuberculosis

8
18
15

1
16
15

7
2
0

100.00

100.00

Non-tuberculous
Central Nervous System
Tuberculosis

3
22
20

0
20
20

3
2
0

100.00

100.00

Non-tuberculous

2

0

2

Abdominal tuberculosis

10

8

2

67.85

Pelvic tuberculosis

7

7

0

100.00

Bone tuberculosis
Extrapulmonary tuberculosis
total
Extrapulmonary nontuberculous lesion total

5

5

0

100.00

100

68

2

93.35

70

4

46

Group
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T-SPOT.TB
negative
10
2
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90.00

80.00

89.90

224

www.ijpsonline.com

TABLE 2: COMPARISON OF T-SPOT.TB TEST RESULTS IN EACH GROUP
Group
Nontuberculous disease group
Extrapulmonary nontuberculous
lesions
Health control group
Tuberculosis group
Extrapulmonary tuberculosis group

Case number
90

T-SPOT.TB positive case number
16

Proportion
17.78

70

10

14.29

90
100
100

5
85
94

5.56
85.00
94.00

TABLE 3: T-SPOT.TB DIAGNOSTIC PERFORMANCE FOR PULMONARY TUBERCULOSIS AND
EXTRAPULMONARY TUBERCULOSIS
Group
Bacteriological positive
pulmonary tuberculosis
Bacteriological negative
pulmonary tuberculosis
Extrapulmonary
tuberculosis

Case number

T-SPOT.TB
positive case Sensitivity (%) Specificity (%)
number

Negative
predictive
value (%)

88

80

88.56

85.67

93.95

74.00

30

22

80.25

84.36

88.79

74.00

82

80

93.36

89.73

96.56

80.00

respectively. T-SPOT.TB showed no significant
differences in diagnostic efficacy by comparison
between
bacteriological
positive
pulmonary
tuberculosis group and bacteriological negative
pulmonary tuberculosis group (p>0.05). In comparison
among
extrapulmonary
tuberculosis
group,
bacteriological negative pulmonary tuberculosis and
bacteriological positive pulmonary tuberculosis, the
results show that there is no statistical significance in
T-SPOT.TB diagnostic efficacy (p>0.05). Tuberculosis
is a chronic infectious disease, caused by Mycobacterium
tuberculosis (Fig. 3). Due to common atypical
bacteriological negative pulmonary tuberculosis and
extrapulmonary tuberculosis, there is a high diagnosis
delay rate in tuberculosis[10,11]. Therefore, use of
tuberculosis antigen composition with high sensitivity,
high specificity to establish a method for more rapid
and accurate diagnosis of tuberculosis is the key.
T-SPOT.TB technology is currently the most sensitive
technology for detection of tuberculosis antigen specific
T lymphocytes and also the main way for T cell based
interferon-gamma release assays (TIGRAs) diagnosis
of tuberculosis infection. There is high sensitivity and
specificity in diagnosis of tuberculosis infection[12].
Clinical studies have shown that, there is a higher
diagnostic efficacy in immune compromised
individuals. Also, there is a high sensitivity in the
diagnosis of extrapulmonary tuberculosis. It has
important application significance in diagnosis of
atypical
bacteriological
negative
pulmonary
tuberculosis and extrapulmonary tuberculosis, children
tuberculosis whose test specimens are difficult to
225
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Fig. 3: Mycobacterium tuberculosis

obtain. According to the study result, the positive rate
of T-SPOT.TB in pulmonary tuberculosis group was
higher than that in non-pulmonary tuberculosis group
and healthy control group (p<0.05). The positive rate of
pulmonary tuberculosis group was significantly higher
than that of non-pulmonary tuberculosis group and
healthy control group (p<0.05). The diagnostic
sensitivity of T-SPOT.TB was 88.56 % to bacteriological
positive tuberculosis, 80.25 % to bacteriological
negative tuberculosis and 93.36 % to extrapulmonary
tuberculosis. The diagnosis specificity was respectively
85.67 %, 84.36 %, 89.73 %, the positive predictive
values were respectively 93.95 %, 88.79 % and
96.56 %, while the negative predictive values were
74.00 %, 74.00 % and 80.00 %, respectively, which
indicated that T-SPOT.TB has an ideal sensitivity and
specificity. In summary, T-SPOT.TB in the diagnosis of
tuberculosis infection, there is ideal sensitivity and
specificity. Therefore, it can be widely used in diagnosis
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of pulmonary tuberculosis and bacteriological negative
tuberculosis, with great practice value.
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