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Purpose: To explore the diagnostic efficacy and optimal diagnosis threshold of T-SPOT.TB for active tuberculosis in adults and to 
evaluate the influential factors for T-SPOT.TB results.
Patients and Methods: A retrospective study of 1193 adult inpatients from April 2015 to March 2018 in Ruijin Hospital was 
conducted. All included patients underwent T-SPOT.TB assay, and were divided into two groups, active tuberculosis (ATB) and non- 
active tuberculosis (non-ATB) groups. Their demographic data, underlying diseases, personal history and laboratory findings were 
collected to calculate the diagnostic efficacy at different diagnosis thresholds and analyze the impact factors. Symptoms and imaging 
features of ATB patients were recorded and analyzed.
Results: A total of 114 ATB patients and 1079 non-ATB patients were included in the study, and ATB patients had a higher level of 
T-SPOT.TB than the non-ATB group. Sensitivity and specificity of T-SPOT.TB for diagnosing ATB are 78.95% and 68.58% as the 
threshold at 6sfu. In the diagnosis accordance curves, ESAT-6, CFP-10, and max (ESAT-6 or CFP-10) reached the plateau at 40sfu, 
while sum (ESAT-6 and CFP-10) reached the plateau at 70sfu. Multivariate logistic regression analysis showed that obsolescent 
tuberculosis (p=0.001), smoking history(p=0.005), diabetes(p=0.035) and advanced age (≥65 years old) (p=0.031) were risk factors for 
false-positive result of T-SPOT.TB. In terms of imaging features, logistic regression analysis suggested that the thin-wall cavitary 
lesion was the only feature associated with the result of T-SPOT.TB.
Conclusion: As for using T-SPOT.TB test to diagnose active tuberculosis, increased threshold could significantly elevate the diagnosis 
accordance. And we suggest that the threshold of T-SPOT.TB could be increased to 40sfu for diagnosing ATB. Attention should be paid 
when diagnose ATB in population with obsolescent tuberculosis, smoking history, diabetes and advanced age, for the risk of false-positive.
Keywords: T-SPOT.TB, active tuberculosis, diagnosis threshold

Introduction
Tuberculosis (TB) remains a critical public health concern and the leading cause of death worldwide. According to the WHO 
tuberculosis report, the COVID-19 pandemic resulted in under-diagnosed and under-reported tuberculosis. There remained about 
9.87 million people newly diagnosed with tuberculosis, and tuberculosis had caused 1.28 million deaths worldwide among HIV- 
negative people in 2020.1 The number of tuberculosis patients in China ranks second in the world. As a high-incidence country of 
tuberculosis, early diagnosis of active tuberculosis (ATB) is essential for reducing the spread of tuberculosis.

Current methods for the diagnosis of tuberculosis suffer from numerous limitations. Acid-fast stain of pathogen has a low 
positive rate with a high false negative rate (FNR) and generates frequent false-positive results in several non-tuberculous 
mycobacteria. Although mycobacterium tuberculosis culture assay remains the gold standard for tuberculosis diagnosis, it is 
time-consuming for eight weeks and with low positive rate, which may cause delayed treatments. Histopathologic examination 
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observing typical caseous necrosis can also confirm tuberculosis. But the invasive operation is not routinely used in diagnosis. 
Nontypical pathological features and negative acid-fast stains make it difficult to distinguish tuberculosis from sarcoidosis or 
non-tuberculosis mycobacteria (NTM) infection. Tuberculin skin test (TST) detects the tuberculosis infection by the immune 
response to tuberculin. But owing to cross-reactivity against other bacterial antigens and mass vaccination with Bacillus 
Calmette-Guerin (BCG) vaccine, TST is prone to present false positive result, and it takes 48–72 hours. Other methods such 
as detection of tuberculous antibody, PCR, Xpert MTB/RIF (Xpert) assay, and second-generation sequencing are insufficient for 
tuberculosis diagnosis or costly.

Interferon-gamma (IFN-γ) release assays (IGRAs) are based on the T-cell mediating IFN-γ release induced by specific 
M. tuberculosis (MTB) antigens. MTB-specific antigens mainly include early secretory antigenic target 6 (ESAT-6) and culture 
filtrate protein-10 (CFP-10). Genes that encode ESAT-6 and CFP-10 are located in the RD1 region, which is a deletion region in 
the BCG vaccine.2,3 Compared with TST, the largest advantage of IGRA is that the above two antigens are lacking in BCG and 
most non-tuberculous mycobacteria (NTM). Therefore, IGRA has higher specificity than TST in BCG vaccinated population, 
especially in BCG vaccinated children after 1 years old, and can exclude most NTM infections. QuantiFERON TB Gold in tube 
(QFT-Gold IT) (Cellestis, Carnegie, Australia), the QuantiFERON-TB Gold Plus (QFT-Plus) assay (Qiagen), and T-SPOT.TB 
(Oxford Immunotec, Abingdon, UK) are all commercial interferon-γ assays.4 Although the basic principles are similar, there 
remain differences between several commercial assays. QFT-Gold IT and QFT-Plus are both whole blood assay that use enzyme- 
linked immunosorbent (ELISA) to measure the IFN-γ release, but T-SPOT.TB is an enzyme-linked immunosorbent spot 
(ELISPOT) assay that uses peripheral blood mononuclear cells (PBMSs). Also, the antigens used to induce IFN-γ release are 
ESAT6 and CFP-10 in T-SPOT.TB, adding TB7.7 in QFT-Gold IT and TB2 in QFT-Plus.5 In China, T-SOPT.TB is approved and 
widely used for tuberculosis diagnosis. Nevertheless, the immune-based assay cannot distinguish ATB and latent infection. 
Therefore, considering the high prevalence of latent tuberculosis infection (LTBI), the WHO only recommends IGRA for the 
diagnosis of LTBI, not for the diagnosis of ATB.6 A meta-analysis also indicated that T-SOPT.TB and QFT-IT were both unstable 
in the diagnosis of tuberculosis.7 It has been observed that IGRAs showed moderately sensitive and highly specific to screen 
LITB within countries with low TB burden,8 but this finding was not generally applicable in high TB burden countries like China. 
In high TB burden areas, identification of ATB patients and treatment as early as possible is of particular importance.

However, simply dividing T-SPOT.TB results into two categories according to a single threshold would reduce its value as 
a continuous variable. The relationship among the results of T-SPOT.TB and tuberculosis activity has not been carefully 
investigated. It has been demonstrated that the T-SPOT.TB results of the ATB patients are significantly higher than that of the 
LTBI patients.9 Recent studies suggested that IGRA can distinguish ATB and non-ATB in the general population.10,11 We also 
observed that T-SPOT.TB had a high false positive rate for the diagnosis of ATB, for LTBI affecting the diagnostic efficacy of 
T-SPOT.TB due to the problematic diagnostic threshold (T-SPOT.TB >/=6 is positive, <6 is negative). More attention should be 
paid to the positive predictive value to diagnose ATB.

This study intended to select an optimal threshold for the diagnosis of ATB. And we further analyzed the relationship 
among T-SPOT.TB results and clinical features in ATB patients.

Materials and Methods
Study Population
A retrospective study of inpatient enrolled from the pulmonary and critical care medicine department, Ruijin Hospital, Shanghai 
Jiao Tong University between April 2015 and March 2018 were conducted. All the enrolled patients were required to meet the 
following inclusion criteria: older than 18 years, underwent T-SPOT.TB assay. Exclusion criteria were restricted to: unclear 
diagnosis, loss to follow-up, and in-hospital death with unidentified lesion. The initial T-SPOT.TB result is recorded.

Demographic (age and gender) and underlying disease, including diabetes, hypertension, cardiovascular and cerebrovascular 
diseases, pneumoconiosis, autoimmune diseases, asthma, COPD, pulmonary sarcoidosis, malignant tumors, venous thromboem-
bolic diseases, hepatitis, cirrhosis, renal insufficiency, hypoproteinemia and HIV of enrolled patients were retrospectively 
collected. Venous thromboembolic diseases include pulmonary embolism and lower limb deep venous thrombosis, and 
autoimmune diseases mainly include ANCA-associated vasculitis, systemic lupus erythematosus, Sjogren’s syndrome, derma-
tomyositis, ankylosing spondylitis, rheumatoid syndrome, acute glomerulonephritis, hyperthyroidism, ulcerative colitis. Personal 
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history included obsolescent tuberculosis, systemic corticosteroid usage or immunosuppressants, organ transplantation, radio-
therapy and chemotherapy history, smoking history, and gastric surgery history. The use of systemic corticosteroid was defined as 
oral or intravenous glucocorticoid within 1 month. Immunosuppressants included: Cyclophosphamide, methotrexate, azathiopr-
ine, cyclosporine, tacrolimus, Mycophenolate Mofetil, leflunomide, and infliximab. Results of laboratory testing, including blood 
routine, CD cells and cytokines examination, were all taken from the results closest to the test date of T-SPOT.TB within one 
week before or after T-SPOT.TB.

Diagnosis Criteria and Classification
Confirmed active tuberculosis needed to meet one of the following criteria: (1) acid-fast stain test of sputum smears 
positive, (2) tuberculous culture positive, (3) molecular biological detection with tuberculous positive, and (4) 
pathological examination of lung tissue positive. If the patients did not meet the confirmed criteria, the clinical 
diagnosis could be made for active tuberculosis. Clinical diagnosis of active should meet all of the following 
criteria: (1) confirmed criteria were negative, (2) other diseases diagnosis was excluded, and (3) Anti-tuberculosis 
treatment is effective. Extrapulmonary tuberculosis only included lymph node tuberculosis in this study, and it was 
diagnosed according to local lymph node needle aspirated. And patient with the pathological examination of lymph 
node tissue by fine needle puncture confirmed tuberculosis or improved after anti-tuberculosis treatment was 
diagnosed with lymph node tuberculosis.

It should be noted that the term “non-ATB” refers to all patients except those with ATB, including non-tuberculosis 
patients, patients with obsolescent tuberculosis and LTBI. Patients with ATB should record whether they were bacteria- 
positive. Bacteria-positive tuberculosis was defined as positive acid-fast staining of sputum, bronchial brush or BALF 
smear, or positive mycobacterium culture. Obsolescent tuberculosis means patients with tuberculosis infection history, 
which included patients have previously been infected with tuberculosis and with stable image features indicated 
previous tuberculosis infection.

Systemic symptoms and pulmonary symptoms including fever, night sweats, poor appetite, wasting, cough, hemop-
tysis, and chest pain were recorded. The body temperature of the patient was measured upon admission, and imaging 
analysis was performed on patients who received chest CT in our hospital on the first visit.

T-SPOT.TB Test Technology
The T-SPOT.TB kit (T-SPOT.TB® produced by Oxford Immunotec Ltd) based on ELISpot was used to detect T cells 
secreting interferon-γ(IFN-γ) in peripheral blood of patients. The spot counts in A hole (ESAT-6) and B hole (CFP- 
10) were recorded respectively. The report of T-SPOT.TB contained: A hole result (spots count of A hole – spots 
count of negative control hole), B hole result (spots count of B hole – spots count of negative control hole), negative 
control hole result and positive control hole result. The threshold is set at 6sfu, as any of the spots count in A hole 
or B hole more than or equal to 6 was considered positive. If not indicated, T-SPOT.TB result refers to the larger 
one in A or B holes.

Chest Imaging
The chest images of pulmonary tuberculosis patients were analyzed by two experienced respiratory physicians using 
a double-blind method. Disagreements were resolved by discussion and consensus. Most of the patients were scanned by 
spiral CT with a layer thickness of 5mm and a layer distance of 5mm. One patient underwent HRCT (a layer thickness of 
1mm and a layer distance of 5mm), and another underwent PET/CT. The range of involvement (lobar, unilateral/ 
bilateral), consolidation, cavity, central lobular nodule, ground glass opacity, bronchiectasis, calcification, hilar/mediast-
inal lymph node enlargement, alveolar emphysema, atelectasis, fibrous cords, calcification and other imaging features 
were assessed. Four measurements of the diameter lines were shown in Figure 1.

Statistical Analysis
The following indicators were calculated to evaluating diagnosis effectiveness: true positives (TP), true negatives (TN), 
false negatives (FN), false positives (FP), sensitivity=TP/(TP+FN)*100%, specificity=TN/(TN+FP)*100%, positive 
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predictive value (PPV)= TP/(TP+FP)*100%, and negative predictive value (NPV)=TN/(TN+FN)*100%, negative like-
lihood ratio (NLR)=(1-sensitivity)/specific, positive likelihood ratio (PLR)=sensitivity/(1-specificity), diagnosis accor-
dance =(TP+TN)/(TP+FP+FN+TN)*100%. All statistical analyses were performed using SPSS 22.0. Qualitative data 
were represented by constituent ratio. Quantitative data were presented as median (P25, P75) or means ± standard 
deviations. T-test was used for data with normal distribution and homogeneity of variance. Mann–Whitney test was used 
for data that did not meet the above conditions or grade data. χ2 test was used to compare the rates, and if Fisher’s exact 
probability method was used, they were marked in the table Spearman correlation analysis was used for correlation 
analysis. The receiver operating characteristic curve (ROC curve) was drawn to evaluate the diagnostic efficacy of 
T-SPOT.TB in active tuberculosis. Binary Logistic regression was used to analyze the clinical features and indicators 
affecting the negative/positive risk of T-SPOT.TB. Odds ratio (OR) and 95% confidence interval (CI) were used to 
represent the relative risk. P values < 0.05 were considered to be statistically significant.

Results
Demographic Characteristics
Of all 1193 adult patients enrolled, 114 were active tuberculosis, and 1079 were non-active tuberculosis. The demo-
graphic and clinical characteristics of all enrolled patients were present in Table 1. Male (p=0.006), less than 65 years old 
(p=0.026), obsolescent tuberculosis (p=0.022), contact history with tuberculosis patients (p=0.025), smoking history 
(p=0.014) were observed more frequent, and hypertension (p<0.01), cancer (p<0.01), COPD (p=0.06) were observed less 
in ATB patients.

A B

C D

Figure 1 Illustration of measuring tuberculosis lesions on chest CT. (A) A 55-year-old male with nodules in the upper left lung and surrounding halo signs. The maximum 
measurable lesions were shown in the section. Long diameter was marked as blue line, and short diameter was marked as red line, as 2.620cm and 1.930cm respectively. (B) 
A 63-year-old male with large consolidation in the upper lobe of the right lung and air bronchogram. The maximum measurable lesions were shown in the section. Long 
diameter was marked as red line, and short diameter was marked as blue line, as 14.960cm and 10.280cm respectively. (C) A 25-year-old female with cavity tuberculosis in 
right lung, the size of the cavity was marked as green line, and the thinnest cavity wall was marked as Orange line, which is more than 3mm. (D) A 42-year-old male with 
cavity tuberculosis in left lung, the thinnest cavity wall was marked as Orange line, which is less than 3mm.
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The T-SPOT.TB Result
The result of T-SPOT.TB: ESAT-6 and CFP-10 distributed extremely skewed (Figure 2A and B). The distribution 
range of ESAT-6 and CFP-10 were 0–98sfu and 0–121sfu respectively. The median of ESAT-6 and CFP-10 in ATB 
were 23(3.75, 38) sfu and 19(2, 55) sfu respectively, and in non-active tuberculosis were 0(0, 6) sfu and 0(0, 2) sfu. 
ESAT-6 and CFP-10 were observed higher in active tuberculosis than in non-active tuberculosis (p<0.001) (Figure 2C 
and D).

Table 1 The Clinical Characteristic of All Enrolled Patients

Total Active Tuberculosis Non-Active Tuberculosis p value
n=1193 n=114 n=1079

Male 747 (62.6%) 85 (74.6%) 662 (61.4%) 0.006*

Age (years) 0.026*

<65 700 (58.7%) 78 (68.4%) 622 (57.6%)

≥65 493 (41.3%) 36 (31.6%) 457 (42.4%)

Obsolescent tuberculosis 108 (9.1%) 17 (14.9%) 91 (8.4%) 0.022*

Contact history with tuberculosis patients 3 (0.3%) 2 (1.8%) 1 (0.1%) 0.025 #

Smoking history 469 (39.3%) 57 (50%) 412 (38.2%) 0.014*

Gastric surgery history 31 (2.6%) 4 (3.5%) 27 (2.5%) 0.739

Pneumoconiosis 2 (0.2%) 1 (0.9%) 1 (0.1%) 0.182 #

HIV 8 (0.7%) 1 (0.9%) 7 (0.6%) 0.553 #

Cirrhosis 7 (0.6%) 0 (0%) 7 (0.6%) 0.828

Hypoproteinemia 114 (9.6%) 37 (9.7%) 77 (9.6%) 0.920

Hypertension 394 (33%) 21 (18.4%) 373 (34.6%) <0.001*

Diabetes 194 (16.3%) 24 (21.1%) 170 (15.8%) 0.145

Cardiovascular and cerebrovascular diseases 148 (12.4%) 11 (9.6%) 137 (12.7%) 0.348

Renal insufficiency 41 (3.4%) 3 (2.6%) 38 (3.5%) 0.821

Autoimmune diseases 79 (6.6%) 6 (5.3%) 73 (6.8%) 0.540

Systemic corticosteroid usage 35 (2.9%) 5 (4.4%) 30 (2.8%) 0.500

Immunosuppressants usage 22 (1.8%) 2 (1.8%) 20 (1.9%) 1.000

Cancer 441 (37%) 8 (7%) 433 (40.1%) <0.001*

Radiotherapy and chemotherapy history 62 (5.2%) 4 (3.5%) 58 (5.4%) 0.393

Hepatitis 54 (4.5%) 7 (6.1%) 47 (4.4%) 0.383

Venous thromboembolic diseases 19 (1.6%) 0 (0%) 19 (1.8%) 0.301

Asthma 36 (3%) 1 (0.9%) 35 (3.2%) 0.264

COPD 134 (11.2%) 4 (3.5%) 130 (12%) 0.006*

Pulmonary sarcoidosis 20 (1.7%) 0 (0%) 20 (1.9%) 0.279

Notes: Numbers of patients (constituent ratio) were shown in the table The result of χ2 test between active tuberculosis and non-active tuberculosis groups 
were shown as p values. #Fisher’s exact probability method was used. *p values<0.05 were considered to be statistically significant.
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A B

DC

E F

Figure 2 Overview of T-SPOT.TB in diagnosis for tuberculosis. (A and B) The distribution of ESAT-6 and CFP-10 results of enrolled patients were shown, which is shewed 
extremely. (C and D) Spots count of ESAT-6 and CFP-10 are higher in ATB patients compare with non-ATB. The results of ESAT-6 and CFP-10 were both observed higher in 
active tuberculosis than non-active tuberculosis (p<0.001). (E) The ROC curve of ESAT-6 and CFP-10 for ATB. ESAT-6: AUC=0.788, 95% CI (0.739,0.837); CFP-10: 
AUC=0.794, 95% CI (0.744,0.844). (F) Max means the larger spots count in ESAT-6 or CFP-10: AUC=0.809, 95% CI (0.760 0.857). Min means the lowest spots count in 
ESAT-6 or CFP-10: AUC=0.788, 95% CI (0.737, 0.838). Sum means the spots count of ESAT-6 plus CFP-10: AUC=0.807, 95% CI (0.759, 0.856). 
Abbreviations: ATB, active tuberculosis; ESAT-6, early secretory antigenic target; CFP-10, culture filtrate protein-10; ROC, receiver operator characteristic; AUC, area 
under the curve; 95% CI, 95% confidence interval.
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Diagnostic Value of T-SPOT.TB for Active Tuberculosis
ROC curve for the diagnosis of active tuberculosis was drawn according to T-SPOT.TB (Figure 2E). The area under the 
curve (AUC) of ESAT-6 was 0.788, 95% CI (0.739, 0.837). Without following the threshold as 6sfu according to the kit, 
the optimal threshold calculated by the Youden index was 2.5sfu. The sensitivity, specificity and diagnostic accordance 
was 78.1%, 70.3% and 69.57% respectively. The area under the curve (AUC) of CFP-10 was 0.794, 95% CI (0.7440, 
0.844). The optimal threshold calculated by the Youden index was 7.5sfu. The sensitivity, specificity and diagnostic 
accordance was 68.4%, 82.8% and 81.39% respectively.

To combine EAST-6 and CFP-10 for analysis, three additional indicators were set: max (ESAT-6 or CFP-10), min 
(ESAT-6 or CFP-10) and sum (ESAT-6+CFP-10), and the ROC curves were drawn (Figure 2F). The AUC and specificity 
of max were largest at the threshold of 18.5sfu calculated by the Youden index, with a diagnosis accordance of 83.07%, 
the sensitivity of 0.684, and the specificity of 0.846.

The current diagnostic criteria for T-SPOT.TB positive is ESAT-6 or CFP-10 ≥6sfu. The diagnostic sensitivity is high, 
although with a high false positive rate and suboptimal specificity. Several different integers thresholds were set, 
convenient for clinical application, to compare the sensitivity, specificity, positive predictive value, negative predictive 
value, and diagnostic accordance. As the threshold increases, the sensitivity decreases, the specificity increases, and the 
diagnosis accordance increases gradually, but the change was not obvious after the threshold reached 40sfu. The positive 
predictive value increased slowly when the threshold was between 40 and 80sfu and increased to 100% at the thresholds 
of 100sfu (Figure 3A and B). ESAT-6, CFP-10 and sum were also truncated at 20sfu intervals. The positive predictive 
value of ESAT-6 increased gradually from 21.76% to 50% but decreased to 44.44% at the threshold of 80sfu, and the 
diagnostic accordance reached 90.28% at the threshold of 40sfu, with little change after 40sfu (Figure 3C-H). The 
positive predictive value of CFP-10 kept rising, and the diagnostic accordance reached a plateau at 40sfu, reaching 
90.28% (Figure 3).

We further analyzed the relationship the sensitivity and specificity of T. SPOT.TB and the age or sex of the patients. 
As we calculated, the sensitivity and specificity were 0.11 and 0.69 in all population, 0.14 and 0.65 in male, and 0.07 and 
0.74 in female respectively. We also divided the age into 9 groups, calculated the sensitivity and specificity of each 
group, respectively. The sensitivity and specificity of stratification by age were also analyzed using spearman test. The 
results indicated that sensitivity was significantly correlated with age (Spearman correlation: −0.908; p=0.01), but there 
was no significant correlation between specificity and age stratification (p=0.104).

Impact Factors of T-SPOT.TB Results
Among 1079 non-active tuberculosis patients, 339 were T-SPOT.TB positive and 740 were negative, as ESAT-6 or CFP- 
10 ≥6 was considered positive. Clinical features of T-SPOT.TB positive and negative groups were analyzed. Compared to 
the negative group, the T-SPOT.TB positive group had more male (p=0.002), advanced age (p=0.003), obsolescent 
tuberculosis (p<0.001=, smoking history(p=0.002), hypertension(p=0.009), and diabetes(p=0.009) (Table 2). Then ESAT- 
6 and CFP-10 were analyzed by the Mann–Whitney test respectively (Table 3). In addition, laboratory test results 
between the T-SPOT.TB positive and negative groups were analyzed (Table 4).

With p<0.1 as the boundary, sex, age, previous tuberculosis infection, smoking history, hypertension, diabetes, 
cardiovascular and cerebrovascular diseases, autoimmune diseases, and hepatitis were included in the Logistic regression 
analysis. A total of 1079 patients were included in the Logistic regression analysis to evaluate the impact of the above 
factors on T-SPOT.TB results. The Logistic model was statistically significant (χ2=32.843, p<0.001=. Four independent 
variables were risk factors for T-SPOT.TB false positive: obsolescent tuberculosis, smoking history, diabetes, and age 
(Table 5).

114 patients were active tuberculosis. Among them, 90 were T-SPOT.TB positive and 24 were negative, with no 
significant difference in age, sex, clinical diagnosis or confirmed, smear positive or negative between the two groups 
(Table 6). The Mann–Whitney test of ESAT-6 and CFP-10 suggested that the CFP-10 was lower in elderly, and previous 
tuberculosis infection patients. Patients with autoimmune diseases and using immunosuppressants were found to have 
lower ESAT-6 (p=0.050, p=0.049) or CFP-10 (p=0.047, p=0.053) results. The ESAT-6 of patients with hypoalbuminemia 
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Figure 3 Positive predictive value and diagnose accordance rate changing with different thresholds of T-SPOT.TB. (A-H) positive predictive value and diagnose accordance rate changing 
with different cut-off value of T-SPOT.TB-max, ESAT-6, CFP-10, T-SPOT.TB-sum. (A and B) Max means the larger spots count in ESAT-6 or CFP-10. (C and D) The positive predictive 
value of ESAT-6 increased gradually from 21.76% to 50%, but decreased to 44.44% at 80sfu cutoff, and the diagnostic accordance rate reached 90.28% at 40sfu cutoff, with little change 
after 40sfu. (E and F) The positive predictive value of CFP-10 kept rising, and the diagnostic accordance rate reached a plateau at 40sfu, reaching 90.28%. (G and H) Sum means the spots 
count of ESAT-6 plus CFP-10. The diagnostic positive predictive value of sum was 58.62% at 120sfu cutoff, and the diagnostic accordance rate reached 90.78% at 80sfu. 
Abbreviation: PPV, positive predictive value.
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was lower (p=0.067) (Table 7). There was no significant difference between the T-SPOT.TB positive and negative groups 
in laboratory test results of active tuberculosis patients. Logistic regression analysis was conducted on 114 patients to 
evaluate the risk factors that lead to a false negative result, but there was no significance in the model (χ2=8.610, 
p=0.126).

Table 2 Clinical Characteristics of Non-Active Tuberculosis Patients

Total T-SPOT.TB (+) T-SPOT.TB (-) χ2value/p value
n=1079 n=339 n=740

Male 662 (61.4%) 231 (68.1%) 431 (58.2%) 9.607/0.002*

Age≥65 years 457 (42.4%) 166 (49.0%) 291 (39.3%) 8.855/0.003*

Obsolescent tuberculosis 91 (8.4%) 45 (13.3%) 46 (6.2%) 14.998/<0.001*
Smoking history 412 (38.2%) 152 (44.8%) 260 (35.1%) 9.273/0.002*

Hypertension 373 (34.6%) 136 (40.1%) 237 (32%) 6.729/0.009*

Diabetes 170 (15.8%) 68 (20.1%) 102 (13.8%) 6.898/0.009*
Cardiovascular and cerebrovascular diseases 137 (12.7%) 50 (14.7%) 87 (11.8%) 1.878/0.171

Autoimmune diseases 73 (6.8%) 17 (5%) 56 (7.6%) 2.402/0.121

Systemic corticosteroid usage 30 (2.8%) 6 (1.8%) 24 (3.2%) 1.867/0.172
Immunosuppressants usage 20 (1.9%) 4 (1.2%) 16 (2.2%) 1.233/0.267

Cancer 433 (40.1%) 143 (42.2%) 290 (39.2%) 0.867/0.352

Radiotherapy and chemotherapy history 58 (5.4%) 15 (4.4%) 43 (5.8%) 0.878/0.349
Pulmonary sarcoidosis 20 (1.9%) 6 (1.8%) 14 (1.9%) 0.190/0.890

Hepatitis 47 (4.4%) 20 (5.9%) 27 (3.6%) 2.828/0.093

Hypoproteinemia 343 (32%) 102 (30.2%) 241 (32.8%) 0.750/0.386

Notes: Numbers of patients (constituent ratio) were shown in the table The positive rate in patients with or without clinical characteristic were 
compared, and the results were shown as χ2value/p value. *p values<0.05 were considered to be statistically significant.

Table 3 The Relationship Between Clinical Features and Spot Count in Non-Active 
Tuberculosis Patients

Characteristics Number  
n=1079

p value a  

(ESAT-6)
p value b  

(CFP-10)

Male 662 0.001* 0.005*

Age≥65 years 457 0.020* 0.001*

Obsolescent tuberculosis 91 <0.001* <0.001*
Smoking history 412 0.003* 0.008*

Hypertension 373 0.007* 0.008*

Diabetes 170 0.007* 0.011*
Cardiovascular and cerebrovascular 

diseases

137 0.044* 0.023*

Autoimmune diseases 73 0.317 0.081*

Systemic corticosteroid usage 30 0.274 0.498

Immunosuppressants usage 20 0.388 0.399
Cancer 433 0.376 0.887

Radiotherapy and chemotherapy history 58 0.273 0.137

Pulmonary sarcoidosis 20 0.442 0.735
Hepatitis 47 0.021 0.606

Hypoproteinemia 343 0.342 0.857

Notes: The spots count of ESAT-6 and CFP-10 in patients with or without clinical characteristic were compared, and 
the results were shown as p value a and p value b respectively. *p values<0.05 were considered to be statistically 
significant.
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Association Between T-SPOT.TB and Symptoms in Tuberculosis Patients
Among the 114 active tuberculosis patients, 103 of them had symptoms. The most common symptoms were cough (75 cases), 
hemoptysis or blood in the sputum (18 cases), chest tightness or chest pain (37 cases), fever (22 cases), night sweats (8 cases) 
and recent emaciation and anorexia (26 cases). There was no significant difference between the results of T-SPOT.TB in 

Table 4 Laboratory Test Result of Non-Active Tuberculosis Patients

Number T-SPOT.TB (+) T-SPOT.TB (-) p value

Lymphocytes count (L) 1078 1.53 (1.14, 1.98) 1.44 (1.04, 1.89) 0.025*
Platelet count (PLT) 1077 234 (173, 300) 221 (170, 289) 0.315

CD4+ T cell (%) 473 43.47±10.20 37.83±11.43 <0.001*

CD8+ T cell (%) 473 22.25 (17.65, 28.9) 25.30 (18.55, 32.15) 0.005*
CD4+/CD8+ 473 1.99 (1.41, 2.71) 1.55 (1.06, 2.17) <0.001*

TNF-α 31 8.48 (6.72, 10.00) 11.90 (8.76, 22.30) 0.057

IL2R 130 688.5 (415.3, 998.0) 872.0 (565.8, 1854.3) 0.044
IL10 130 2.5 (2.5, 6.34) 2.5 (2.5, 9.34) 0.067

Notes: Normal distribution data were presented as means ± standard deviations. *p values<0.05 were considered to be statistically 
significant. Otherwise, the data were presented as median (P25, P75). The intergroup comparison results of laboratory test between the 
T-SPOT.TB negative and positive groups were shown as p value.

Table 5 Logistic Regression Analysis in Risk Factors of False Positive for 
T-SPOT.TB

Risk Factors Significance OR 95% CI

Obsolescent tuberculosis 0.001* 2.104 1.352–3.273
Smoking history 0.005* 1.463 1.122–1.908

Diabetes 0.035* 1.450 1.027–2.049

Age≥65 years 0.031* 1.342 1.027–1.752

Notes: The Logistic model was statistically significant (χ2=32.843, p<0.001). *p values<0.05 were 
considered to be statistically significant.

Table 6 Clinical Characteristics of Active Tuberculosis Patients

Number T-SPOT.TB (+) T-SPOT.TB (-) p value
n=114 n=90 n=24

Male 85 (74.6%) 68 (75.6%) 17 (70.8%) 0.637

Age ≥65 years 36 (31.6%) 27 (30.0%) 9 (37.5%) 0.482
Clinical diagnosed active tuberculosis 63 (55.3%) 52 (57.8%) 11 (45.8%) 0.296

Smear-positive tuberculosis 46 (40.4%) 34 (37.8%) 12 (50%) 0.278

Location -
Pulmonary tuberculosis 110 (96.5%) 87 (96.7%) 23 (95.8%)

Extra-pulmonary tuberculosis 2 (1.8%) 2 (2.2%) 0 (0%)

Pulmonary and extra-pulmonary tuberculosis 2 (1.8%) 1 (1.1%) 1 (4.2%)
Classification -

II 2 2 0
III 85 62 23

III+IV 6 6 0

IV 17 17 0
V 2 2 0

V+IV 1 1 0

III+V 1 0 1

Notes: Numbers of patients (constituent ratio) were shown in the table The positive rate of T-SPOT.TB in patients with or without clinical 
characteristic were compared, and the results were shown as p value. p values<0.05 were considered to be statistically significant.
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symptomatic patients and that in asymptomatic patients (p=0.060). The symptoms contained local symptoms (including 
cough, hemoptysis, chest tightness and chest pain) and systemic symptoms (including fever, night sweats, emaciation and 
anorexia). There were 93 people with local symptoms and 63 patients with systemic symptoms. Neither local nor systemic 
symptoms affected the result of T-SPOT.TB (Table 8 and Figure 4A).

Association Between T-SPOT.TB and Imaging in Tuberculosis Patients
Among the 114 active tuberculosis patients, except for military tuberculosis, tuberculous pleurisy and extrapulmonary 
tuberculosis, 92 patients were secondary pulmonary tuberculosis. For 6 patients without complete image data, 1 
combined pulmonary fungal infection and 1 complicated pulmonary cancer, the evaluation of imaging features of 

Table 7 The Relationship Between Clinical Features and Spots Count in Active 
Tuberculosis Patients

Number  
n=114

p value a  

(ESAT-6)
p value b  

(CFP-10)

Male 85 0.599 0.545

Age ≥65 years 36 0.103 0.019*
Obsolescent tuberculosis 17 0.157 0.033*

Clinical diagnosed active tuberculosis 63 0.345 0.610

Smear positive 46 0.626 0.712
Smoking history 57 0.984 0.540

Hypertension 21 0.472 0.447
Diabetes 24 0.845 0.298

Cardiovascular and cerebrovascular diseases 11 0.874 0.306

Autoimmune diseases 6 0.050 0.047*
Systemic corticosteroid usage 5 0.808 0.856

Immunosuppressants usage 2 0.049* 0.053

Cancer 8 0.726 0.253
Radiotherapy and chemotherapy history 4 0.682 0.546

Hepatitis 7 0.771 0.958

Hypoproteinemia 37 0.067 0.503

Notes: The spots count of ESAT-6 and CFP-10 in patients with or without clinical characteristic were compared, 
and the results were shown as p value aand p value brespectively. *p values<0.05 were considered to be statistically 
significant.

Table 8 The Relationship Between Symptoms and Spots Count in Active Tuberculosis 
Patients

Symptom Number T-SPOT.TB Spots Count p value

Symptom 0.060
Yes 103 38 (9, 65)

No 11 21 (0, 36)

Systemic symptoms 0.702
Yes 63 38 (7, 63)

No 51 36 (7, 65)

Fever 0.125
Yes 22 50.5 (17.25, 69)

No 92 33.5 (7, 56)

Night sweats 0.295
Yes 8 42 (23.75, 73.5)

No 104 34.5 (7, 65)

(Continued)
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tuberculosis infection were disturbed. Therefore, the chest images of 86 patients were analyzed. 42 of them had lesions 
involving the unilateral lungs, and 44 of them had lesions involving bilateral lungs. In addition, 36 cases involved 1 lobe, 
10 cases involved 2 lobes, 8 cases involved 3 lobes, 10 cases involved 4 lobes, and 22 cases involved all 5 lobes. There 
was no relationship between T-SPOT.TB and number of diseased lung lobes or the size of lesion (Figure 4B and C).

The relationship between T-SPOT.TB and image features were analyzed (Table 9). The T-SPOT.TB results of patients 
with atelectasis were higher than patients without atelectasis (p=0.031), and no significant difference between patients 
with or without cavities (p=0.898). But further analysis of the wall thickness of cavities showed that T-SPOT.TB in 
patients without thin-walled cavities is higher than in patients with thin-walled cavities (p=0.024) (Figure 4D). In 35 
patients with cavities, the size of cavities showed no relationship with TSPOT.TB (p=0.438). Logistic regression analysis 
included atelectasis, alveolar emphysema, and the thin-walled cavity was conducted (χ2=6.324, p=0.012), and only the 
thin-walled cavity was left in the model, p=0.025, OR=0.153, 95% CI (0.030–0.786).

Discussion
IFN-γ release assays as an immune-based assay to detect tuberculosis infection, only recommended by WHO as 
diagnosis criteria of LTBI. A study suggested that IGRA had a better predictive ability of LTBI than TST.12 However, 
a meta-analysis showed the pooled sensitivity of QFT-GIT, T-SPOT.TB and TST in the diagnosis of ATB was 0.842 
(95% CI 0.811, 0.870), 0.840 (CI 0.814, 0.864) and 0.665 (CI 0.635, 0.693), and the specificity was 0.745 (95% CI 0.715, 
0.775), 0.658 (CI 0.621, 0.693) and 0.633 (CI 0.605, 0.661), respectively.13 It can be seen that compared with TST, 
IGRAs had the advantage in the diagnosis of active tuberculosis. We acknowledged that unlike T-SPOT.TB only counted 
the spots number, QFT enabled quantification of the released IFN-γ by ELISA. So, QFT may have higher specificity than 
T-SPOT.TB. However, another study conducted in China proved that no significant difference was observed between 
QFT-Plus and T-SPOT.TB for diagnosing ATB in febrile patients.14 Also, T-SPOT.TB was approved for tuberculosis 
diagnosis in China. In this study, we focused on the T-SPOT.TB test and observed that the number of ESAT-6 and CFP- 
10 spots in ATB patients was significantly higher than that in non-ATB patients (p<0.001).

The recommendation of IGRA as diagnosis criteria of LTBI may be useful to screen LTBI in low-incidence areas of 
tuberculosis.15 Unlike ATB, which was contagious and required immediate treatment, LTBI patients did not need 
treatment. Therefore, in high-incidence areas of tuberculosis with a mass of LTBI patients, it is more valuable to 
distinguish ATB. However, the T-SPOT.TB test had a sensitivity of 73.9% (95% CI: 60–84%), specificity of 57.8% (95% 

Table 8 (Continued). 

Symptom Number T-SPOT.TB Spots Count p value

Recent emaciation and anorexia 0.390

Yes 26 28.5 (10.75, 43.75)
No 88 38 (7, 66.5)

Local symptoms 0.218

Yes 93 38 (8, 65)
No 21 21 (7, 47)

Cough 0.666

Yes 75 38 (5, 65)
No 39 31 (9, 53)

Hemoptysis/Blood in the sputum 0.253

Yes 18 23.5 (0, 65.75)
No 96 37 (9.5, 64.5)

Chest tightness/Chest pain 0.414

Yes 37 36 (23.5, 63)
No 77 35 (5.5, 66)

Notes: The data were presented as median (P25, P75). The spots count of T-SPOT.TB in patients with or without 
symptom were compared, and the results were shown as p value. p values<0.05 were considered to be statistically 
significant.
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CI: 47–67%), and accuracy of 63.2% to diagnose ATB.16 Our statistic also showed when T-SPOT.TB was used to 
diagnose ATB at the threshold at 6sfu, the sensitivity was 0.790, and the specificity was 0.686. However, the PPV was 
only 20.98%, with a medium diagnostic accordance of 69.57%. The low specificity and accuracy of T-SPOT test resulted 
in misdiagnosis of non-ATB patients to ATB. We assumed that the diagnostic thresholds of T-SPOT.TB should be 
adjusted, and we further analyzed the diagnostic efficacy at different thresholds.

We calculated the diagnostic threshold based on the Youden Index and found the ROC curves of max and sum were 
superior to min and ESAT-6/CFP-10. When max was used for diagnosis, good sensitivity and specificity were reached as 
threshold at 18.5sfu. However, in practical applications, more attention was paid to the specificity, positive predictive 
value and diagnostic accordance, and the thresholds determined by Youden Index were out of satisfaction. So, we further 
explored the optimal thresholds by setting different integers cut off, as to facilitate memory and clinical application. The 
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Figure 4 The associations between clinical and image features and the results of T-SPOT.TB. (A) There was no significant difference between patients with or without 
symptoms and the results of T-SPOT.TB. (B) The number of patients involved 1–5 lobes were 36, 10, 8, 10, 22, respectively. Inter-group comparison showed no difference 
between 5 groups (p=0.965). (C) The 86 patients were divided into two groups according to the mean value of long and short diameter (D) of 3cm. There was no significant 
difference in T-SPOT.TB results between two groups of the mean value of long and short diameter (D) more than 3cm (n=20) or less than 3 cm (n=66) (p=0.168). (D) 
T-SPOT.TB in patients without thin-walled cavities is higher than patients with thin-walled cavities (p=0.024).
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diagnostic accordance curves of ESAT-6, CFP-10, max, min and sum to diagnose ATB were all observed to have steep 
rise, gentle rise and plateau stages. When thresholds of both ESAT-6 and CFP-10 at 40sFU, the diagnostic accordance 
reaches 90.28%, and then entered the plateau. At this point, increasing the thresholds had little effect on the accordance. 
The accordance of max and sum entered the plateau at 90.36% and 90.78% with thresholds at 40sfu and 70sfu, 
respectively. However, the determination of the diagnostic threshold is complicated. The higher the threshold was, the 
specificity, positive predictive value and diagnostic accordance were improved, but the sensitivity was lower, and more 
patients were diagnosed to be false negative. The positive value increased with the threshold increasing. But as the 
number of positive patients decreased with the higher threshold, the trend of the PPV in the latter part is unstable And we 
observed several PPV curves lack of plateau stage, so it was difficult to determine a reasonable threshold. Therefore, we 
selected the threshold as the diagnostic accordance entered the plateau, which minimized the damage to sensitivity and 
guaranteed a high diagnostic accordance, with high specificity and PPV. Therefore, we suggested that a threshold of 
ESAT-6 or CFP-10≥40sfu or the sum≥70sFU can replace the current diagnostic criteria and better distinguish ATB and 
non-ATB.

The main challenge in the diagnosis of tuberculosis is that traditional tests such as acid-fast stain test of sputum 
smears and tuberculous culture cannot detect positive cases with low bacillary load and subclinical. Other detection such 
as paracentesis and bronchoscopy are invasive. Indeed, the relationship between the bacillary load and T-SPOT.TB 
results is still unclear. And most subclinical patients were considered tuberculosis only owing to image abnormalities. 
However, the T-SPOT.TB test had a high sensitivity and low specificity to diagnose ATB. The low specificity and 
accuracy of T-SPOT.TB test resulted in misdiagnosis of non-ATB patients to ATB. As the threshold increased, the 
sensitivity may decrease and cause missed diagnosis. But it could increase the specificity to 95.09% and diagnosis 
accordance to 90.36%. Considering the high TB burden in China and the long duration and the risk of side effects of 
treatments for tuberculosis, the elevated specificity could help to better distinguish ATB from non-ATB patients, and 

Table 9 The Relationship Between Image Features and Spots Count in Active Tuberculosis 
Patients

Image Features Number T-SPOT.TB p value

Consolidation Yes 8 39.5 (18, 73.75) 0.348

No 77 35 (1.5, 65)

Cavity Yes 34 28.5 (3.75, 74.5) 0.898
No 51 38 (7, 61)

Central lobular nodule Yes 51 37 (10.75, 56) 0.455

No 35 29 (0, 65)
Ground glass opacity Yes 23 29 (6, 68) 0.980

No 63 37 (2.25, 65)
Bronchiectasis Yes 12 36 (7, 66.5) 0.120

No 74 14 (0, 41)

Hilar lymph node enlargement Yes 7 42 (28, 65) 0.345
No 79 35.5 (2.25, 65)

Mediastinal lymph node enlargement Yes 21 41 (12, 59) 0.467

No 65 33 (3.75, 65)
Alveolar emphysema Yes 13 6 (0, 90.2) 0.066

No 73 67.25 (38, 91.4)

Atelectasis Yes 11 61 (28, 109.4) 0.031*
No 75 35.5 (0, 51.5)

Fibrous cords Yes 50 37 (0, 65) 0.705

No 36 36 (7, 68)
Calcification Yes 13 41 (13, 78.5) 0.449

No 73 36 (3.5, 64)

Notes: The spots count of T-SPOT.TB in patients with or without image features were compared, and the results were 
shown as p value. *p values<0.05 were considered to be statistically significant.
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avoid the inappropriate treatment for non-ATB patients. Such a non-invasive peripheral blood biomarker could be used to 
stratify patients to further intrusive investigations to find more definitive evidence for tuberculosis diagnosis.

In non-ATB patients, elderly patients had a higher positive rate, which is consistent with the previous study.17 

Another study observed a positive rate of T-SPOT.TB was up to 41.91% in patients over 66 years old.18 The elder were 
more likely to be exposed to tubercule bacilli, and more latent infections. Although the immune level in elderly patients 
was lower, the T cell (especially CD8+ T) counts were less, weakening the immune response and reducing the 
proliferation activity of T cells,19 thus reducing the sensitivity of IGRA.20 However, due to more LTBI, the elder 
had higher T-SPOT.TB level as a whole. Several studies conducted in China observed elder as a risk factor for false- 
negative results of T-SPOT.TB, which could be complementary to our study.21–23 We also analyzed the risk factors for 
false-negative results using logistic regression analyses in ATB patients, but we got a negative result. This may be 
partly due to the limited sample size of ATB patient in our study. These together indicated that T-SPOT.TB was not 
recommended using to diagnose ATB in elder patients owing to both high risk for false-negative and false-positive 
results. High positive rate of T-SPOT.TB was also observed in patients with obsolescent tuberculosis. Obsolescent 
tuberculosis produced memory T cells, and the response of memory T cells to T-specific antigens would gradually 
decline over time,24 but still showed higher reactivity to tuberculosis-specific antigens than non-tuberculosis infection 
and LTBI. Smoking is a risk factor for LTBI, and countries with a high incidence of TB also have a high proportion of 
smokers.25 Several studies demonstrated that the function of T cells in smokers was impaired, the immune response 
ability of alveolar macrophages declined, and the proliferation of T cells secreting IFN-γ is inhibited.26 Those changes 
were not completely reversible after smoking cessation.27 Diabetes patients were prone to pulmonary infection, 
including tuberculosis, which is related to the damage of type 1 helper T cells (Th1).28 So, patients with a smoking 
history and diabetes had higher T-SPOT.TB level. The low immune response condition may bring these individual 
a very high risk of infecting tuberculosis, resulted in high prevalence of LTBI in them. The T-SPOT.TB test may be 
positive in LTBI patients. It has been proved that LTBI prevalence is highest in the older population, reflecting greater 
lifetime exposure to infection and TB incidence has been shown to increase with age.29,30 LTBI prevalence exceeds 
25% in elderly patients with poorly controlled DM.31 Meanwhile elder patients may have higher prevalence of DM and 
obsolescent tuberculosis. Another study proved that the T-SPOT.TB had a high performance in the diagnosis of ATB in 
a lower risk of TB infection population such as the general population, but in the high risk of TB infection populations 
is not reliable due to the interference by LTBI.32 This finding is consistent with our result. Obsolescent tuberculosis, 
smoking history, diabetes, and advanced age were all found to be risk factors for false positive results of T-SPOT.TB. 
When T-SPOT.TB was used to diagnose ATB, the risk of false positives for T-SPOT.TB increased by 110.4% in patients 
with previous TB history, 46.3% in smokers, 45% in diabetes, and 34.2% in the elder. Therefore, the diagnosis of 
T-SPOT.TB in the elder, patients with a smoking history, diabetes, and obsolescent tuberculosis should be more 
cautious. When T-SPOT.TB test was used to diagnose ATB in these populations, attentions must be given to possible 
interference by LTBI.

There were some limitations in this study. Acid-fast staining could not identify the species, which may be mixed with 
NTM. T-SPOT.TB assay had cross-reaction with Mycobacterium kansasii, Mycobacterium marinum and Mycobacterium 
szulgai, which may cause false positives. 127 patients were not enrolled for failing to follow up or death before diagnosis 
was identified, which reduced the sample size. We did not correlate the results obtained with the results of another IGRA 
test or a tuberculin test. For the reason that we only conducted T-SPOT.TB test in our hospital, and rarely applied 
tuberculin test for its cross-reactivity against BCG vaccine. There was a significant correlation between the results of 
T-SPOT.TB and the immune status of patients. However, as a retrospective study, some patients had missing data on 
immune cell (CD3/4/8) counts. All enrolled patients were hospitalized in the pulmonary and critical care medicine 
department, so we mainly focused on pulmonary tuberculosis, which might cause biases. The concept of the maximum 
measurable lesion is introduced in imaging features analysis, but most of the tuberculosis lesions were an irregular shape, 
which may cause measurement errors.

As the threshold increased, the specificity of T-SPOT.TB to diagnose ATB was also higher. We found that it can better 
distinguish ATB from non-ATB when the threshold was set at ESAT-6≥40sfu or CFP-10≥40sfu or the sum≥70sfu. The 
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new threshold would help the early diagnosis of ATB. Higher T-SPOT.TB results suggested that attention should be paid 
to finding diagnostic proof of ATB.

Conclusion
In summary, T-SPOT.TB is not only a diagnostic tool for LTBI but also had auxiliary diagnostic value for active 
tuberculosis. The threshold of T-SPOT.TB could be increased to 40sfu for diagnosing active tuberculosis, with elevated 
specificity and diagnosis accordance. When treated T-SPOT.TB positive patients with obsolescent tuberculosis, smoking 
history, diabetes, and advanced age (≥65 years old), more attention should be paid to distinguish ATB for the risk of 
false-positive. The diagnosis of T-SPOT.TB for ATB needs further research for verification.
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