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Limited data are available on which factors are associated with strong immunologic responses to T-SPOT.TB. We investigated 
the factors associated with strong positive responses in patients with extrapulmonary tuberculosis (E-TB). Of 173 patients with 
E-TB who gave positive results on T-SPOT.TB, 26 (15%) with a strong positive response (defined as ≥1,000 spot-forming units 
(SFU)/2.5×105 PBMC to ESAT-6 or CFP-10) and 71 (41%) with a low positive response (≤ 99 SFU (6-99 SFU)/2.5×105 PBMC) 
were further analyzed. Miliary TB was independently associated with a strong positive response to T-SPOT.TB, while advanced 
age and immunosuppression were independently associated with weak positive T-SPOT.TB responses. 
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Brief Communication

The qualitative results of interferon-γ release assays (IGRAs), 

categorized as negative, positive, or indeterminate according to 

the particular cut-off values provided by manufacturers, have 

been used for diagnosis of Mycobacterium tuberculosis [1]. 

There have been several studies of the quantitative aspects of 

IGRAs used to assess the disease activity of tuberculosis (TB) 

or responses to anti-tuberculous treatment [2-4]. However, 

limited data are available concerning which factors are asso-

ciated with strong immunologic responses to the T-SPOT.TB, 

although such responses occasionally occur. We therefore in-

vestigated the factors associated with strong positive responses 

to the T-SPOT.TB in patients with extrapulmonary TB (E-TB).

All adult patients with suspected E-TB admitted to Asan 

Medical Center (a 2,700-bed tertiary hospital in Seoul, South 

Korea) in an intermediate TB-burden country between April 

2008 and November 2012 were prospectively enrolled in the 
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study. Patients were included if they had any clinical symp-

toms, signs or radiographic evidence of E-TB, and there were 

no exclusion criteria. All patients provided written informed 

consent.

All patients were diagnosed by two independent study in-

vestigators (YM Lee and SH Kim), based on clinical, histo-

pathological, radiological, and microbiological data collected 

over a follow-up period of at least three months. The clinical 

categories of patients with suspected E-TB have been de-

scribed previously [5-7]. 

The criteria for positive, negative, and indeterminate out-

comes of T-SPOT.TB (Oxford Immunotec, Abingdon, UK) 

were as recommended by the manufacturer. The outcome was 

considered indeterminate if the number of spots in the posi-

tive control well was <20 (low mitogen response) or the num-

ber of spots in the negative control well was >10 (high nil re-

sponse). Patients with strong positive response to the T-SPOT.

TB, defined ≥1,000 spot forming units (SFU)/2.5×105 PBMC to 

ESAT-6 or CFP-10, were compared with control patients with 

weak positive responses of ≤99 SFU (6-99 SFU)/2.5×105 

PBMC.

To evaluate factors associated with extremely strong T-SPOT.

TB results, univariate logistic regression analyses were per-

formed. Using only the variables with P<0.1 in the univariate 

Table 1. Demographic characteristics according to responses to the T-SPOT.TB assay in patients with extrapulmonary tuberculosis  

≥1,000 SFC
 (n = 26) 

100-999 SFC
(n = 76)

6-99 SFC
(n = 71)

P-value

Age, mean ± SD  44.9 ± 12.0 50.1 ± 16.1 54.8 ± 16.3 0.02

Male, n (%) 10 (38.5) 30 (39.5) 34 (47.9) 0.52

Underlying disease, n (%)a 

Solid tumor 1 (3.8) 2 (2.6) 2 (2.8) 0.95

Hematologic malignancy 0 1 (1.3) 3 (4.2) 0.35

Chronic renal failure 0 4 (5.3) 5 (7.0) 0.38

Liver cirrhosis  0 4 (5.3) 1 (1.4) 0.24

Autoimmune disease 2 (7.7) 2 (2.6) 5 (7.0) 0.40

Diabetes mellitus 0 6 (7.9)   8 (11.3) 0.20

HIV infection 0 3 (3.9) 0 0.14

Immunosuppressive conditionb 2 (7.7) 18 (23.7) 17 (23.9) 0.18

Prior treatment of TB, n (%) 2 (7.7)   8 (10.5)   8 (11.3) 0.88

Active TB, n (%)

Confirmed TB 23 (88.5) 62 (81.6) 47 (66.2) 0.03

Probable TB   3 (11.5) 14 (18.4) 24 (33.8) 0.03

Site of infection, n (%)

Lymph node TB   7 (26.9) 31 (40.8) 17 (23.9) 0.78

Miliary TB 14 (53.8) 18 (23.7) 9 (12.7) <0.001

Genitourinary TB 2 (7.7) 0 2 (2.8) 0.07

Skeletal TB    6 (23.1) 14 (18.4) 14 (19.7) 0.88

TB meningitis   9 (34.6) 18 (23.7) 18 (25.4) 0.54

TB pericarditis 0 2 (2.6) 1 (1.4) 0.65

TB pleurisy 0 6 (7.9) 3 (4.2) 0.26

Abdominal TB   8 (30.8) 22 (28.9) 23 (32.4) 0.90

Disseminated TBc 16 (61.5) 34 (44.7) 26 (36.6) 0.09

SFC, spot-forming cell; SD, standard deviation; HIV, human immunodeficiency virus; TB, tuberculosis.
Statistical analysis was performed using the exact linear by linear association test for categorical variables and exact Kruskal-Wallis test for continuous variables.
aThe total number of immunosuppressive patients may not match with the sum of the underlying diseases and receipt of immunosuppressive agents in each groups.
bDefined as patients with underlying diseases such as malignancy, liver cirrhosis, chronic renal failure, HIV infection, or patients receiving immunosuppressive treatment. 
cDefined as isolation of Mycobacterium tuberculosis , positive M. tuberculosis  polymerase chain reaction, or histologic demonstration of caseating granulomatous inflam-
mation from the bone marrow, at least two noncontiguous organs, or miliary lung lesions.
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analysis, the independent risk factors for strong positive re-

sults in the T-SPOT.TB were identified by means of stepwise 

backward logistic regression analysis. Any variables with high 

multicollinearity were excluded from the final model.

A total 530 patients with suspected E-TB, consisting of 270 

(50.9%) E-TB and 260 (49.1%) non-TB patients were prospec-

tively enrolled. Among the 270 patients with E-TB, 153 (57%) 

were classified as confirmed TB, 55 (20%) as probable E-TB, 

and 62 (23%) as possible E-TB. Of the 208 patients with con-

firmed or probable E-TB 173 (49%) with positive results in the 

T-SPOT.TB (consisting of 132 (86%) confirmed TB and 41 (75%) 

probable TB patients) were included in the final analysis. Clini-

cal characteristics according to the result of the T-SPOT.TB are 

shown in Supplementary Table 1.  Of these 173 patients, 26 

(15%), 76 (44%), and 71 (41%) had ≥1,000 SFU, 100-999 SFU, 

and 6-99 SFU/2.5×105 PBMC to RD-1 in the T-SPOT.TB assay, 

respectively. Demographic characteristics according to the re-

sponses to the T-SPOT.TB are shown in Table 1.

To identify factors associated with strong positive results in 

the T-SPOT.TB, the characteristics of the 26 (15%) patients 

with strong positive responses and those of the 71 (41%) with 

weak positive response were compared. The results of univari-

ate and multivariate analyses are shown in Table 2. Univariate 

analysis revealed that young age, confirmed TB, and miliary 

TB were significantly associated with strong positive results in 

the T-SPOT.TB. In multivariate analysis, miliary TB (OR: 14.5; 

Table 2. Univariate and multivariate analysis of factors for an extremely strong response to the T-SPOT.TB in patients with extrapulmonary tuberculosis

≥1,000 SFC
 (n = 26) 

6-99 SFC
(n = 71)

Univariate analysis  Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value

Age, mean ± SD  44.9 ± 12.0 54.8 ± 16.3 0.96 (0.93-0.99) 0.01 0.96 (0.92-0.99) 0.04

Male, n (%) 10 (38.5) 34 (47.9) 0.68 (0.27-1.70) 0.41

Underlying disease, n (%) a

Solid tumor 1 (3.8) 2 (2.8)   1.38 (0.12-15.89) 0.80

Hematologic malignancy 0 3 (4.2) 0.91 (0.09-9.13) 0.93

Chronic renal failure 0 5 (7.0) 0.53 (0.06-4.75) 0.57

Liver cirrhosis  0 1 (1.4)   2.80 (0.17-46.47) 0.47

Autoimmune disease 2 (7.7) 5 (7.0) 1.10 (0.20-6.05) 0.91

Diabetes mellitus 0   8 (11.3) 0.32 (0.04-2.65) 0.29

HIV infection 0 0

Immunosuppressive conditionb 2 (7.7) 17 (23.9) 0.27 (0.06-1.24) 0.09 0.15 (0.02-0.93) 0.04

Prior treatment of TB , n (%) 2 (7.7)   8 (11.3) 0.66 (0.13-3.31) 0.61

Active TB, n (%)

Confirmed TB 23 (88.5) 47 (66.2)    3.92 (1.07-14.36) 0.04

Probable TB   3 (11.5) 24 (33.8) 0.26 (0.07-0.94) 0.04

Site of infection, n (%)

Lymph node TB   7 (26.9) 17 (23.9) 1.17 (0.42-3.26) 0.76

Miliary TB 14 (53.8) 9 (12.7)   8.04 (2.84-22.76) <0.001 14.46 (3.89-53.84) <0.001

Genitourinary TB 2 (7.7) 2 (2.8)   2.88 (0.38-21.55) 0.30

Skeletal TB    6 (23.1) 14 (19.7) 1.22 (0.41-3.61) 0.72

TB meningitis   9 (34.6) 18 (25.4) 1.56 (0.59-4.11) 0.37

TB pericarditis 0 1 (1.4)   2.80 (0.17-46.47) 0.47

TB pleurisy 0 3 (4.2) 0.91 (0.09-9.13) 0.93

Abdominal TB   8 (30.8) 23 (32.4) 0.93 (0.35-2.45) 0.88

Disseminated TBc 16 (61.5) 26 (36.6) 2.77 (1.10-6.99) 0.03

SFC, spot-forming cell; OR, odd ratio; CI, confidence interval; SD, standard deviation; HIV, human immunodeficiency virus; TB, tuberculosis.
aThe total number of immunosuppressive patients may not match with the sum of the underlying diseases and receipt of immunosuppressive agents in each groups.
bDefined as patients with underlying diseases such as malignancy, liver cirrhosis, chronic renal failure, HIV infection, or patients receiving immunosuppressive treatment. 
cDefined as isolation of Mycobacterium tuberculosis , positive M. tuberculosis  polymerase chain reaction, or histologic demonstration of caseating granulomatous inflam-
mation from the bone marrow, at least two noncontiguous organs, or miliary lung lesions.
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95% CI: 3.9 to 53.8) was significantly associated with strong 

positive responses in the T-SPOT.TB, while advanced age (OR: 

0.9; 95% CI: 0.9 to 0.99), and immunosuppression (OR: 0.2; 

95% CI: 0.02 to 0.9) were associated with weak positive re-

sponses. When the 62 patients with possible TB were included 

in the analysis, the factors associated with strong positive re-

sults in the T-SPOT.TB were similar to those in the patients 

with confirmed and probable TB (Supplementary Table 2). 

The results of the in vivo tuberculin skin test (TST) or in vi-

tro IGRA are the net outcomes of the interplay of host immune 

responses to TB antigens. It is well known that the TST is fre-

quently negative in patients with miliary TB and is converted 

to positivity during anti-TB treatment [8]. This phenomenon is 

explained by the fact that an overwhelming antigenic overload 

can cause anergy. Interestingly, we found that in certain types 

of E-TB (i.e., miliary TB) in which the body contains high levels 

of TB antigen, the T-SPOT.TB response is strong regardless of 

host immune status. That means that the responsiveness of the 

T-SPOT.TB depends on the total antigenic load. This finding is 

consistent with our recent report that the sensitivity of the 

T-SPOT.TB in patients with miliary TB was as high as 93% [9].

 We showed that immunosuppression and old age were in-

dependently associated with a weak T-SPOT.TB response. 

Thus net responsiveness to the T-SPOT.TB is mainly affected 

by antigenic load, host immune status, and age. However, it is 

beyond the scope of this study to examine which factors most 

strongly influence responsiveness to the T-SPOT.TB. The com-

plex interactions of host factors with antigenic load partially 

explain the chaotic responsiveness to IGRAs seen after an-

ti-TB treatment [10]. Intuitively, anti-TB treatment should re-

duce antigenic load, and so should lower responsiveness to an 

IGRA. However, some intracellular TB antigens may be re-

leased into the circulation, so it is hard to be sure that anti-TB 

treatment would necessarily result in a reduced antigenic 

load. Further studies are needed in this area.

 Some may argue that the cut-off values for a strong positive 

and a weak positive responses in the T-SPOT.TB of ≥1,000 SFU 

and ≤99 SFU per 2.5×105 PBMC, respectively, are arbitrary. We 

excluded patients with 100 to 999 SFU per 2.5×105 PBMC to 

avoid dilution of the true difference between the high re-

sponse and low response group. If we divided the two groups 

by 1,000 SFU per 2.5×105 PBMC and analyzed the factors asso-

ciated with high responsiveness, the results were similar (Sup-

plementary Table 3). 

 In conclusion, our data suggest that mycobacterial burden 

and host immune status contribute to a strong response in the 

T-SPOT.TB.
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