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1 | INTRODUCTION

Obijectives: T-SPOT.TB is a promising diagnosis tool to identify both pulmonary tuber-
culosis and extrapulmonary tuberculosis, as well as latent tuberculosis; however, the
factors that affect the results of T-SPOT.TB remains unclear. In this study, we aim to
figure out the risk factor of T-SPOT.TB for active TB.

Methods: A total of 349 patients were recruited between January 1st, 2016 and
January 22st, 2017 at Renmin Hospital of Wuhan University, including 98 subjects
with TB and 251 subjects with non-TB disease, and received T-SPOT.TB (Oxford
Immunotec Ltd). Statistics were analyzed by SPSS 19.0 using logistic regression.
Results: The overall specificity and sensitivity of the T-SPOT.TB was 92.83% (233/251;
95%Cl 0.8872-0.9557) and 83.67% (82/98; 95%Cl 0.7454-0.9010), respectively.
Patients with tuberculous meningitis were more likely to have false-negative results
(OR 17.4, 95%Cl 3.068-98.671; P<.001) while patients with cured TB tended to in-
duce false-positive results (OR 30.297; 95%Cl 7.069-129.849; P<.001). The results
were not affected by sex, age, onset time, smoke, alcohol, treatment, allergic history,
co-morbidity, TB (exclude tuberculous meningitis) (P>.05).

Conclusion: Tuberculous meningitis was a risk factor of false-negative for T-SPOT.TB,

while cured TB was a risk factor of false-positive.
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sensitive, partly owing to their improved antigen,®> making them

With the drug resistance being serious, tuberculosis (TB) reminds a
major concern among the world. Its nearly three million of people in
the world to develop active TB without being diagnosed every year,’
inducing constantly transmission in community. TB is diagnosed by epi-
demiological, clinical and radiographic characteristics and confirmed by
microbiology or pathology traditionally.2 This strategy is dollar-costing,
time-consuming, lame in specific or sensitivity, and laborious. Promising
are the methods including the tuberculin skin test (TST) and the inter-
feron gamma release assays (IGRAs), including the QuantiFERON-TB
Gold In-Tube Test (QFT-GIT) and T-SPOT.TB, which can identify latent
tuberculosis (LTBI) infection and active TB infection and has a promis-
ing performance in diagnosing active extrapulmonary TB.3*

While the TST using a single antigen which could be affected
by BCG, QFT-GIT and T-SPOT.TB perform greater in specific and

replace TST for identifying of LTBI.® Although the diagnostic efficiency
of IGRAs is better than that of TST, its still not good enough for clinical
diagnosis to distinguish active TB from health control in some case,
as IGRA only use IFN-y as marker of tuberculosis infection, making it
provides limited information.”® Thus, in this study, we try to figure out
the risk factor for false-positive and false-negative of T-SPOT.TB in
patient with active TB.

2 | MATERIALS AND METHODS

2.1 | Study participants

All 779 patients who were suspected tuberculosis were enrolled be-
tween November 7th, 2016 and January 22nd, 2017 at Renmin Hospital
of Wuhan University. A total of 306 subjects were included after
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screening. A total of 44 subjects with different kinds of TB were added
in this study between January 1st, 2016 and November 7th, 2016, as
subject with extra-pulmonary TB were relatively seldom. Finally, 349
subjects were included in our study including 98 subjects with TB and
251 subjects with non-TB disease. 24 of the 251 subjects with non-TB
disease had a cured TB history (Figure 1). Clinical information of pa-
tients was collected from hospital information system (Table 1). These
information included: sex, age, onset time, smoke history, alcohol his-
tory, treatment (non-anti TB) history, allergic history, co-morbidity
(include kidney stone, COPD, anemia, central nervous system (CNS)
infection, myocardial infarction, diabetes, pulmonary infection, pleural
effussion, liver dysfunction, hypertension, malignancy, urinary infec-
tion, pyemia), TB (include pulmonary tuberculosis, tuberculous meningi-
tis, tuberculous pleurisy, intestinal tuberculosis, tuberculosis synovitis,
spinal tuberculosis, pelvic tuberculosis, urinary tuberculosis and lymph
node tuberculosis) and cured TB history with other disease.

Confirmed TB had to satisfy one of following conditions: (1) iden-
tification of bacillus in specimen or tissue by acid fast staining, or by
culture, or by PCR, or by the pathological report; and (2) clinical, radio-
graphic, and other supporting test programs characteristics and medi-
cal history suggested TB. Meanwhile, TB were diagnosed by physicians
and patients improved with anti-TB treatment. Confirmed non-TB had
to satisfy the following: (1) clinical, radiographic, and other supporting
test programs characteristics and medical history suggest non-TB; and
(2) diagnosed non-TB by physicians and improved without anti-TB treat-
ment. All diagnoses were made by two physicians. If the two physicians
were divided about the diagnosis, then a third physician was referred.
Exclusion criteria included: (1) any indeterminate diagnosis judged by
physicians; and (2) multiple lesions in different tissue or system.

2.2 | T-SPOT.TB assay

We carried out the T-SPOT.TB test (Oxford Immunotec Ltd, Oxford, UK)
according to the manufacturer’s instructions. Peripheral blood (5 mL) of

779 patients eligible

subjects included in our study was collected into sodium heparin tubes,
than diluted by an equal volume of RPMI 1640 medium (Shanghai
Haoran, Shanghai, China). Peripheral blood were layered onto Ficoll-
Paque Plus lymphocytes separation medium (Shanghai Hengxin, China)
at ration of 4:1, and centrifuged at 1000 RCF (g) for 22 minutes at room
temperature (18-25°C). Collect the cloudy peripheral blood mononu-
clear cells (PBMCs) layer into clean centrifuge tubes. Wash PBMCs with
10 mL RPMI 1640 by centrifuging at 600 RCF (g) for 7 minutes at 18°C
(two times). Pour the supernatant off, and resuspend the PBMCs with
0.5 mL AIM-V (Invitrogen). Transferring 100 L of the PBMCs into new
tubes and calculated the number of cell by automatic blood cell counter
(XS-1000i; Sysmex, Shanghai, China). Adjust the suspend to 250 000
cells/100 pL. Add 50 uL PHA, antigen-A (ESAT-6), antigen-B (CFP-10),
AIM into positive control well, A well, B well, negative control well, re-
spectively. Add 100 pL 250 000 cells/100 pL suspend into each well and
place the plate in incubator at 37°C 5%CO,, for 16-24 hours. Pour and
wash the well with 200 pL PBS for three times. Add 50 pL secondary an-
tibody into each wells and incubate the plate for 1 hour. Pour and wash
the well again. Add 50 pL substrate solution into each well and protected
from light for 7 minutes. Wash the plate thoroughly with distilled water
to stop the reaction. Count the spot through plate reader. All blood sam-
ples were processed within 4 hours. The spot that is at least 6 or twice
compared to the negative control well, would be considered positive.

2.3 | Statistical analysis

Sex, age, onset time, smoke, alcohol, treatment (non-anti TB), allergic
history, co-morbidity (include kidney stone, COPD, anemia, CNS in-
fection, myocardial infarction, diabetes, pulmonary infection, pleural
effussion, liver dysfunction, hypertension, malignancy, urinary infec-
tion, pyemia), type of TB (include pulmonary tuberculosis, tuberculous
meningitis, tuberculous pleurisy, intestinal tuberculosis, tuberculosis
synovitis, spinal tuberculosis, pelvic tuberculosis, urinary tuberculosis

and lymph node tuberculosis) and cured TB were enrolled into the

473 patients excluded
* 465 cases of indeterminate diagnaosis
+ Bcases of multiple lesions

44 patients included 306 patients included

349 patients included

| l

251 non-TB disease
24 with TB history

13 tuberculous pleurisy « 227 without TB history
6 intestinal TB

* 14spinal TB
* 3 tuberculous synovitis

98 TB
* 29 pulmonary TB
8 tuberculous meningitis

5 pelvic TB
13 urinary TB
7 lymph node TB

FIGURE 1 Flow diagram summarizing
patient recruitment
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TABLE 1 Clinical characteristic of TB
patients, cured TB patients and patients

Risk fact
with other disease sKtactor

Male/Female

Age

Onset time

Smoke
Alcohol
Treatment
Allergic
Co-morbidity

logistic regression analysis. Age and onset time were divided into three
dummy variable. The variable would be include into multiple logistic
regression analysis if the P-value <.2. Odd rations (OR) were analyzed
by logistic regression. P-value <.05 would be considered significant.
All statistics were analyzed by SPSS 19.0 (IBM, Armonk, NY, USA).

3 | RESULT

3.1 | Diagnostic efficiency of T-SPOT.TB

In this study, the specificity and sensitivity of the T-SPOT.TB was
92.83% (233/251; 95% Cl 0.8872-0.9557) and 83.67% (82/98; 95% ClI
0.7454-0.9010), respectively. The sensitivity of T-SPOT.TB in pulmonary
tuberculosis, tuberculous meningitis, tuberculous pleurisy, intestinal tu-
berculosis, tuberculosis synovitis, spinal tuberculosis, pelvic tuberculosis,
urinary tuberculosis and lymph node tuberculosis was 89.66% (26/29),
25.00% (2/8), 92.31% (12/13), 83.3% (5/6), 66.66% (2/3), 71.43%
(10/14), 100% (5/5), 92.31% (12/13), 100% (7/7), respectively.

3.2 | Risk factor of false-negative

To investigate the risk factor of false-negative, logistic regression

analysis was performed involving different variable including sex, age,

WILEY-27

Other disease

TB (n=98) Cured TB (n=24) (n=227)
55:43 19:5 138:89
<30 21 0 101
30~60 48 6 75
260 28 18 51
<1 mnoth 44 17 65
Im~1y 35 1 46
>1 year 19 6 116
12 28
7 4 11
28 10 133
9 2 24
Kidney stone 10 0
COPD 0 7
Anemia 4 4 17
CNS infect 1 0 10
Myocardial 3 2 9
infarction
Diabetes 8 5 12
Pulmonary infection 18 11 135
Pleural effussion 5 2 19
Liver dysfunction 2 0 15
Hypertension 16 8 34
Malignancy 8 2 25
Urinary infection 11 0 14

onset time, smoke, alcohol, treatment, allergic, co-morbidity and TB
type. Multiple logistic regression was performed if P value lower than
.20 in binary logistic regression. The result suggested that sex, age
between 30 and 60 years, age >60 years, onset time, smoke, alcohol,
treatment, allergic, co-morbidity and TB type excluding tuberculous
meningitis play no significant role in false-negative. Age <30 and
tuberculous meningitis was significant in binary logistic regression.
However, only tuberculous meningitis whose OR value, 95% Cl and P
value was 17.4, (3.068,98.671), <0.001, respectively, was significant
in multiple logistic regression. The rest of variable such as sex, age
between 30 to 60, age 260, onset time, smoke, alcohol, treatment,
allergic history, co-morbidity, pulmonary tuberculosis, tuberculous
pleurisy, intestinal tuberculosis, tuberculosis synovitis, spinal tuber-
culosis, pelvic tuberculosis, urinary tuberculosis and lymph node tu-
berculosis were not the risk factor (P>.05) of false-negative (Table 2).

3.3 | Risk factor of false-positive

To investigate the risk factor of false-positive, logistic regression
analysis was performed involving different variable including sex, age,
onset time, smoke, alcohol, treatment, allergic, co-morbidity and cured
TB. Similarly, multiple logistic regression was performed if P value
lower than .20 in binary logistic regression. The result demonstrated
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TABLE 4 Dummy variables analysis of risk factor of false-negative and false-positive in age group and onset time group
False-negative False-positive
Risk factor Observation variable Reference variable OR value 95% Cl P value OR value 95% Cl P value
Age <30 260 0 (0,0) .996 0.22 (0.024, 2.048) .183
30~60 260 0 (0,0) .996 0.611 (0.159, 2.353) 474
30~60 <30 1.38 (0.243,7.832) 716 2.778 (0.303,25.462)  .366
Onset time <1 mo 21y 0.894 (0.098, 8.203) 921 0.750 (0.114, 4.923) 764
1mo-~1y 21y 2.683 (0.282,25.568)  .391 1.889 (0.341,10.459) 466
<1 mo 1mo~1y 0.333 (0.020, 5.664) 447 2.519 (0.576,11.01) .220

that sex, age between 30 and 60, age 260, smoke, alcohol, diabetes,
cured TB was significant in binary logistic analysis. But only cured TB
whose OR value, 95% Cl and P value was 30.297, (7.069, 129.849),
<0.001, respectively, was significant in multiple logistic analysis. The
rest of variable such as age<30, onset time, treatment, allergic history,
co-morbidity (excluding diabetes) were not risk factor (P>.05) of false-
positive (Table 3).

3.4 | Dummy variables analysis

To investigate the relationship between dummy variables, we analyzed
three dummy variables in age group or onset time group. Age <30
(n=21 in false-negative; n=101 in false positive) group was defined
as v1:v2(1,0). Age between 30 and 60 group (n=48 in false-negative;
n=81 in false positive) was defined as v1:v2(0,1). Age 260 group (n=28
in false-negative; n=69 in false positive) was defined as v1:v2(0,0).
Onset time <1 month group (n=44 in false-negative; n=182 in false
positive) was defined as v1:v2(1,0), onset time between 1 month and
1 year group (n=35 in false-negative; n=47 in false positive) was de-
fined as v1:v2(0,1). Onset time >1 year group (n=19 in false-negative;
n=22 in false positive) was defined as v1:v2(0,0). Different dummy
variables were defined as reference variables to compare the relation-
ship between each other. The result revealed that there was no sig-
nificance (P>.05) between each dummy variables of the age or onset
time (Table 4).

4 | DISCUSSION

Our study demonstrated the performance of T-SPOT.TB. For diag-
nostic efficiency, the T-SPOT.TB performed well— the overall speci-
ficity and sensitivity of the T-SPOT.TB was 92.83% (233/251) and
83.67% (82/98), respectively. However, the sensitivity of T-SPOT.TB
in various TB was more or less affected by its limited sample size.
For risk factor of false-negative, the initial binary logistic regression
analysis indicated that age and tuberculous meningitis were risk fac-
tor for false-negative. After multiple logistic regression analysis, age
was proved to be not the risk factor of false-negative. We found that
age<30 group was affected by tuberculous meningitis group, that
could be the reason why age<30 group in binary logistic regression

analysis was risk factor but not in multiple logistic regression analysis.

For risk factor of false-positive, sex, age between 30 and 60, age
260, smoke, alcohol, diabetes and cured TB was significant in binary
logistic analysis, but only cured TB was confirmed as the risk factor
of false-positive. Similarly, these variables were significant in binary
logistic regression due to the effect of cured TB. Although our re-
sults indicated that age was not the risk factor for both sensitivity
and specificity, it was contradictory among reports. The specificity

210 \while other

of T.SPOT.TB were affected by age in some reports
reports suggested that age did not affect the result of T.SPOT.TB.1%12
Onset time was not risk factor according to our results, while Pan
etal’ reported that period of illness longer than 6 months was risk
factors for false-negative results.

Our study indicated that tuberculous meningitis was risk factor of
false-negative, and the sensitivity of T-SPOT.TB in patients with tuber-
culous meningitis was only 25.00% (2/8). That could partly due to the
strict exclusion criterion, which excluded a few indeterminate diagno-
sis of tuberculous meningitis making the sensitivity lower relatively.
However, the performance of T-SPOT.TB in tuberculous meningitis is

|13

controversial. Qin et a reported that sensitivity and specificity in

patients with tuberculous meningitis was 83.00% and 82.00%, respec-

tively. Lu et al.*

reported that sensitivity and specificity in patients
with tuberculous meningitis was 70% and 87% respectively. In con-
trast, a prospect study suggested that tuberculous meningitis might
be risk factor for false-negative (OR=2.6; 95% Cl 1.0-6.6).° Due to
the limited sample size of patients, some kind of TB were not credible
relatively such as tuberculosis synovitis (n=3). However, the T-SPOT.
TB performance in tuberculosis synovitis was rarely reported. Cheng
etal’® reported that the sensitivity and specificity of T-SPOT.TB in
patients with tuberculosis synovitis (n=6) was 67% and 69%, respec-
tively. For other kinds of TB, a meta-analysis noted that the sensitivity
and specificity of T-SPOT.TB and/or QFT in patients with tuberculous
Pericarditis were 0.77 (95% ClI, 0.71-0.83) and 0.71 (95% Cl, 0.65-
0.76), respectively*® while Bian et al.'” reported that sensitivity and
specificity in tuberculous Pericarditis was 83% and 95%, respectively.
Jia et al.*® noted that the overall sensitivity and specificity of T-SPOT.
TB in patients with lymph node TB was 90.4% and 70.5%, respec-
tively. A meta-analysis reveled that the sensitivity and specificity of
IGRAs in patients with intestinal TB was 82.8% and 86.7%, respec-
tively.!? A study included 122 patients with spinal TB demonstrated
that the sensitivity and specificity of T-SPOT.TB was 88.3% and 86.1%,
respectively.20
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There were some limitations in our study. Firstly, due to the limited
conditions, LTBI patients was not discussed in our study. Secondly,
subjects in some kind of TB type were seldom, that could more or
less affect our results. Thirdly, the variable of malignancy was not con-
crete while the characteristic of malignancies vary from each other.
Fourthly, anti-TB treatment was not enrolled in our study as must of
subject were initial treatment. Fifthly, BCG vaccination patient were
not discussed in our study. Sixthly, because of the low distribution of
HIV-positive subjects in China, these individuals were not seriously

distinguished in our study.
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