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Dear Editor,

The detection and management of subjects with latent tubercu-

losis infection (LTBI) are important steps to control and de-

crease the incidence of tuberculosis (TB). Exposure to patients 

with active TB is one of the most important transmission routes 

of LTBI [1]. Interferon-gamma (IFN-γ) release assays (IGRAs), 

in particular, the QuantiFERON-TB Gold In-Tube assay (QFT; 

QIAGEN, Germantown, MD, USA), have been widely used for 

investigating subjects exposed to patients with active TB. How-

ever, high reversion rates and low reproducibility of QFT have 

also been documented [2]. 

The new version of QFT, QuantiFERON-TB Gold-Plus (QFT-

Plus, QIAGEN), might provide higher sensitivity for detection of 

early infection in subjects exposed to patients with active TB, 

owing to its ability to assess both CD8+ and CD4+ T cell-medi-

ated immune responses [3, 4]. Since there is sparse data on 

QFT and QFT-Plus in subjects exposed to patients with active 

TB [5, 6], we investigated the results of serial assays of QFT and 

QFT-Plus in such subjects. From December 2016 to November 

2018, 69 subjects exposed to patients with active TB (including 

57 households and 12 occupational exposures; median age [in-

terquartile range, IQR], 35 years [27-50 years]) were enrolled at 

Konkuk University Medical Center (KUMC), Seoul, Korea. We 

excluded subjects who had a history of a positive QFT or tuber-

culin skin test (TST) result. This study was approved by the In-

stitutional Review Board of KUMC (KUH1200076), and in-

formed consent was obtained from all enrolled subjects.

Both QFT and QFT-Plus were performed within eight weeks of 

first exposure as the first assessment, with a median (IQR) of 14 

(6-30) days after exposure. Follow-up assays were performed in 

39 subjects at eight weeks after the first assessment (i.e., sec-

ond assessment). If there were discrepancies between the first 

and second assessments, a third assessment was performed 

after eight weeks, when possible. 

Peripheral blood (1 mL; Nil, QFT TB antigen, QFT-Plus TB1, 

TB2 antigen [CD4+ T cell response and both CD4+ and CD8+ 

T cell response, respectively]) was collected in each specialized 

tube. The samples were immediately incubated at 37°C for 16-

24 hours, and the separated plasma was stored at 4°C. QFT 

and QFT-Plus were performed according to the manufacturer’s 

instructions. For QFT, the results are considered positive when 

the TB antigen minus Nil IFN-γ concentration is ≥0.35 IU/mL 
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and ≥25% of the Nil value. The QFT-Plus is interpreted as posi-

tive when the TB antigen tube (TB1 or TB2) minus Nil IFN-γ 
concentration is ≥0.35 IU/mL and ≥25% of the Nil value. Con-

cordance between the results of the two assays was measured 

using Cohen’s Kappa, and statistical analysis was performed us-

ing MedCalc Statistical Software (version 17.2; MedCalc Soft-

ware, Ostend, Belgium).

The agreement between QFT and QFT-Plus results was strong 

(110 coupled tests, kappa =0.857, 95% confidence inter-

val=0.746-0.967, overall concordance rate=94.5%). The posi-

tive rate of QFT and QFT-Plus at the first assessment was 

24.6% (17/69) and 26.1% (18/69), respectively. Prophylactic 

treatment was performed in eight subjects between the first and 

second assessments. The positive rate of QFT and QFT-Plus at 

the second assessment was 23.1% (9/39) and 28.2% (11/39), 

respectively. The IFN-γ concentrations of the TB antigen minus 

Nil tube in QFT and QFT-Plus are shown in Table 1. The QFT-

Plus TB2 values were significantly higher in the second assess-

ment than in the first assessment (P =0.032, Wilcoxon signed 

rank test). However, the QFT TB and QFT-Plus TB1 values were 

not significantly different between the first and second assess-

ments. 

Among the 39 subjects with available serial assay results, the 

conversion rate (negative to positive) of QFT and QFT-Plus was 

3.5% (1/29) and 10.7% (3/28), respectively, and the reversion 

rate (positive to negative) was 20.0% (2/10) and 27.3% (3/11), 

respectively. The inconsistent results between QFT and QFT-

Plus or between the first and follow-up assessments are shown 

in Table 2. Samples from two subjects (C22 and C61) showed 

positivity only in QFT-Plus TB2, suggesting that TB2 might be 

converted earlier in cases of recent exposure. In particular, 

samples from C22 showed only TB2 positivity consistently on 

the first, second, and third assessments, and the TB-Nil, TB1-

Nil, and TB2-Nil values showed an increasing trend (except TB 

Table 1. Results of QuantiFERON-TB Gold In-Tube (TB), QuantiFERON-TB Gold-Plus TB1 (TB1), and QuantiFERON-TB Gold-Plus TB2 
(TB2) minus Nil values in the first and second assessments

 
First assessment Second assessment

P*
Median Interquartile range Median Interquartile range

TB 0.111 0.072-0.884 0.110 0.060-0.779 0.064

TB1 0.011 -0.010-0.286 0.106 0.068-0.477 0.192

TB2 0.029 -0.010-0.700 0.128 0.063-0.863 0.032

*P was determined by the Wilcoxon signed rank test.
Abbreviations: TB, TB minus Nil; TB1, TB1 minus Nil; TB2, TB2 minus Nil.

Table 2. Inconsistent results of QuantiFERON-TB Gold In-Tube (TB), QuantiFERON-TB Gold-Plus TB1 (TB1), and QuantiFERON-TB Gold-
Plus TB2 (TB2) or between the first and follow-up assessments

Case 
  (sex/age, yr)

First assessment Second assessment Third assessment
Comments 

TB TB1 TB2 TB TB1 TB2 TB TB1 TB2

C22 (M/35) Negative
0.011

Negative
-0.066

Positive
0.7

Negative
-0.002

Negative
0.037

Positive
0.924

Negative
0.205

Negative
0.167

Positive
1.125

Only TB2-positivity

C31 (F/54) Negative
0.174

Negative
0.163

Negative
0.258

Negative
0.23

Negative
0.216

Positive
0.559

Negative
0.34

Negative
0.056

Negative
0.269

Conversion and reversion of TB2

C36 (F/42) Positive
2.516

Positive
1.348

Positive
2.061

Positive
0.651

Negative
-0.192

Negative
0.086

- - - Reversion of TB1 and TB2

C44 (F/23) Positive
0.797

Negative
0.286

Positive
0.368

Negative
0.331

Negative
0.292

Negative
0.26

- - - Reversion of TB and TB2,
prophylactic treatment

C53 (F/49) Positive
2.257

Positive
0.917

Positive
1.07

Negative
0.177

Negative
0.229

Negative
0.201

- - - Reversion of TB, TB1, and TB2, 
prophylactic treatment

C61 (F/51) Negative
0.025

Negative
-0.002

Negative
0.038

Negative
-0.01

Negative
-0.136

Positive
6.81

- - - Conversion of only TB2 

C62 (F/50) Negative
0.024

Negative
0.015

Negative
0.047

Positive
1.26

Positive
0.881

Positive
1.48

- - - Conversion of TB, TB1, and TB2 

Abbreviations: M, Male; F, Female; TB, TB minus Nil; TB1, TB1 minus Nil; TB2, TB2 minus Nil.
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at the second assessment), indicating an ongoing conversion 

process. Samples from C61 showed an abrupt increase in TB2-

Nil; thus, a follow-up assay would be helpful for accurate inter-

pretation, although it could not be performed in this study. An-

other subject (C62) showed a positive result only at the second 

assessment; the first assessment was too early (at four days af-

ter exposure), and a second assessment was, therefore, neces-

sary in this subject. Recent findings suggest more delayed con-

version with IGRA than with the TST, whereas QFT-Plus showed 

earlier conversion than QFT [1, 7, 8]. Reversion was observed 

in four subjects (C31, C36, C44, and C53), including two with 

QFT-TB (C44 and C53), two with QFT-Plus TB1 (C36 and C53), 

and four with TB2 (C31, C36, C44, and C53). Prophylactic 

treatment might explain the reversion in two subjects (C44 and 

C53) [9]. Reversion in the other two subjects could be related to 

natural clearing, an unstable immune response, or assay-related 

variability [10] due to pre-analytical, analytical, post-analytical, 

manufacturing, and immunological factors [2]. Since we could 

not perform a baseline QFT, the possibility that infection in some 

subjects occurred before exposure to patients with active TB 

cannot be ruled out. We tried to decrease this possibility by ex-

cluding subjects with a history of a positive QFT or TST result. 

Despite the limited sample size, we showed serial results of 

QFT and QFT-Plus in subjects exposed to patients with active 

TB. Since QFT-Plus TB2 seems to be converted earlier, follow-

up assays would be helpful before starting prophylactic treat-

ment, owing to the possibility of reversion and delayed conver-

sion. Moreover, assessment should be done within enough time 

to allow for maturation of the immune response, and detailed 

guidelines should be prepared using additional data.
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