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Abstract
The number of studies which evaluated interferon-gamma release assays (IGRAs) results after anti-tuberculosis (TB) treat-
ment has been rapidly increasing. The aim of this study was to investigate the potential use of IGRAs (QFT-GIT, T-SPOT.
TB, QFT-Plus) in assessing the response to anti-TB treatment. We searched all studies in English language published from 
1 October 2011 to 18 November 2018 in PubMed, Web of Science, and Scopus. Our search included the term “tuberculosis 
treatment AND interferon-γ release assay”. We included studies evaluating the performance of commercial IGRAs (includ-
ing QFT-GIT, T-SPOT.TB and QFT-Plus) before and after the anti-TB treatment. We performed subgroup analysis based 
on the age (children, adults), type of TB (active, latent, active and latent, and contacts exposed to MDR defined as MDR 
LTBI), type of IGRAs (QFT-GIT and T-SPOT.TB), and follow-up interval (2, 3, 4, 6, 9 months). Of the 18 included stud-
ies, 12 used QFT-GIT for assessment of IGRA performance after therapy, 1 used T-SPOT.TB, and 3 used both QFT-GIT 
and T-SPOT.TB. Since then, only two studies have assessed the QFT-Plus performance during therapy. According to the 
results of the meta-analysis, the pooled rate of positive IGRAs (QFT-GIT and T-SPOT.TB) following anti-TB therapy was 
estimated at 76% [95% CI 70–81%] and no difference was found compared to the pooled positive rate of IGRAs before ini-
tiation of therapy which was 76% [95% CI 60–89%]. The subgroup analysis showed that the pooled rate of positive IGRAs 
(QFT-GIT and T-SPOT.TB) after anti-TB therapy was significantly higher in monitoring active TB subjects [80% (95% CI 
74–88%)] than LTBI [71% (95% CI 70–81%)]. Available data are now sufficient to suggest that monitoring changes in the 
IGRAs (QFT-GIT and T-SPOT.TB) response during anti-TB treatment may have limited use in evaluating the effectiveness 
of treatment, while the monitoring changes in QFT-Plus during anti-tubercular treatment are recommended to determine 
treatment efficacy or for treatment monitoring. Further research is needed to establish the efficacy of this new assay as marker 
on a larger scale for treatment monitoring.

Keywords Igras · Tuberculosis · Treatment

 * Shima Mahmoudi 
 sh-mahmoudi@sina.tums.ac.ir

1 Pediatric Infectious Disease Research Center, Children’s 
Medical Center Hospital, Tehran University of Medical 
Sciences, Dr. Gharib Street, Keshavarz Boulevard, Tehran, 
Iran

2 Department of Infectious Diseases, Pediatrics Center 
of Excellence, Children’s Medical Center, Tehran University 
of Medical Sciences, Tehran, Iran

3 Department of Microbiology, Faculty of Medicine, Qazvin 
University of Medical Sciences, Qazvin, Iran

4 Department of Public Health and Infectious Diseases, 
Sapienza University, Rome, Italy

5 Clinic of Infectious Diseases, Azienda 
Ospedaliero-Universitaria, Policlinico of Modena, Modena, 
Italy

6 Institute of Pediatrics, Università Cattolica del Sacro Cuore, 
Fondazione Policlinico Universitario Gemelli, Rome, Italy

7 The Research Institute of Tuberculosis, Japan 
Anti-Tuberculosis Association, Kiyose, Tokyo, Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/s00005-020-00568-4&domain=pdf


 Archivum Immunologiae et Therapiae Experimentalis (2020) 68:4

1 3

4 Page 2 of 11

Introduction

According to the latest World Health Organization (WHO) 
global tuberculosis report, tuberculosis (TB) is the ninth 
prime cause of death worldwide and has been responsible 
for 1.7 million deaths in 2017 (Organization 2016). On the 
other hand, latent TB infection (LTBI) affects one-quarter 
of the world’s population and can develop into active TB in 
almost 15% of the cases (Getahun et al. 2015; Sester et al. 
2015); therefore, the accurate diagnosis and treatment of 
LTBI can control and eliminate a TB outbreak (Lönnroth 
et al. 2015). Patient-centered care is one of the main com-
ponents of WHO’s End TB Strategy. According to the lat-
est reports, it has been estimated that 54 million lives were 
saved through TB diagnosis and treatment between 2000 and 
2017 (World Health Organization 2016).

Currently, a new biomarker to monitor treatment efficacy 
would be a major advance for the management of TB glob-
ally (Goletti et al. 2018). Specifically, in the case of extrapul-
monary TB, it is hard to correlate the sputum result with the 
clinical outcome when Mycobacterium. tuberculosis (Mtb) 
cannot be detected in sputum. It is even more difficult in 
LTBI cases, where Mtb cannot be isolated despite its pres-
ence (Goletti et al. 2016). In addition to monitoring the treat-
ment efficacy in patients, a new biomarker may allow the 
assessment of shorter course regimens for both LTBI and 
active TB treatment. A new biomarker capable of confirming 
adequate TB treatment would also reduce transmission from 
reactivation due to treatment failure.

The number of studies which evaluated interferon-gamma 
release assays (IGRAs) results after anti-tuberculosis (TB) 
treatment has been rapidly increasing. Currently, there are 
three commercial IGRAs available: the QuantiFERON-TB 
Gold In-Tube assay (QFT-GIT) (Cellestis, Valencia, CA, 
USA), the T-SPOT.TB assay (Oxford Immunotec, Inc, 
Oxfordshire, UK) and an updated version of the QFT-GIT 
assay termed QuantiFERON TB Plus (QFT-Plus). QFT-GIT 
assay is an enzyme-linked immunosorbent assay-based, 
whole-blood test that uses peptides from ESAT-6 and CFP-
10 as well as peptides from TB7.7 [Rv2654c]. T-SPOT.TB 
is an enzyme-linked immunospot assay using ESAT-6 and 
CFP-10 peptides. QFT-Plus is the next-generation IGRA 
launched by Qiagen in 2015. It includes an additional anti-
gen tube (TB2) [QIAGEN (2014). www.quant ifero n.com/
irm/conte nt/packa ge-inser ts.aspx Date last accessed: March 
13], which contains peptides stimulating Mtb-specific  CD8+ 
T cells, in addition to the  CD4+ T-cell response detected 
with QFT-GIT (Petruccioli et al. 2016).

In this systematic review and meta-analysis, we investi-
gated the potential use of IGRAs (QFT-GIT, T-SPOT.TB, 
QFT-Plus) in assessing the response to anti-TB treatment.

Materials and Methods

Search Strategy

This study was performed in accordance with the PRISMA 
protocol (Preferred Reporting Items for Systematic reviews 
and Meta-analysis) (Moher et al. 2009). We searched all 
studies in English language published from 1 October 2011 
to 18 November 2018 in PubMed, Web of Science, and Sco-
pus. Our search included the term “tuberculosis treatment 
AND interferon-γ release assay”. Additional references were 
screened through references cited by the identified studies.

Study Selection and Data Extraction

We included studies aimed at evaluating the performance of 
commercial IGRAs (including QFT-GIT, T-SPOT.TB and 
QFT-Plus) before and after the anti-TB treatment.

The results of QFT-GIT were assessed according to the 
manufacturer’s criteria (Keshavarz Valian et al. 2019). The 
result was considered positive if the IFN-γ value in TB anti-
gen tube was ≥ 0.35 IU/ml after correction for negative con-
trol. The result was considered negative if the response to the 
specific antigens was < 0.35 IU/mL and if the IFN-γ of the 
positive control (mitogen well) was ≥ 0.5 IU/mL.

The results of T-SPOT.TB were assessed according to the 
manufacturer’s criteria (Wang et al. 2012). A test was scored 
as positive if the ESAT-6- or CFP-10-stimulated well had 
at least 6 spots more than the negative control well, which 
had ≤ 5 spots. Also, if the negative control well had six to 
ten spots, the result was considered as positive when either 
the ESAT-6- or CFP-10-stimulated well contained at least 
twice as many spots.

In QFT-Plus assay, the qualitative cutoff values, and result 
interpretation, is identical to the QFT-GIT assay, with the 
key exception that if either one or both of the QFT-Plus 
TB antigen tubes (TB1 or TB2) are equal to or greater than 
0.35 IU/mL and are at least 25% of the nil tube value, the 
patient is considered positive (Qiagen, Hilden, Germany). 
The QFT-Plus results can be stratified according to the abil-
ity of subjects to respond to both TB1 and TB2 peptides 
(“TB1 and TB2”), only to TB1 (“only TB1”) or only to TB2 
(“only TB2”).

Patients were considered to have active TB if they had 
laboratory-confirmed active TB and culture isolation of Mtb 
and/or distinctive clinical presentation and/or symptoms as 
well as available radiographs and computed tomography 
images.

The inclusion criteria for patients with LTBI were: 
asymptomatic patients with both risk factors for TB infec-
tion (travel to or origin from a TB endemic country, known 

http://www.quantiferon.com/irm/content/package-inserts.aspx
http://www.quantiferon.com/irm/content/package-inserts.aspx
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TB exposure, etc.), and a positive tuberculin skin test (TST) 
(induration ≥ 10 mm) and/or IGRAs result.

Multidrug-resistant (MDR) TB was defined as Mtb that 
is resistant at least to isoniazid and rifampicin (Prasad et al. 
2018).

Studies were excluded when there was a lack of the num-
ber of positive or negative IGRA results before and after 
therapy, or included participants who did not receive treat-
ment, or if the results did not differentiate between treated 
and untreated subjects. Moreover, we excluded review arti-
cles and conference abstract.

Two reviewers evaluated all titles and abstracts inde-
pendently to identify potentially relevant studies. Next, 
one author reviewed the full text of all selected studies to 
determine the eligibility for inclusion and a second author 
repeated this evaluation separately. There was a complete 
agreement regarding the excluded studies. Two authors 
extracted data from all the included articles independently. 
Disagreements were resolved by consensus.

Quality Assessment

Two authors independently assessed each study based on 
Joanna Briggs Institute (JBI) checklist for cohort studies 
(Institute 2014). Any discrepancies were resolved by dis-
cussion or, if an agreement could not be reached, a third 
author was consulted.

Data Analysis and Synthesis

We calculated pooled estimates using random effects mod-
eling, which provides more conservative estimates than fixed 
effects modeling when heterogeneity is present. Outcomes 
were the total rate of positive IGRAs tests following anti-
TB treatment. We visually assessed for heterogeneity using 
forest plots, which represents the estimated prevalence and 
their relevant 95% confidence interval (CI). The Cochran’s 
heterogeneity statistic (Q test) and I2 statistic were used to 
examine the heterogeneity of studies. The I2 values of 25%, 
50%, and 75% were considered as low, medium, and high 
heterogeneity, respectively.

For each individual study, we assessed all outcomes for 
which data were available. We generated forest plots to dis-
play the individual study estimates and their 95% confidence 
intervals.

We performed subgroup analysis based on the age (chil-
dren, adults), type of TB (active, latent, active and latent, 
and contacts exposed to MDR defined as MDR LTBI), type 
of IGRAs (QFT-GIT and T-SPOT.TB), and follow-up inter-
val (2, 3, 4, 6, 9 months). The Q and I2 statistics values 
were calculated for each subgroup to determine the effective 
factors on the positivity of IGRA and heterogeneity of the 

studies. Publication bias was evaluated by Egger’s regression 
test (Begg and Mazumdar 1994).

We performed all analyses using STATA software 
(Release 12. statistical software. College Station, Texas: 
STATA Corp LP).

Results

Included Studies

A total of 1432 unique references were identified by the ini-
tial search. After review of title and abstracts, 114 full-text 
articles were assessed for eligibility. Of these, 96 articles 
were excluded after the review of the complete texts, and 
18 studies met our inclusion criteria. Figure 1 shows the 
study selection process, reported according to PRISMA 
guidelines.

Study Description

Of the 18 included studies, 12 used QFT-GIT (Bartalesi 
et al. 2013; Bastos et al. 2013; Bedini et al. 2016; Denkinger 
et al. 2013; Johnson et al. 2014; Kim et al. 2014; Le Hang 
et al. 2014; Lee et al. 2012; Matsushita et al. 2015; Sali et al. 
2018; Sauzullo et al. 2014; Wang et al. 2013) for assessment 
of IGRA performance after therapy, 1 used T-SPOT.TB 
(Wang et al. 2012), and 3 used both QFT-GIT and T-SPOT.
TB (Chiappini et al. 2012; O’Shea et al. 2014; Park and 
Shim 2017). Since, only two studies assessed the QFT-Plus 
performance during therapy (Kamada and Amishima 2017; 
Petruccioli et al. 2018), they were not considered in quanti-
tative synthesis (meta-analysis). All the studies had quality 
score ≥ 5 (high quality).

Seven studies were conducted in Europe (Bartalesi et al. 
2013; Bedini et al. 2016; Chiappini et al. 2012; O’Shea et al. 
2014; Petruccioli et al. 2018; Sali et al. 2018; Sauzullo et al. 
2014), one in the USA (Johnson et al. 2014), one in Canada 
(Denkinger et al. 2013), one in Brazil (Bastos et al. 2013) 
and eight in Asia (Kamada and Amishima 2017; Kim et al. 
2014; Le Hang et al. 2014; Lee et al. 2012; Matsushita et al. 
2015; Park and Shim 2017; Wang et al. 2012, 2013).

The mean age of the subjects was 36.45 ± 17.3 years. 
The number of participants after treatment follow-up in 
each study varied considerably (from 12 to 391); the largest 
studies were by Hang et al. (with 391 participants) (Le Hang 
et al. 2014) and Matsushita et al. (with 351 participants) 
(Matsushita et al. 2015). There was one study including peo-
ple living with human immunodeficiency virus (Sauzullo 
et al. 2014); however, the number of HIV-positive patients 
in this work was very low (n = 13).

Classical anti-TB therapy (rifampicin, isoniazid, 
pyrazinamide, and ethambutol) was used in seven studies 
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(Chiappini et al. 2012; Kamada and Amishima 2017; Kim 
et al. 2014; Le Hang et al. 2014; Matsushita et al. 2015; 
Park and Shim 2017; Sauzullo et al. 2014). Rifampicin and 
isoniazid were used in four studies (Bartalesi et al. 2013; 
Bastos et al. 2013; Lee et al. 2012; Petruccioli et al. 2018), 
isoniazid in three studies (Johnson et al. 2014; Sali et al. 
2018; Wang et al. 2012), and rifampin in one study (Wang 
et al. 2013). Pyrazinamide plus levofloxacin were used 
as treatment choice for MDR LTBI in one study (Bedini 
et al. 2016).

According to the results of the meta-analysis, the pooled 
rate of positive IGRAs (QFT-GIT and T-SPOT.TB) follow-
ing anti-TB therapy was estimated at 76% [95% CI 70–81%] 
and no difference was found compared to the pooled positive 
rate of IGRAs before initiation of therapy which was 76%7 
[95% CI 60–89%] (Fig. 2).

Results revealed a strong heterogeneity among the 
selected studies (I2 = 89.1%; P < 0.001) (Fig. 2b).

The subgroup analysis was performed according to age 
(children, adults), type of TB (active, latent, active and 
latent, and MDR LTBI), type of IGRAs (QFT-GIT and 
T-SPOT.TB), TB burden, and follow-up interval (2, 3, 4, 6, 
9 months). The results are shown in Table 2.

Studies in Children and Adults

We identified only one study which used the T-SPOT.TB 
assay for monitoring therapy in children (26). Instead, the 
QFT-GIT assay was used in two pediatric studies (21, 26) 
in which a total of 108 children had a longitudinal follow-
up treatment. The remaining studies included only adults 
(Bartalesi et al. 2013; Bedini et al. 2016; Johnson et al. 
2014; Kim et al. 2014; Le Hang et al. 2014; Lee et al. 
2012; Matsushita et al. 2015; Park and Shim 2017; Sau-
zullo et al. 2014; Wang et al. 2012, 2013).

Based on the results of Egger’s regression test, the pub-
lication bias among included studies could not be ignored 
(P < 0.001; Fig. 3).

This subgroup analysis illustrated that the pooled rate 
of positive IGRAs (QFT-GIT and T-SPOT.TB) following 
anti-TB treatment was similar among the two age groups 
of participants [children 77% (95% CI 44–98%); adults 
76% (95% CI 69–82%)] (Table 1).

Fig. 1  Summary of the litera-
ture search and study selection
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Studies in Different Types of TB

Seven studies investigated active TB patients (Denkinger 
et al. 2013; Kim et al. 2014; Le Hang et al. 2014; Matsu-
shita et al. 2015; Park and Shim 2017; Sauzullo et al. 2014; 
Wang et al. 2013), six investigated LTBI patients (Bartalesi 
et al. 2013; Bastos et al. 2013; Johnson et al. 2014; Lee et al. 
2012; O’Shea et al. 2014; Wang et al. 2012), two inves-
tigated both latent and active TB (Chiappini et al. 2012; 
Sali et al. 2018), and one investigated MDR LTBI patients 
(Bedini et al. 2016).

The subgroup analysis showed that the pooled rate of 
positive IGRAs (QFT-GIT and T-SPOT.TB) after anti-TB 
therapy was significantly higher in monitoring of active TB 
subjects [80% (95% CI 74–88%)] than LTBI [71% (95% CI 
70–81%)]. The pooled rate of positive IGRAs for two stud-
ies, evaluating both active and latent TB infection, was esti-
mated at 77% [95% CI 44–98%]. Only one study assessed 
the performance of IGRA in MDR LTBI subjects, who dis-
played a positive QFT-GIT result after completion of treat-
ment (100%) (14).

TB Burden

The pooled rate of positive IGRAs (QFT-GIT and T-SPOT.
TB) after anti-TB therapy was higher in high burden TB 
countries [80% (95% CI 75–85%)] than low/intermediate TB 
burden countries [73% (95% CI 62–82%)] (Table 2).

Treatment Follow‑Up

The pooled rate of positive IGRAs (QFT-GIT and T-SPOT.
TB) following anti-TB therapy was significantly different 
based on follow-up intervals (64–88%) (Table 2).

The largest and most statistically significant decreases 
of positive IGRAs results were observed during the first 
3 months of specific treatment [64% (95% CI 55–72%)].

Studies Using QFT‑GIT and T‑SPOT.TB

Among the studies evaluating the performance of IGRA for 
monitoring therapy, there was no significant difference in 
the pooled rate of positive QFT-GIT (77%) and T-SPOT.TB 
(70%) following TB treatment (P = 0.36).

Overall, a large proportion of subjects remained IGRAs 
positive even after completion of specific treatment. The 
IFN-γ level responses generally fall after anti-TB treatment 
(Bartalesi et al. 2013; Bedini et al. 2016; Denkinger et al. 
2013; Johnson et al. 2014; Le Hang et al. 2014; Lee et al. 
2012; O’Shea et al. 2014), while two studies showed no 
significant change in IGRA results (Bartalesi et al. 2013; 
Sauzullo et al. 2014).

Studies Using QFT‑Plus

We identified only two studies evaluating the effect of 
treatment on QFT-Plus response (Kamada and Amishima 
2017; Petruccioli et al. 2018). Notably, these studies were 
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Fig. 2  Forest plot shows percentage of patients with positive IGRA 
test using QFT-GIT and T-SPOT.TB. Squares and horizontal lines 
correspond to the recorded percentage of patients with positive 
results of IGRA at baseline (a) and after treatment follow-up in 

patients with positive IGRAs results at baseline (b). Squares reflect 
the weight each study contributed to the analysis. The diamond repre-
sents the pooled value, and corresponding 95% CI
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carried out in low-burden settings. In the study of Petruccioli 
et al,. a cohort of subjects with LTBI (n = 46) and active TB 
(n = 28) was evaluated and 59% of them were BCG vacci-
nated (Petruccioli et al. 2018). The median age of the cases 
was 38 (24–50) years. The authors showed that anti-TB 
therapy significantly decreased IFN-γ values and number 
of responders to TB1 and TB2 peptides stimulation in both 
latent and active TB patients (Table 3). Stratifying LTBI 
subjects according to the type of preventive TB therapy, 
INH treatment, but not INH and RIF, significantly decreased 
IFN-γ production. In fact, among LTBI subjects treated with 
INH, 97% responded to both “TB1 and TB2” at baseline 
and 75% at treatment completion (P = 0.02). Among the 
“TB1” responders, 97% responded at baseline and 78% at 
therapy completion (P = 0.03). Among the “TB2” respond-
ers, 100% responded at baseline and 81% at therapy comple-
tion (P = 0.03).

In clinical TB patients, the positive IFN-γ response at 
therapy completion declined more than in microbiologically 
confirmed TB patients (44% vs 79%) (Petruccioli et al. 2018) 
(Table 4).

In the study of Kamada et al., 38 patients [mean ± SD age 
of 66 ± 19.3 years (29–94 years)] with confirmed TB were 
enrolled from October 2013 to January 2015. In this study, 
36 patients (95% of the cohort) displayed a positive QFT-
Plus result before therapy. Statistically significant decreases 
of IFN-γ responses of TB2 were observed during initiation 
of treatment to 3 months, but not between 3 and 6 months 
(Kamada and Amishima 2017) (Table 3).

Changes from a positive to negative result during treat-
ment occurred in 26% of the cases (9 out of 35) for TB1, 
14% (5 out of 36) for TB2, and 14% (5 out of 36) for TB1 
or TB2.

Discussion

In recent years, numerous studies have been conducted to 
investigate the impact of anti-TB treatment on specific IFN-γ 
response, as measured by IGRAs, and controversial results 
in the case of both latent and active TB treatments have 
been shown.

It has been suggested that the progressive decline of 
IFN-γ response measured by IGRAs reflects the reduction of 
mycobacterial burden following a successful anti-TB treat-
ment, but the clinical significance of IGRA conversions and 
reversions is still to be established.

Our analysis indicates that the IGRA, in particular the 
QFT-GIT and T-SPOT.TB, should not be used as a reliable 
marker for monitoring the efficacy of therapy in clinical 
practice. Before and after specific TB treatment, we found 
an equal pooled positive performance of IGRA. In addition, 
no significant differences between QFT-GIT and T-SPOT.
TB following therapy was observed.

Conversely, the new generation of IGRA, QFT-Plus 
which contains novel antigens aimed at eliciting a response 
from  CD8+ T cells and  CD4+ T cells, seems to be useful as 
a surrogate marker for effective anti-TB monitoring (Kam-
ada and Amishima 2017; Petruccioli et al. 2018). Further 
researches on a larger scale are needed to establish its clini-
cal value as a supplemental tool for the monitoring of the 
efficacy of pharmacologic intervention for TB.

A review of included studies shows a general decline in 
quantitative IFN-γ response following anti-TB treatment, 
even if the majority of patients showed still a positive result 
at the end of therapy using especially QFT-GIT and T-SPOT.
TB.

Persistent positive IGRA results were seen particularly 
in subjects with active TB disease, in which the pooled rate 
of positive IGRAs after TB therapy was significantly higher 
than that observed in subjects with LTBI infection, during 
which the bacterial burden is limited (Nikolova et al. 2013).

According to previous reports, the Mtb-specific  CD8+ 
T-cell response, but not the  CD4+ response, was different 
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after TB treatment compared to baseline (Day et al. 2011; 
Nyendak et al. 2013). Interesting, Nyendak et al. showed that 
after 24 weeks of anti-TB therapy, the  CD8+ T-cell response 
decreased by 58%, with an early difference observed at 
8 weeks of therapy. Conversely, no significant difference 
in  CD4+ T-cell response was observed during the treatment 
(Nyendak et al. 2013), suggesting that  CD8+ T-cell response 
may be more accurate for monitoring TB treatment.

With the use of new QFT-Plus, it has been shown that 
IFN-γ response following TB2 stimulation decreased dur-
ing TB therapy in subjects with active TB disease in parallel 
with decrease of Mtb load (Kamada and Amishima 2017; 

Petruccioli et al. 2016, 2017, 2018). It is in line with flow 
cytometry studies showing  CD8+ T-cell response declines 
with anti-TB treatment (Cho et al. 2000; Day et al. 2011; 
Kamada and Amishima 2017; Nyendak et al. 2013).

In particular, the recent study of Petruccioli et al. (2018), 
no “only TB2” response was observed in active TB patients 
at the end of TB therapy, which suggests a loss of the  CD8+ 
T-cell response in parallel with the decrease of mycobacte-
rial load; therefore, investigation of the TB2 response could 
be served as a new tool to monitor TB therapy efficacy.

Although our meta-analysis revealed that both QFT-
GIT and T-SPOT.TB assay cannot be a useful tools for 

Table 2  Sub-group analysis of 
the IGRA performance (QFT-
GIT and T-SPOT.TB) following 
anti-TB treatment

Subgroup variable IGRA’s posi-
tivity (95% 
CI)

I2 (%) Heterogeneity (χ2) P value Interac-
tion test 
(χ2)

P value

TB type Active TB 80 (74–88) 64.67 67.22 < 0.001 9.27 0.03
Latent 71 (70–81) 82.99 < 0.001
Active and Latent 77 (44–98)
MDR LTBI 100 (74–100)

Age Children 77 (44–98) 0.02 0.99
Adults 76 (69–82) 90.26 205.35 < 0.001
ND 76 (67–84) 49.27 5.97 0.11

IGRA type QFT-GIT 77 (71–82) 89.43 208.21 < 0.001 0.84 0.36
T-Spot.TB 70 (55–83) 79.26 19.28 < 0.001

TB burden High 80 (75–85) 81.12 63.56 < 0.001 1.89 0.17
Low/intermediate 73 (62–82) 89.91 138.71 < 0.001

Follow-up 2 months 88 (86–90) 0 2.06 0.56 62.68 < 0.001
3 months 64 (55–72) 41.45 6.83 0.15
4 months 66 (44–84)
6 months 77 (65–87) 87.97 91.44 < 0.001
7 months 85 (82–87)
9 months 65 (54–75)

Table 3  QFT-Plus test quantitative results

Quantitative data are presented as mean ± SD or median (IQR)
LTBI latent tuberculosis, TB tuberculosis, TB1 tube 1, TB2 tube 2, N number

Study Group TB tube Baseline After 3 months therapy After 6 months therapy

Petruccioli 
et al. (2018)

LTBI TB1 (IFN-γ IU·mL−1) 4.6 (1.3–10) 2.1 (0.7–6.4)
TB2 (IFN-γ IU·mL−1) 4.8 (1.5–10) 2.4 (0.6–5.2)

TB TB1 (IFN-γ IU·mL−1) 2 (0.8–6.2) 0.9 (0.2–2)
TB2 (IFN-γ IU·mL−1) 2.6 (0.7–5.9) 0.9 (0.2–3)

TB clinical TB1 (IFN-γ IU·mL−1) 3.2 (1.2–7.4) 0.2 (0.046–0.1)
TB2 (IFN-γ IU·mL−1) 4.6 (1.4–7.8) 0.1 (0.04–2.9)

TB microbiology TB1 (IFN-γ IU·mL−1) 1.7 (0.5–6.3) 1 (0.4–2.1)
TB2 (IFN-γ IU·mL−1) 1.8 (0.6–5.9) 1.9 (0.3–3.3)

Kamada and 
Amishima 
(2017)

TB microbiology TB1 (IFN-γ IU·mL−1) 6.40 ± 8.92 2.56 ± 3.28 2.33 ± 3.06
TB2 (IFN-γ IU·mL−1) 8.98 ± 16.25 4.50 ± 7.53 3.23 ± 4.95
TB2-TB1 (IFN-γ IU·mL−1) 2.58 ± 8.45 1.93 ± 5.12 0.91 ± 2.85
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monitoring therapeutic efficacy, it has been reported that 
decreases in the Mtb-specific antigens/phytohaemaggluti-
nin ratios could be tested for monitoring of anti-TB treat-
ment efficacy (Wang et al. 2018). However, future studies 
are needed to better characterize this approach as a poten-
tial marker for monitoring therapy.

Although IGRA performance may vary largely between 
adults and children (Silveira et al. 2018), our results show 
no differences between the pooled positive rate of IGRAs 
(QFT-GIT and T-SPOT.TB) following anti-TB drugs in 
both groups. The significant decreases of positive IGRAs 
during the first 3 months of treatment might be due to 
the greater bacterial clearance during the first 3 months 
(Kamada and Amishima 2017).

Several studies have evaluated the IGRAs performance 
(QFT-GIT and T-SPOT.TB) following anti-TB treatment 
in both low and high TB burden countries. Only two stud-
ies have evaluated anti-TB treatment using QFT-Plus, and 
both were conducted in low TB burden countries. Further 
studies on evaluation of QFT-Plus performance in high TB 
burden countries are highly recommended. It is not known 
if QFT-Plus can also apply to patients with HIV infection, 
immunosuppression, or affected by other abnormalities of 
the ratio  CD4+ /CD8+. There are no reports on efficacy of 
QFT-plus in MDR-TB cases. Since observing the changes 
in QFT-Plus during anti-tubercular treatment might be a 
reliable tool for monitoring the treatment of MDR-TB, fur-
ther studies on the evaluation of QFT-Plus performance 
following treatment of MDR-TB, especially in developing 
countries, are highly recommended.

Biomarker responses to TB antigens may be useful for the 
detection of TB infection (Mamishi et al. 2014, 2015, 2016). 
Changes in cytokine responses induced by TB antigens over 
the course of anti-tuberculous therapy can reflect immuno-
logical changes in the host due to the reduction in antigenic 
burden (Clifford et al. 2015); therefore, the use of cytokine 
responses as a biomarker of TB infection in patients treated 
with anti-TB warrants further investigation.

Conclusions

Available data are now sufficient to suggest that monitoring 
changes in the IGRAs (QFT-GIT and T-SPOT.TB) response 
during anti-TB treatment may have limited use in evaluating 
the effectiveness of treatment, while monitoring changes in 
QFT-Plus during anti-tubercular treatment is recommended 
to determine the treatment efficacy or for treatment moni-
toring. However, further research is needed to establish the 
efficacy of this new assay as a marker on a larger scale for 
treatment monitoring.
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Table 4  QFT-Plus results at the baseline and at the end of preventive therapy (3 months and 6 months)

LTBI latent tuberculosis, TB tuberculosis, TB1 tube 1, TB2 tube 2, N number

Study TB tube Active TB LTBI

Microbiologically confirmed Clinical diagnosis

Baseline After 
3 months 
therapy

After 
6 months 
therapy

Baseline After 
6 months 
therapy

Baseline After 6 months 
therapy

Positive N (%) Positive N (%) Positive N (%) Positive N (%) Positive N (%) Positive N (%) Positive N (%)

Petruc-
cioli et al. 
(2018)

Either TB1 or 
TB2

18 (95) – 15 (79) 8 (89) 4 (44) 46 (100) 40 (87)

TB1 and TB2 17 (89) 15 (79) 8 (89) 4 (44) 43 (93) 37 (80)
Only TB1 0 (0) 0 (0) 0 (0) 0 (0) 1 (2) 1 (2)
Only TB2 1 (5) 0 (0) 0 (0) 0 (0) 2 (4) 2 (4)
TB1 17 (89) 15 (79) 8 (89) 4 (44) 44 (96) 38 (83)
TB2 18 (95) 15 (79) 8 (89) 4 (44) 45 (98) 39 (85)

Kamada and 
Amishima 
(2017)

Either TB1 or 
TB2

36 (95) 32 (84) 32 (84)

Only TB1 35 (92) 31 (82) 26 68)
Only TB2 36 (95) 32 (84) 32 (84)
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