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ABSTRACT
Rationale In 2016, a new interferon- gamma release 
assay (IGRA) was introduced, QuantiFERON- TB Gold Plus 
(QFT- Plus), claimed to have improved sensitivity in active 
tuberculosis (TB).
Objectives This study aimed to determine the 
performance of QFT- Plus, compared with previous 
generation IGRAs and the tuberculin skin test (TST), in 
children with TB in Europe.
Methods Multicentre, ambispective cohort study 
within the Paediatric Tuberculosis Network European 
Trials Group (ptbnet), a dedicated paediatric TB research 
network comprising >300 members, capturing TB cases 
<18 years- of- age diagnosed between January 2009 and 
December 2019.
Measurements and main results 1001 TB cases from 
16 countries were included (mean age (IQR) 5.6 (2.4–12.1) 
years). QFT- Plus was performed in 358, QFT Gold in- Tube 
(QFT- GIT) in 600, T- SPOT.TB in 58 and TST in 636 cases. 
The overall test sensitivities were: QFT- Plus 83.8% (95% 
CI 80.2% to 87.8%), QFT- GIT 85.5% (95% CI 82.7% to 
88.3%), T- SPOT.TB 77.6% (95% CI 66.9% to 88.3%) and 
TST (cut- off ≥10 mm) 83.3% (95% CI 83.3% to 86.2%). 
There was a trend for tests to have lower sensitivity in 
patients with miliary and/or central nervous system (CNS) 
TB (73.1%, 70.9%, 63.6% and 43.5%, respectively), and in 
immunocompromised patients (75.0%, 59.6%, 45.5% and 
59.1%, respectively).
Conclusions The results indicate that the latest generation 
IGRA assay, QFT- Plus, does not perform better than previous 
generation IGRAs or the TST in children with TB disease. 
Overall, tests performed worse in CNS and miliary TB, and in 
immunocompromised children. None of the tests evaluated 
had sufficiently high sensitivity to be used as a rule- out test in 
children with suspected TB.

INTRODUCTION
Paediatric tuberculosis (TB) remains a major global 
health issue, with at least one million children newly 

diagnosed with TB each year, representing 12% of 
all TB cases and resulting in an estimated 230 000 
deaths.1 Despite this large disease burden, paedi-
atric TB continues to receive inadequate attention.2

Achieving a definitive TB diagnosis in children is 
often challenging due to the lack of specific signs 
and symptoms, difficulties in obtaining sputum 
samples and the paucibacillary nature of TB in this 
age group.3 Therefore, detection and treatment of 
latent TB infection (LTBI) in children to prevent 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Diagnosing tuberculosis (TB) in children remains 
challenging, mainly as children typically 
have paucibacillary disease. Consequently, 
paediatricians frequently have to rely on 
immune- based tests, such as the tuberculin skin 
test (TST) and interferon- gamma release assays 
(IGRAs), to support a presumptive diagnosis of 
TB.

WHAT THIS STUDY ADDS
 ⇒ The latest generation IGRA assay, 
QuantiFERON- TB Gold Plus, does not perform 
better than previous generation IGRAs or the 
TST in children with TB disease. Overall, tests 
performed worse in central nervous system 
and miliary TB, and in immunocompromised 
children.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ None of the currently available immune- based 
diagnostics have sufficiently high sensitivity 
to be used as a rule- out test in children with 
suspected TB. More research and funding are 
needed to develop new diagnostic tests able to 
define the TB spectrum in children.
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progression to TB disease are key strategies for controlling TB.4 
Importantly, the risk of progression is substantially higher in 
children than in adults, with approximately 30%–40% of infants 
and 10%–20% of children with LTBI progressing to TB disease 
within 2 years after primary infection.5

The WHO has pledged to work towards eliminating TB globally 
by 2035 through the End TB Strategy.6 Accurate diagnostic tests, 
which can detect both LTBI and TB disease early, are critical in 
that strategy. Traditionally, the tuberculin skin test (TST) has been 
used for LTBI diagnosis, and is also used as a supportive diagnostic 
tool in children with suspected TB disease. However, the TST has 
a number of well- documented limitations, including suboptimal 
specificity.7 8 In recent years, newer immune- based diagnostics to 
detect TB infection have become available for clinical use, of which 
interferon- gamma release assays (IGRAs) are the most commonly 
used in high- resource countries.9 Despite early generation IGRAs 
(ie, QuantiFERON- TB Gold (QFT), QFT Gold in- Tube (QFT- GIT) 
and T- SPOT.TB) being more specific than the TST, they were found 
to lack the ability to distinguish between LTBI and TB disease and 
also to have suboptimal sensitivity in patients with TB disease.10 11

In 2016, the latest generation QFT assay, QFT- Plus (QIAGEN, 
Germantown, Maryland, USA) was released. In contrast to its imme-
diate predecessor, the QFT- GIT assay, QFT- Plus antigen tubes only 
contain ESAT- 6 and CFP- 10 as stimulatory Mycobacterium tuber-
culosis (MTB) antigens, but not TB7.7. Furthermore, QFT- Plus 
assays have a newly added second antigen tube (TB2) containing 
shorter ESAT- 6 and CFP- 10 peptides, aimed at eliciting CD8+ T 
cell responses, in addition to the first antigen tube (TB1), which 
contains longer peptides directed at CD4+ T cells.12

Data in adults suggest that QFT- Plus may have higher sensitivity 
than QFT- GIT while maintaining high specificity.11 Moreover, 
the ability to compare CD4 and CD8 responses has been claimed 
to potentially aid the distinction between TB disease and LTBI.13 
However, the existing literature related to QFT- Plus almost exclu-
sively consists of adult studies.14–17 Furthermore, there are no 
published studies that included paediatric patients from a variety 
of geographical locations. This is an important limitation since 
many factors, including nutritional status and immunocompromise, 
have been shown to impair the performance of previous generation 
IGRAs in children.18

This study aimed to determine the sensitivity of QFT- Plus assays 
compared with previous generation IGRAs and the TST in children 
with both clinically diagnosed and microbiologically confirmed TB 
disease across a large number of European collaborating centres, 
and to identify factors that impact on assay performance.

METHODS
This ambispective observational multicentre study was conducted 
by the Paediatric Tuberculosis Network European Trials Group 
(ptbnet), which currently includes 304 clinicians and researchers 
based in 31 European countries. The ptbnet database, hosted at 
Hospital Gregorio Marañón (Madrid, Spain),19 was launched in 
2017, capturing data from children and adolescents <18 years of 
age diagnosed with TB disease at participating healthcare centres. 
Participating centres are able to enter patients that have received 
care previously (retrospective arm), as well as newly diagnosed 
patients (prospective arm); the dataset for each patient is identical, 
irrespective of whether the patient was included retrospectively or 
prospectively. The precise time point (between launch of the data-
base on 1 May 2017 and study closure on 31 December 2019) 
when individual centres started to contribute patients prospectively 
varied between centres, depending on the timing of institutional and 
ethical approvals.

TB disease was defined according to established consensus criteria: 
(1) confirmed TB (microbiological confirmation by culture or PCR) 
or (2) unconfirmed TB: presence of at least two of the following: 
(A) symptoms/signs suggestive of TB, (B) chest radiograph consis-
tent with TB, (C) known TB exposure or immunologic evidence of 
MTB infection and (D) positive response to TB treatment.20 The TB 
disease focus was categorised as follows: ‘respiratory TB’ comprised 
individuals with TB disease involving the lung parenchyma, intra-
thoracic lymph nodes, larynx, trachea, bronchus or pleura without 
disease elsewhere; ‘miliary and/or central nervous system (CNS) TB’ 
comprised children with disseminated TB, children with TB menin-
gitis or parenchymal CNS disease, and those who had both; ‘other 
disease focus’ comprised patients with peripheral lymph node, 
osteoarticular, genitourinary, abdominal and pericardial TB.

Inclusion criteria
Patients were eligible for inclusion if they were <18 years of age 
at the time when the diagnosis of TB disease was made, were 
diagnosed during the above- mentioned time period, received 
care at one of the participating centres and had undergone at 
least one IGRA test at the time of diagnosis. Patients not fulfilling 
all four inclusion criteria were excluded from participation.

Diagnostic tests
QFT- GIT, QFT- Plus and T- SPOT.TB assays were performed in 
fully- accredited diagnostic laboratories at each participating institu-
tion, and results were interpreted according to the version of the 
manufacturer’s recommendations valid at the time. QFT- GIT and 
QFT- Plus results were categorised as positive, negative or indeter-
minate; where available, quantitative background- corrected QFT 
antigen responses (ie, TB1- nil or TB2- nil result in IU/mL) were also 
collected. T- SPOT.TB results were classified as positive (≥8 spots), 
negative or indeterminate. TSTs were performed by intradermal 
injection of purified protein derivative (RT23; Statens Serum 
Institut, Copenhagen, Denmark or Tubersol; Sanofi Pasteur, Lyon, 
France), with results read after 48–72 hours. Considering that the 
national guidelines of different countries vary in their definition of 
a positive TST result, only children with available quantitative TST 
results were included in the analyses related to TST performance; 
both ≥5 mm (TST5) and ≥10 mm (TST10) cut- offs were evaluated.

Statistical analyses
Categorical variables are reported as absolute frequencies and 
percentages; continuous variables are reported as median and 
IQRs. For each test, the test sensitivity was calculated with 95% 
CI, considering indeterminate IGRA results as negative. Test perfor-
mance was determined against two gold standards: (1) confirmed 
and unconfirmed cases combined (ie, the entire study popula-
tion), and (2) confirmed TB cases only. Wald χ2 test and Fisher’s 
exact test were used to compare test performances. To account for 
multiple statistical comparisons, Bonferroni correction was applied. 
Quantitative background- corrected antigen- stimulated interferon- 
gamma (IFN-γ) responses in QFT- Plus and QFT- GIT assays among 
subgroups, stratified by age and TB disease focus, were compared 
with Kruskal- Wallis tests. Total agreement and Cohen’s kappa coef-
ficient (k) were used to quantify concordance between TST and 
IGRA results; indeterminate IGRA results were excluded from this 
particular analysis. All analyses were done with SPSS (V.25; IBM 
SPSS Statistics: Armonk, NY, USA) and NCSS2020 (NCSS Statis-
tical Software, Kaysville, UT, USA). Figures were constructed with 
Prism (GraphPad Software, San Diego, CA, USA).

RESULTS
A total of 1001 children and adolescents were included in the 
final analysis (figure 1). The median (IQR) age was 5.6 (2.4–12.1) 
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years. Cases were contributed from participating healthcare centres 
located in 16 European countries: Spain (n=399), Italy (n=311), 
Germany (n=87), Turkey (n=32), United Kingdom (n=23), Latvia 
(n=22), Greece (n=21), Portugal (n=21), Bulgaria (n=20), Russia 
(n=19), Switzerland (n=15), Ukraine (n=15), Lithuania (n=7), 
Sweden (n=4), Croatia (n=3) and Austria (n=2). The demographic 
details of the study population are summarised in table 1. Overall, 
488 (48.8%) patients were classified as confirmed TB, and 513 
(51.2%) as unconfirmed TB. Of the children with confirmed TB in 
whom all microbiological test results were available (n=435), 329 
(75.6%) had positive MTB culture results and 300 (69.0%) had 
positive PCR results (n=194 both MTB culture- positive and PCR- 
positive). Approximately half (50.5%) had a history of TB contact 
(46.5% in the confirmed TB group vs 54.2% in the unconfirmed 
TB group, p=0.009). One hundred and thirty- six (13.6%) children 
had pre- existing comorbidities (online supplemental material table 
E1). Of those, eight had HIV coinfection, 20 were receiving immu-
nosuppressive treatment, and 49 had other immune disorders. The 
most common disease manifestation was respiratory TB (table 1).

A QFT- Plus was performed in 358 cases (35.7%), QFT- 
GIT in 600 cases (59.9%), and T- SPOT.TB assay in 58 cases 
(5.8%). In 636 cases a quantitative TST result was available. 
A large proportion of children underwent more than one test: 
375 (37.5%) QFT- GIT and TST, 224 (22.4%) QFT- Plus and 
TST, 29 (2.9%) T- SPOT.TB and TST, 5 (0.5%) QFT- GIT and 
T- SPOT.TB, 2 (0.2%) QFT- Plus and T- SPOT.TB and 6 (0.8%) 
QFT- GIT, T- SPOT.TB and TST.

Comparative performance of TST and IGRA assays
In the entire cohort, the overall sensitivity of the IGRAs and the TST 
at the 10 mm cut- off did not differ significantly: QFT- Plus 83.8% 
(95% CI 80.2% to 87.8%), QFT- GIT 85.5% (95% CI 82.7% to 
88.3%), T- SPOT.TB 77.6% (95% CI 66.9% to 88.3%), TST10 
83.3% (95% CI 80.4% to 86.2%). However, TST5 had significantly 
higher sensitivity than all three IGRAs in the entire cohort (89.9% 
(95% CI 87.6% to 92.3%)). Table 2 shows a summary of the perfor-
mance of each test in defined subgroups, based on demographics, 
disease focus and pre- existing comorbidities. There was no signifi-
cant difference between the sensitivities of QFT- Plus and QFT- GIT 
in any of the subgroups analysed. While TST10 had lower sensi-
tivity than QFT- Plus and QFT- GIT in patients with miliary TB and/
or CNS TB, there was no significant difference observed between 
TST5 and both IGRAs in this subgroup. TST5 showed higher sensi-
tivity than QFT- Plus in children aged 1–5 years, and higher sensi-
tivity than all three IGRAs in patients with ‘other TB’.

All four tests showed lower sensitivity in the subgroups of chil-
dren with miliary and/or CNS TB (QFT- Plus: 73.1%; QFT- GIT: 
70.9%; T- SPOT.TB: 63.6%; TST10: 43.5%; TST5: 67.4%) and 
in immunocompromised children (QFT- Plus: 75.0%; QFT- GIT: 
59.6%; T- SPOT.TB: 45.5%; TST10: 59.1%; TST5: 68.5%) 
compared with test sensitivity in the entire study population 
(QFT- Plus: 83.8%; QFT- GIT: 85.5%; T- SPOT.TB: 77.6%; 
TST10 83.3%; TST5: 89.9%).

Online supplemental material table E2 shows additional data 
in children with microbiologically- confirmed TB only, which are 
broadly consistent with the data shown in table 2. None of the 
subgroup analyses showed a difference between the performance 
of QFT- Plus and QFT- GIT.

Table 3, which summarises further comparisons of defined 
subgroups according to disease focus, shows that TST5, TST10 
and QFT- GIT had significantly lower sensitivity in patients with 
miliary and/or CNS TB than in patients with pulmonary TB.

Figure 1 Flow chart summarising the composition of the study 
population and the type and number of tests performed in study 
participants with confirmed and unconfirmed TB. IGRA, interferon- 
gamma release assay; QFT- GIT, QuantiFERON- TB Gold in- Tube; QFT- Plus, 
QuantiFERON- TB Gold Plus; TB, tuberculosis; TST, tuberculin skin test.

Table 1 Baseline characteristics of the 1001 children included in the 
study

Age (years), median (IQR) 5.6 (2.4–12.1)

  <1 year 101 (10.1)

  1–5 years 426 (42.6)

  6–10 years 170 (17.0)

  >10 years 304 (30.4)

Gender with sex (male)* 537 (53.6)

Ethnic background

  White/Caucasian 505 (50.4)

  Black/African American 91 (9.1)

  Asian 70 (7.0)

  Arab/Berber 52 (5.2)

  Hispanic/Latin American 57 (5.7)

  Mixed race 20 (2.0)

  Unknown 206 (20.6)

Pre- existing comorbidities† 136 (13.6)

Underlying immunocompromise 77 (7.7)

  HIV infection 8 (0.8)

  Immunosuppressive treatment 20 (2.0)

  Other immune disorder 49 (4.9)

BCG vaccination status

  BCG- vaccinated 235 (23.5)

  BCG- unvaccinated 645 (64.4)

  Unknown 121 (12.1)

Microbiologically- confirmed TB 488 (48.8)

Site of disease‡

  Respiratory 746 (74.5)

  Miliary and/or CNS 88 (8.8)

  Other focus § 166 (16.6)

Data shown are numbers and percentages unless stated otherwise.
*Gender unknown in n=1.
†For details regarding underlying medical conditions, see online supplemental 
material table E1.
‡Site of disease unknown in n=1.
§Other disease focus comprised: lymph node, osteoarticular, genitourinary, 
abdominal and pericardial TB.
BCG, Bacillus Calmette–Guérin; CNS, central nervous system; IQR, interquartile 
range; TB, tuberculosis.
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Online supplemental material table E3 shows additional data 
related to the performance of TSTs and IGRAs in different ethnic 
groups. In TST5 and TST10, the lowest sensitivity was observed 
in children with Hispanic/Latino background; additional anal-
yses revealed that the sensitivity of TST5 and TST10 was signifi-
cantly lower in this ethnic group than in Caucasian children 
(p=0.0009 and p<0.0005, respectively).

Online supplemental material table E4 shows a comparison 
of the retrospective and the prospective study arms. The addi-
tional analyses did not reveal any significant differences in the 
sensitivity of the investigated IGRAs (QFT- Plus, QFT- GIT and 

T- SPOT.TB) between both arms. However, despite overlapping 
CIs, statistically the sensitivity of TST5 and TST10 was higher in 
the retrospective arm (TST5: 93.1% (95% CI 89.7% to 95.6%) 
vs 86.8% (95% CI 82.%6 to 90.3%); TST10: 87.1% (95% CI 
82.8% to 90.5%) vs 79.6% (95% CI 74.8% to 83.9%)).

Indeterminate IGRA results
Eleven (3.1%) of 358 patients who underwent QFT- Plus had an 
indeterminate test result, universally due to inadequate IFN-γ 
responses in the positive control. Twenty- one (3.5%) of 600 

Table 2 Summary of the test performance of interferon- gamma release assays and the tuberculin skin test (at ≥10 mm and ≥5 mm cut- offs) in 
children with tuberculosis according to demographics, confirmation status and clinical characteristics

No of patients with positive test result/no of patients tested
Test sensitivity (95% CI)

QFT- Plus 
versus
QFT- GIT *

TST10 vs TST5 vs

QFT- Plus n=358 QFT- GIT n=600 T- SPOT.TB n=58
TST10
n=636

TST5
n=636

QFT-
Plus*

QFT-
GIT*

T- SPOT.
TB*

QFT-
Plus *

QFT-
GIT *

T- SPOT.
TB*

Entire cohort 300/358
83.8 (80.2 to 87.8)

513/600
85.5 (82.7 to 88.3)

45/58
77.6 (66.9 to 88.3)

530/636
83.3 (80.4 to 86.2)

572/636
89.9 (87.6 to 92.3)

0.47 0.84 0.29 0.26 0.004 0.017 0.004

Male 153/188
81.4 (76.3 to 87.3)

276/325
84.9 (81.0 to 88.8)

26/31
83.9 (70.9 to 96.8)

284/339
83.8 (79.9 to 87.7)

305/339
90.0 (86.8 to 93.2)

0.29 0.48 0.68 0.98 0.005 0.05 0.29

Female 147/170
86.5 (81.3 to 91.6)

236/274
86.1 (82.0 to 90.2)

19/27
70.4 (53.1 to 87.6)

245/296
82.8 (78.5 to 87.1)

266/296
89.9 (86.4 to 93.3)

0.92 0.29 0.27 0.11 0.26 0.17 0.003

Age <1 year 33/39
84.6 (73.3 to 95.9)

51/59
86.4 (77.7 to 95.2)

3/4
75.0 (32.6 to 100.0)

28/45
62.2 (48.1 to 76.4)

37/45
82.2 (71.1 to 93.4)

0.80 0.02 0.004 0.61 0.77 0.55 0.72

Age 1–5 years 114/141
80.9 (74.4 to 87.3)

230/272
84.6 (80.3 to 88.9)

15/17
88.2 (72.9 to 100.0)

235/285
82.5 (78.0 to 86.9)

255/285
89.5 (85.9 to 93.0)

0.34 0.68 0.5 0.54 0.014 0.08 0.87

Age 6–10 years 48/57
84.2 (74.7 to 93.7)

83/100
83.0 (75.6 to 90.4)

12/14
85.7 (67.4 to 100.0)

111/131
84.7 (78.6 to 90.9)

116/131
89.5 (83.1 to 94.0)

0.84 0.93 0.72 0.92 0.41 0.22 0.75

Age >10 years 105/121
86.8 (81.6 to 93.4)

149/169
88.2 (83.3 to 93.0)

15/23
65.2 (45.8 to 84.7)

156/175
89.1 (84.5 to 93.8)

164/175
93.7 (90.1 to 97.3)

0.72 0.53 0.77 0.0017 0.04 0.07 <0.0005

Confirmed TB 159/182
87.4 (81.6 to 91.8)

243/285
85.3 (80.6 to 89.2)

24/33
72.7 (54.5 to 86.7)

213/268
79.5 (74.1 to 84.1)

237/268
88.4 (84.0 to 92.0)

0.52 0.03 0.07 0.37 0.73 0.27 0.012

Unconfirmed TB 141/176
80.1 (73.4 to 85.7)

270/315
85.7 (81.3 to 89.4)

21/25
84.0 (64.0 to 95.5)

317/368
86.1 (82.2 to 89.5)

335/368
91.0 (87.6 to 93.7)

0.11 0.07 0.87 0.76 0.0003 0.03 0.24

Respiratory TB 230/268
85.8 (81.6 to 90.0)

386/445
86.7 (83.6 to 89.9)

35/41
85.4 (74.5 to 96.2)

413/487
84.8 (81.6 to 88.0)

441/487
90.6 (88.0 to 93.2)

0.73 0.70 0.40 0.92 0.05 0.06 0.28

Miliary and/or
CNS TB

19/26
73.1 (56.0 to 90.1)

39/55
70.9 (58.9 to 82.9)

7/11
63.6 (35.2 to 92.1)

20/46
43.5 (29.2 to 57.8)

31/46
67.4 (53.8 to 80.9)

0.84 0.015 0.005 0.23 0.61 0.70 0.81

Other focus† 51/64
79.7 (71.3 to 90.6)

87/99
87.9 (81.4 to 94.3)

3/6
50.0 (10.0 to 90.0)

97/103
94.2 (89.7 to 98.7)

100/103
97.1 (93.8 to 100.0)

0.15 0.004 0.12 0.0001 0.0002 0.012 <0.0005

Pre- existing 
comorbidities

39/49
79.6 (68.3 to 90.9)

56/81
69.1 (59.1 to 79.2)

5/13
38.5 (12.0 to 64.9)

55/80
68.8 (58.6 to 78.9)

61/80
76.3 (66.9 to 85.6)

0.19 0.18 0.96 0.03 0.66 0.31 0.005

Immunocompromise 
(including HIV)

18/24
75.0 (57.7 to 92.3)

28/47
59.6 (45.5 to 73.6)

5/11
45.5 (16.0 to 74.9)

26/44
59.1 (44.6 to 73.6)

30/44
68.2 (54.4 to 81.9)

0.19 0.19 0.96 0.41 0.55 0.39 0.16

*P values based on two- sided Wald χ2 tests with Bonferroni correction (α=0.017) to account for multiple comparisons.
†Other disease focus comprised: lymph node, osteoarticular, genitourinary, abdominal and pericardial TB.
CNS, central nervous system; QFT- GIT, QuantiFERON- TB Gold in- Tube; QFT- Plus, QuantiFERON- TB Gold- Plus; TB, tuberculosis; TST, tuberculin skin test.

Table 3 Comparison of the test sensitivities of interferon- gamma release assays and the tuberculin skin test (at ≥5 mm and ≥10 mm cut- offs) 
stratified by disease focus

Sensitivity (%) Pairwise comparison (p value)

Respiratory
TB

Miliary and/or
CNS TB Other focus*

Respiratory versus
Miliary and/or CNS

Respiratory versus
Other focus*

Miliary and/or CNS versus
Other focus*

QFT- Plus 85.8 73.1 78.6 0.08 0.33 0.41

QFT- GIT 86.7 70.9 87.9 0.0019 0.76 0.008

T- SPOT.TB 85.4 63.6 50.0 0.10 0.04 <0.0005

TST5 90.6 67.4 97.1 <0.0005 0.03 <0.0005

TST10 84.8 43.5 94.2 <0.0005 0.011 <0.0005

P values were calculated with Wald χ2 tests; according to Bonferroni correction, p values of <0.017 were considered statistically significant (highlighted in bold).
*Other disease focus comprised: lymph node, osteoarticular, genitourinary, abdominal and pericardial TB.
CNS, central nervous system; QFT- GIT, QuantiFERON- TB Gold in- Tube; QFT- Plus, QuantiFERON- TB Gold- Plus; TB, tuberculosis; TST, tuberculin skin test .
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Tuberculosis

patients had an indeterminate QFT- GIT result, and 5 (8.6%) of 
58 patients had an indeterminate T- SPOT.TB result.

The rate of indeterminate results was considerably higher in 
patients with miliary and/or CNS TB, compared with patients with 
respiratory TB and those with ‘other focus’, both for QFT- Plus 
(p=0.017) and QFT- GIT (p<0.0001), while this was not observed 
in T- SPOT.TB (figure 2A). Comparing indeterminate results across 
age groups (figure 2B), there was no statistically significant variation 
observed in any of the IGRAs. However, in children <1 year of 
age, the proportion of indeterminate results was substantially higher 
in QFT- GIT (5/59; 8.5%) than in QFT- Plus (1/39; 2.6%). Online 
supplemental material table E5 shows the proportions of indeter-
minate test results in confirmed and unconfirmed cases, as well as 
in immunocompromised and non- immunocompromised patients.

Negative IGRA and TST results
The proportion of negative test results did not vary substantially 
between the tests evaluated (table 4). A substantial proportion of 
patients with negative test results—varying between 36.1% and 
75.0% between the tests—had microbiologically- confirmed TB, 
showing that those results were truly false- negative. Only a small 
proportion (5/47; 10.6%) of patients with negative QFT- Plus 
result were known to be immunocompromised, which may have 
accounted for the false- negative results in those particular patients 
(table 4).

Figure 3 shows comparisons of the proportion of negative test 
results according to site of disease and age for each test. TST5 
showed significantly higher rates of negative results in children with 
miliary and/or CNS TB (p<0.0001), while the proportion of nega-
tive results in the IGRAs did not differ significantly between disease 
sites. Similarly, the proportion of negative test results did not vary 
significantly between age groups, although TST5 showed a trend of 
decreasing rates of negative results with increasing age (p>0.05). 
Online supplemental material table E5 shows that in all evaluated 

tests negative results were more common in immunocompromised 
than in patients without immune compromise.

Quantitative TST and IGRA responses
Quantitative results were available for 272 QFT- GIT (45.3%) 
and for 281 QFT- Plus (78.5%) assays. Figure 4 shows quantita-
tive TST results and background- corrected antigen responses in 
both QFT assays across different age groups. While no signifi-
cant variation in the magnitude of IFN-γ responses was observed 
across the age groups in QFT- GIT, both QFT- Plus TB1 and TB2 
responses varied significantly, with the highest median values 
being observed in children 1–5 years of age.

Figure 5 shows TST indurations and background- corrected 
antigen responses in QFT- GIT and QFT- Plus assays according to 
the site of disease. In all three tests, quantitative responses were 
lower in patients with miliary and/or CNS TB than in patients 
with pulmonary TB or ‘other focus’.

Comparisons between IGRA and TST responses
Details regarding the correlation between categorical TST results 
(TST5 and TST10), and the test results of the three IGRAs are 
shown in online supplemental material table E6. Result concor-
dance between TST and IGRA results was similar for all three 
IGRAs and overall higher with TST5, ranging from 87.3% (QFT- 
Plus) over 87.6% (QFT- GIT) to 88.6% (T- SPOT.TB). QFT- Plus had 
higher agreement with TST5 (Cohen’s k=0.462) than QFT- GIT 
and T- SPOT.TB (Cohen’s k=0.343 and k=0.271, respectively).

DISCUSSION
To our knowledge, this is the first multinational multicentre study 
investigating the diagnostic accuracy of QFT- Plus in comparison 
with other IGRA assays and the TST in children with TB disease, 
which was facilitated by the inclusion of a large number of 

Figure 2 Proportion of indeterminate interferon- gamma release assay results according to assay and site of disease (A) and age group (B). Figures 
shown are percentages and p values calculated with Fisher’s exact tests. CNS, central nervous system; QFT- GIT, QuantiFERON- TB Gold in- Tube; QFT- 
Plus, QuantiFERON- TB Gold Plus; TB, tuberculosis.

Table 4 Details regarding negative test results according to test in the entire study population

No of patients 
undergoing test

No (%) with negative 
test result

No (%) with negative test result who 
had confirmed TB

No (%) with negative test result who were 
immunocompromised

QFT- Plus 358 47/358 (13.1) 17/47 (36.1) 5/47 (10.6)

QFT- GIT 600 66/600 (11.8) 25/66 (37.8) 18/66 (27.3)*

T- SPOT.TB 58 8/58 (13.7) 6/8 (75.0) 5/8 (62.5)*

TST5 636 64/636 (10.1) 31/64 (48.4) 14/64 (21.9)*

TST10 636 106/636 (16.6) 55/106 (51.8) 18/106 (17.0)*

*Includes two patients with human immunodeficiency virus infection.
QFT- GIT, QuantiFERON- TB Gold in- Tube; QFT- Plus, QuantiFERON- TB Gold Plus; TB, tuberculosis; TST, tuberculin skin test.
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participating centres across Europe via a well- established collab-
orative paediatric TB research network.

Our data show that all immune- based tests evaluated in this study 
have insufficient sensitivity to be used as rule- out tests in children 
with suspected TB disease. Notably, the overall sensitivity of 83.8% 
of QFT- Plus assays observed in our study is substantially below 
the sensitivity thresholds suggested by the WHO target product 
profiles for new TB diagnostics (TB screening tests: optimal require-
ment >95%/ minimal requirement >90% sensitivity).21 Contrary 
to previous claims, our data indicate that QFT- Plus assays do not 
have greater sensitivity than previous generation IGRAs or the long- 
established TST. This was not only the case in the study popula-
tion as a whole, but also in several subgroups analysed, stratified 
by gender, age and disease focus. However, it is possible that the 

number of patients with QFT Plus assay results was insufficient to 
detect minor gains in diagnostic sensitivity.

The large majority of published studies evaluating QFT- Plus have 
been done in adults, and a large proportion of those have focused 
on LTBI, rather than evaluating the assay in patients with TB 
disease.17 22 Of the studies that featured adults with TB disease, most 
included fewer than 100 TB patients, which limits the precision of 
the reported performance estimates.17 23 24 A recent meta- analysis 
on QFT- Plus in adults, which included 578 TB cases reported by 
six studies, estimated the assay sensitivity in adults with TB disease 
to be between 90% and 98%.16 To our knowledge, only six studies 
evaluating the performance of QFT- Plus in children with TB disease 
have been published so far,14–16 25–27 with the first four including 
fewer than 60 paediatric TB cases combined. The currently largest 

Figure 3 Summary of negative tuberculin skin test and interferon- gamma release assay results according to site of disease (A) and age group (B). 
Figures shown are percentages and p values calculated with Fisher’s exact tests. CNS, central nervous system; QFT- GIT, QuantiFERON- TB Gold in- Tube; 
QFT- Plus, QuantiFERON- TB Gold Plus; TB, tuberculosis; TST, tuberculin skin test.

Figure 4 Violin plot of the quantitative results of the TST (A), the single antigen- stimulated sample of the QFT- GIT assay (B), and both antigen- 
stimulated samples of the QFT- Plus assay (TB1 (C) and TB2 (D)) according to age groups. All QFT- GIT and QFT- Plus data shown are background- 
corrected (ie, interferon- gamma concentration in the antigen- stimulated sample minus interferon- gamma concentration in the nil sample). The 
horizontal lines indicate median and IQRs; p values were calculated with Kruskal Wallis tests. QFT- GIT, QuantiFERON- TB Gold in- Tube; QFT- Plus, 
QuantiFERON- TB Gold Plus; TB, tuberculosis; TST, tuberculin skin test. *statistically significant.
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paediatric study, which was conducted in Spain and included 158 
paediatric patients with TB disease (46.8% microbiologically- 
confirmed), reported a substantially lower sensitivity estimate 
(82.9% (95% CI 77.0% to 88.8%)) than most adult studies.14 Those 
data are consistent with our sensitivity estimate of 83.8% (95% CI 
80.2% to 87.8%) in a far larger paediatric study population recruited 
from 16 European countries. Another study from the same group, 
which also included children with suspected TB who ultimately had 
alternative diagnoses, found that QFT- Plus assays had a specificity, 
sensitivity, positive predictive value and negative predictive value of 
91.5%, 87.3%, 86.4% and 91.2%, respectively.26

We also found that there was a tendency for tests evaluated in our 
study to perform worse in patients with miliary and/or CNS TB, as 
well as in immunocompromised children. The former is concordant 
with the results of a recent study on TB meningitis in children from 
our network, which reported test sensitivities of 71.7% and 82.5% 
for QFT and T- SPOT.TB assays, respectively, highlighting that up 
to one in four children with CNS TB have false- negative IGRA 
results.28 The poor performance of IGRAs in patients with dissem-
inated TB has previously been reported in adult patients, with one 
study reporting the sensitivity of the QFT- GIT in adults with miliary 
TB to be as low as 68%.29 The tendency for all four evaluated tests to 
perform worse in immunocompromised children is to be expected, 
considering that both the TST and IGRAs are based on the detection 
of functional immune responses directed against mycobacterial anti-
gens. This observation also aligns with previous publications that 
have reported impaired IGRA performance in children with HIV 
infection and primary immunodeficiencies.18

Another key finding was that, overall, IGRAs performed similarly 
across all age groups, including in children <12 months of age, 
traditionally considered to be a group at higher risk of indetermi-
nate assay results.11 16 18 However, on average quantitative IFN-γ 
responses in the QFT- Plus assay, both in TB1 and TB2 tubes, were 
lower in this particular age group than in the older age groups. 
Interestingly, in TST5 false- negative results were almost three times 
as common in children <12 months- of- age than in children >10 
years- of- age (17.8% vs 6.3%), although this was not statistically 
significant. Also, the proportion of indeterminate QFT- GIT results 
in children <1 year was higher than in the older age groups, but this 
did not reach statistical significance.

Finally, our results highlight that there is an ongoing need to iden-
tify better immunological biomarkers (other than IFN-γ) that enable 
the development of improved immunodiagnostic TB tests for chil-
dren.30–32 Promising biomarkers that have recently been described 
include mycobacteria- specific cytokine responses that have better 
performance characteristics than IFN-γ and may simultaneously 
facilitate the distinction between LTBI and TB disease, as well as 
polyfunctional MTB- specific T cells and MTB- specific antibody 
profiling.30 33–36

Our study has several limitations. First, the study was predom-
inately retrospective, which may have introduced some selection 
bias. Second, only one IGRA was performed in the majority of 
cases, precluding head- to- head comparisons in individual patients. 
However, such direct comparisons are rarely performed in paedi-
atric studies due to the large blood volume required for duplicate 
IGRAs. In some instances, the same individuals were included in 

Figure 5 Violin plot of the quantitative results of the TST (A), the single antigen- stimulated sample of the QFT- GIT assay (B), and both antigen- 
stimulated samples of the QFT- Plus assay (TB1 (C) and TB2 (D)) according to disease site. All QFT- GIT and QFT- Plus data shown are background- 
corrected (ie, interferon- gamma concentration in the antigen- stimulated sample minus interferon- gamma concentration in the nil sample). The 
horizontal lines indicate median and IQRs; p values were calculated with Kruskal Wallis tests. CNS, central nervous system; QFT- GIT, QuantiFERON- TB 
Gold in- Tube; QFT- Plus, QuantiFERON- TB Gold Plus; TB, tuberculosis; TST, tuberculin skin test. *statistically significant.
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estimates of different test sensitivities, which limits our interpreta-
tion of independent effects between assays. Third, our study did 
not include children with LTBI or patients with suspected TB who 
were subsequently diagnosed with another condition, thereby 
precluding estimates regarding test specificity. Lastly, although our 
study included a large cohort of children from Western and Eastern 
Europe, children from the latter were less represented, mainly due 
to limited use of IGRAs in that region. However, a key strength of 
this study is the inclusion of a very large number of children with 
TB disease, enhancing the precision of our sensitivity estimates, 
and the involvement of a large number of study sites in different 
geographical locations, making the results generalisable to routine 
paediatric practice. However, additional data are needed in children 
with malnutrition and those living with HIV infection.

In conclusion, our study shows that IGRAs, including the 
last generation QFT- Plus assay, have suboptimal sensitivity 
in children and adolescents with TB disease, particularly 
those with miliary and/or CNS TB and those with under-
lying immunocompromise, precluding their use as a rule- out 
test. QFT- Plus did not show greater sensitivity than previous 
generation IGRAs or the TST in our study population 
overall, as well as well- defined subgroups thereof. In light of 
our results, and considering the difficulty in obtaining micro-
biological confirmation of TB in children, the development 
of new immunodiagnostic tests that perform robustly across 
all age groups, ideally with the ability to distinguish between 
LTBI and TB disease, remains a key priority if the WHO TB 
elimination goals are to be achieved.
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