B GENEVE

Article scientifique 2023 Published version

This is the published version of the publication, made available in accordance with the publisher’s policy.

Performance of QuantiFERON-TB Gold Plus assays in paediatric
tuberculosis : a multicentre PTBNET study

Buonsenso, Danilo; Noguera-Julian, Antoni; Moroni, Rossana; Herndndez-Bartolomé, Angel; Fritschi, Nora;
Lancella, Laura; Cursi, Laura; Soler-Garcia, Aleix; Kriiger, Renate; Feiterna-Sperling, Cornelia;
Sali, Michela; Lo Vecchio, Andrea; Scarano, Sara; Hernanz Lobo,&nbspAlicia [and 20 more]

Collaborators: Rohr, Marie Madeleine

How to cite

BUONSENSO, Danilo et al. Performance of QuantiFERON-TB Gold Plus assays in paediatric
tuberculosis : a multicentre PTBNET study. In: Thorax, 2023, vol. 78, n° 3, p. 288-296. doi:
10.1136/thorax-2022-218929

This publication URL: https://archive-ouverte.unige.ch/unige:173824
Publication DOI: 10.1136/thorax-2022-218929

© The author(s). This work is licensed under a Creative Commons Attribution-NonCommercial (CC BY-NC)
https://creativecommons.org/licenses/by-nc/4.0



https://archive-ouverte.unige.ch
https://archive-ouverte.unige.ch/unige:173824
https://doi.org/10.1136/thorax-2022-218929
https://creativecommons.org/licenses/by-nc/4.0

Tuberculosis

» Additional supplemental
material is published online
only. To view, please visit the
journal online (http://dx.doi.
org/10.1136/thorax-2022-
218929).

For numbered affiliations see
end of article.

Correspondence to

Dr Marc Tebruegge, Department
of Infection, Immunity, and
Inflammation, UCL Great
Ormond Street Institute of
Child Health, University College
London, London, UK;
m.tebruegge@ucl.ac.uk

DB and AN-J are joint first
authors.

Received 3 March 2022
Accepted 26 July 2022
Published Online First
25 October 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2023. No
commercial re-use. See rights
and permissions. Published
by BMU.

To cite: Buonsenso D,
Noguera-Julian A, Moroni R,
et al. Thorax

2023;78:288-296.

Original research

Performance of QuantiFERON-TB Gold Plus assays in
paediatric tuberculosis: a multicentre PTBNET study

Danilo Buonsenso

123 Antoni Noguera—JuIian,“'S'G'7 Rossana Moroni,®

Angel Hernandez-Bartolomé,” Nora Fritschi,'® Laura Lancella,'" Laura Cursi,"’
Aleix Soler-Garcia,* Renate Kriiger,"> Cornelia Feiterna-Sperling,'* Michela Sali,*"

Andrea Lo Vecchio," Sara Scarano,'* Alicia Hernanz Lobo
Antonio Soriano-Arandes, " Benhur Sirvan Cetin

% Maria Espiau,
" Folke Brinkmann, '’

Iveta Ozere,'® Fernando Baquero-Artigao,”'**° Maria Tsolia,*' Tiago Milheiro Silva, *
Matilde Bustillo-Alonso,** Andrea Martin Nalda," Margherita Mancini,**

1

Anna Starshinova,®> Nicole Ritz @ ,'%2%?7 Syetlana Velizarova,?®
Laura Ferreras-Antolin,”® Florian Gétzinger,™ Olga Bilogortseva,*'>2
Vira Chechenyeva,"*? Marc Tebruegge,*’** Begofia Santiago-Garcia,” ptbnet QFT-Plus

study group

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.7B in 58 and TST in 636 cases.

The overall test sensitivities were: QFT-Plus 83.8% (95%
(180.2% to 87.8%), QFT-GIT 85.5% (95% CI 82.7% to
88.3%), T-SPOT.TB 77.6% (95% Cl 66.9% to 88.3%) and
TST (cut-off =10 mm) 83.3% (95% Cl 83.3% t0 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

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.

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

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.’ Therefore, detection and treatment of
latent TB infection (LTBI) in children to prevent
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progression to TB disease are key strategies for controlling TB.*
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.’

The WHO has pledged to work towards eliminating TB globally
by 2035 through the End TB Strategy.® 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.” ® 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.” 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.'* !*

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.'

Data in adults suggest that QFT-Plus may have higher sensitivity
than QFT-GIT while maintaining high specificity.'’ Moreover,
the ability to compare CD4 and CD8 responses has been claimed
to potentially aid the distinction between TB disease and LTBL"
However, the existing literature related to QFT-Plus almost exclu-
sively consists of adult studies."*” 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.'®

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 Marafién (Madrid, Spain)," 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.”’ 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 ITU/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 (TSTS5) 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 %* 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-y) 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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Active TB cases
with IGRA result available

(n=1001)

Confirmed TB Unconfirmed TB

(n=488; 48.7%) (n=513; 51.3%)
QFT-Plus 182 (37.3%) QFT-Plus 176 (34.4%)
QFT-GIT 285 (58.4%) QFT-GIT 315 (61.4%)
T-SPOT.TB 33 (6.8%) T-SPOT.TB 25 (4.9%)
TST 268 (54.9%) TST 368 (71.7%)
TST and any IGRA 268 (54.9%) TST and any IGRA 368 (71.7%)

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.

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
(5.89%). 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, TSTS 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
TSTS and both IGRAs in this subgroup. TSTS 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’.

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 comorbiditiest 136 (13.6)
Underlying immunocompromise 77 (1.7)
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 diseaset
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.

tFor details regarding underlying medical conditions, see online supplemental
material table E1.

1Site of disease unknown in n=1.

§0ther disease focus comprised: lymph node, osteoarticular, genitourinary,
abdominal and pericardial TB.

BCG, Bacillus Calmette—Guérin; CNS, central nervous system; IQR, interquartile
range; TB, tuberculosis.

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%; TSTS5: 67.4%) and
in immunocompromised children (QFT-Plus: 75.0%; QFT-GIT:
59.6%; T-SPOT.TB: 45.5%; TST10: 59.1%; TSTS: 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%; TSTS: 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 TSTS, TST10
and QFT-GIT had significantly lower sensitivity in patients with
miliary and/or CNS TB than in patients with pulmonary TB.
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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) TST10 vs TST5 vs
QFT-Plus
TST10 TSTS versus QFT-  QFT- T-SPOT. QF-  QFT- T-SPOT.

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

Entire cohort 300/358 513/600 45/58 530/636 572/636 0.47 084 029 026 0.004  0.017 0.004
83.8(80.2t087.8) 85.5(82.7t0883) 77.6(66.9t088.3)  83.3(80.4t086.2) 89.9(87.61092.3)

Male 153/188 276/325 26/31 284/339 305/339 0.29 048 068 0.98 0.005 0.05 029
81.4(7631087.3) 84.9(81.0t088.8) 83.9(70.9t096.8)  83.8(79.9t087.7) 90.0(86.8 t0 93.2)

Female 1471170 236/274 19/27 245/296 266/296 0.92 029 027 omn 0.26 0.17  0.003
86.5(81.3t091.6)  86.1(82.0t090.2) 70.4(53.1t087.6)  82.8(78.5t087.1) 89.9(86.41093.3)

Age <1 year 33/39 51/59 3/4 28/45 37145 0.80 0.02 0.004 0.61 0.77 0.55 0.72
846(73310959) 86.4(77.7t095.2) 75.0(32.6t0 100.0) 62.2 (48.1t076.4) 82.2(71.1t093.4)

Age 1-5 years 114141 230/272 15117 235/285 255/285 0.34 068 05 0.54  0.014 0.08 0.87
80.9(7441087.3) 84.6(80.3t0889) 88.2(72.9t0100.0) 82.5(78.0t086.9) 89.5(85.9 t0 93.0)

Age 6-10 years 48/57 83/100 1214 1M1131 116/131 0.84 093 072 092 0.41 022 075
84.2(7471093.7) 83.0(75.61090.4) 85.7(67.4t0100.0) 84.7 (78.6t090.9) 89.5 (83.1 to 94.0)

Age >10 years 105/121 149/169 15/23 156/175 1641175 0.72 053 077  0.0017 0.04 0.07  <0.0005
86.8(81.6t093.4) 88.2(83.3t093.0) 65.2(45.8t084.7)  89.1(84.5t093.8) 93.7(90.1t0 97.3)

Confirmed TB 159/182 243/285 24733 213/268 237/268 0.52 0.03 0.07 037 0.73 0.27 0.012
87.4(81.61091.8) 853(80.6t089.2) 72.7(545t086.7)  79.5(74.1t084.1) 88.4(84.0t092.0)

Unconfirmed TB 141176 270/315 21125 317/368 335/368 0.11 0.07 087 076 0.0003 0.03 0.24
80.1(73.41085.7) 85.7(81.3t089.4) 84.0(64.0t095.5)  86.1(82.2t089.5) 91.0(87.6 t093.7)

Respiratory TB 230/268 386/445 35/41 413/487 441/487 0.73 070 040 0.92 0.05 0.06 028
85.8(81.61090.0) 86.7(83.61089.9) 85.4(745t096.2)  84.8(81.61t088.0) 90.6(88.0 t0 93.2)

Miliary and/or 19/26 39/55 7m 20/46 31/46 0.84 0.015 0.005 0.23 0.61 0.70 0.81

CNSTB 73.1(56.0t090.1)  70.9(58.9t082.9) 63.6(35.2t092.1)  43.5(29.2t057.8) 67.4(53.8 t0 80.9)

Other focust 51/64 87/99 3/6 97/103 100/103 0.15 0.004 0.12  0.0001 0.0002 0.012 <0.0005
79.7(7131090.6) 87.9(81.4t094.3) 50.0(10.0t090.0)  94.2(89.7t098.7) 97.1(93.8 to 100.0)

Pre-existing 39/49 56/81 513 55/80 61/80 0.19 0.18 096 0.03 0.66 031 0.005

comorbidities 79.6 (68.31090.9)  69.1(59.1t079.2) 385(12.0t064.9)  68.8(58.61t078.9) 76.3(66.9 to 85.6)

Immunocompromise  18/24 28/47 5/11 26/44 30/44 0.19 019 09 041 0.55 039 0.16

(including HIV) 75.0(57.7t092.3)  59.6 (45.5t073.6)  45.5(16.0 to 74.9)

59.1 (44.6 to 73.6)

68.2 (54.4 10 81.9)

*P values based on two-sided Wald y tests with Bonferroni correction (0:=0.017) to account for multiple comparisons.

tOther 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.

Online supplemental material table E3 shows additional data
related to the performance of TSTs and IGRAs in different ethnic
groups. In TSTS and TST10, the lowest sensitivity was observed
in children with Hispanic/Latino background; additional anal-
yses revealed that the sensitivity of TSTS 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
ClIs, statistically the sensitivity of TSTS and TST10 was higher in
the retrospective arm (TSTS: 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 (3.19%) of 358 patients who underwent QFT-Plus had an
indeterminate test result, universally due to inadequate IFN-y
responses in the positive control. Twenty-one (3.5%) of 600

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 Miliary and/or

Respiratory versus Respiratory versus Miliary and/or CNS versus

TB CNSTB Other focus* Miliary and/or CNS Other focus* 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 y? 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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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.

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 ES 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. TSTS
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 ES 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-y 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 § 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
(TSTS 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 TSTS, ranging from 87.3% (QFT-
Plus) over 87.6% (QFT-GIT) to 88.6% (T-SPOT.TB). QFT-Plus had
higher agreement with TSTS (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

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

No of patients No (%) with negative No (%) with negative test result who  No (%) with negative test result who were
undergoing test test result had confirmed TB 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)*

TSTS 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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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.

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).?' 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
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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.'”?2 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.'” >* ** 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%.° To our knowledge, only six studies
evaluating the performance of QFT-Plus in children with TB disease
have been published so far,"*"'® %77 with the first four including
fewer than 60 paediatric TB cases combined. The currently largest
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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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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.

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.'* 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.*®

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.”® 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%.%’ 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.®

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."! ** ** However, on average quantitative IFN-y
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 TSTS 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-y) that enable
the development of improved immunodiagnostic TB tests for chil-
dren.**? Promising biomarkers that have recently been described
include mycobacteria-specific cytokine responses that have better
performance characteristics than IFN-y and may simultaneously
facilitate the distinction between LTBI and TB disease, as well as
polyfunctional MTB-specific T cells and MTB-specific antibody
profiling,*® 3¢

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
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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.

Author affiliations

"Department of Woman and Child Health and Public Health, Fondazione Policlinico
Universitario A. Gemelli IRCCS, Rome, Italy

*Dipartimento di Scienze biotecnologiche di base, cliniche intensivologiche e
perioperatorie — Sezione di Microbiologia, Universita Cattolica del Sacro Cuore,
Milano, Italy

3Center for Global Health Research and Studies, Universita Cattolica del Sacro Cuore,
Roma, ltalia

*Malalties Infeccioses i Resposta Inflamatoria Sistémica en Pediatria, Unitat
d'Infeccions, Servei de Pediatria, Institut de Recerca Sant Joan de Déu, Barcelona,
Spain

5Departament de Pediatria, Universitat de Barcelona, Barcelona, Spain

SCentro de Investigacion Biomédica en Red de Epidemiologia y Salud Publica,
Madrid, Spain

"Red de Investigacién Translacional en Infectologia Pediatrica, Madrid, Spain
®Direzione Scientifica, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome,
Italy

°Paediatric Infectious Diseases Department, Gregorio Marafion University Hospital,
Madrid, Spain. Gregorio Marafion Research Health Institute (liSGM), Madrid, Spain.
Centro de Investigacion Biomédica en Red de Enfermedades Infecciosas {CIBER
INFEC), Instituto de Salud Carlos IIl, Madrid, Spain

""Mycobacterial and Migrant Health Research Group, University of Basel Children’s
Hospital Basel and Department of Clinical Research, University of Basel, Basel,
Switzerland

"paediatric Infectious Diseases Unit, Bambino Gesu Children Hospital, Rome, Italy
"’Department of Pediatric Respiratory Medicine, Immunology and Critical Care
Medicine, Charité - Universitatsmedizin, Berlin, Germany

"Dipartimento di Scienze di Laboratorio e Infettivologiche, Fondazione Policlinico
Universitario "A. Gemelli", IRCCS, Rome, Italy

14Department of Translational Medical Sciences, Pediatric Infectious Diseases Unit,
University of Naples Federico II, Naples, Italy

"paediatric Infectious Diseases and Immunodeficiencies Unit, Hospital Universitari
Vall d'Hebron, Barcelona, Spain

"®Department of Pediatric Infectious Diseases, Erciyes University, Kayseri, Turkey
""Department of Paediatric Pulmonology, Children’s Hospital, Ruhr-University,
Bochum, Germany

"®Riga Stradin University, Riga, Latvia

"*Hospital Infantil La Paz, Madrid, Spain

OCIBERINFEC, ISCIII, Madrid, Spain

?'panagiotis & Aglaia Kyriakou Children's Hospital, Athens, Greece

Hospital Dona Estefania, Lishon, Portugal

BHospital Universitario Miguel Servet, Zaragoza, Spain

HSpecialty School of Pediatrics, Alma Mater Studiorum, University of Bologna,
Bologna, ltaly

5t Petersburg Scientific Research Institute of Phthisiopulmonology, St. Petersburg,
Russian Federation

%Department of Paediatrics and Paediatric Infectious Diseases, Children’s Hospital
Lucerne Lucerne Cantonal Hospital, Lucerne, Switzerland

“Department of Paediatrics, The University of Melbourne, The Royal Children’s
Hospital Melbourne, Parkville, Victoria, Australia

“Medical University Sofia, Sofia, Bulgaria

Ppaediatric Infectious Diseases Unit, St. George's University Hospitals NHS
Foundation Trust, London, UK

3%Department of Paediatric and Adolescent Medicine, National Reference Centre for
Childhood Tuberculosis, Klinik Ottakring, Vienna, Austria

31Ukraine. Department of Children Phthisiology, National Institution of Phthisiology
and Pulmonology of National Academy of Medical sciences of Ukraine, Kiev, Ukraine
Infectious diseases Centre «Clinic for treatment of children with HIV/AIDS»
National Specialized Children’s Hospital ‘OKHMATDYT', Kiev, Ukraine
33Department of Infection, Immunity and Inflammation, UCL Great Ormond Street
Institute of Child Health, University College London, London, UK

Correction notice This article has been corrected since it was published Online
First. Changes have been made to some affiliations and the funding statement.
Minor changes have also been applied to the tables and text.

Twitter Danilo Buonsenso @surf4children and Antonio Soriano-Arandes @
tonisoriano66

Collaborators Laura Minguell (Hospital Universitari Arnau de Vilanova. Lleida,
Spain), Estrella Peromingo (Department of Paediatrics, Hospital Universitario Puerta
del Mar, Cadiz, Spain), David Gomez Pastrana (Department of Paediatrics, Hospital
Universitario de Jerez, Jerez de la Frontera, Spain), Tomas Pérez-Porcuna (Unitat de
Salut Internacional, Departament de Pediatria, Fundacié Recerca Mdtua Terrassa,
Atenci6 Primaria, Hospital Universitari Mdtua de Terrassa, Universitat de Barcelona,
Terrassa, Spain), Beatriz Soto (Hospital Universitario de Getafe, Madrid, Spain), Elena
Colino Gil (Department of Paediatrics, Complejo Hospitalario Universitario Insular
Materno—Infantil de Las Palmas de Gran Canaria, Las Palmas de Gran Canaria,
Spain), Mercedes Herranz-Aguirre (Seccion de Enfermedades Infecciosas Pediatricas,
Servicio de Pediatria, Complejo Hospitalario de Navarra, Pamplona, Spain), Cesar
Gavilan Martin (Servicio de Pediatria, Hospital Universitario San Juan de Alicante,
Spain), Eva Maria Lopez-Medina (Pediatric infectious Disease Unit, Hospital
Universitario y Politécnico La Fe, Valencia, Spain), Christine Bell (Central Manchester
University Hospitals NHS Foundation Trust, Manchester, UK), Frances Child (Royal
Manchester Children’s Hospital, UK), Inga Ivaskeviciené (Clinic of Children's Diseases,
Institute of Clinical Medicine, Vilnius University, Vilnius, Lithuania), Zulema Lobato
(Department of Paediatrics, Hospital Sant Joan de Déu—Fundacid Althaia, Manresa,
Spain), Neus Rius (Hospital Universitari Sant Joan de Reus, Spain), Olga Calavia
(Department of Paediatrics, Hospital Joan XXIII, Tarragona, Spain), Daniel Blazquez-
Gamero (Pediatric Infectious Diseases Unit, Hospital Universitario 12 de Octubre,
Madrid, Spain), Begofia Carazo (Pediatric Infectious Diseases Unit, Pediatrics
Department, Hospital Materno Infantil de Malaga, Malaga, Spain), Maria Queralt
Soler Campins (Department of Paediatrics, Consorci Sanitari de Terrassa, Terrassa,
Spain), Cristina Calvo (Pediatric and Infectious Diseases Department Hospital
Universitario La Paz, Madrid, Spain), Javier Korta Murua (Department of Paediatrics,
Hospital Universitario Donostia, San Sebastian, Spain), Charlotte Buxbaum (Astrid
Lindgren Children’s Hospital, Karolinska University Hospital Huddinge, Stockholm,
Sweden), Ivan Pavi¢ (Department of Paediatric Allergology, Pulmonology,
Rheumatology and Clinical Immunology, Children’s Hospital Zagreb, Zagreb,
Croatia), Cristina Alvarez (Department of Paediatrics, Hospital Universitario Marqués
de Valdecillas, Santander, Spain), Elvira Cobo-Vazquez (Hospital Universitario
Fundacion de Alcorcon, Madrid, Spain), Beatriz Perez Gorricho (Pediatric Infectious
Diseases Unit, Department of Pediatrics, Hospital Infantil Universitario Nifio Jes(s,
Madrid, Spain), Sonia Rodriguez (Hospital Universitario Principe de Asturias, Alcala
de Henares, Spain), Ana Menasalvas (Department of Paediatrics, Hospital Virgen

de la Arrixaca, Murcia, Spain), Maria Isabel Garrote Llanos (Pediatric Infectious
Diseases Department, Hospital Universitario de Basurto, Bilbao, Spain), Sara Berhard-
Stirnemann (Department of Paediatrics, Cantonal Hospital Aarau Children's Hospital,
Aarau, Switzerland), Marie Rohr (Department of Paediatrics, Hopitaux Universitaires
de Geneve, Geneva, Switzerland), Christa Relly (Division of Infectious Diseases and
Hospital Epidemiology, University Children’s Hospital Zurich, Zurich, Switzerland),
Lourdes Garcia Rodriguez (Pediatria, Hospital de Mataré—Consorci Sanitari del
Maresme, Barcelona, Spain), Maria del Pozo (Pediatrics Department, Hospital
General Universitario de Albacete, Albacete, Spain), Irene Rivero-Calle (Translational
Pediatrics and Infectious Diseases Section, Hospital Clinico Universitario de Santiago
de Compostela, Spain), Alfredo Tagarro (Pediatrics Department, Hospital Universitario
Infanta Sofia, San Sebastian de los Reyes, Madrid, Spain), Andrea Duppenthaler
(Department of Paediatrics, Inselspital, Bern University Hospital, University of Bern,
Bern, Switzerland), Isabelle Rochat Guignard (Service of Paediatrics, Department

of Woman, Mother, Child, Lausanne University Hospital, University of Lausanne,

Buonsenso D, et al. Thorax 2023;78:288-296. doi:10.1136/thoraxjnl-2022-218929

295

"1ybuAdos Ag paroalold
"8ABUBD BUIDBPBIN B1Nde4 anbayiolgig 1e €20z ‘8T Jaquisldas uo /wod fwig xeloyy :dny woiy papeojumoq “ZzZ0z 18goId0 Sz U0 6Z68TZ-220Z-XeIoyy9sTT 0T Se paysiignd 1siy :xeloy L


https://twitter.com/surf4children
https://twitter.com/tonisoriano66
https://twitter.com/tonisoriano66
http://thorax.bmj.com/

Tuberculosis

Lausanne, Switzerland), Michael Buettcher (Paediatric Infectious Diseases,
Department of Paediatrics, Lucerne Children’s Hospital, Switzerland), Elizabeth
Whittaker (Section of Paediatric Infectious Diseases, Imperial College, London, UK),
Paddy McMaster (Department of Paediatric Infectious Diseases, Northern Care
Alliance NHS Group, Manchester, UK), Verdiana Vigliano (Catholic University of
Rome, Italy), Cristina Russo (Bambino Gesu Children Hospital, Rome, Italy).

Contributors DB, MT, BS-G, AN-J conceptualised the study, wrote the first draft
and the last version of the manuscript. All authors contributed to methodology, data
collection, revision of initial draft and final version of the manuscript. MT and BS-G
are joint last authors. DB is the author acting as guarantor.

Funding AN-J was supported by “Subvencions per a la Intensificacié de Facultatius
Especialistes” (Departament de Salut de la Generalitat de Catalunya, Programa
PERIS 2016-2020) [SLT008/18/00193]. AHL is funded by the Spanish Ministry of
Science and Innovation—Instituto de Salud Carlos Ill and Fondos FEDER (Contrato
Rio Hortega CM20/00128).

Competing interests DB participated in a Qiagen advisory board meeting on the
use of IGRAs in children <5 years of age. The manufacturers had no influence on the
study design, data collection, analysis or interpretation, writing of the manuscript or
the decision to submit the data for publication. BS-G and MT have received support
from Cepheid for a project on molecular TB diagnostics unrelated to the study
reported here. MT has received QuantiFERON-TB assays at reduced pricing or free
of charge for TB diagnostics projects from the manufacturer (Cellestis/Qiagen) in the
past, and has received support for conference attendance from Cepheid.

Patient consent for publication Not applicable.

Ethics approval The study was reviewed and approved by the ptbnet Steering
Committee, and the Human Research Ethics Committee of the Fondazione Policlinico
Universitario A. Gemelli IRCCS of Rome, Italy (prot 29213/19, ID 2555). The study
was conducted in accordance with the Declaration of Helsinki and its subsequent
amendments. No personal or identifiable data were collected during the conduct

of this study. Written informed consent was obtained from the parents/guardians

of children prospectively enrolled into the study; depending on local regulations,
informed assent was additionally obtained from children above 12 years of age.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs

Danilo Buonsenso http://orcid.org/0000-0001-8567-2639
Alicia Hernanz Lobo http://orcid.org/0000-0002-9560-9104
Benhur Sirvan Cetin http://orcid.org/0000-0002-8470-4907
Nicole Ritz http://orcid.org/0000-0002-1498-1685

REFERENCES

1 World Health Organization. Global tuberculosis report 2020. Licence: CC BY-NC-SA
3.01G0O; 2020.

2 Newton SM, Brent AJ, Anderson S, et al. Paediatric tuberculosis. Lancet Infect Dis
2008;8:498-510.

3 Mandal N, Anand PK, Gautam S, et al. Diagnosis and treatment of paediatric
tuberculosis: an insight review. Crit Rev Microbiol 2017;43:466-80.

4 Campbell JR, Dowdy D, Schwartzman K. Treatment of latent infection to achieve
tuberculosis elimination in low-incidence countries. PLoS Med 2019;16:€1002824.

5 Churchyard GJ, Fielding KL, Lewis JJ, et al. A trial of mass isoniazid preventive therapy
for tuberculosis control. N Engl J Med 2014;370:301-10.

6 Behr MA, Edelstein PH, Ramakrishnan L. Revisiting the timetable of tuberculosis. BMJ
2018;362:k2738.

7 Goletti D, Sanduzzi A, Delogu G. Performance of the tuberculin skin test and
interferon-y release assays: an update on the accuracy, cutoff stratification, and new
potential immune-based approaches. / Rheumatol Suppl 2014;91:24-31.

8 Tebruegge M, Buonsenso D, Brinkmann F, et al. European shortage of purified protein
derivative and its impact on tuberculosis screening practices. Int J Tuberc Lung Dis
2016;20:1293-9.

9 Amicosante M, D'Ambrosio L, Munoz M, et al. Current use and acceptability of
novel diagnostic tests for active tuberculosis: a worldwide survey. J Bras Pneumol
2017,43:380-92.

10

"

12

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Sali M, Buonsenso D, Goletti D, et al. Accuracy of QuantiFERON-TB gold test for
tuberculosis diagnosis in children. PLoS One 2015;10:e0138952.

Mandalakas AM, Detjen AK, Hesseling AC, et al. Interferon-gamma release assays and
childhood tuberculosis: systematic review and meta-analysis. Int J Tuberc Lung Dis
2011;15:1018-32.

QuantiFERON-TB gold plus package insert. Available: https://www.quantiferon.com/
products/quantiferon-tb-gold-plus-gft-plus/ [Accessed 18 Oct 2021].

Rozot V, Patrizia A, Vigano S, et al. Combined use of Mycobacterium tuberculosis-
specific CD4 and CD8 T-cell responses is a powerful diagnostic tool of active
tuberculosis. Clin Infect Dis 2015;60:432-7.

Soler-Garcia A, Gamell A, Santiago B, et al. Diagnostic accuracy of QuantiFERON-TB
gold plus assays in children and adolescents with tuberculosis disease. / Pediatr
2020;223:212-5.

Nguyen DT, Phan H, Trinh T, et a/. Sensitivity and characteristics associated with
positive QuantiFERON-TB Gold-Plus assay in children with confirmed tuberculosis.
PLoS One 2019;14:0213304.

Buonsenso D, Delogu G, Perricone C, et al. Accuracy of QuantiFERON-TB gold plus
test for diagnosis of Mycobacterium tuberculosis infection in children. J Clin Microbiol
2020;58:00272-20.

Sotgiu G, Saderi L, Petruccioli E, et al. Quantiferon TB gold plus for the diagnosis of
tuberculosis: a systematic review and meta-analysis. J Infect 2019;79:444-53.

Meier NR, Volken T, Geiger M, et al. Risk factors for indeterminate interferon-gamma
release assay for the diagnosis of tuberculosis in children-a systematic review and
meta-analysis. front Pediatr 2019;7:208.

Harris PA, Taylor R, Minor BL, et al. The REDCap Consortium: building an international
community of software platform partners. / Biomed Inform 2019;95:103208.
Graham SM, Cuevas LE, Jean-Philippe P, et al. Clinical case definitions for
classification of intrathoracic tuberculosis in children: an update. Clin Infect Dis
2015;61Suppl 3:5179-87.

World Health Organization. High-priority target product profiles for new
tuberculosis diagnostics: report of a consensus meeting. Geneva; 2014. https:/
apps.who.int/iris/bitstream/handle/10665/135617/WHO_HTM_TB_2014.18_eng.
pdf

Barcellini L, Borroni E, Brown J, et al. First evaluation of QuantiFERON-TB Gold Plus
performance in contact screening. Eur Respir / 2016;48:1411-9.

Petruccioli E, Vanini V, Chiacchio T, et al. Analytical evaluation of QuantiFERON- Plus
and QuantiFERON- gold in-tube assays in subjects with or without tuberculosis.
Tuberculosis 2017;106:38—43.

Takasaki J, Manabe T, Morino E, et al. Sensitivity and specificity of QuantiFERON-TB
Gold Plus compared with QuantiFERON-TB Gold in-Tube and T-SPOT.TB on active
tuberculosis in Japan. J Infect Chemother 2018;24:188-92.

Kay AW, DiNardo AR, Dlamini Q, et al. Evaluation of the QuantiFERON-Tuberculosis
Gold Plus assay in children with tuberculosis disease or following household exposure
to tuberculosis. Am J Trop Med Hyg 2019;100:540-3.

Soler-Garcia A, Gamell A, Santiago B, et al. QuantiFERON-TB Gold Plus assay
specificity in children and adolescents with suspected tuberculosis-a multicenter
cross-sectional study in Spain. Pediatr Infect Dis J 2021;40:e348-51.

Gaensbauer J, Young J, Harasaki C, et a/. Interferon-gamma release assay testing

in children younger than 2 years in a US-based health system. Pediatr Infect Dis J
2020;39:803-7.

Basu Roy R, Thee S, Blazquez-Gamero D, et al. Performance of immune-based and
microbiological tests in children with tuberculosis meningitis in Europe: a multicentre
paediatric tuberculosis network European trials Group (ptbnet) study. Eur Respir J
2020;56:1902004.

Kim CH, Lim JK, Yoo SS, et al. Diagnostic performance of the QuantiFERON-TB Gold
in-Tube assay and factors associated with nonpositive results in patients with miliary
tuberculosis. Clin Infect Dis 2014;58:986-9.

Villanueva P, Sudbury E, Song R, et al. Advanced immunodiagnostic tests for paediatric
tuberculosis. Lancet Infect Dis 2019;19:467-8.

Togun TO, MacLean E, Kampmann B, et al. Biomarkers for diagnosis of childhood
tuberculosis: a systematic review. PLoS One 2018;13:20204029.

Sali M, Buonsenso D, D'Alfonso P, et al. Combined use of quantiferon and HBHA-
based IGRA supports tuberculosis diagnosis and therapy management in children.

J Infect 2018;77:526-33.

Tebruegge M, Dutta B, Donath S, et al. Mycobacteria-specific cytokine responses
detect tuberculosis infection and distinguish latent from active tuberculosis. Am J
Respir Crit Care Med 2015;192:485-99.

Awoniyi DO, Baumann R, Chegou NN, et al. Detection of a combination of serum
I9G and IgA antibodies against selected mycobacterial targets provides promising
diagnostic signatures for active TB. Oncotarget 2017;8:37525-37.
Kunnath-Velayudhan S, Salamon H, Wang H-Y, et al. Dynamic antibody
responses to the mycobacterium tuberculosis proteome. Proc Nat/ Acad Sci U S
A 2010;107:14703-8.

Tebruegge M, Ritz N, Donath S, et al. Mycobacteria-specific mono- and polyfunctional
CD4+T cell profiles in children with latent and active tuberculosis: a prospective
proof-of-concept study. front Immunol 2019;10:431.

296

Buonsenso D, et al. Thorax 2023;78:288-296. doi:10.1136/thoraxjnl-2022-218929

"1ybuAdos Ag paroalold
"8ABUBD BUIDBPBIN B1Nde4 anbayiolgig 1e €20z ‘8T Jaquisldas uo /wod fwig xeloyy :dny woiy papeojumoq “ZzZ0z 18goId0 Sz U0 6Z68TZ-220Z-XeIoyy9sTT 0T Se paysiignd 1siy :xeloy L


http://orcid.org/0000-0001-8567-2639
http://orcid.org/0000-0002-9560-9104
http://orcid.org/0000-0002-8470-4907
http://orcid.org/0000-0002-1498-1685
http://dx.doi.org/10.1016/S1473-3099(08)70182-8
http://dx.doi.org/10.1080/1040841X.2016.1262813
http://dx.doi.org/10.1371/journal.pmed.1002824
http://dx.doi.org/10.1056/NEJMoa1214289
http://dx.doi.org/10.1136/bmj.k2738
http://dx.doi.org/10.3899/jrheum.140099
http://dx.doi.org/10.5588/ijtld.15.0975
http://dx.doi.org/10.1590/s1806-37562017000000219
http://dx.doi.org/10.1371/journal.pone.0138952
http://dx.doi.org/10.5588/ijtld.10.0631
https://www.quantiferon.com/products/quantiferon-tb-gold-plus-qft-plus/
https://www.quantiferon.com/products/quantiferon-tb-gold-plus-qft-plus/
http://dx.doi.org/10.1093/cid/ciu795
http://dx.doi.org/10.1016/j.jpeds.2020.02.025
http://dx.doi.org/10.1371/journal.pone.0213304
http://dx.doi.org/10.1128/JCM.00272-20
http://dx.doi.org/10.1016/j.jinf.2019.08.018
http://dx.doi.org/10.3389/fped.2019.00208
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1093/cid/civ581
https://apps.who.int/iris/bitstream/handle/10665/135617/WHO_HTM_TB_2014.18_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/135617/WHO_HTM_TB_2014.18_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/135617/WHO_HTM_TB_2014.18_eng.pdf
http://dx.doi.org/10.1183/13993003.00510-2016
http://dx.doi.org/10.1016/j.tube.2017.06.002
http://dx.doi.org/10.1016/j.jiac.2017.10.009
http://dx.doi.org/10.4269/ajtmh.18-0674
http://dx.doi.org/10.1097/INF.0000000000003173
http://dx.doi.org/10.1097/INF.0000000000002711
http://dx.doi.org/10.1183/13993003.02004-2019
http://dx.doi.org/10.1093/cid/ciu045
http://dx.doi.org/10.1016/S1473-3099(19)30175-6
http://dx.doi.org/10.1371/journal.pone.0204029
http://dx.doi.org/10.1016/j.jinf.2018.09.011
http://dx.doi.org/10.1016/j.jinf.2018.09.011
http://dx.doi.org/10.1164/rccm.201501-0059OC
http://dx.doi.org/10.1164/rccm.201501-0059OC
http://dx.doi.org/10.18632/oncotarget.16401
http://dx.doi.org/10.1073/pnas.1009080107
http://dx.doi.org/10.1073/pnas.1009080107
http://dx.doi.org/10.3389/fimmu.2019.00431
http://thorax.bmj.com/

	Performance of QuantiFERON-­TB Gold Plus assays in paediatric tuberculosis: a multicentre PTBNET study
	Abstract
	Introduction﻿﻿
	Methods
	Inclusion criteria
	Diagnostic tests
	Statistical analyses

	Results
	Comparative performance of TST and IGRA assays
	Indeterminate IGRA results
	Negative IGRA and TST results
	Quantitative TST and IGRA responses
	Comparisons between IGRA and TST responses

	Discussion
	References


