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ABSTRACT Compared to its predecessor QuantiFERON-TB Gold In Tube (QFT-IT),
QuantiFERON-TB Gold Plus (QFT-Plus) contains an additional antigen tube (TB2),
stimulating both CD4* and CD8™" T cells. The ability to discriminate CD4* and CD8*
responses is suggested to be useful in differentiating stages of Mycobacterium tuber-
culosis infection. While QFT-Plus has already been evaluated in adults, there are not
enough data in children evaluated for suspected active tuberculosis (TB) or latent TB
infection (LTBI). A prospective cross-sectional study was conducted among children
aged 0 to 17 years who were evaluated for suspected active TB or screened for LTBI.
All children underwent QFT-Plus and further clinical, radiological, and/or microbio-
logical analyses according to clinical scenario. Of the 198 children enrolled, 43
(21.7%) were tested because of suspicion of active TB. A total of 12/43 (27.9%) were
diagnosed with active TB, and among these, 10/12 (83.3%) had a positive QFT-Plus
assay. Of the 155 children screened for LTBI, 18 (11.6%) had a positive QFT-Plus, and
5 (2.5%) had an indeterminate result. TB1 and TB2 quantitative responses were not
able to discriminate active disease from latent infection. The percent agreement be-
tween TB1 and TB2 was 100%. QFT-Plus assay showed good sensitivity for active TB
and was particularly useful for the evaluation of children with suspected LTBI, giving
a low rate of indeterminate results in this group. More studies are needed to prop-
erly evaluate QFT-Plus ability in discriminating active disease from latent infection.

KEYWORDS tuberculosis, children, interferon gamma release assay, QuantiFERON,
IGRAs, QuantiFERON Plus

orldwide, tuberculosis (TB) is one of the top 10 causes of death and the leading
cause from a single infectious agent (1). Children bear a substantial part of the TB
epidemic with an estimated 1 million cases in 2015 (2), although data may not be
accurate given the many difficulties associated with TB diagnosis in children and the
weaknesses of surveillance systems in countries where TB is endemic. It is estimated
that 25% of the global population is latently infected with Mycobacterium tuberculosis,
and 2 to 8% of these will develop the disease most of the time (50%) within the first
2 years after infection. Even though they are asymptomatic and do not transmit the
infection, these subjects are a reservoir that sustains TB disease (3). Importantly, the risk
of TB progression is much higher in children (30 to 40% progression rate if untreated)
(4). Moreover, children may present with nonspecific symptoms mimicking other
childhood diseases, and microbiological confirmation is difficult due to the paucibacil-
lary nature of TB, leading to diagnostic delay and further disease diffusion (5).
For these reasons, developing a diagnostic test that can reliably identify TB infection
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in children (both active TB and latent TB infection [LTBI]) is needed and considered a
research priority (6). An immunological test should ideally aid in the following: early
diagnosis of childhood TB; early detection and treatment of LTBI with reduction of
transmission; selective treatment of those latently infected but at major risk of devel-
oping active TB, reducing adverse drug events and potentially drug resistance; and
better definition of the recently defined TB spectrum (7, 8).

To date, the immunological tests used to diagnose TB infection are the tuberculin
skin test (TST) and the interferon v release assays (IGRAs). TST has well-known limita-
tions and shortage is documented in Europe (9-11), but it still represents a reference
point due to the decades of clinical experience. IGRAs are blood tests that measure the
amount of interferon gamma (IFN-vy) produced after a 16 to 24 h stimulation of T cells
with ESAT6 and CFP10, antigens highly specific for M. tuberculosis. IGRAs demonstrated
a high negative predictive value (around 98%) for progression to active TB in low
incidence countries (12), yet neither TST nor IGRAs can effectively discriminate active TB
from LTBI or recognize recent M. tuberculosis infections or LTBI cases at higher risk of
developing into active TB (8).

Recently, the 4th-generation QuantiFERON-TB Gold Plus (QFT-Plus) IGRA has been
introduced in clinics and compared to its predecessor, the QuantiFERON-TB Gold In
Tube (QFT-IT). It includes two tubes rather than one tube containing peptides of the M.
tuberculosis-specific antigens EsxA and EsxB as follows: TB1, which stimulates mainly
CD* T cell responses; and TB2, which stimulates both CD4* and CD8* T cells.
IFN-y-producing CD8 T cells specific for these two M. tuberculosis antigens are more
frequently detected in active TB patients than they are in subjects with LTBI (13, 14) and
after recent infection compared to remote latent infection (15). Therefore, the QFT-Plus
will ideally be useful to differentiate recent and remote LTBI, helping in the decision to
start LTBI treatment.

While QFT-Plus has already been evaluated in adults, there are not enough data in
children evaluated for suspected TB infection (16). In this scenario, we performed this
study aiming to evaluate the accuracy of the QFT-Plus assay in children with suspected
active TB/LTBI.

MATERIALS AND METHODS

A prospective cross-sectional study was conducted among children aged 0 to 17 years who were
evaluated at our institution for TB infection or TB disease during the period from January 2017 to
December 2018. The following categories of children were initially enrolled in the study: children with
suspected active TB (symptomatic patients— children with suspected active TB) and otherwise healthy
children with any risk factors for LTBI.

The following categories of children were initially enrolled in the study: children with suspected
active TB (symptomatic patients—children with suspected active TB); otherwise healthy children with
known exposure to an active TB adult case (therefore, children screened for LTBI); clinically healthy,
nationally or internationally adopted children evaluated by a national protocol for immigrants and
nationally/internationally adopted children with or without known history of contact with adult active TB
cases (therefore, children screened for LTBI). This screening protocol has been approved by the National
Working Group for Immigrant and Adopted Children, an official working group of the Italian Society of
Pediatrics, and approved by the review board of our University; children affected by autoimmune
diseases were screened for TB before starting a biological therapy.

All patients were clinically evaluated and tested by QFT-Plus. All children with a positive QFT-Plus or
high clinical suspicion of TB disease underwent radiological and microbiological investigations to confirm
or rule out active TB. Microbiological diagnosis included acid-fast bacilli (AFB) examination following
Ziehl-Neelsen staining, culture for M. tuberculosis, and molecular detection of M. tuberculosis using the
Anyplex MTB/NTM real-time detection system (Seegene) following previously indicated procedures (17).
The samples were obtained on three consecutive days (either sputum or gastric gavage according to
age) from all patients with suspected active TB. For those with suspected extrapulmonary TB, samples
were taken from different sites according to the suspected TB localization. All children with a final
diagnosis of active TB were evaluated for HIV infection. Two definitions of active TB were used as follows:
definite (confirmed) and probable TB, as accepted by literature regarding pediatric TB (5, 11).

Diagnosis of LTBI was based on positive QFT-Plus and absence of any clinical, microbiological, and
radiological features that would suggest active disease. Hence, according to the definitions used, the
following final diagnoses were assigned for each patient at the end of clinical evaluations: active TB, LTBI,
or non-TB children (no active TB or LTBI). This latter group included both healthy/asymptomatic children
without LTBI (healthy) and all children with any other final diagnosis other than TB, such as bacterial, viral,
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TABLE 1 Study population

Total no. (%) No. active TB No. LTBI (%) No. dotTB (%) No. healthy
Parameter (n = 198) (%) (n = 12) (n = 18) (n = 31) (%) (n = 137) P value
Age group <0.05
0-12 6 (3.1) 0 0 3(9.7) 3(2.2)
13-60 61 (30.8) 5 (41.6) 3 (16.6) 12 (38.7) 41 (29.9)
61-120 69 (34.8) 1(8.4) 4 (22.3) 7 (22.6) 57 (41.6)
>120 Months 62 (31.3) 6 (50) 11 (61.1) 9 (29) 36 (26.3)
Origin <0.0001
Western countries 74 (37.4) 4 (33.3) 8 (44.4) 27 (87) 35 (25.5)
Eastern Europe 41 (20.7) 1(8.4) 7 (38.9) 2 (6.5) 31 (22.6)
Asia 37 (18.7) 2 (16.6) 1(5.6) 34 (24.8)
Africa 21 (10.6) 4 (33.3) 2 (11.1) 1(3.25) 14 (10.2)
South America 25 (12.6) 1(8.4) 0 1 (3.25) 23 (16.9)
QFT result <0.0001
Positive 28 (14.2) 10 (83.3) 18 (100)
Negative 165 (83.4) 2 (16.7) 0 27 (87.1) 136 (99.2)
Indeterminate 5(2.5) 0 0 4(12.9) 1(0.8)

fungal, or parasitic infections (disease other than TB [dotTB]). Data will be made publicly available upon
publication and upon request for peer review.

QuantiFERON-TB Gold Plus. QFT-Plus was performed according to manufacturer’s instructions. Data
are presented as IU per milliliter of IFN-vy; the cutoff value for a positive test was 0.35 [U/ml.

Statistical analyses. Data were analyzed using SPSS (SPSS, Chicago, IL) and Prism 5 software
(GraphPad Software, San Diego, CA, USA). Differences in frequencies were evaluated by the Fisher exact
test. The median IFN-y production was calculated, the nonparametric Mann-Whitney U test was used to
compare medians for unpaired comparisons and the Wilcoxon test for paired comparisons, and the
Kruskal-Wallis test was used to compare medians among the different groups. Differences were consid-
ered significant at P values of =0.05.

Ethical statement. The institutional review board of the Universita Cattolica del Sacro Cuore of
Rome, Italy, approved this study (prot 29213/19, ID 2555). We obtained verbal and written informed
consent from the next of kin, caretakers, or guardians on behalf of the minors/children enrolled in the
study.

RESULTS

Study population. A total of 198 children were enrolled; 87 (43.9%) were female,
and the mean age of the study population was 82 months (range, 0 to 224 months).
Regarding age, 6/198 (3.1%) were aged 0 to 1 year, 61/198 (30.8%) were aged 2 to 5
years, 69/198 (34.8%) were aged 5 to 10years, and 62/198 (31.3%) were older than
10 years. Most children evaluated came from western countries (western Europe and
United States, 37.4%) and Eastern Europe (20.7%); 104 out of 198 (53%) patients were
internationally adopted children (Table 1).

In Fig. 1, we summarized the study population, the reason for testing with QFT-Plus,
and the results. In particular, 43 children (21.7%) were tested because of suspicion of

Children evaluated
for QFT-Plus from
N=198 (100%)

[

Suspected Children screened
active TB N=43 for LTBI
(21.7%) N=155(78.3%)
’_l—’ [
Active TB Disease Positive Negative Indeterminate

other than TB

N=12(27.9%) N=31(72.1%)

N= 18 (11.7%) N= 136 (87.7%) N=1 (0.6%)

FIG 1 Study population enrolled into the study.
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active TB; among these, 12/43 (27.9%) were diagnosed with active TB disease (11
children with pulmonary TB and 1 with central nervous system [CNS] TB), and 31
(72.1%) received a final diagnosis of disease other than TB (dotTB).

The remaining 155 children (78.3%) were screened for LTBI; 18 (11.6%) were
eventually diagnosed as LTBI. Of these, 5/18 (27.8%) had known contact with an adult
with active TB, and 10/18 (55.5%) came from countries where TB is endemic.

QFT-Plus qualitative results. Among the 198 children tested by QFT-Plus assay, 28
(14.2%) scored positive, 165 (83.3%) scored negative, and 5 (2.5%) had indeterminate
results (due to the lack of response to mitogen).

Among the 43 children evaluated for suspected active TB, 12 received a final
diagnosis of active TB, and 10/12 (83.3%) had a positive QFT-Plus assay; among the 155
children screened for LTBI, 18/155 (11.6%) had a positive QFT-Plus assay and were
diagnosed with LTBI and treated consequently, while 137/155 (88.3%) were QFT-Plus
negative.

Among the group of children that received final diagnoses of active TB, 10/12 had
a positive QFT-Plus, and 2 of these showed a negative result (sensitivity for active TB,
83.3%; specificity, 90.1%). These two children had a family member with active TB, and
they received a final diagnosis of probable (microbiologically nonconfirmed) TB.

Among the 155 children tested for LTBI screening, 136/155 (87.7%) were negative,
18/155 (11.7%) were positive, and 1/155 (0.6%) was indeterminate. Of the 18 positives,
5 (28%) had a known exposure to an adult with active TB, and the remaining 7 (39%)
came from countries with high TB burden.

Children tested with QFT-Plus properly respond to mitogen. Measurement of
the IFN-y secretion in response to mitogen in IGRAs provides a useful indication of the
potential ability of the immune system to respond to the antigenic stimuli. A total of
193/198 (97.5%) children along the different age groups responded to the mitogen by
secreting high levels of IFN-y (Fig. 2). Overall, only 5/198 (2.5%) had an indeterminate
result, which indicates subjects unable to properly respond to the mitogen.

Among the 5 children with indeterminate results, one had congenital immunode-
ficiency, two had acute bacterial and viral coinfections, one child had autoimmune
disorders, and only one child was otherwise healthy. There was no statistically signif-
icant effect of age or of the final diagnosis on the magnitude of the response to
mitogen. Only 1/155 (0.6%) asymptomatic children screened for LTBI had indeterminate
results.

Active TB and LTBI patients produce positive responses in both TB1 and TB2
tubes. To investigate the ability to respond to the TB-specific antigens used in QFT-Plus
(TB1 and TB2), we analyzed the IFN-vy response of all children according to the reason
for testing (suspected active TB or screening for LTBI) (Fig. 2). In all cases, TB1 and TB2
responses were similar in each group (active TB and LTBI) and did not present
statistically significant differences (P > 0.05).

Overall, all children with a positive QFT-Plus test had IFN-y production in response
to TB-specific antigens, which was always >0.5 IU/ml, whereas in cases of negative
results, IFN-y did not exceed 0.2 to 0.3 IU/ml (Fig. 2A).

In the 0- to 12-months age group, 0/6 children scored positive, and no one was
diagnosed with active TB. In the 13- to 60-months age group, 8/61 children (13.1%)
scored positive, and a final diagnosis of active TB was made for 5 of them. The
remaining 3 children were diagnosed with LTBI. Mean values of IFN- y production were
5.131U/ml for TB1 and 5.46 IU/ml for TB2 (Fig. 3).

In the 61- to 120-months age group, 4/69 (5.8%) children scored QFT-Plus positive,
and all of them were diagnosed as active LTBI. Mean values of IFN-y production were
6.76 1U/ml for TB1 and 6.83 IU/ml for TB2 (Fig. 3). The child with active TB within this
group had a negative QFT-Plus.

In the other group (>120 months), of the 16/62 (25.8%) children who scored
positive by the QFT-Plus, 5 were diagnosed with active TB and 11 with LTBI. Mean
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FIG 2 (A) IFN-y response to TB1 and TB2 antigens in children with suspected active TB. Each point on
the graph represents an individual result. Horizontal lines indicate the median of IFN-y production.
Dotted lines indicate the cutoff for QFT-Plus (0.35 IU/ml). (B) IFN-vy response to TB1 and TB2 antigens in
children screened for LTBI. IFN-y was determined using enzyme-linked immunosorbent assay (ELISA)
following whole-blood stimulation with QFT-Plus antigens for 24 h. Each point on the graph represents
an individual result. Horizontal lines indicate the median of IFN-y production. Dotted lines indicate the
cutoff for QFT-Plus (0.35 IU/ml).

values of IFN-y production were 5.60 IU/ml for TB1 and 4.91 IU/ml for TB2 (Fig. 3). The
percent agreement between TB1 and TB2 was 100%.

QFT-Plus does not discriminate active TB from LTBI in children. We compared
TB1 and TB2 responses in children with active TB and LTBI (Fig. 3). Active TB children
had mean values of TB1 of 3.991U/ml and TB2 of 4.321U/ml (P = 0.23), while LTBI
children had mean values of TB1 of 6.56 IlU/ml and TB2 of 5.9 IU/ml (P = 0.24). TB1 and
TB2 had similar mean values among each group. Although LTBI children had slightly
higher mean values of TB1 responses over TB2 and active TB children showed the
opposite pattern, we could not discriminate active TB from LTBI. Overall, the IFN-y
responses were not significantly affected by age.
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FIG 3 Comparison in the IFN-y response to TB1 and TB2 antigens in children with active TB and LTBI.
Horizontal lines indicate the median of IFN-y production. Dotted lines indicate the cutoff as defined in
Fig. 2. aTB, active TB.
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DISCUSSION

In this study, we prospectively assessed the accuracy of the QFT-Plus assay to detect
M. tuberculosis infection in a cohort of 198 children evaluated for either suspected
active TB or LTBI. Only two studies evaluated QFT-Plus in children; therefore, our results
add useful information to current literature.

First of all, we showed that 193/198 (97.5%) children in different age groups
responded to the mitogen by secreting high levels of IFN-v, indicating that the immune
system is not impaired in its ability to mount an immune response, even in young
children. Overall, the number of indeterminate results was low since only 5/198 (2.5%)
had an indeterminate result. This rate is much smaller than what has been reported
from previous studies on QFT-IT (8, 18-21) but similar to the overall percentage of
indeterminate results (4%) described in a recent metanalysis about IGRAs other than
QFT-Plus (22). Importantly, Nguyen et al. reported that only 2/222 children evaluated
with QFT-Plus had indeterminate results, confirming our finding that QFT-Plus is also
effective in children and can be a good alternative to TST (16). Among the 5 children
with indeterminate results, 4/5 had comorbidities and only one child was otherwise
healthy when screened for LTBI. This is an important point since QFT-Plus (and IGRAs
in general) has been licensed as an aid in the diagnosis of TB and is primarily used to
detect M. tuberculosis infection (23). Interestingly, children with coinfection undergoing
antibiotic therapy for a disease other than TB (dotTB) had higher probability of having
indeterminate results, confirming our previous data that ongoing viral infection or
antibiotics can sometimes affect QFT responses (8).

The overall sensitivity of QFT-Plus for active TB was 83.3% and specificity was 90.1%.
These rates are similar to what have been reported from previous studies on QFT-IT (8)
but higher compared with rates of the only extensive pediatric study published so far
on QFT-Plus that reported an overall sensitivity of 54.5% (16). Nevertheless, sensitivity
raised to 84.2% when they exclusively evaluated pulmonary TB. In our series, only one
child had extrapulmonary TB, and he had a negative QFT-Plus result and high mitogen
response. Kay et al. described twelve children with active TB showing that 3 had
negative results and 4 indeterminate results, therefore, having a sensitivity of 41.6%;
however, in this series, 5 out of 12 children were HIV positive (24). Other QFT-Plus
studies on adults also described good sensitivities for pulmonary TB (from 83% to
98.9%) (1, 18).

We evaluated QFT-Plus on a large group of children with possible LTBI (due to either
known exposure or risk factors). The lack of a gold standard for LTBI prevents proper
assessment of QFT-Plus performance for this group. Nevertheless, it is remarkable that
a total of 12/18 children (66.6%) scoring positive to QFT-Plus, and therefore diagnosed
with LTBI, had at least one risk factor for TB infection (known exposure with an adult
TB index case, being born in a country where TB is endemic, or having parents born in
a country where TB is endemic), supporting M. tuberculosis infection. Importantly,
only 1/155 (0.6%) child of otherwise healthy children screened for LTBI had an
indeterminate result, indicating that QFT-Plus can be used for this group of patients
without concerns.

The manufacturer and regulatory agencies introduced QFT-Plus in clinical practice
since there is evidence of different CD4* and CD8* T cell responses in active TB versus
LTBI. Higher M. tuberculosis-specific CD8* T cell responses are associated with higher M.
tuberculosis burden, such as active TB disease or with a recent M. tuberculosis infection
(25, 26). In our study, we found that children with LTBI produced, in general, higher
amounts of IFN-y from both tubes than children with active TB (mean TB1 value of
3.99 IU/ml and TB2 value of 4.32 IU/ml for active TB; TB1 value of 6.56 IlU/ml and TB2
value of 5.9 [lU/ml for LTBI). Within each group, the mean values of IFN-y were very
similar, although the active TB group had a slightly higher CD8* T cell responses (TB2)
while LTBI showed a slightly higher response for CD4* (TB1). These differences, which
support an increased secretion of IFN-y by CD8* T cells in active TB, were minimal and
not statistically significant, preventing us from drawing any conclusion that QFT-Plus is
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able to distinguish active TB from LTBI in children. Studies on new markers to be
potentially associated with QFT-Plus, such as the recently described combined use of
QFT and heparin-binding hemagglutinin (HBHA)-IGRA (27), are still needed. Impor-
tantly, differently from adults, the CD4*+/CD8™ ratio changes during child growth (28),
potentially affecting TB1 and TB2 responses. Future studies should also compare IFN-vy
responses with CD4™ and CD8* total number along different age groups.

In our study, we found that TB1 and TB2 responses had a 100% concordance. In the

single available study evaluating TB1/TB2 concordance in the pediatric population,
among 45 positive QFT-Plus results, 37 were identified by both TB1 and TB2, 7 were
identified by TB2 only, and 1 was identified by TB1 only; the TB1/TB2 agreement was
96.4% (95% confidence interval [Cl], 93.9 to 98.9%) (16). According to the manufacturer
instructions, QFT-Plus is considered positive when either TB1 or TB2 IFN-y values (IU/ml)
reach the assay cutoff. However, there are different views on how to interpret a
discordant result. On this regard, Moon and colleagues compared QFT and QFT-Plus
results in low-risk health care workers (HCWs) at a single U.S. center (25). They found
that 2.1% and 3.0% of 626 HCWs with no identifiable risk factors for LTBI had positive
QFT and QFT-Plus results, respectively. The higher positivity rate with QFT-Plus was
more frequently due to positive results with TB2 than TB1 (2.4% versus 1.6%). Follow-up
data were available for 11 of the 13 HCWs with discordant QFT-Plus results. No HCWs
developed active TB during the follow-up period. At 9 to 13 months follow-up, 10 HCWs
had a negative QFT, and 6 of 7 HCWs had a negative QFT-Plus (TB1 or TB2). One HCW,
who was positive with QFT and QFT-Plus TB2 on enrollment, was subsequently positive
with QFT and QFT-Plus (TB1 and TB2) and diagnosed with LTBI and treated accordingly.
Although there are no similar studies evaluating the TB1/TB2 concordance in the
pediatric populations (either active TB or infected/exposed children), these data sug-
gest that our pediatric QFT-Plus-positive responses are real M. tuberculosis infection due
to the 100% concordance rate.

In conclusions, our study suggests that the QFT-Plus assay is accurate in pediatric

practice including very young children, showing good sensitivity for active TB (partic-
ularly pulmonary TB). QFT-Plus can be particularly useful for the evaluation of children
with suspected LTBI, giving a very low rate of indeterminate results in this group. More
studies are needed to properly evaluate QFT-Plus ability in discriminating active TB
from LTBI in children of different age groups.
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