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ABSTRACT The use of interferon gamma (IFN-�) release assays (IGRAs) for the diag-
nosis of tuberculosis (TB) infection in children is still under debate because of con-
cerns about the immature immune response in children. The aim of this study was
to investigate quantitative values of the QuantiFERON-TB Gold In-Tube (QFT-IT) test,
a commercially available IGRA, in a large cohort of children screened for TB infec-
tion. A retrospective analysis was conducted on samples from 517 children aged 0
to 14 years old at the Pediatric Unit of S. Orsola-Malpighi University Hospital of Bolo-
gna (Italy); quantitative responses to QFT-IT stimuli were analyzed according to
diagnosis and age. Elevated IFN-� values in the QFT-IT nil (background) tube were
statistically associated with diagnosis of active TB. Quantitative IFN-� response to
Mycobacterium tuberculosis-specific antigens (TB Ag) was not significantly different in
children with active TB compared to those with latent TB infection (LTBI), even
though the median values were higher in the first group. When children were
grouped by age, those less than 5 years old produced significantly higher levels of
IFN-� in response to TB Ag if they had active TB (median 10 IU/ml) than those with
LTBI (median 1.96 IU/ml). IFN-� response to mitogen increased with age. The overall
rate of indeterminate results was low (3.9%), and no indeterminate QFT-IT values were
observed in active or latent TB patients. In conclusion, quantitative QFT-IT values could
provide further information to clinicians to manage TB in children, and these observa-
tions could be transferred to the new version of the test, QuantiFERON-TB Gold Plus,
which to date lacks data from the pediatric population.
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Children infected with Mycobacterium tuberculosis are at a higher risk of progression
to active tuberculosis (TB) than adults (1). Nevertheless, diagnosis of TB in children

is challenging due to its nonspecific clinical presentation and its paucibacillary nature
as well as the frequent extrapulmonary localization of the disease. Current pediatric
guidelines recommend applying a combination of clinical, radiological, microbiological,
and immunological approaches to improve the diagnostic yield (2–4).

Interferon gamma release assays (IGRAs) are immunological tests based on the in
vitro detection of interferon gamma (IFN-�) released by specifically sensitized T cells in
response to M. tuberculosis antigens (ESAT-6, CFP-10, TB7.7) (5). IGRAs are used together
with tuberculin skin tests (TSTs) for the diagnosis of latent tuberculosis infection (LTBI)
(6). Several publications have shown that IGRAs overcome many drawbacks of TSTs;
mainly, specificity is not affected by cross-reaction with bacillus Calmette-Guerin vac-
cination or non-tuberculous mycobacterial infections that could give rise to false
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positives (7–11). A particular advantage of in vitro testing is that stimulation reactions
with negative and positive (mitogen stimulus) controls are carried out in parallel,
primarily to evaluate test performance with respect to background signals and general
T cell responsiveness (12).

A growing number of studies on the performance of IGRAs in children suggest that
they are more accurate than TSTs even in this vulnerable population, thanks to better
specificity and the presence of a control of immune reactivity (13, 14). IGRAs are not
only tools for diagnosing LTBI but could be also used to integrate algorithms for active
TB diagnosis. However, the routine use of IGRAs has not yet been extensively approved
in children, due to concerns about their immature immune systems and discrepant
results reported in different studies (15–20).

The commercially available IGRAs, the QuantiFERON-TB Gold In-Tube (QFT-IT) test
and the new version, the QuantiFERON-TB Gold Plus test (Qiagen, Germany), measure
IFN-� release with an immunoenzymatic assay, and qualitative results (positive, nega-
tive, indeterminate) are reported according to specific cutoffs (21, 22).

Our previous publication comparing the performance of the QFT-IT to that of the
TST in a large group of children assessed by reason for testing, BCG vaccination status,
age, and diagnosis suggested the preferential use of QFT-IT as a supporting tool for
diagnosis and management of TB even in infants, despite their immature immune
systems (23). Here, we analyzed quantitative IFN-� levels in background (nil) and in
response to M. tuberculosis antigens (TB Ag) and mitogen of the QFT-IT test in the same
population, according to diagnosis and age, in order to provide clinicians with addi-
tional information for the management of TB in children.

MATERIALS AND METHODS
Study design and population. Retrospective analysis was conducted on samples from children

aged 0 to 14 years old, referred over a 5-year period to the Pediatric Unit of the S. Orsola-Malpighi
University Hospital in Bologna, Italy, a country with low TB endemicity that has high immigration rates
from countries with middle/high TB prevalence.

The study population has been described in detail in our previous paper (23); briefly, subjects who
had QFT-IT results suggestive of active TB, were found by contact tracing, recently arrived from a country
where TB is endemic, and were routinely screened before immunosuppressive treatment were included.
After giving informed consent, 30 children who had blood drawn for other reasons were also included
as negative controls. Demographic and clinical information was collected from the medical files of the
children, including origin of the family, place of birth, and BCG vaccination status.

The study protocol was approved by the Ethics Committee of S.Orsola-Malpighi University Hospital.
Diagnostic group definition. According to our previously published work (23), children were

categorized into 5 diagnostic groups according to the clinical outcome reported in their medical files.
Briefly, children were defined as having active TB according to the diagnosis made by the physician
following WHO criteria (2). This category included microbiologically confirmed cases, if diagnosis was
based on culture and/or Xpert MTB/RIF assay (Cepheid, USA) positivity, and clinically confirmed cases, if
diagnosis was based on clinical, pathological, and radiological findings consistent with the disease and
no improvement was seen after a full course of antibiotics, followed by clinical improvement with anti-TB
treatment. All children with a diagnosis of active TB were therefore followed up until recovery. Children
were categorized as TB excluded if, after undergoing QFT-IT based on signs and symptoms suggestive
of TB, active disease was excluded and another diagnosis was made at the end of investigation and
treatment. According to Italian pediatric TB recommendations (24), before admission to school, children
in contact with adults with active tuberculosis, children who had recently arrived from an area where TB
is endemic, and those undergoing immunosuppressive therapy were referred to the Pediatric Unit and
underwent a medical history investigation including BCG vaccination status, clinical assessment, chest
X-ray, and immunological and microbiological assays. After exclusion of active TB, children were
categorized at the first investigation and after 3 months as having LTBI based on the physician’s decision
after evaluating QFT-IT and TST results, risk of exposure, BCG status, and origin. All children diagnosed
with LTBI were offered prophylaxis with isoniazid and followed up for 12 months. Children with risk
factors for TB (contact tracing or recent arrival from a country where TB is endemic) who had a negative
result at the first investigation and confirmed negativity after 3 months were defined as exposed.

Children were excluded from the analysis if the outcome was not specified or if they had a history
of having been previously treated for TB.

Microbiological diagnosis of active TB. When active TB was suspected, a multiple sampling
approach was adopted according to Al-Aghbari et al. (25). Consecutive biological samples were collected
from the respiratory tract (sputum, gastric lavage, aspiration of upper respiratory airways) and/or from
extrapulmonary sites according to the suspected localization. Samples were examined by light smear
microscopy (Ziehl-Neelsen staining) and the molecular assay Xpert MTB/RIF, which simultaneously
detects the presence of the M. tuberculosis genome and resistance to rifampin.
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M. tuberculosis was isolated using solid (Lowenstein-Jensen; Heipha Diagnostika Biotest, Germany)
and liquid culture (MGIT; Becton Dickinson, USA). Drug susceptibility testing to first-line drugs (strepto-
mycin, isoniazid, rifampin, ethambutol, pyrazinamide) was performed by the automatic MGIT 960 system
(Becton Dickinson).

QuantiFERON-TB Gold In-Tube. The QFT-IT assay (Cellestis, Melbourne, Australia) was performed
and interpreted according to the manufacturer’s instructions (21). Briefly, venous blood was collected in
3 distinct tubes: one containing M. tuberculosis-specific antigens (ESAT-6, CFP-10, and TB7.7), one with a
nonspecific mitogen (phytohemagglutinin) as positive control of immune system reactivity, and an
empty tube as negative control for IFN-� background value (nil). The tubes were incubated at 37°C for
18 h, and after centrifugation, the IFN-� released was measured by enzyme-linked immunosorbent assay
and converted to IU/ml. Tubes that were not analyzed immediately were stored at 4°C. Positive results
were defined as nil-corrected M. tuberculosis antigens (TB Ag) values above 0.35 IU IFN-�/ml. If the
nil-corrected mitogen value was �0.50 IU/ml and/or if the nil value was �8.0 IU/ml, the test was
considered indeterminate. Test failure due to incorrect blood volume and time of blood draw was very
low (�1%); failed samples were repeated.

Statistical analysis. The quantitative analysis of QFT-IT results was carried out on background
(nil)-corrected IFN-� responses to M. tuberculosis antigens and mitogen. Since the QFT-IT test cannot
accurately determine IFN-� values �10 IU/ml, a value of 10 IU/ml was conventionally attributed to
plateau values in all the analyses, as already adopted in the literature (26).

QFT-IT test values according to diagnostic group were compared using the Kruskal-Wallis test.
Correlation between age and IFN-� background levels, and in response to TB Ag and mitogen, was
expressed by Pearson coefficient.

Statistical significance was set at P �0.05. Statistical analysis was performed using Stata/SE 14.1
software (College Station, TX, USA). All P values were two-tailed.

RESULTS
Study population and QFT-IT results. A total of 517 children with an available

QFT-IT result, including quantitative IFN-� values in background (nil) and in response to
TB Ag and mitogen, were included in the study. Characteristics of the study population
have been described previously (23). Briefly, 288 (55.7%) were males, mean age 5.4 �

4 years (range 0 to 14 years old); 215 (41.6%) were born in Italy into an Italian family,
197 (38.1%) were born in Italy into a family from a country with middle/high TB
prevalence, and 98 (19.0%) were born in a country with middle/high TB prevalence.
In 7 (1.3%) cases origin was unknown.

After clinical and laboratory evaluation, patients were categorized into 5 diagnostic
groups: active TB, LTBI, TB excluded, uninfected after contact with an active TB case
(defined as exposed), and negative controls.

Table 1 reports the qualitative QFT-IT results. Of the 517 children tested with QFT-IT,
79 (15.3%) were positive, 418 (80.8%) were negative, and 20 (3.9%) were indeterminate.
According to diagnosis, no indeterminate QFT-IT results were found in patients diag-
nosed with active TB or LTBI, while indeterminate results were strongly associated with
the category TB excluded (18 cases [90%]; P �0.0001).

Quantitative analysis of QFT-IT nil, TB Ag, and mitogen values according to
diagnosis. Distributions of IFN-� levels in the background (nil) and in response to
stimulation with nil-corrected M. tuberculosis antigens (TB Ag) and mitogen in the
different diagnostic groups are shown in Fig. 1. Median values, interquartile range (IQR),
and the overall statistical significance are reported in Table 2. IFN-� levels in nil and in
responses to TB Ag and mitogen were significantly different between diagnostic groups
(P �0.0001, P � 0.0001, and P � 0.0023, respectively). In particular, median nil values
were statistically higher in active TB (0.27 IU/ml) with respect to all the other diagnosis,

TABLE 1 Qualitative QFT-IT results and distribution according to diagnosis

Diagnosis No. of patients (%)

No. (%) of QFT-IT results determined to be:

Positive Negative Indeterminate

Active TB 45 (8.7) 42 (93.3) 3 (6.7) 0
LTBI 38 (7.4) 34 (89.5) 4 (10.5) 0
TB excluded 159 (30.7) 3 (1.9) 138 (86.8) 18 (11.3)
Exposed 245 (47.4) 0 244 (99.6) 1 (0.4)
Negative controls 30 (5.8) 0 29 (96.7) 1 (3.3)

Total 517 79 (15.3) 418 (80.8) 20 (3.9)
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including LTBI (0.12 IU/ml; P � 0.0010). Median IFN-� responses to TB Ag were higher
in cases of active TB (6.63 IU/ml) than in cases of LTBI (3.39 IU/ml), although the
difference was not statistically significant.

Quantitative analysis of QFT-IT nil, TB Ag, and mitogen values according to
age. The linear regression analyses of IFN-� levels in the background and in response
to TB Ag and mitogen according to age are reported in Fig. 2. There was significant
positive correlation between age and IFN-� responses to TB Ag (Pearson’s correlation
coefficient � 0.087, 95% confidence interval [CI] 0.0001 to 0.1165, P � 0.050) and
between age and IFN-� responses to mitogen (Pearson’s r � 0.16, 95% CI 0.0615 to
0.2060, P � 0.001). No significant correlation was observed between nil values and age.

Quantitative values of TB Ag to discriminate between active and latent TB. In
order to evaluate whether the QFT-IT response to M. tuberculosis antigens could
discriminate between latent and active TB, children were divided into 2 age groups:
children younger than 5 years of age with active TB (n � 21) and LTBI (n � 13), and
children over 5 with active TB (n � 24) and LTBI (n � 25). As shown in Fig. 3, the IFN-�
response to TB Ag significantly differed between active TB (median 10 IU/ml, IQR 1.31
to 10 IU/ml) and LTBI (median 1.96 IU/ml, IQR 0.42 to 10 IU/ml) in children under 5

FIG 1 IFN-� quantitative values in QFT-IT tubes according to diagnosis. Shown here are individual IFN-� levels in background (nil) and in response to
nil-corrected M. tuberculosis antigens (TB Ag) and nil-corrected mitogen in the different diagnostic groups. Median values are indicated as solid red lines. The
cutoff values for positive and indeterminate QFT-IT are represented by dotted red lines at 0.35 and 0.50 IU/ml, respectively. Two nil values higher than 3 IU/ml
were not reported for graphical reasons. *, significant differences.

TABLE 2 Medians and interquartile ranges of QFT-IT IFN-� quantitative values in QFT-IT
tubes according to diagnosis

Diagnosis

Median (IQR) QFT-IT IFN-� quantitative values (IU/ml) in:

Nil TB Ag-nil Mitogen-nil

Active TB 0.27 (0.13–0.42) 6.63 (1.19–10) 10 (6.35–10)
LTBI 0.12 (0.07–0.17) 3.39 (0.49–10) 10 (10–10)
TB excluded 0.09 (0.05–0.17) 0 (0–0.03) 10 (2.90–10)
Exposed 0.09 (0.06–0.16) 0.01 (0–0.04) 10 (7.35–10)
Negative controls 0.06 (0.05–0.08) 0 (0–0.01) 10 (7.85–10)

Pa �0.0001 0.0001 0.0023
aKruskal-Wallis P values.
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(P � 0.0427). In contrast, in children more than 5 years old there was no significant
difference between response to M. tuberculosis antigens regardless of diagnosis (active
TB: median 4.97 IU/ml, IQR 1.14 to 10 IU/ml; LTBI: median 4.27 IU/ml, IQR 1.20 to 10
IU/ml).

FIG 2 IFN-� quantitative values in QFT-IT tubes according to age. Individual IFN-� levels in background (nil),
in response to nil-corrected M. tuberculosis antigens (TB Ag), and nil-corrected mitogen are plotted by age. The
cutoff values for positive and indeterminate QFT-IT are represented by red dotted lines at 0.35 and 0.50 IU/ml,
respectively. The bold lines indicate the linear regressions. The thinner lines indicate the 95% confidence
intervals. For graphical reason nil values higher than 1 IU/ml (n � 12) were not reported.
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DISCUSSION

Children represent an important group that should be targeted for TB prevention,
as they have a higher risk of progression to active disease and developing severe
life-threatening TB compared to adults (27). Moreover, TB diagnosis in children is
hampered by the paucibacillary nature of TB and its extrapulmonary localization and
low level of microbiological confirmation (28, 29). IGRAs are immunological tests that
could represent a promising diagnostic tool not only for LTBI but also for active TB.
Previous reports showed that QFT-IT, a widespread and commercially available IGRA,
correlates better than TST with TB exposure (30) and has overall sensitivity and
specificity in diagnosing active TB of 80% and 79%, respectively (31).

Evaluation of IGRA performance in children remains limited due to small study sizes,
resistance to phlebotomy, and difficulty in obtaining culture-confirmed results for
reference (32). Sensitivity and specificity have been assessed in studies using either
culture-confirmed cases or an exposure gradient as a surrogate for infection, but
outcomes as well as proportion of indeterminate results are discordant, particularly in
infants under 5 years (19, 20, 33, 34). In our previous report, we showed good sensitivity
(93.3%) and specificity (99.3%) of QFT-IT in comparison with TST for diagnosis of active
TB (23). However, caution in the use of IGRAs in children is based on the potentially
immature immune system of infants which might not be capable of responding
properly to antigenic stimuli ex vivo (15). Current evidence does not support the use
of QFT-IT as an alternative to TST; however, different national guidelines recommend
IGRAs in addition to TST in screening algorithms for TB infection (3, 24, 35).

Moreover, the role of quantitative QFT-IT values is under debate: the conventional
cutoff value of response to M. tuberculosis antigens is 0.35 IFN-� IU/ml, and it is unclear
whether higher IFN-� values represent more recent M. tuberculosis exposure, high
mycobacterial-load inoculums, prolonged infection or simply reflect heterogeneity in
human immune responses to M. tuberculosis. Recently, a prospective study by Andrews
and colleagues analyzing serial QFT-IT results in order to define quantitative IFN-�
values predictive of TB in young children showed that conversion values �4 IU/ml were
associated with an increased risk of TB disease (36).

In our study, we evaluated IFN-� quantitative levels in the background (nil) and in

FIG 3 IFN-� quantitative values in response to QFT-IT M. tuberculosis antigens in children with active TB
and LTBI according to age groups. Individual IFN-� levels in response to nil-corrected M. tuberculosis
antigens (TB Ag) are reported in active TB and LTBI children divided into two age groups (�5 years
and �5 years old). Median values are indicated as solid red lines. The cutoff value for positive QFT-IT is
represented by a dotted red line at 0.35 IU/ml. *, significant differences.
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response to stimulation with M. tuberculosis antigens and mitogen in the QFT-IT test
according to diagnosis and age in a large group of children. Interestingly, nil values
were higher in children with active TB than in those with all of the other diagnoses,
independently of age, and this has never been shown before.

Quantitative IFN-� response to M. tuberculosis-specific antigens was not significantly
different in children with active TB compared to those with LTBI, even though the
median values were higher in the first group, as already reported (26, 37, 38). However,
when children were grouped by age, those less than 5 years old with active TB
produced significantly higher levels of IFN-� in response to TB Ag than those with LTBI.
These results indicate that even younger children with active TB are capable of
mounting a strong T cell response to M. tuberculosis antigens. Further studies could be
useful to characterize M. tuberculosis-specific responses to distinguish between LTBI
and active TB in younger (�5 years old) and older (�5 years old) children.

Linear dispersion of IFN-� in response to mitogen showed that these values in-
creased with age, suggesting that this response is significantly influenced by children’s
ages, as previously reported (39–41). However, most children responded to mitogen by
secreting high levels of IFN-�, as already demonstrated by Sali and colleagues (34). This
was supported by the overall low rate of indeterminate results, equally distributed
between age groups in the same cohort of patients (23). In particular, children with TB and
those with LTBI did not exhibit significantly different responses to mitogen. Furthermore,
no indeterminate results were observed in these two diagnostic groups, suggesting that
children are able to produce a response to ensure a valid QFT-IT result. For one active TB
case, the mitogen value was below the threshold, but the test was interpreted as positive
because the TB antigen was 1.2 IU/ml. Interestingly, indeterminate results were mostly
distributed among non-TB acute infections, with pneumonia accounting for 35% of cases,
in agreement with other studies (34, 38). A detailed description of indeterminate cases has
already been reported in the paper by Petrucci and colleagues (23).

We expect that the new generation of the QFT-IT test, QuantiFERON-TB Plus, could
better define response to M. tuberculosis infection, by also detecting specific CD8� T
cell response through the presence of an additional M. tuberculosis antigen tube.
Recent studies have reported higher M. tuberculosis-specific CD8� T cell responses in
patients with active TB disease compared to those with LTBI (42, 43), with recent M.
tuberculosis exposure (44, 45) and with more severe disease (46, 47). Previously, higher
M. tuberculosis-specific CD8� T cell responses were observed in young children with TB
(48), but no studies on QFT Plus performance in children have been performed to
date.

In conclusion, this study suggests that QFT-IT could be an efficient and reliable test
for the management of pediatric TB in routine clinical practice, even in young children.
Furthermore, the background IFN-� level and response to QFT-IT M. tuberculosis
antigens could play a potential role in the differential diagnosis of latent and active TB
in children. Our observations could be transferred to the new version of the test, QFT
Plus, which has recently been shown to substantially agree with QFT-IT results and has
similar sensitivity in active TB (49) but lacks data in children.
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