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Results from 3,263 QuantiFERON-TB Gold in-tube (QFT-GIT) assays were analyzed to determine the impact of age on test per-
formance. The proportion of indeterminate results was significantly higher in pediatric and elderly (9.1% and 7.4%, respec-
tively) than in adult (2.6%; chi-square test, P < 0.0001) patients. A detailed analysis of indeterminate QFT-GIT assay results is
presented.

Interferon gamma release assays (IGRA) are widely used for the
diagnosis of tuberculosis (TB) infection in resource-rich coun-

tries (1). Currently, two IGRA are commercially available, the
QuantiFERON-TB (QFT) Gold assay (Cellestis/Qiagen, Carnegie,
Australia) and the T-SPOT.TB assay (Oxford Immunotec, Abing-
don, United Kingdom). Both assays rely on the detection of inter-
feron gamma produced by sensitized T cells in response to stim-
ulation with the comparatively Mycobacterium tuberculosis-
specific antigens early-secretory antigenic target 6 (ESAT-6) and
the 10-kDa culture filtrate protein (CFP-10), which are absent
from all Mycobacterium bovis BCG vaccine strains and most non-
tuberculous mycobacteria (2, 3). The QFT Gold In-Tube (QFT-
GIT) assay incorporates TB7.7 as an additional antigen.

QFT-GIT results are classified as either determinate (i.e., pos-
itive or negative) or indeterminate. In brief, the latter occur when
interferon gamma production in response to stimulation with
phytohemagglutinin (PHA) in the positive-control sample is in-
sufficient or when the interferon gamma background concentra-
tion in the unstimulated (nil) control sample is high (4). Previous
reports have shown that indeterminate QFT-GIT results are more
common in patients with immunodeficiency and those receiving
immunosuppressive therapy (5–7). In addition, delayed sample
incubation has been shown to increase the likelihood of indeter-
minate results (8).

Indeterminate results pose a considerable dilemma for clinical
management, as they generally convey no information regarding
the TB infection status of the patient. Previous publications, in-
cluding our own, have shown that indeterminate QFT-GIT results
occur in a considerable proportion of children evaluated for TB
infection (5, 9, 10). However, few publications have specifically
focused on indeterminate results in adults, and even fewer have
included a comparison of the performance of QFT-GIT assays
between pediatric and adult patients (11, 12).

This study aimed to compare the performance of the QFT-GIT
assay in children with that in adults, to determine the impact of
age on test performance, and to describe associations between
immunocompromise and indeterminate assay results.

Data from the QFT-GIT assay performed at a regional public

health laboratory in the southeast of England over a 3-year period
(January 2011 to December 2013) were analyzed. The laboratory
provides microbiology services for a large tertiary-care referral
hospital (University Hospital Southampton [UHS]), several re-
gional hospitals, and general practitioner (GP) surgeries. UHS is a
regional referral center for the south of England, which overall has
a comparatively low incidence of TB (�5/100,000 population);
however, certain areas within this region, such as inner-city
Southampton, have higher rates of TB incidence (up to 25/
100,000 population; for further details, see http://www.hpa.org.uk
/webc/HPAwebFile/HPAweb_C/1317139689583). The age distri-
bution of TB cases reflects global trends, with comparatively few
cases in childhood and a peak in young adulthood. The laboratory
is fully accredited as a diagnostic laboratory and has extensive
experience with the QFT-GIT assay, having processed these assays
since 2007. All QFT-GIT assays were performed and interpreted
according to the manufacturer’s instructions. Following incuba-
tion, supernatants were harvested manually and enzyme-linked
immunosorbent assays (ELISAs) were performed with an Opsys
MR microplate reader (Dynex Technologies, Worthing, United
Kingdom). The manufacturer’s proprietary software package
(Cellestis/Qiagen; version 2.62) was used for data analysis and
calculation of the test results. The study was approved by UHS.

For statistical analyses, three age groups were created: children
and adolescents (�18 years of age), adults (18 to 64 years of age),
and elderly (�65 years of age). The data were analyzed with
STATA (version 12; StataCorp, College Station, TX, USA) and
Prism (version 5.0; GraphPad, La Jolla, CA, USA). Mann-Whitney
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U and chi-square tests were used for the analysis of continuous
and categorical data, respectively.

During the period investigated, a total of 3,263 QFT-GIT as-
says were performed on 263 children and adolescents, 2,622
adults, and 378 elderly patients. Overall, 562 (17.2%) had a posi-
tive, 2,582 (79.1%) a negative, and 119 (3.6%) an indeterminate
result. The proportion of indeterminate results was significantly
higher in the child and adolescent group and the elderly group
than in the adult group (Fig. 1A).

The majority of indeterminate QFT-GIT results were due to
failed positive controls (n � 114; 95.8%); few were due to high
interferon gamma concentrations in the nil control sample (n � 5;
4.2%). Figure 1B shows the correlation between age and inter-

feron gamma concentration in the positive-control sample (data
were censored at 10 IU/ml according to the manufacturer’s in-
structions). In children and adolescents, there was a significant
positive correlation between age and interferon gamma concen-
trations (Fig. 1C) (Spearman’s correlation coefficient [r] �
0.1444; 95% confidence interval [CI], 0.0200 to 0.2644; P �
0.0194). In contrast, in adult and elderly patients, a significant
inverse relationship was observed (Fig. 1D) (r � �0.1203; 95%
CI, �0.1565 to �0.0839; P � 0.0001). Interferon gamma concen-
trations in the positive-control samples were significantly higher
in the adult group than in the other two age groups (Fig. 2A).

For 22 children and adolescents with indeterminate results,
clinical data were available (no clinical data were available for 2

FIG 1 (A) Proportions of determinate and indeterminate QuantiFERON-TB Gold In-Tube assay results in children and adolescents (�18 years of age), adults
(18 to 64 years of age), and elderly patients (�65 years of age) (n � 3,263). Mann Whitney U test P values are shown above the bars. (B) Interferon gamma
concentrations in the positive-control samples according to age (n � 3,263). The nonlinear regression line is indicated in red. (C) Correlation between age and
interferon gamma concentrations in the positive-control samples in the group of children and adolescents (n � 263). The dotted lines indicate the 95%
confidence interval. (D) Correlation between age and interferon gamma concentrations in the positive-control samples for adult and elderly patients (n � 3,000).
The dotted lines indicate the 95% confidence interval.
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patients, as the samples were sent from another hospital or GP
surgery); of those, 8 (36.4%) had a known immunodeficiency
or were receiving immunosuppressive therapy (n � 1 or n � 7,
respectively). Immunosuppressive treatment in this group
comprised corticosteroids (n � 3), methotrexate (n � 4),
6-mercaptopurine (n � 3), and infliximab (n � 1); 3 patients
were receiving two or more immunosuppressive drugs. For 46
adults with indeterminate results, clinical data were available
(no clinical data were available for 21); of those 46, 28 (60.9%)
had a known immunodeficiency or were receiving immuno-
suppressive therapy (n � 2 or n � 26, respectively). Immuno-
suppressive treatment in this group comprised corticosteroids
(n � 20), methotrexate (n � 6), azathioprine (n � 2), cyclo-
sporine (n � 1), adalimumab (n � 1), and tocilizumab (n � 1);
4 patients were receiving two or more immunosuppressive
drugs. For 22 elderly patients with indeterminate results, clin-
ical data were available (no clinical data were available for 6); of
those 22, 6 (27.3%) were receiving immunosuppressant drugs,
comprising corticosteroids (n � 5) and methotrexate (n � 1).
In immunocompromised patients with indeterminate results,
interferon gamma concentrations in the positive-control sam-
ple rarely exceeded 0.5 IU/ml (3 of 42 patients) (Fig. 2A).

Figure 2B shows the background-corrected interferon gamma
responses (i.e., interferon gamma concentration in the antigen-
stimulated sample minus the interferon gamma concentration in
the nil control sample) among patients with indeterminate QFT-
GIT results. Only in five (4.4%) of those individuals were inter-
feron gamma responses that exceeded 0.1 IU/ml observed (uni-
versally, �0.35 IU/ml). No clinical information was available for
four of these patients (samples sent from another hospital or GP

surgery); the remaining patient (with a background-corrected in-
terferon gamma response of 0.18 IU/ml), who had a QFT-GIT
assay performed as part of a routine workup for inflammatory
bowel disease, had no known risk factors for TB infection.

Figure 2C shows the interferon gamma concentrations in the
antigen-stimulated samples among patients with a positive QFT-
GIT result. The concentrations in children and adolescents were
significantly higher than in adult and elderly patients.

Our data highlight the suboptimal performance of the QFT-
GIT assays at both ends of the age spectrum and provide several
novel insights. First, indeterminate QFT-GIT results are signifi-
cantly more common in children and adolescents and in the el-
derly than in young and middle-aged adults. Other reports, in-
cluding our own, have previously documented that indeterminate
QFT-GIT results are comparatively common in children, with
rates ranging from 5% to 35% reported by different pediatric
studies (5, 10). In contrast, the published data regarding indeter-
minate QFT-GIT results in the elderly are very limited.

The clear majority of indeterminate results occurred due to
insufficient interferon gamma production in response to stimula-
tion with PHA, which is consistent with data from other studies
(10–12). Our results show that there is a significant relationship
between age and PHA-induced interferon gamma responses, with
an increasing trend in the first few years of life and a decreasing
trend during adult life, likely reflecting immune maturation and
subsequent immunosenescence. Unlike with the adult group,
where the majority of patients with indeterminate results were
immunodeficient or were receiving immunosuppressive therapy,
only a minority of children and adolescents and elderly patients
with indeterminate results were immunocompromised, further

FIG 2 (A) Interferon gamma concentrations in the positive-control sample according to age group (n � 3,263). Mann Whitney U test P values are shown above
the chart. The red lines indicate the mean and the standard error of the mean. Results from immunocompromised patients (i.e., those with known immuno-
deficiency or on immunosuppressive therapy) are highlighted as red circles, squares, and triangles. The dotted line indicates an interferon gamma concentration
of 0.5 IU/ml. (B) Background-corrected interferon gamma responses in patients with indeterminate QFT-GIT results resulting from failed positive controls (n �
114). The dotted line indicates an interferon gamma concentration of 0.35 IU/ml. (C) Interferon gamma concentrations in the antigen-stimulated sample
(uncorrected) in patients with a positive QuantiFERON-TB Gold In-Tube assay result according to age group (n � 562). Mann Whitney U test P values are shown
above the chart. The red lines indicate the mean and the standard error of the mean.
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supporting the notion that age is a key determinant for the mag-
nitude of PHA-induced interferon gamma responses. The use of
age-specific cutoffs for positive controls or, alternatively, the in-
corporation of another control stimulant that produces similar
responses across all age groups may help to reduce the unaccept-
ably high rate of indeterminate assay results in young and elderly
patients.

Interestingly, our data also show that antigen-induced inter-
feron gamma responses are significantly higher in children than in
adults, suggesting that young age does not negatively impact the
ability of T cells to generate M. tuberculosis-specific interferon
gamma responses. This observation is in accordance with data
from a previous study that evaluated an earlier version of the QFT
assay, which reported that both ESAT-6 and CFP-10 responses
were on average higher in children than in adults (13). In conjunc-
tion, these data indicate that in contrast to PHA-induced re-
sponses, age-specific adjustments are likely not required for the
interpretation of responses induced by mycobacterial antigens.
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