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Abstract Purpose: To compare the performance of a commercial interferon-gamma release
assay, QuantiFERON TB Gold-in-Tube (QFG-IT) with the tuberculin skin test (TST) in Taiwanese
children for the diagnosis of active tuberculosis (TB).
Methods: A retrospective chart analysis of pediatric patients (<18 years of age) who underwent QFG-IT tests and TST for the confirmation of active TB between January 2008 and June
2014.
Results: The sensitivity of QFG-IT was 100% [95% confidence interval (CI): 63.1e100],
versus sensitivity of 62.5% for TST (95% CI 24.5e91.5). The positive predictive value of
QFG-IT was 100 (95% CI: 89.7e100), while the negative predictive value for TST was
86.9% (95% CI: 67e96.3). Among three patients with Bacillus CalmetteeGuérin (BCG)
osteitis, two patients with TST were positive, but all tested samples for QFG-IT were
negative.
Conclusion: QFG-IT assay was more sensitive for the diagnosis of TB disease than TST in
an intermediate burden population with universal neonatal BCG vaccination. The
increased recognition of BCG induced osteitis in recent years has alerted physicians that
BCG induced lesions should be suspected when TST is positive but QFG-IT is negative.
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Despite higher costs for QFG-IT than TST, they have additional value for the diagnosis of
active TB and should be performed when a diagnosis of TB remains in doubt.
Copyright ª 2015, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Introduction

Exclusion criteria

In Taiwan, the incidence of tuberculosis (TB) in the year
2000 was 70/100,000 person/year in adults, and less than 5/
100,000 in children younger than 5 years of age.1 Since 1960,
the national Bacillus CalmetteeGuérin (BCG) vaccination
program had been instituted in Taiwan with a coverage rate
of 97% in infancy.2 Tuberculin skin test (TST) has been useful
for the diagnosis of TB infections and diseases, but is not
able to discriminate between the two; furthermore, the
distinction between TB infections and BCG vaccination is not
possible using TST. Interferon-gamma (IFN-g) release assays
(IGRAs) have the advantage of a higher specificity than TST,
at the same time IGRAs do not cross-react with BCG vaccination and most nontuberculous mycobacterial (NTM)
strains.3 IGRAs do not have a booster effect in patients who
require repeated examinations. The inclusion of mitogen
response in IGRAs has the added capability of exclusion of
immunological anergy.
Commercial IGRAs can be used to distinguish the production of IFN-g in response to Mycobacterium tuberculosis
infection from the BCG vaccine.4,5 IGRAs have been recommended for use in children with a positive TST who
received BCG vaccinations, to avoid unnecessary chemoprophylaxis.3 However, comparative studies using commercial QuantiFERON TB Gold-in-Tube (QFG-IT) assay and
the TST in an endemic region where national neonatal BCG
program were instituted are nonexistent. The objective of
the present study was to compare the performance of a
commercial IGRA (QFG-IT), with the TST in a cohort of
pediatric patients in a high neonatal BCG vaccination uptake population. The recruited patients consisted of children with clinically suspected active TB in an intermediateburden region. We calculated the sensitivity and specificity
of QFG-IT for the diagnoses of TB diseases using microbiological culture and histo-pathological findings of granuloma
formations as the golden standard. Demographic data,
clinical manifestations, and laboratory data were analyzed.

The patients who were referred solely for contact tracing
after exposure to active TB were excluded when sputum,
gastric lavage fluid for acid-fast bacteria (AFB) staining,
and culture for TB were not performed.

Methods
Patient population
A computerized search of our database of pediatric patients (<18 years of age) who underwent QFG-IT tests were
recruited for the confirmation of active TB between
January 2008 and June 2014.

Inclusion criteria
All children aged between 2 months and 18 years who were
investigated for active TB with the performance of QFG-IT
tests were included.

Definition of study groups
Active TB: Cases of active TB were defined according to the
following three categories: (1) definite TB: all children had
culture-confirmed TB; (2) probable TB: children in this
group had symptoms and signs of active TB but had no
bacterial confirmation; abnormal radiography consistent
with TB and/or response to TB therapy; and (3) possible TB:
signs and symptoms consistent with active TB and existing
risk factors for active TB, such as history of TB contact.

Tuberculin skin testing
Two units (0.2 mL) of purified protein derivative RT23
(Staten Serum Institute, Copenhagen, Denmark) were
applied to the volar surface of the left lower forearm according to the intradermal Mantoux method. The transverse
diameter of skin induration recorded in millimeters 48e72
hours later were retrieved from the medical chart. Induration >10 mm was considered positive.

Laboratory assays
Peripheral blood samples were obtained for IGRAs according to the manufacturer’s recommendations. All blood
samples were processed within 4 hours of blood collection.
The commercially available QFG-IT assays (Cellestis, Carnegie, Australia) were used in all examinations.
The cut-off value for a positive IFN-g production in
response to the QFG-IT were interpreted as positive if the
IFN-g level in response to Early Secreted Antigenic Target 6
kDa (ESAT-6), Culture Filtrate Protein 10 kDa (CFP10), or
tuberculosis antigen (TB 7.7) was 0.35 IU/mL and 25% of
the background value. The values were interpreted as
negative if the IFN-g level was <0.35 IU/mL or <25% of
the background value, with the IFN-g level in response to
mitogen (the positive control) reaching at least 0.5 IU/mL.
The result was interpreted as indeterminate if the IFN-g
level was <0.35 IU/mL or <25% of background value with
the IFN-g level in response to mitogen <0.5 IU/mL, or if the
negative control was positive, irrespective of the IFN-g
response to ESAT-6, CFP-10, or TB 7.7 was set at 0.35 IU of
IFN-g. Absolute levels of antigen specific IFN-g were
calculated by subtracting the value of the negative control
from the antigen-specific value.
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Ethics
The institutional review board of Chang Gung Memorial
Hospital approved the retrospective review of patients’
chest radiographs and medical records for this study (CGMH
103-5143B). Informed consent was waived because of the
retrospective nature of this study.

Statistical analysis
Non-normally distributed variable were present as median
and range. The performance of TST and QFG-IT were
assessed by calculating their sensitivity, specificity, positive
predictive value (PPV), and negative predictive value
(NPV). Statistical analyses were performed using Stat 11
(Stat, Inc, College Station, TX, USA).

Results
Between January 2008 and June 2014, 70 children who had
undergone the QFG-IT test in the Chang Gung Children’s
Hospital for active TB disease surveillance were enrolled
into the study. Twenty-three cases were excluded from
analysis because they were studied solely as contact
investigation of TB without further bacteriologic or pathologic confirmation (Figure 1).
A total of 47 cases of suspected TB infections underwent
QFG-IT tests. Eight patients had proven active TB disease,
seven of them were confirmed using bacterial isolation, and
one had “probable” TB by the pathologic finding of granuloma formations in the knee (Table 1). The median age of
this cohort of patients was 10.2 years (range, 2.5 months to
18 years). There are 27 male and 20 female patients in the

70 patients with QFG-IT

Exclusion 23 patients
No sputum analysis or tissue biopsy

47 pediatric patients with QFG-IT and bacteriological studies
completed or histological proof

M. tuberculosis disease = 8
M. bovis = 3
NTM = 1
No TB infection n = 35

QFG-IT positive: 8
patients

QFG-IT negative: 36 patients
QFG-IT indeterminate: 3 patients

Figure 1. Flow chart of the study population. Of 70 patients
with suspected pulmonary tuberculosis recruited, 47 were
eligible for inclusion in the final analysis. QFGIT Z QuantiFERON-TB Gold in-Tube; NTM Z nontuberculous
mycobacterium; TB Z tuberculosis.
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study. Six (8.6%) patients had underlying diseases. Comorbid diseases included: antineutrophil cytoplasmic antibodyassociated vasculitis and chronic kidney disease postrenal
transplantation (n Z 1); acute myeloblastic leukemia
(n Z 1); acute lymphoblastic leukemia with peripheral
blood progenitor cell transplantation (n Z 1), Hodgkin
lymphoma (n Z 1), common variable immunodeficiency
with bronchiectasis (n Z 1); transient hypogammaglobulinema of infancy (n Z 1), diabetes mellitus
(n Z 1).
The presenting symptoms for the evaluation of TB disease were: pneumonia (n Z 21), pleural effusion (n Z 8),
lymphadenopathy/neck mass/axillary mass (n Z 7), fever
of unknown origin (n Z 6), hemoptysis/bloody sputum
(n Z 6), bone or joint pain (n Z 4), chronic cough >3 weeks
(n Z 3), respiratory distress or sepsis (n Z 2), unexplained
body weight loss (n Z 2), single cases of abdominal
distention, chest wall bulging, and seizure respectively.
Three patients had indeterminate QFG-IT results and
were later confirmed not to have mycobacterial disease.
The clinical profiles of the patients with definite TB disease
and “probable” TB disease were presented in the Table 2.
One patient suffered from acute lymphoblastic leukemia
had allogeneic peripheral blood progenitor cell transplantation was diagnosed as having pulmonary nontuberculous mycobacterium (NTM) infection. Three
patients had BCG related disease in the study. Case 10
presented with left knee pain for half a year before visiting
our hospital. Case 11 was brought to our hospital due to
weakness of lower limbs, which turned out to be BCG
thoracic spondylitis (Figures 2 and 3). Case 12 was evaluated due to progressive parasternal protrusion for 1 month
prior to referral (Figure 4).
The diagnostic results of TB infections in these 47 patients using TST, QFG-IT assays, and polymerase chain reaction (PCR) were tabulated in Table 3. TST has a
sensitivity of 62.5%, specificity 57.1%, PPV of 62.5%, and
NPV 87.5%. Regarding the QFG-IT test, the sensitivity,
specificity, PPV, NPV were 100%, 97.6%, 88.9%, and 100%
respectively (Table 2).

Discussion
In this retrospective study, 47 children were investigated
for active TB by complete bacteriologic studies, as well as
tests including TST, QFG-IT, and PCR. In this study only
seven patients were bacteriologically-proven. The number
was small because it reflected the true clinical conditions.
IGRAs were not performed at extra expense for those patients with obvious clinical features of TB, consistent
radiographic findings and positive AFB microscopy. Most
patients in this study who underwent exhaustive examinations represented cases with complicating clinical conditions or equivocal laboratory results. The diagnosis of
active TB has been difficult due to its paucibacillary nature.4 The stringent bacteriology confirmation of TB in this
study suggests that the diagnosis of TB disease in some
children may be missed.
TST has been used to identify persons with TB infections
but is notorious for false-positive and false-negative
results.6e9 The two most common causes of false positive
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Table 1

Clinical features and laboratory results of 12 patients with a confirmed diagnosis of active tuberculosis.

Case Age

Sex Presentation

1

15y

F

2
3
4

17y 1mo M
15y 6mo M
8y 11mo F

5

16y 8mo M

6

8mo

F

7
8

18y
16y

M
F

9

15y 2mo F

10

3y

M

11

1y 5mo

F

12

1y

M

Diagnosis

TST QFG-IT

TB culture

TB PCR

Sputum/ other
GA

Sputum/ Other
GA

Sputum/ Other
GA

neg þ

þ

ND

þ

ND

ND

PE neg-

þ
þ
þ
þ
neg þ

Neg
þ
Neg

PE neg
þ
ND
þ
CE neg
neg
Bone neg

neg
ND
ND

PE neg
ND
CE neg
Bone þ

TB peritonitis

neg þ

Neg

Ascites þ neg

PE neg
ND
CE neg
Bone
neg
þ

ND

Ascites þ

TB meningitis

neg þ

Neg

CSF neg

þ

CSF þ þ

Pul TB
Pul TB

þ
þ

þ
þ

þ
Neg

ND
ND

þ
þ

ND
ND

Pul NTM
APBPCT
BCG arthritis

ND

neg

þ

ND

MAC

ND

þ

neg

ND

Tissue
neg

ND

BCG spondylitis, þ
T7-8

neg

Neg

Tissue þ

neg

Tissue ND
BCG þ

Tissue
BCG þ

BCG sternal
abscess

neg

ND

ND

neg

Tissue ND
BCG þ

Tissue
BCG þ

Pul TB þ TB
pleurisy
Cough for 1 mo TB pleurisy
Cough for 1mo Pul TB
Fever for 8 d
TB pericarditis,
clavicle TB
Fever for 6 d

Abdominal
distention
Fever and
seizure
Chronic cough
Abnormal
screening CXR
SOB, bloody
sputum
Left knee pain
for
half year
Bone pain and
walking
difficulty
Parasternal
elevation

AFB stain

ND

CSF neg

þ
ND

ND
ND

complex ND
neg
Tissue ND
Tissue
neg
BCG þ

AFB Z acid fast bacilli; APBPCT Z allogeneic peripheral blood progenitor cell transplantation; BCG Z Bacillus CalmetteeGuérin;
CE Z cardiac effusion; CSF Z cerebrospinal fluid; CVID Z common variable immunodeficiency; GLF Z gastric lavage fluid; ND Z not
done; neg Z negative; NTM Z nontuberculous mycobacterium; PCR Z polymerase chain reaction; PE Z pleural effusion;
Pul Z pulmonary; QFG-IT Z QuantiFERON-TB Gold in-Tube; SOB Z shortness of breath; TST Z tuberculin test.

Table 2

Significance of laboratory results regarding mycobacterium infections.
TST

Mycobacterium tuberculosis disease (n Z 7 þ 1 )
No M. tb infection (n Z 35)
M. bovis infection (n Z 3)
NTM (n Z 1)
b

Pos

Neg

5
1
2
0

3
20
0
0

a

QFG-IT
a

ND

Pos

Neg

0
14
1
1

8
1
0
0

0
31 þ 3*
3
1

PCR
ND

Pos

Nega

ND

0
0
0
0

1
0
3
0

3
15
0
1

4
20
0
0

a

Indeterminates were considered negative in this study.
Probable tuberculosis by biopsy with caseous necrosis but acid fast bacteria negative.
ND Z not done; Neg Z negative; NTM Z nontuberculous mycobacterium; PCR Z polymerase chain reaction; Pos Z positive; QFGIT Z QuantiFERON-TB Gold in-Tube; TST Z tuberculin skin test.
b

results are infections with NTM and prior BCG vaccination.
The specificity of IGRAs has been reported to be higher than
TST, because the antigens used are not found in BCG or
most NTM infections, except for M. kansaii, M. szulgai, and
M. marinum.3,10 The sensitivity and specificity of TST of our
study for BCG vaccinated children were 62.5% and 95.2%,
respectively, with a comparable sensitivity of 50% to 70%
and a higher specificity of 49% to 65% in literature.6,9 In this
study, an even higher sensitivity of 100% and specificity of
97.6% for the QFG-IT tests were found, as compared with
previous reference of 60e80% and 89e100% of BCGvaccinated children.11e14 The high sensitivity and

specificity of the QFG-IT tests can be attributed to highly
selectivity of the patients of this study, because we only
recruited highly probable TB patients so as to not include
patients with latent TB infections.
IGRAs are the preferred test for TB infections in immunocompetent children 5 years of age with previous BCG
vaccination. For children <5 years, 48 out of 50 children
had good correlation between TST and QFT-IT had been
reported.14 In our study, only five (10.6%) patients were
immunocompromised. No meaningful result regarding QFTIT tests for young age and immunodeficiency conditions had
been possible.
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Figure 4. Chest computed tomography scan at low lung field
reveals fusiform abscess at sternum with central necrosis
(arrow).

Figure 2. Bilateral paraspinal bulging between thoracic 6
and vertebrae 9 (arrows).

IGRAs have not been able to discriminate between infections from disease.3e6,15 In our study we excluded patients with latent TB infections, therefore the number of
patients with false positive results decreases, resulting an
increase of PPV.5,16,17 The significance of negative IGRA
tests remains controversial, however, the diagnosis of TB is
very unlikely with a negative IGRA result.12
According to Table 1, nine specimens were sent for TBPCR study, four of them were negative: pleural effusion
(n Z 2), pericardial effusion (n Z 1), and cerebrospinal
fluid (n Z 1). Diagnosis of pleural TB is challenging due to
its nonspecific clinical presentation and paucibacillary nature. Direct testing for AFB and culture of pleural fluid, lack
sensitivity (<5% and 40%, respectively), but TB-PCR may
increase sensitivity to 42%.18 Most of the time, definitive
diagnosis of pleural TB depends on demonstration of M.
tuberculosis or caseous granulomas in pleural biopsy.
Similarly, the sensitivity of PCR for TB pericarditis was only
15% with pericardial specimens but scored higher with tissue specimens (80%).19 False-negative PCR results for
exudative effusions reflected a low burden of M. tuberculosis organisms or hypersensitivity nature.
With an increasing awareness of vaccine strains osteomyelitis from neonatal BCG vaccination and modern molecular diagnostic technique, the diagnosis of BCG vaccineinduced complication become feasible.20,21 Between 2008
and 2014, we identified three children with osteitis due to
Tokyo-172 BCG strains by specific PCR tests in this case
series.

Limitations

Figure 3. Chest lateral view reveals spondylitis of T7-8 with
angular kyphosis and gibbus deformity (arrow).

We acknowledge that a few limitations of our study exist.
Firstly, our study focused on patients with high probability
of TB disease in an endemic area with TB together with
universal neonatal BCG program. Secondly, a proportion of
TB cases may be missed by bacteriological culture and that
would bias the estimates of sensitivity and specificity of the
IGRA in this study. Thirdly, the number of patients below 2
years of age and immunodeficiency are low, therefore our
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Table 3 Sensitivity, specificity, positive predictive values, and negative predictive values for tuberculin skin test and
QuantiFERON-TB Gold in-Tube assay as the reference standard for tuberculous diseases.

TST
QFG-IT

Sensitivity (95% CI)

Specificity (95% CI)

PPV (95% CI)

NPV (95% CI)

62.5 (24.5e91.5)
100 (63.1e100)

95.2 (76.2e99.9)
97.1 (85.1e99.9)

83.3 (41.7e99.6)
88.9 (51.7e99.7)

86.9 (67.0e96.3)
100 (89.7e100)

CI Z confidence interval; NPV Z negative predictive value; PPV Z positive predictive value; QFG-IT Z QuantiFERON-TB Gold in-Tube;
TST Z tuberculin skin test.

results may not be generalized to asymptomatic patients of
young age and those living in areas of TB low-prevalence.
In conclusion, this study demonstrated that QFG-IT had a
higher sensitivity of 100% compared with 62.5% for TST in a
pediatric population of immediate-burden TB population
with national BCG program. With increasing recognition of
BCG osteitis, positive TST but negative QFG-IT is the first
clue of extrapulmonary TB involvement of Tokyo-172 BCG
strains.
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