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Accuracy of the QuantiFERON-TB Gold in Tube for diagnosing
tuberculosis in a young pediatric population previously vaccinated
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ABSTRACT

Objective: To evaluate the accuracy of an interferon-
gamma release assay (QuantiFERON-TB Gold in Tube) for
diagnosing Mycobacterium tuberculosis infection in a young
pediatric population.

Methods: 195 children previously vaccinated with
BCG were evaluated, being 184 healthy individuals
with no clinical or epidemiological evidence of myco-
bacterial infection, and 11 with Mycobacterium tuberculosis
infection, according to clinical, radiological, and laboratory
parameters. A blood sample was obtained from each child
and processed according to the manufacturer’s instruc-
tions. The assay performance was evaluated by a Receiver
Operating Characteristic (ROC) curve.

Results: In the group of 184 non-infected children,
130 (70.6%) were under the age of four years (mean age
of 35 months). In this group, 177 children (96.2%) had
negative test results, six (3.2%) had indeterminate results,
and one (0.5%) had a positive result. In the group of 11
infected children, the mean age was 58.5 months, and
two of them (18%) had negative results. The ROC curve

had an area under the curve of 0.88 (95%CI 0.82—0.92;
$<0.001), disclosing a predictive positive value of 81.8%
for the test (95%CI 46.3-97.4). The assay sensitivity was
81.8% (95%CI 48.2-97.2) and the specificity was 98.8%
(95%CI 96-99.8).

Conclusions: In the present study, the QuantiFERON-TB
Gold in Tube performance for diagnosing M. tuberculosis infection
was appropriate in a young pediatric population.

Key-words: tuberculosis; interferon-gamma,; interferon-

gamma release tests.

RESUMO

Objetivo: Avaliar a acurdcia de um teste de liberagdo
de interferon-gama (QuantiFERON-TB Gold in Tube) para
diagnosticar a infeccdo pelo Mycobacterium tuberculosis em
uma populacdo pedidtrica.

Métodos: Avaliaram-se 195 criangas previamente vaci-
nadas com BCG, sendo 184 sadias, sem evidéncia clinica ou
epidemioldgica de infecgdo pelo M. tuberculosis, e 11 com
infec¢do, definida de acordo com critérios clinicos, radio-
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16gicos e laboratoriais. Obteve-se uma amostra de sangue
de cada crianga, processada conforme as instrug¢des do fabri-
cante. Avaliou-se o desempenho do ensaio por meio de uma
curva de caracteristicas operacionais (curva Receiver Operating
Characteristic — ROC).

Resultados: No grupo de 184 criangas ndo infectadas,
130 (70,6%) eram menores de quatro anos (média de 35 me-
ses). Nesse grupo, 177 criancas (96,2%) tiveram resultado
negativo do teste, seis (3,2%) apresentaram resultado inde-
terminado e uma (0,5%) teve resultado positivo. No grupo
de 11 criangas com infec¢do, a idade média era de 58,5 meses
e duas (18%) apresentaram resultado negativo. A curva ROC
determinou uma 4rea sob a curva de 0,88 (IC95% 0,82-0,92;
$<0,001), evidenciando um valor preditivo positivo de
81,8% para o teste (IC95% 46,3-97,4). A sensibilidade do
teste foi de 81,8% (I1C95% 48,2-97,2) e a especificidade,
de 98,8% (IC95% 96-99,8).

Conclusées: No presente estudo, o desempenho do
QuantiFERON-TB Gold in Tube para o diagnéstico da infecgdo
pelo M. tuberculosis foi adequado quando utilizado em uma
populagio pedidtrica jovem.

Palavras-chave: tuberculose; interferon gama; testes de
liberacdo de interferon-gama.

RESUMEN

Objetivo: Evaluar la precisién de una prueba de liberacién
de interfer6n gama (QuantiFERON-TB Gold in Tube) para
el diagndstico de la infeccién por el Mycobacterium tuberculosis
en una poblacién pedidtrica.

Métodos: Se evaluaron 195 nifios previamente vacunados
con BCG, siendo 184 nifios sanos sin evidencia clinica o
epidemioldgica de infeccién por el M. tuberculosis, y 11 nifios
con infeccién, definida conforme a criterios clinicos, radio-
16gicos y laboratoriales. Se obtuvo una muestra de sangre de
cada nifio, que fue procesada conforme a las instrucciones del
fabricante. El desempefio del ensayo fue evaluado mediante
una curva de caracteristicas operacionales (curva ROC).

Resultados: En el grupo de 184 nifios no infectados, 130
(70,6%) tenfan menos que cuatro afios (promedio de 35 me-
ses). En este grupo control, 177 nifios (96,2%) tuvieron un
resultado negativo de la prueba, mientras que 6 nifios (3,2%)
presentaron resultado indeterminado, y un nifio (0,5%) tuvo
un resultado positivo. En el grupo de 11 nifios con infeccién,
el promedio de edad era de 58,5 meses, y 2 nifios (18%)
presentaron resultado negativo. La curva ROC determiné un
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drea bajo la curva de 0,876 (95%I1C 0,82-0,92; p<0,001),
evidenciando un valor predictivo positivo del 81,8% para la
prueba (95%I1C 46,3-97,4). La sensibilidad de la prueba fue
de 81,8% (95%IC, 48,2-97,2) y la especificidad de 98,8%
(95%]1C, 96-99,8).

Conclusion: En el presente estudio, el desempefio del
QuantiFERON-TB Gold in Tube para el diagnéstico de
la infeccién por el M. tuberculosis fue adecuado cuando
utilizado en una poblacién pedidtrica joven.

Palabras clave: tuberculosis; interferén gama; pruebas
de liberacién de interferén gama.

Introduction

The 2012 World Health Organization Global Report
estimated that 83,000 new cases of tuberculosis occur
each year in Brazil with 5,600 deaths”. Children infected
with Mycobacterium tuberculosis are more prone to develop
disease, especially those younger than 5 years, who are at
increased risk of developing disseminated forms of tuber-
culosis®. To decrease the burden of disease, patients with
tuberculosis and latent tuberculosis infection need to be
identified and treated®”. However, the accurate diagnosis
of Mycobaterium tuberculosis infection in children remains
troublesome™. It is usually based on epidemiological data,
compatible symptoms, radiologic findings, the presence
of a positive tuberculin skin test (TST), and more rarely
on culture results due to the scarcity of bacteria in child-
hood tuberculosis®.

In Brazil, the National Immunization Program recom-
mends the Bacille Calmette-Guérin (BCG) vaccination
during the first month of life, and in this age group the
vaccination coverage is higher than 95%©. The admin-
istration of the BCG vaccine in early childhood difficult
the interpretation of a posterior tuberculin skin test and
limits its utilization as a tool for the diagnosis of tuber-
culosis in younger children. Due to the great difficulty
to diagnosing tuberculosis in children, the Brazilian
Ministry of Health developed a scoring system based
on clinical, radiological and epidemiological data, such
as the household contact with adults presenting active
infection, TST test results, and in a small number of
cases, the finding of bacilli-positive smears and culture
results. In cases of extra-pulmonary tuberculosis, other
parameters such as biopsies, biochemical and serological
tests may be considered. The interpretation of the scoring



Accuracy of the QuantiFERON-TB Gold in Tube for diagnosing tuberculosis in a young pediatric population previously vaccinated
with Bacille Calmette-Guérin

system is: up to 25 points, tuberculosis is unlikely; from
30 to 35 points tuberculosis is possible, and above 40
points, tuberculosis is very likely. This scoring system
has achieved sensitivity levels ranging from 58 to 88.9%,
and specificity of 86.5 to 98% .

Laboratory assays based on the quantitation of interferon
gamma (IFN-y) release were developed in order to replace the
tuberculin skin test for diagnosing Mycobacterium tuberculosis
infection. They are based on the observation that infection by
mycobacteria induces a strong Th1 immune response*'?.

The comparison of different mycobacterial genomes led
to the identification of a differential region (RD1) that is
present in Mycobacterium tuberculosis and Mycobacterium bovis,
but is absent in BCG due to multiple passages in culture
that the vaccine strain has experienced. The antigens en-
coded by this region form the basis of tests that measure
the secretion of IFN-y by T lymphocytes and which do
not cross-react with BCG"'*19_ In humans, two antigens
were studied in greater detail, the Secretory Early Target 6
(ESAT-6) and the Culture Filtrate Protein 10 (CFP-10). The
ESAT-6 antigen is encoded and expressed by Mycobacterium
tuberculosis, but is absent in BCG and other mycobacteria,
excepting M. kansasii, M. szulgai and M. marinum. CFP-10
is a specific protein from Mycobacterium tuberculosis™17.
Currently, there are two commercial tests using a combina-
tion of ESAT-6 and CFP-10, based on a SPOT enzyme im-
munoassay technique (ELISPOT) called T-SPOT-TB (Oxford
Immunotech, Abingdon, UK), or on an enzyme immune
assay (QuantiFERON-TB Gold in Tube, Cellestis, Carnegie,
Australia). The first kit was approved for use in Europe, and
the second one in the USA for diagnosing either active or
latent tuberculosis.

New diagnostic methods based on detection of IFN-y
released by T cells after in vitro exposure to specific
Mycobacterium tuberculosis antigens offer potential advan-
tages for the diagnosis of tuberculosis in children in com-
parison with TST, as the second generation of tests are
not affected by previous BCG vaccination, and they do
not require a second visit to determine the test resul¢*'®.
Nevertheless, some results are conflicting and there is lim-
ited information on the performance of these new tests in
Brazilian pediatric patients"'*??.

The aim of this study was to determinate the accuracy of
asecond generation IFN-y release assay (QuantiFERON-TB
Gold in Tube, Cellestis, Carnegie, Australia) for diagnos-
ing Mycobacterium tuberculosis infection in a young pediatric
population previously vaccinated with BCG.

Method

This study was approved by the Research Review Board
of the University of Sio Paulo. Children previously vac-
cinated with BCG who attended the clinical laboratory of
the Instituto da Crianga (Child’s Institute) do Hospital das
Clinicas for routine blood sampling were included in the
control group, after the informed consent of parents or
legal guardians were obtained. Parents were thoroughly
inquired on the children’s possible domiciliary contact
with contagious tuberculosis patients, signs or symptoms
compatible with tuberculosis, and previous BCG vaccina-
tion. Children with history of contact with a person with
known or suspected tuberculosis, children who presented
signs or symptoms compatible with the disease, those
without a BCG scar or having any immune system disorder
were excluded from the study.

Children referred to four different hospitals of the city
of Sdo Paulo with a recent diagnosis of Mycobacterium
tuberculosis infection were allocated in the infected group
before the beginning of treatment. An informed con-
sent was also obtained from parents or legal guardians.
The initial diagnosis of tuberculosis infection was made
by each child’s paediatrician. For the purposes of this
study, children with definite and probable Mycobacterium
infection were included as a tuberculosis case if they had a)
a positive microbiological identification of Mycobacterium
tuberculosis, either by bacilli observation on sputum smear
or by standard culture isolation or b) a close contact with
a bacilliferous adult presenting a Tuberculin Skin Test
of 20 mm or more, with clinical or radiological abnor-
malities compatible with tuberculosis, and these children
should have scored at least 40 points when evaluated by
the diagnostic scoring system adopted by the Ministry
of Health, Brazil®?. Children diagnosed as having a tu-
berculosis infection by the primary physician, presenting
a close contact with a baciliferous adult, with a positive
tuberculin skin test, without unequivocal clinical or ra-
diological abnormalities, for whom isoniazid prophylaxis
was initiated based on hospital protocols, were also in-
cluded in this study. Children who were already on treat-
ment or chemoprophylaxis at the time of evaluation were
not included in this study. A blood sample was obtained
from each child enrolled in the study.

We performed the QuantiFERON-TB Gold In-Tube
(QTF) assay according to the manufacturer’s instructions.
Briefly, blood was collected and directly transferred into
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three separate tubes: the negative control tube contain-
ing only heparin, the positive control tube containing
phytohemagglutinin as a mitogen, and a third tube con-
taining M. tuberculosis-specific peptides ESAT-6, CFP-10
and TB7.7 (Rv2654). The tubes were incubated at 37°C
for 18 hours, centrifuged to obtain plasma samples which
were stored at -20°C until the ELISA test was performed.
A calibration curve was plotted with the absorbance values
(OD) defined by the IFN-y produced in the three control
tubes: with mitogen, negative control and with specific
M. tuberculosis-antigens. Thereafter, the patients’ samples
OD were measured and the corresponding levels of IFN-y
were calculated by means of the specific Cellestis software.
Absolute values of IFN-y were calculated by subtract-
ing the OD of the tube with mitogens and the negative
control from the absorbance of the tube containing M.
tuberculosis-antigens. The result was considered indeter-
minate when the IFN-y value of the negative control tube
was =8.0IU/mL or the value after the subtraction of the

negative-tube value from the mitogen-containing tube
value was <0.5IU/mL.

The statistical software MedCalc® version 10.1.2 was
used to obtain a Receiver Operating Characteristic Curve
(ROC curve). The best cut-off value of the absolute IFN-y
level after stimulation by specific antigens was determined.
The sensitivity, specificity, positive and negative predictive
values of the newly established cut-off were calculated. The
area under the curve (AUC) was used to assess the predictive

accuracy of the test.

Results

From April to July 2008, 184 children with no clinical
and epidemiological evidence of M. tuberculosis infection
were enrolled in the study. There were 110 boys (59.7%),
the mean age was 35 months, the median age was 35 months
(3 months to 71 months). Six children (3.2%), all of them
under the age of four, had an indeterminate result due to

Table 1 - Clinical characteristics of children considered infected with Mycobacterium tuberculosis
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01 F 59 Latent TB Yes Neg Neg 18 Sputum Negative Positive
02 F 120 Latent TB Yes Neg Neg 15 Sputum Negative Positive
03 F 8 B Yes + Neg NA  Mycobacterium tuberculosis  Positive
Meningitis (cerebrospinal Fluid)
04 F 48 Latent TB Yes Neg Neg 15 Sputum Negative Positive
05 M 8 Pulmonary Yes + + 23 Sputum Negative Negative
B
06 M 31 Pulmonary Yes + + 21 Sputum Negative Positive
B
07 M 84 Latent TB Yes Neg Neg 15 Sputum Negative Positive
08 M 64 Latent TB Yes Neg Neg 10 Sputum Negative Positive
09 F 31 Pulmonary Yes + Neg NA  Mycobacterium tuberculosis  Negative
TB (sputum)
10 F 132 B Yes + + 10 Sputum Negative Positive
Pericarditis
11 F 59 Latent TB Yes Neg Neg 11 Sputum Negative Positive

The diagnosis of latent tuberculosis or disease was based on attending physician criteria. A contact was considered positive if an adult with a
positive sputum for Mycobacterium tuberculosis lived in the same house. Only clinical abnormalities related to tuberculosis are considered. The
presence of a radiological abnormality was based on a chest X-ray exam result. F: Female; M: Male; TB: tuberculosis; Neg: Not present; +: present;
TST: Tuberculin Skin Test; NA: Not available
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The solid line shows the result for the absolute values of IFN-y.
Absolute values were calculated by subtracting the OD of the tube
with mitogens and the negative control from the absorbance of the
tube containing M. tuberculosis-antigens. The area under the curve
is 0.876 (95%CI 0.82-0.92; p<0.001)

Figure 1 - Receiver operating characteristic curve for the
absolute value of IFN-y after specific TB-antigen stimulation

low mitogen responses. A second blood sample from these
children to confirm these results was not obtained. One child
(0.5%) with 23 months of age had an absolute IFN-y value
after stimulation with specific antigens higher than 0.351U/
mL. This result was interpreted as being positive according
to the manufacturer suggested cut-off for the test. This child
remained in ambulatory follow-up and, after 10 months, did
not show any clinical or radiological abnormalities sugges-
tive of infection with Mycobacterium tuberculosis, or had not
any household contact identified with the disease. For the
purposes of this study, this patient was considered as having
a false positive result. The remaining 177 children (96.2%)
had negative test results.

Eleven children with M. tuberculosis infection were se-
lected, 4 boys (37%) and 7 girls (63%). The mean age was
58.5 months (8 to 132 months). Six children were diagnosed
as having latent tuberculosis infection, 3 children had pul-
monary disease, one child had M. tuberculosis meningitis and
one child had M. tuberculosis pericarditis. Two children out
of 11 had an absolute IFN-y concentration after specific an-
tigen stimulation <0.35IU/mL so that these two test results
were interpreted as being negative. One of these children
was an eight months old boy with pulmonary disease, with
clinical and radiological persistent abnormalities, a highly

positive TST (23mm), but with negative sputum smear and
culture for M. tuberculosis. The other QTF-negative child was
a 31 months old girl with pulmonary disease, with clinical
and radiological persistent abnormalities and positive M.
tuberculosis sputum culture (Table 1). Treatment with three
drugs was indicated for both children.

The six children with indeterminate test results were
excluded to plot the receiver operating characteristic (ROC)
curve. The ROC curve (Figure 1) determined an area under the
curve of 0.876 (95%CI 0.82—0.92; p<0.001), so that 0.3051U/
mL was established as the ideal cut-off for this population.
This newly determined cut-off value is similar to that proposed
by the manufacturer (0.350IU/mL), unlike other studies that
recommended a much lower cut off (0.2IU/mL) in immune
competent adult patients with active and untreated pulmo-
nary tuberculosis®’. For this absolute IFN-y concentration,
the assay sensitivity found in the present study was 81.8%
(95%CI 48.2-97.2) and the specificity was 98.8% (95%CI
96.0-99.8), meeting the requirements of the World Health
Organization (WHO) regarding the sensitivity and specific-
ity of immunological methods (greater than 80% and 95%,
respectively). The positive predictive value was 81.8% (95%
CI: 46.3-97.4), and the negative predictive value was 98.9%
(95%CI 96.0-99.8).

Discussion

Interferon-y release assays constitute an alternative for
the diagnosis of latent infection in adults, as it is more ac-
curate than TST". Only a few studies have evaluated the
use of QFT in children, but the characteristics of the study
populations are often heterogeneous. In two recent meta-
analyses“>?? the authors found that the overall accuracy
of the QTF-G for the diagnosis of tuberculosis in children
was good. In the review by Mandalakas®?, HIV coinfected
or immunocompromised children were not excluded. For
the assessment of sensitivity, definite (microbiologically
confirmed) and probable tuberculosis was accepted. The
authors found 17 studies that focused on the QTF-G sen-
sitivity, with a pooled sensitivity of 83% (95%CI 75-92).
For the assessment of QFT-G specificity six studies were
selected with a pooled specificity of 91% (95%CI 78-100).
Sun ez 2/ found nine studies assessing the QTF-G sensi-
tivity for the diagnosis of active tuberculosis, resulting in a
pooled sensitivity of 70% (95%CI 65-75), and when only
culture-confirmed tuberculosis cases were considered, the
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pooled sensitivity increased to 85%. They also found three
studies assessing specificity, with a pooled specificity of
100% (95%CI 84—100) for QTE-G. For this meta-analysis,
participants coinfected with HIV or other immune compro-
mises and those who had received anti-tuberculosis treat-
ment were excluded. It was also evident that the prevalence
of tuberculosis in different settings may alter the perfor-
mance of the assay, therefore justifying QFT-G evaluation

in different populations®?2%2

. The great heterogeneity of
studies with children makes them very difficult to compare.
The population of our study represents more closely the
conditions encountered in daily practice in our country: all
children in our study had received BCG immunization and
they were exposed to similar epidemiological conditions.
In these conditions, our study found both, sensitivity and
specificity of the test similar to those reported in the above
mentioned meta-analyses.

QTEF-G response is based on the release of IFN-y by T
lymphocytes previously sensitized with M. tuberculosis after
exposure to two proteins present in the bacterial cell wall:
ESAT-6 and CFP-10. Because these antigens are absent in
BCG and most of the mycobacteria present in the environ-
ment, previous exposure to these bacteria and immunization
with BCG does not induce a positive test result %19 In our
study, all 184 children from the negative control group re-
ceived the BCG vaccine, confirmed by the presence of scar.
The median and the mean age were 35 months, not far from
the recommended period for BCG immunization, and po-
tentially more prone to interfere with the QTF-G test result
due to recent vaccination. In the control group, all children
but one had a negative QTF-G result, reinforcing the finding
that immunization with BCG does not significantly interfere
with the second generation QTF-G test results.

The rate of indeterminate results varies among different
reports, raising a concern for a possible limitation of QTF-G
use in children. Connell e 2/*® found 6% of indeterminate
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