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Background: Tuberculin skin test (Mantoux test) is a known intradermal skin prick test for detection of
tubercular infection in children and adult population. A new diagnostic test QuantiFERON-TB (QFT) Gold
developed in 2005 and approved by the US Food and Drug Administration has good sensitivity and
specificity for diagnosis of tubercular infection.
Methods: In this prospective study, 125 children who were being evaluated for tubercular infection or
disease were administered Mantoux test and at the same time a blood sample was drawn for the
interferon gamma estimation and evaluated by this new diagnostic assay, i.e., QFT Gold assay.
Results: Sensitivity and specificity of QFT test calculated was 96.4% and 81% respectively, whereas the
negative predictive value and positive predictive value were 91.9% and 90.9% respectively. The sensitivity
and specificity of the Mantoux test was found to be 89.2% and 59.5% respectively. The Cohen Kappa
coefficient between the Mantoux test and QFT Gold assay for diagnosis of tubercular infection was found
to be 0.627 (95% confidence interval: 0.474—0.779; p = 0.0001) in our study, indicating a good agreement
between the two tests.
Conclusion: QFT Gold assay is an effective tool in diagnosing tuberculosis infection in a pediatric pop-
ulation. False positive reactions with tuberculin skin test are common as there is cross-reactivity with
non-tubercular mycobacteria (NTM) and BCG vaccination. Both sensitivity and specificity of QFT test
were better than those of the tuberculin skin test. Therefore, it is better than the tuberculin skin test, and
the diagnostic yield is better. However, this test should not be used as gold standard for diagnosis of
tubercular disease in children.

© 2019 Sir Ganga Ram Hospital. Published by Elsevier, a division of RELX India, Pvt. Ltd. All rights

reserved.
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1. Introduction

Tuberculosis is a major public health concern in various devel-
oping countries. Ninety five percent of tuberculosis (TB) cases occur
in developing countries where resources are unavailable for proper
identification.! According to the World Health Organization (WHO),
more than 10.3 million new cases of TB were reported in the year
2016; 6.08 million men, 3.27 million women and 1.04 million
children.” India accounts for one-third of the total global TB
burden.?

Latent TB infection (LTBI) occurs after inhalation of infective
droplets containing the tubercular mycobacteria. A reactive
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tuberculin skin test (TST) and absence of clinical and radiological
manifestations are the hallmark of LTBIL There is 40% increased
chance of developing the disease in the subsequent years in un-
treated infants with LTBL* It is difficult to make a diagnosis of TB in
the pediatric population as children often present with vague
symptoms and signs. Owing to the paucibacillary nature of the
disease and difficulty in obtaining the clinical specimens, clinicians
resort to an indirect approach to make a diagnosis such as history of
contact, X-ray chest and TST.

Before 2005, TST was the only method for the diagnosis of LTBIL
This test that uses purified protein derivative (PPD) from Myco-
bacterium tuberculosis is hampered by technical and logistical
problems, false positive and false negative results, problems in
administration and interpretation, difficulty in differentiation of
true infection from the effect of prior BCG vaccination and infection
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with nontubercular mycobacteria.’ T cells that have been sensitized
by prior infection are recruited to the skin where they release
various cytokines that lead to induration through local vasodilata-
tion, edema, fibrin deposition and recruitment of other cells to that
area. Tuberculin sensitivity develops 3 weeks to 3 months most
often 4—8 weeks after inhalation of the organisms.

Advances in genomics and immunology have led to promising
alternative in vitro diagnostic tests i.e., interferon gamma (IFN-y)
assay and immunospot assay.® ° The former test is based on the
principle that T cells of Mycobacterium tuberculosis—infected per-
sons release IFN-y when they reencounter certain TB-specific an-
tigens'>'° (antigens encoded within the region of difference RD1 of
the mycobacterial genome not entirely specific to M. tuberculosis
complex) and are more specific than PPD as they are not shared with
BCG vaccine strains or selected non-tubercular mycobacteria (NTM)
species including M. avium.'”'

It is a new in vitro test used as a diagnostic aid in detection of
latent and active TB infection. With this background, we planned
this study to compare the utility of IFN-y assay (QuantiFERON®-TB
Gold) with that of TST (Mantoux test) for detection of tubercular
infection in ambulatory and hospitalized symptomatic children.

2. Material and methods

This was a prospective study conducted at Sir Ganga Ram hos-
pital, New Delhi, from 1st January, 2010 to 30th June, 2011. Children
aged 3 months to 18 years who attended the outpatient department
(OPD) and specialty clinics and admitted in various areas of pedi-
atrics department and who were suspected to have TB according to
criteria of the TB Working Group of the Indian Academy of Pediatrics
(IAP), 2004, were enrolled. Children who met the defined criteria of
clinical, radiological or microbiological diagnosis of TB were eligible.

Infants younger than 3 months, hypersensitive to tuberculin
protein (purified protein derivative) or Tween 80, who had received
treatment for TB in the past, or whose parents/guardians refused to
consent were excluded. Children infected with human immuno-
deficiency virus (HIV) or perinatal HIV exposure and immune-
compromised children i.e., children with malignancies and/or on
steroids (oral/parenteral) for more than 2 weeks were also excluded.

The enrolled children were administered TST using a 26-gauge
tuberculin syringe. A volume of 0.1 ml containing 5 tuberculin units
(TU) of purified protein derivative (PPD) stabilized with Tween 80
was injected intradermally. An induration of more than 10 mm after
48—72 h of administration was considered a positive TST. Three
milliliters (mL) of venous blood was drawn in three one-ml heparin
containing tubes. The tubes were incubated at 37 °C within 2—6 h of
collection of sample. After 24h of incubation, the tubes were
centrifuged and plasma was harvested and stored at 2—8°C. The
samples were processed for IFN-y activity using a kit designed by
Cellestis Limited, Australia, and Cellestis Inc. USA (QuantiFERON®-TB
Gold). The IFN-y response was quantified by enzyme-linked
immunosorbent assay. Cutoff values for a positive test were >0.35
1U/mL, as recommended by the manufacturer in the product insert.
In suspected cases of pulmonary TB, sputum samples were sent for
acid fast bacillus (AFB) analysis, wherever possible. In children
whose sputum could not be collected, samples of gastric aspirates or
bronchoalveolar lavage were used for documentation of AFB. For
suspected extrapulmonary TB, samples of CSF, lymph node aspira-
tion, ascitic fluid, and pleural fluid were processed for AFB exami-
nation. Children confirmed to have TB (bacteriological or histological
evidence) or those who responded to empirical antitubercular
treatment were classified as diseased subjects.!’ The study was
approved by an independent institutional ethics committee.
Informed consent was obtained from parents of all the enrolled
subjects. The algorithm of the study has been depicted in Fig. 1.

Data were recorded in a predesigned proforma in Microsoft
Excel. Statistical analysis was performed using the SPSS program for
Windows, version 17.0. Continuous variables were presented as
mean (standard deviation [SD]) or median (interquartile range),
and categorical variables were presented as proportions or per-
centage. Nominal categorical data between the groups were
compared using Chi-square (y?) test or Fisher's exact test as
appropriate. Agreement between TST and QFT Gold was assessed by
the percentage agreement and the Kappa (K) statistics.' The
sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV), along with their 95% confidence intervals,
were calculated to report the diagnostic accuracy of the two tests. A
p value less than 0.05 was considered as significant.

3. Observations and results

The characteristics of enrolled subjects are given in Table 1. The
mean age (SD) of the study population was 9.18 (4.8) years; 70
(56%) patients were males. Fever for more than 3 weeks duration
was the commonest clinical symptom in 91 (72.8%) children. Sev-
enty children (56%) of the enrolled subjects had a history of cough
for more than 3 weeks. The most common chest radiological
findings in our study were infiltrative lesions seen in 18 (60%) pa-
tients. Pleural effusion and infiltrative lesions were seen in three
(10%) patients. Thirteen (10.4%) children had a history of contact
with a known case of TB. These contacts had been treated for TB
(less than 2 years duration) or were currently on treatment. Acid-
fast bacilli on smear examination or on culture or histopathological
evidence for TB was observed in 13 (10.4%) cases.

The diagnostic accuracy of TST and QFT Gold are given in Table 2.
The sensitivity, specificity, PPV and NPV of TST and QFT Gold along
with their 95% CI, were 89.2 (80.4—94.4), 59.5 (44.8—72.9), 81.3
(71.5-884) and 73.5 (55.3—86.4) and 96.4 (89.5-99.2), 81
(66.4—90.3), 90.9 (82.3—-95.7), and 91.9 (76.9—-97.8), respectively.
The Cohen's kappa coefficient (95% CI) for agreement between QFT
Gold test assay and TST for the diagnosis of TB in our study was
0.627 [(0.474—0.779), p < 0.0001], indicating moderate agreement
between these two tests.

4. Discussion

This prospective study was carried out to evaluate the utility of
whole-blood IFN-vy assay (QuantiFERON-TB Gold®) for the diagnosis
of TB infection in children aged between 3 months and 18 years, as
well as the comparison between the QFT Gold test and TST for the
diagnosis of tubercular disease in children.

In our study, the sensitivity of TST and QFT Gold was estimated
to be 89.2% and 96.4%, respectively. However, there was no statis-
tically significant difference between them (p value, 0.072). There
are few studies in which sensitivities of TST and QFT Gold test have
been compared.”> " In a study conducted in Abuja (Nigeria),
among children at high risk of latent TB (who were in contact with
adult cases of pulmonary TB), disagreement between the two tests
was due to negative TST and positive QFT Gold, which is indicative
of higher QFT Gold sensitivity.® It showed that sensitivities of TST
and QFT Gold are comparable. They also reported the sensitivity of
TST and QFT Gold to be 90% and 92%, respectively. In another pro-
spective study conducted in Melbourne, Connell et al.'* found that
TST was more sensitive than QFT Gold for detection of TB infection.
This study's findings were in contradiction to other studies.

Specificities of TST and QFT Gold in our study were 59.5% and
81.0%, respectively. There was a statistically significant difference
between them (p value, 0.032). Several studies have shown QFT
Gold test to be more specific than TST.'° 2! In a prospective study
by Lighter et al.,'” 207 children receiving health care in New York
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Fig. 1. Study flow chart. QFT = QuantiFERON-TB; AFB = acid fast bacillus; ATT = antitubercular therapy; and FNAC = fine needle aspiration cytology.

were assessed, QFT Gold was positive in only 23% of children with a
positive TST, and positive QFT Gold was associated with
M. tuberculosis exposure suggestive of superiority of QFT Gold
specificity. However, this study pointed out that sensitivity of QFT
Gold test was lower than that of TST."” Bianchi et al.'° reported in a
study on 336 children at risk of tuberculosis in Italy that the
number of positive TST and QFT Gold results was 58 and 60,
respectively. Half of these children (22/44) with a positive TST had a
negative QFT Gold. These results suggest that QFT Gold is more
specific and TST is more sensitive.'®

Table 1
Baseline characteristics of study subjects (N = 125).

Characteristics
Age, years 9.18 (4.84)
Gender: male, n (%) 70 (56)

Symptoms and signs
History of contact 13 (104)
Malnutrition 53 (42.4)
Fever more than 3 weeks 91 (72.8)
Cough more than 3 weeks 70 (56)
Lymphadenopathy 17 (13.6)

BCG at birth 113 (90.4)
Chest X-ray findings 30 (24)
Cavitatory and infiltrative 18 (14.4)
Pleural effusion and infiltrative 9 (5.6)
Infiltrative 3(24)
AFB culture or histopathology positive for tuberculosis 13 (104)
Designated
Tuberculosis positive 83 (66.4)
Tuberculosis negative 42 (33.6)
Tuberculin positive (10 mm) 92 (72.8)
QuantiFERON-TB Gold test positive 83 (66.4)

Data expressed as number = n (%).

QFT Gold has been shown to be more closely associated with
exposure to TB in children younger than 5 years than TST. Chung
et al. indicated that QFT Gold is better at detecting more recent
infection than TST."” In a study carried out by Tsiouris et al. (2006)
in Gugulethu, South Africa, 184 children at risk of TB were admin-
istered both TST and QFT Gold test; overall, they found 43% children
to be TST positive and 32% to be QFT Gold positive. An increasing
agreement and kappa (k) between two tests were observed with
increasing TST cutoff values. This finding that kappa (k) increased
with an increased cutoff is suggestive of QFT Gold having high
specificity at lower TST cutoffs.??

Results in our study show that QFT Gold is equally sensitive in
diagnosing tubercular disease as compared to TST (p
value = 0.072). However, it is more specific than TST (p
value = 0.032). Although Kampmann et al.>*> and Bramford et al.?*
showed that QFT Gold did not perform significantly better than
TST in identifying active tubercular disease, they found that
combining these two improved the test sensitivity with both
reporting an improved sensitivity of 91% compared with QFT Gold
sensitivity of 89% and 78% in two studies, respectively, when QFT
Gold was used in isolation. This aspect has not been analyzed in
our study.

All enrolled subjects were subjected to TST and QFT tests and
agreement between TST and QFT Gold showed kappa coefficient of
0.627, showing good correlation between these two tests (Table 3).
Both the tests were associated with the occurrence of the disease (p
value < 0.0001).

Studies have shown that the agreement of QFT Gold and TST in
children range from 0.5 to 0.8.°>?5 A study conducted in a pedi-
atric population in India by Dogra et al. has revealed good agree-
ment between these two tests (kappa coefficient k =0.73)."° It is
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Table 2

Comparative sensitivity, specficity, PPV and NPV of tuberculin and QuantiFERON-TB Gold test.

Sensitivity

Specificity

PPV NPV

Tuberculin test
QuantiFERON-TB Gold test

89.2 (80.4—94.4)
96.4 (89.5-99.2)

59.5 (44.8—72.9)
81 (66.4—90.3)

81.3 (71.5-88.4)
90.9 (82.3-95.7)

73.5 (55.3—86.4)
91.9 (76.9-97.8)

p value 0.072 0.032 0.064 0.039
Data in parenthesis is 95% confidence intervals.
PPV = positive predictive value; NPV = negative predictive value.
Table 3
Correlation between the tuberculin skin test and QuantiFERON-TB Gold test in study subjects.
TST result QuantiFERON-TB Gold test results p value Kappa (95% confidence interval)
QFT Gold + QFT Gold —
TST >10 mm (positive) 80 11 <0.0001 0.627 (0.474—0.779)
TST <10 mm (negative) 8 26
Total 88 37

TST = tuberculin skin test; QFT = QuantiFERON-TB.

also concordant with our study (k = 0.62), showing good correla-
tion between these two tests.

Children in our study had various patterns of radiological pre-
sentation in the form of infiltrative (60%) and cavitatory (30%) le-
sions. However, pleural effusion plus infiltrative lesions were seen
in three (10%) children. This is in contrast to a prospective study
conducted by Krysl et al. on 158 patients which revealed pulmo-
nary infiltrates in 126 patients (80%). Cavitation was present in 30
patients (19%).!> High incidence of cavitatory lesions may be
attributable to late presentation of children who had advanced to
this stage of TB as seen on chest radiographs, or there could be
other contributing immunological factors.

The findings in our study indicate that the QFT Gold assay is a
sensitive as well as specific way to diagnose active TB infection. It
was found to identify individuals with active as well as latent TB.
Both sensitivity and specificity were higher than those of TST. For
patients with suspected disease, the QFT Gold assay holds promise
as a useful adjunctive diagnostic tool for the rapid diagnosis of TB,
when the conventional diagnostic methods fail.

5. Drawbacks of the study

It is a difficult task to collect sputum samples in the pediatric
population. Biological samples such as sputum, bronchoalveolar
lavage, gastric aspirate and lymph node tissue/aspirate could be
collected (sent for TB culture and histopathology) for confirmation
of TB from only 37 enrolled subjects. AFBs were isolated in only 13
subjects. This is a small sample size of patients with confirmed
diagnosis of TB. Thus, a larger sample size is required to further
evaluate this assay in the pediatric population.

Conflicts of interest
Authors have no conflict of interest.

References

1. Nelson LJ, Wells CD. Global epidemiology of childhood tuberculosis. Int J
Tubercul Lung Dis. 2004;8:636—647.

2. Global Tuberculosis Report. Geneva: World Health Organization; 2017. https://
www.who.int/tb/publications/global_report/gtbr2017_main_text.pdf. last
accessed on 22 December 2018.

3. Nelson LJ, Wells CD. Tuberculosis in children: considerations for children from
developing countries. Semin Pediatr Infect Dis. 2004;15:150—154.

4, Chadha VK, Kumar P, Jagannatha PS, Vaidyanathan PS, Unnikrishnan KP.
Average annual risk of tuberculous infection in India. Int J Tubercul Lung Dis.
2005;9:116—-118.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Huebner RE, Schein MF, Bass Jr |B. The tuberculin skin test. Clin Infect Dis.

1993;17:968—-975.

. Mahairas GG, Sabo PJ, Hickey M], Singh DC, Stover CK. Molecular analysis of

genetic differences between Mycobacterium bovis BCG and virulent M. bovis.
J Bacteriol. 1996;178:1274—1282.

. Lalvani A, Brookes R, Wilkinson R], et al. Human cytolytic and interferon y-

secreting CD8+ T lymphocytes specific for Mycobacterium tuberculosis. Proc
Natl Acad Sci USA. 1998;95:270—275.

. Andersen P, Munk ME, Pollock JM, Doherty TM. Specific immune based diag-

nosis of tuberculosis. Lancet. 2000;356:1099—1104.

. Mazurek GH, Jereb ], Lobue P, lademarco MF, Metchock B, Vernon A. Guidelines

for using the QuantiFERON-TB Gold test for detecting Mycobacterium tuber-
culosis infection, United States. MMWR Recomm Rep. 2005;54(RR-15):49—55.
Viera AJ, Garrett JM. Understanding inter-observer agreement: the kappa sta-
tistic. Fam Med. 2005;37:360—363.

Consensus statement on childhood tuberculosis, working group on tubercu-
losis, Indian Academy of pediatrics (IAP). Indian Pediatr. 2010;47:41-55.
Krysl ], Kosela M, Muller N, Fitzgerald JM. Radiologic features of pulmonary
tuberculosis: an assessment of 188 cases. Can Assoc Radiol J. 1994;45:101—-107.
Nakoka H, Lawson L, Bertel S, et al. Risk of tuberculosis among children. Emerg
Infect Dis. 2006;12:1383—1388.

Connell T, Ritz N, Paxtong, et al. A three way comparison of tuberculin skin testing,
QuantiFERON-TB Gold and T-SPOT TB in children. PLoS One. 2008;3:e2624.
Dogra S, Pai M, Narang P, et al. Comparison of whole blood interferon — y assay
with tuberculin skin testing for the detection of tuberculosis infection in
hospitalized children in rural India. J Infect. 2007;54:267—276.

Bianchi L, Galli L, Moriondo M, et al. Interferon —y release assay improves the
diagnosis of tuberculosis in children in another pediatric related study. Pediatr
Infect Dis J. 2009;28:510—514.

Lighter J, Rigaud M, Eduardo R, et al. Latent tuberculosis diagnosis in children
by using the QuantiFERON —TB Gold In-Tube Test. Pediatrics. 2009;123:30—37.
Tsiouris S, Austin ], Toro P, et al. Results of tuberculosis specific interferon
gamma assay in children at high risk of tuberculosis. Infection. Int J Tubercul
Lung Dis. 2006;10:939—941.

Hesseling A, Mandalakas A, Kirschner A, et al. Highly discordant T cell re-
sponses in individuals with recent exposure to household tuberculosis. Thorax.
2009;64:840—-846.

Chun J, Kim C, Kim H, et al. The role of whole blood interferon gamma assay for
detection of latent tuberculosis infection in BCG vaccinated children. Diagn
Microbiol Infect Dis. 2008;28:389—394.

Pai M. Alternatives to the tuberculin skin test: interferon-y assays in the
diagnosis of Mycobacterium tuberculosis infection. Indian ] Med Microbiol.
2005;23:151-158.

Dheda K, Udwadia ZF, Huggett JF, Johnson MA, Rook GA. Utility of the antigen-
specific interferon-vy assay for the management of tuberculosis. Curr Opin Pulm
Med. 2005;11:195—-202.

Kampmann B, Wittaker E, William S, et al. Interferon gamma assay do not
identify more children with active tuberculosis than tuberculin skin test. Eur
Respir J. 2009;33:1374—1382.

Bramford A, Crook A, Clark J, et al. Comparison of interferon gamma release
assay and tuberculin skin test in predicting active tuberculosis in children in
UK. A Paediatric TB Network Study. PLoS One. 2009;4:e4130.

Mazurek GH, LoBue PA, Daley CL, et al. Comparison of a whole-blood interferon
vy assay with tuberculin skin testing for detecting latent Mycobacterium
tuberculosis infection. JAMA. 2001;286:1740—1747.

Okada K, Mao T, Mori T, et al. Performance of interferon gamma release assay
for diagnosing latent tuberculosis in children. Epidemiol Infect. 2008;136:
1179-1187.


http://refhub.elsevier.com/S2352-0817(18)30180-6/sref1
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref1
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref1
https://www.who.int/tb/publications/global_report/gtbr2017_main_text.pdf
https://www.who.int/tb/publications/global_report/gtbr2017_main_text.pdf
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref3
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref3
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref3
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref4
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref4
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref4
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref4
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref5
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref5
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref5
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref6
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref6
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref6
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref6
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref7
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref7
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref7
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref7
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref7
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref8
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref8
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref8
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref9
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref9
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref9
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref9
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref10
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref10
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref10
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref11
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref11
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref11
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref12
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref12
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref12
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref13
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref13
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref13
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref14
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref14
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref15
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref15
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref15
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref15
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref15
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref16
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref16
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref16
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref16
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref16
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref17
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref17
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref17
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref17
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref18
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref18
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref18
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref18
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref19
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref19
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref19
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref19
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref20
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref20
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref20
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref20
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref21
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref21
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref21
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref21
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref22
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref22
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref22
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref22
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref23
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref23
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref23
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref23
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref24
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref24
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref24
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref25
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref25
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref25
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref25
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref26
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref26
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref26
http://refhub.elsevier.com/S2352-0817(18)30180-6/sref26

	Evaluation of QuantiFERON-TB Gold test for the diagnosis of tubercular infection in children
	1. Introduction
	2. Material and methods
	3. Observations and results
	4. Discussion
	5. Drawbacks of the study
	Conflicts of interest
	References


