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Abstract. We assessed the yield of the QuantiFERON-TB Gold in tube test (QFT-GIT) and the tuberculin skin test (TST) in
healthy persons from our general population, where tuberculosis is endemic and Bacillus Calmette-Guérin is mandatory. The
yield of QFT-GIT (2%) and TST (1%) were very low among children, where the test was positive in 42% and 24% of adults,
respectively. Our study results show that QFT-GIT and TST are not influenced by prior Bacillus Calmette-Guérin vaccination.
Applying the reduced cut-off point of 0.13 IU/mL is adequate in a pediatric population. Moreover, both the TST and the QFT-GIT
demonstrated a low yield in the pediatric population, which suggests that either TST or QFT-GIT alone or in combination can be
used to diagnose Mycobacterium tuberculosis infection in our setting.
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1. Introduction

Children have an accelerated progression of tubercu-
losis (TB) disease and a higher risk for mortality com-
pared to adults [1]. Early and rapid detection of infec-
tion with Mycobacterium tuberculosis and TB disease
is critical to enable the initiation of prophylaxis for la-
tent TB infection (LTBI) and anti-tuberculosis therapy
for children with TB disease.

However, the diagnosis of both latent and active TB
is more challenging in children. Bacteriological con-
firmation is available only in a minority of children and
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radiological examination is often non-specific. Hence,
the active TB diagnosis relies on the clinical presenta-
tion of the suspected child and his TB contact histo-
ry [2].

The tuberculin skin test (TST) is the most widely
used test for LTBI diagnosis. Although TST is not
able to differentiate latent and active TB, it is used as a
supplementary test for childhood TB diagnosis. How-
ever, major drawbacks to using TST are its false posi-
tivity due to the cross-reaction with Bacillus Calmette-
Guérin (BCG) and other environmental mycobacteria,
and false negativity in young children and immune sup-
pressed cases [3].

Recently, in-vitro based immune tests have been in-
troduced for the replacement of TST. These tests work
based on the interferon-gamma (IFN-~) secretion [so
called IFN-v release assay (IGRA)] in response to M.
tuberculosis specific antigens such as early secretory
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antigenic target 6 kDa and culture filtrate protein 10.
These tests have been validated in BCG vaccinated
healthy subjects in low endemic countries and studies
have demonstrated that IGRAs are less influenced by
prior BCG vaccination and environmental mycobacte-
riathan TST, and therefore have a higher specificity [4].
In most low endemic countries, IGRASs have been in-
corporated as the routine test for the diagnosis of TB
infection.

However, the reports on the performance of IGRA
from TB endemic countries are limited; hence, TST is
still being used. No studies have assessed the specificity
of IGRA in TB endemic countries like India [5].

In this study, we assessed the yield of the Quanti
FERON-TB Gold in tube test (QFT-GIT), one of the
IGRAS, and TST in healthy children. We also recruited
adults in the same area to compare test performance
with children. This approach will help to assess the
yield of the QFT-GIT and the TST to identify individ-
uals infected with TB.

2. Materialsand methods

This study was approved by the Scientific Advisory
Committee and the conduct of the study was approved
and monitored by the Institutional Ethical Committee
of Tuberculosis Research Centre. Written, informed
consent was obtained from all the study subjects before
drawing blood. If the study subject was a child, consent
was obtained from parent or legal guardian.

The study participants were enrolled from offices,
schools, colleges and slum areas in Chennai city, India
and near by villages. The estimated incidence of TB
disease in this setting was 168/100,000/year in 2007,
which was classified as high TB endemic area by World
Health Organization [6].

Apparently normal healthy children (< 15 years) and
adults (> 15 years) were included. Individuals with
previous history of TB or having known contact history
of TB or who were malnourished were excluded from
the study. All study participants were asymptomat-
ic and had no abnormalities on chest X-ray, and were
identified as healthy by a clinician during recruitment.
After registering the eligible subjects, blood was drawn
for total blood count, human immunodeficiency virus
serology and QFT-GIT. The blood samples were tak-
en to the laboratory within 2 h of phlebotomy and the
QFT-GIT was carried out, as per the manufacturer’s in-
structions (Cellestis Ltd, Victoria, Australia) [7]. After
drawing blood samples, TST was carried out with 2 tu-

berculin units of purified protein derivate RT23 (Staten
Serum Institute, Copenhagen, Denmark). Three spu-
tum samples were collected from all the of study sub-
jects for smear microscopy and M. tuberculosisculture,
to confirm the absence of active TB infection.

The QFT-GIT test results were interpreted using the
software provided by the manufacturer (Cellestis Ltd.,
Victoria, Australia) and the cut-off point for the diagno-
sis was determined as per manufacturer’s instructions.
If the IFN-+ secretion in response to TB antigen was
> 0.35 IU/mL, after subtracting the nil control IFN-~
(i.e. background IFN-~ value), it was considered pos-
itive for QFT-GIT; if the value was < 0.35 IU/mL, it
was considered negative. If the negative result was as-
sociated with poor phytohemagglutinin response (i.e.
if IFN-+ secretion in response to phytohemagglutinin,
after subtracting the nil tube IFN-+y was < 0.5 1U/mL),
it was considered as an indeterminate or invalid result
for QFT-GIT. The difference between the two tests was
calculated using the chi-square test or Fisher’s exact
test.

3. Results

A total of 246 persons were recruited for this study.
Their age ranged from 2-85 years with a mean of
25 years. All of the study participants were seronega-
tive for human immunodeficiency virus infection. The
results of QFT-GIT and TST are given in Table 1.
None of the participants yielded indeterminate results
for QFT-GIT.

A total of 83 participants were children aged < 15
years and 61% of them were males. The BCG scar
status was indeterminate for three (4%) subjects. In
the remaining 80 children, a BCG scar was present in
62 (78%) and absent in 18 (22%). Of the 83 children,
two (2%) were positive for QFT-GIT and one (1%)
was positive for TST at the 10 mm cut-off point. Two
children, aged 14 and 15 years of age, were positive for
QFT-GIT and negative for TST. One 6 year old child
was positive for TST and negative for QFT-GIT. All
children with only a QFT-GIT or TST positive test had
been vaccinated with BCG.

The range of TB antigen specific IFN-v secretion
after subtracting the nil tube control (net TB specific
IFN-~ response) in QFT-GIT negative individuals was
0-0.21 IU/mL and the mean was 0.02 IU/mL. For the
81 children with QFT-GIT negative tests, the TB spe-
cific IFN-y secretion ranged from 0-0.12 IU/mL for
79 children, and was 0.21 and 0.16 1U/mL for the 2
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Table 1
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Positivities of QuantiFERON-TB gold in-tube and tuberculin skin test in healthy subjects

Characteristics QuantiFERON Tuberculin skin test QuantiFERON vs. tuberculin
skin test P value
n Number of positive n Number of positive
n (%) n (%)

Children (< 15 years) 83 2(2) 83 1(1) Not significant
< 9 years 46 0(0) 46 1(2) Not significant
10-15 years 37 2(5) 37 0(0) Not significant
Male 51 1(2) 51 0 (0) Not significant
Female 32 1(3) 32 1(3) Not significant
Bacillus Calmette-Guérin vaccinated 62 2(3) 62 1(2) Not significant
Bacillus Calmette-Guérin non- vaccinated 18 0(0) 18 0(0) Not significant
Bacillus Calmette-Guérin status indeterminate 3 0(0) 3 0(0) Not significant

Adults (> 15 years) 163 68 (42) 134 32 (24) < 0.001
16-25 years 69 17 (25) 55 9 (16) Not significant
26-40 years 49 17 (35) 35 10 (29) Not significant
> 40 years 45 34 (76) 44 13 (30) 0.002
Male 92 39 (42) 81 18 (22) 0.015
Female 71 29 (41) 53 14 (26) 0.014
Bacillus Calmette-Guérin vaccinated 63 30 (48) 62 13 (21) 0.029
Bacillus Calmette-Guérin non — vaccinated 39 16 (41) 35 8 (23) Not significant
Bacillus Calmette-Guérin status indeterminate 61 22 (36) 37 11 (30) 0.01

The cut-off point of 10 mm was used for tuberculin skin test (2 tuberculin

units purified protein derivative).

The difference between tuberculin skin test and QuantiFERON-TB gold (in tube) was tested in subjects for whom both results were available

using chi-square t test of Fisher’s exact test.

remaining children. When the cut-off point was re-
duced to 0.13 IU/mL as suggested by Harada et al. [8],
QFT-GIT had a 5% positive yield.

A total of 163 participants were > 15 years of age.
QFT-GIT results were available for all adults, but TST
results were only available for 135 adults, as some
refused to undergo testing or failed to return for reading.
QFT-GIT was positive in 42% [95% confidence interval
(CI): 34%-50%], whereas TST was positive in 20%
(95% ClI: 13%-27%) of adults. The yield of QFT-GIT
was significantly higher than TST (P < 0.001). The
proportion of positive results using QFT-GIT or TST
was significantly higher in adults than children (P <
0.001). When the adult subjects were classified based
on the age (1625 years, 26-40 years and > 40 years),
we found that the yield of both TST and QFT-GIT
increased with age. QFT-GIT was positive in 25%
(95% ClI: 15%—-35%), 35% (95% CI: 22%—-48%) and
76% (95% Cl: 64%-88%) of subjects in the age range
of 16-25, 2640 and > 40 years, whereas TST was
positive in 16% (95% CI: 6%—26%), 29% (95% CI:
14%-44%) and 30% (95% CI: 16%-44%) of subjects
respectively at 10 mm cut-off point. The QFT-GIT
yield was significantly higher in subjects > 40 years
than TST (P = 0.02).

4, Discussion

We report in this study that the yield of QFT-GIT

(2%) and TST (1%) was very low for healthy children,
but much higher in adults at 42% and 24%, respective-
ly. Neither QFT-GIT nor TST results were influenced
by prior BCG vaccination. To our knowledge, this is
the first study evaluating QFT-GIT positivity among
healthy children and adults in a TB endemic country.

Assessing the annual risk of TB infection in children
< 9 years of age is an indirect, but easier way to es-
timate the TB burden in a population for which TST
has been used [9]. However, it is always difficult to in-
terpret TST results in high endemic countries, because
of BCG vaccination and higher prevalence of environ-
mental mycobacteria [3]. We also assessed the posi-
tivities of TST in our pediatric population. Among the
36 BCG vaccinated children (< 9 years; negative for
QFT-GIT) tested in this study, only one participant was
positive for TST. Even in the children aged between 9
years and 15 years and in adults, yield of the TST did
not significantly differ between BCG vaccinated and
non-vaccinated subjects. An earlier tuberculin survey
conducted in this population also failed to find a sig-
nificant difference in the proportion of TST positive
results between BCG vaccinated and non-vaccinated
children [10-12]. As aresult, we suggest that the effect
of BCG on TST results in a population is very minimal.
Unlike developed countries, BCG is given only once at
birth and not repeated. This may be one of the reasons
for the lessened impact of BCG on TST in developing
countries [13].
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When comparing the performance of QFT-GIT and
TST in our study group, we found that the number of
TST positive adults was significantly lower than the
number of adults who had a QFT-GIT positive result.
In sub-group analysis, we found the yield of QFT-GIT
increased over age and highest positive yield of 76%
was obtained in subjects aged > 40 years. The yield
of TST also increased over age but the increase was
found to be lesser than QFT-GIT. In particular, TST
failed to pick up 46% of QFT-GIT positive subjects
aged > 40 years. Logically, being infected with TB
in endemic countries may be higher among the elderly
compared to younger persons due to a longer exposure
period. This may explain the higher yield of QFT-GIT
and TST in older ages. However, the poor yield of
TST in subjects > 40 years suggests the an age-specific
anergy for TST [2] and questions the reliability of using
TST for LTBI diagnosis in elder subjects.

A previous study conducted using enzyme-linked
immunosorbent spot assay in Mumbai city (another
major city in India) reported that 80% of healthy adults
(age range 18-70 years; mean 47 years) were posi-
tive for M. tuberculosis infection [14]. In contrast, our
study results show only 42% of QFT-GIT positivity in
adults. The difference in the IGRA methodology and
the demographic characteristics of cohorts, particular-
ly age, may explain the variation in the IGRA yield
between the two studies.

Interestingly, the yield of QFT-GIT and TST were
both low among children, which is similar to perfor-
mance of these tests in low endemic countries. In
high endemic countries, due to the high number of
smear positive cases, persons may be infected not only
through close contact with TB patients in the family,
but also from TB patients in the community. In our
setting, all children < 15 years of age were negative for
QFT-GIT; it can be presumed that their infection from
the community is very minimal. Hence, children (<
15 years) with QFT-GIT positivity increase the pretest
probability for active TB.

In addition, the range of TB antigen specific IFN-v
secretion in QFT-GIT negative children was small (0-
0.21 UL/mL) and most of the values were accumulated
between 0 and 0.12 IU/mL. Hence, we calculated the
yield of QFT-GIT when using 0.13 IU/mL as a cut-off
point based on an earlier study conducted in low en-
demic country [8]. Even at the reduced cut-off point of
0.13 IU/mL, the positive yield QFT-GIT remained low
(5%). Hence, we suggest to evaluate use 0.13 1U/mL
as a cut-off point for QFT-GIT, even among children
in high endemic countries. However, this cut-off point

should not be used in the adult population due to the
high positivity of QFT-GIT.

It is very difficult to rule out all the extrapulmonary
TB cases using clinical, radiological and bacteriologi-
cal examinations alone. Hence, our study cohort might
have extrapulmonary TB cases. Due to this limitation,
further studies are required to confirm our study results.

In conclusion, we found that QFT-GIT and TST are
yield not greatly affected by prior BCG vaccination.
Moreover, the low through obtained both TST and QF T-
GIT in pediatric population suggests that either TST
or QFT-GIT, alone or in combination can be used to
diagnose the M. tuberculosis infection in our setting.

Acknowledgements

The authors wish to thank all the study subjects for
their willingness to participate in this study. The au-
thors also thank Mr. Saravanakannan, counselor, Mrs.
Jennath, health visitor, Mrs. Wincy Saravanan, labo-
ratory technician who contributed to this study. The
authors thank the project consultant Dr. Lee W. Ri-
ley, Division of Infectious Diseases, School of Public
Health, University of California, Berkeley, CA, USA.
This project is financially supported by NIH (R03) grant
(Al064055). The results of this study were accepted
for poster presentation in the 2nd Global symposium
on IGRA held at Dubrovnik, Croatia. All authors have
no conflict of interest.

References

[1] D.A. Lewinsohn, M.L. Gennaro, L. Scholvinck and D.M.
Lewinsohn, Tuberculosis immunology in children: diagnos-
tic and therapeutic challenges and opportunities, Int J Tuberc
Lung Dis 8 (2004), 658-674.

[2] M. Bocchino, B. Bellofiore, A. Matarese, D. Galati and A.
Sanduzzi, IFN-gamma release assays in tuberculosis manage-
ment in selected high-risk populations, Expert Rev Mol Diagn
9(2009), 165-177.

[3] R.E. Huebner, M.F. Schein and J.B. Bass, Jr., The tuberculin
skin test, Clin Infect Dis 17 (1993), 968-975.

[4] M. Pai, L.W. Riley and J.M. Colford, Jr., Interferon-gamma
assays in the immunodiagnosis of tuberculosis: a systematic
review, Lancet Infect Dis 4 (2004), 761-776.

[5] M. Pai, A. Zwerling and D. Menzies, Systematic review: T-
cell-based assays for the diagnosis of latent tuberculosis in-
fection: an update, Ann Intern Med 149 (2008), 177-184.

[6] World Health Organization. Global TB data base
(http://lwww.who.int/tb/country/ global th_database/en/).

[7]1 B. Syed Ahamed Kabeer, R. Sikhamani, S. Swaminathan, V.
Perumal, P. Paramasivam and A. Raja, Role of interferon gam-
ma release assay in active TB diagnosis among HIV infected
individuals, PLoS One 4 (2009), e5718.



(8]

[9]

[10]

[11]

B.SA. Kabeer et al. / QFT-GIT and TST positivity in healthy individuals 129

N. Harada, K. Higuchi, Y. Sekiya, J. Rothel, T. Kitoh
and T. Mori, Basic characteristics of a novel diagnostic
method (QuantiFERON TB-2G) for latent tuberculosis infec-
tion with the use of Mycobacterium tubercul osis-specific anti-
gens, ESAT-6 and CFP-10, Kekkaku 79 (2004), 725-735 (in
Japanese).

H.L. Rieder, Methodological issues in the estimation of the
tuberculosis problem from tuberculin surveys, Tuber Lung Dis
76 (1995), 114-121.

P.G. Gopi, R. Subramani, T. Nataraj and P.R. Narayanan, Im-
pact of BCG vaccination on tuberculin surveys to estimate the
annual risk of tuberculosis infection in south India, Indian J
Med Res 124 (2006), 71-76.

V.K. Chadha, P.S. Jagannatha and S.J. Savanur, Annual risk

[12]

[13]

[14]

of tuberculosis infection in Bangalore city, Indian J Tuberc 48
(2001), 63-71.

P.G. Gopi, R. Subramani, C. Kolappan, P.V. Venkatesh and
P.R. Narayanan, Estimation of annual risk of tuberculosis in-
fection among children irrespective of BCG scar in the south
zone of India, Indian J Tuberc 53 (2006), 7-11.

K. Dheda, R.Z. Smit, M. Badri and M. Pai, T-cell interferon-
gamma release assays for the rapid immunodiagnosis of tuber-
culosis: clinical utility in high-burden vs. low-burden settings,
Curr Opin Pulm Med 15 (2009), 188-200.

A. Lalvani, P. Nagvenkar, Z. Udwadia et al., Enumeration
of T cells specific for RD1-encoded antigens suggests a high
prevalence of latent Mycobacterium tuberculosis infection in
healthy urban Indians, J Infect Dis 183 (2001), 469-477.



Copyright of Journal of Pediatric Infectious Diseasesis the property of 10S Press and its content may not be
copied or emailed to multiple sites or posted to alistserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.



