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KEYWORDS Summary Objective: This study aimed to compare the levels of TB-antigen specific Inter-
Tuberculosis; feron gamma (IFN-y) and IFN-y inducible protein (IP)-10 in culture of whole blood samples from
Diagnosis; healthy controls (HC) and healthy household contacts (HHC).

QuantiFERON-TB Gold; Methodology: A total of 386 study subjects, which included 186 HC and 200 HHC, were re-
Interferon gamma cruited. QuantiFERON-TB Gold in-tube (QFT-IT) assay was employed to measure IFN-y levels.
inducible protein-10 IP-10 levels were measured in the supernatants collected from QFT-IT tubes. Tuberculin skin

test was also performed.

Results: The levels of TB antigen specific IFN-y and IP-10 were significantly higher in HHC com-
pared to HC. There was no significant difference observed between positivity of QFT-IT and IP-
10 in HC and HHC. The positivity of TST was significantly lower in subjects <17 year, when com-
pared to IP-10 (p < 0.005). The reduced cut-off point 0.22 IlU/ml significantly increased the
positivity of QFT-IT among children with high risk for latent TB infection (LTBI).

Conclusions: Measurement of TB antigen specific IFN-y and IP-10 can be potential markers for
the detection of LTBI.

© 2012 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Introduction to non-tuberculous mycobacteria (NTM) and prior BCG vacci-
nation. In addition to several practical disadvantages, TST
also fails to detect LTBI particularly in high-risk groups,
such as children and human immunodeficiency (HIV) infected
individuals that are targeted for preventive therapy.'-?

Tuberculin skin test (TST) remains the most commonly used
test to detect the latent TB infection (LTBI)." However, TST is
not specific, as the outcome could be influenced by exposure
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The introduction of interferon gamma release assays
(IGRA) for the detection of LTBI seems to be a significant
upgrade of the century-old TST.3 Unlike TST, IGRAs are less
influenced by environmental mycobacteria, since the anti-
gens used in the assay are absent in most of the NTM.* The
utility of IGRA in LTBI detection is extensively studied and
reviewed elsewhere.>™’

Recently, Interferon gamma inducible protein-10 is also
suggested as alternative marker for diagnosis of TB .”~'° IP-
10 is predominantly expressed by monocytes and macro-
phages'"'? by the stimulation of IFN-y, which is secreted
by antigen specific T cells. Higher level of IP-10 was ob-
served in antigen or mitogen stimulated TB blood samples
in earlier studies.'® Our earlier study also evidenced the
higher secretion of IP-10 in response to TB specific antigens
in TB patients that decreases after successful
therapy.” %4716 Although some studies available, the
data on IGRA and IP-10 from TB endemic countries for
LTBI diagnosis particularly in children are still limited.'” 22
India is a country with 1.8 million new TB cases per year and
accounting for one third of the global burden of TB. The es-
timated incidence of TB disease in this setting was 168/100
000/year in 2007 and classified as high TB endemic area by
WHO0.%

In this study, we compared the positivity of QFT-IT, TST
and IP-10 between healthy household contacts (HHC) and
healthy controls (HC) to evaluate the potential of the three
tests in detecting LTBI.

Material and methods

The study subjects were recruited at Tuberculosis Research
Centre, India between January 2008 and February 2009.
This study was approved by the Scientific Advisory Com-
mittee and Institutional Ethical Committee of Tuberculosis
Research Centre. Informed written consent was obtained
from all the eligible subjects.

Study subjects were recruited under two groups: they
were (i) healthy controls (HC) and (ii) healthy household
contacts (HHC). HHC were identified from families, where
there was at least one case of sputum positive pulmonary
TB living in the same household, for at least 3 months prior
to the start of treatment of the index case.?* HC were se-
lected from families, in which no pulmonary TB patient
was living. Individuals with previous history of TB and
those who underwent TST in the past 16 months were ex-
cluded from the study. After registering the eligible sub-
jects, the chest radiological examination was carried
out. Blood was drawn from all the study subjects for HIV
testing, QFT-IT and IP-10 assays. Then, the TST was carried
out.

Tuberculin skin test

The 2TU (tuberculin unit) of purified protein derivative
(PPD) RT23 (Statens Serum Institute, Copenhagen, Den-
mark) was injected intradermally by Mantoux method
and the induration was measured between 48 and 72 h af-
ter PPD injection by trained professionals. The cut-off
point for TST positivity was considered as 10 mm for this
study.

QFT-IT

The IFN-y release assay was performed using QFT-IT In-tube
test (Cellestis Ltd., Victoria, Australia). One ml of blood
was taken in each of the three tubes precoated with TB-
antigen, phytohemaglutinin (PHA) for the positive control
or no antigen for the negative control. The blood samples
were drawn and taken to the lab within 2 h of phlebotomy.
The tubes were incubated for 16—24 h at 37 °C and plasma
were collected after centrifugation.

The plasma samples were brought to Chennai and stored
at 4 °C until assayed. Within 2 weeks of time, QFT-IT enzyme
linked immunosorbant assay (ELISA) was carried out. The test
results were interpreted using software supplied by the man-
ufacturer (Cellestis Ltd., Victoria, Australia) and the cut-off
point for the diagnosis was followed as per manufacturer’sin-
struction. If the IFN-y secretion in response to TB antigen, af-
ter subtracting nil control IFN-y, was >0.35I1U/ml, it was
considered as positive for QFT-IT and if the value was
<0.35 IU/ml, it was considered as negative. If the negativity
was associated with poor PHA response (i.e. IFN-y secretion
in response to PHA was <0.5 IU/ml), it was considered as in-
determinate or invalid result for QFT-IT. The subjects with
IFN-y secretion >8.0 IU/ml in the nil control samples were
also considered as indeterminate for QFT-IT.

IP-10 assay

The IP-10 levels were measured in duplicates in the super-
natants collected from QFT-IT tubes using BD Opt EIA kits (BD
Biosciences, USA) as per manufacturer’s instructions.''3
Briefly, 100 ul of capture antibody (mouse anti human IP-10
monoclonal antibody) at the recommended concentration
was coated in the 96-well flat bottom polystyrene plates
(NUNC maxisorp, Roskilde, Denmark). After overnight incu-
bation, the excess antibodies were washed off using PBST.
The sample was added to the plate, incubated for 2 h and
then the plates were washed off. The secondary antibody (bi-
otinylated anti human IP-10 monoclonal antibody) conju-
gated with HRP was incubated for 1h and the excess
antibodies were washed off. Then tetra methyl benzidine
(TMB) was used as substrate and incubated for 30 min and
the reaction was arrested by the addition of 2 N H,SO,.

The cut-off point for IP-10 for TB specific antigens and
mitogen were set as 300 pg/ml and 200 pg/ml based on our
earlier studies. ' The subjects with >300 pg/ml for TB anti-
gens (TB antigen — nil), irrespective of mitogen response
were considered as positive; <300 pg/ml for TB antigens
and >200 pg/ml for mitogen were considered as negative;
others (<300 pg/ml for TB antigen and <200 pg/ml for mi-
togen) were considered as indeterminate.'*">

Statistical analysis

Data were analyzed using GraphPad Prism version 5.00 for
Windows (GraphPad Software, San Diego, California, USA)
and GraphPad software available in their website (www.
graphpad.com/quickcals.cfm). Mann-Whitney U test was
carried out to calculate the differences of IFN-y and IP-10
levels between the groups. The proportion of positivity be-
tween the tests was compared using Fisher exact test. The
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Table 1 Demographic profile of the study subjects.

Category

Healthy controls Healthy contacts

Total number of subjects

Sex, number (%)
Male
Female
Age, median in years (range; IQR)

Age range (in years), number (%)
<17
18—30
30—45
>45

186 200
82 (44.1) 73 (36.5)
104 (55.9) 127 (63.5)

23 (2-85; 12, 30) 29 (4-75; 16, 38)

86 (46.2) 59 (29.5)
54 (29.0) 62 (31)
16 (8.6) 41 (20.58)
30 (16.2) 38 (19)

IQR, inter-quartile range; %, percentage.
agreement between the tests was quantified using kappa
statistics.
Results

A total of 386 study subjects were recruited during the study
period. Among them, 186 were HC and 200 were HHC. The
demographic profile of study subjects is given in Table 1.
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Figure 1  The levels of IFN-y (a) and IP-10 (b) secretion in re-
sponse to TB antigens in healthy controls and household con-
tacts. The overall levels of IFN-y and IP-10 in response to TB
antigens, in adults and children as well, were significantly
lower in healthy controls compared to healthy household con-
tacts. The horizontal line shows the cut-off point. The differ-
ence between the groups was calculated by Mann—Whitney U
test. QFT-IT, QuantiFERON-TB Gold in-tube; IP-10, interferon
gamma inducible protein-10; TB, tuberculosis.

IP-10 and IFN-vy levels

The levels of IFN-y and IP-10in HC and HHC are givenin Fig. 1.

The median TB antigen specific IFN-y in HC (0.05 IU/ml; IQR
0, 0.99) was significantly lower when compared to HHC
(1.14 1U/ml; IQR 0.18, 5.4). Similarly, the median TB antigen
specific IP-10 was also significantly lower in HC (160.3 pg/ml;
IQR 0, 387) compared to HHC (2503 pg/ml; IQR 461, 5303).
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Figure 2 The association of age and mitogen specific IFN-y
(a) and IP-10 (b). The decline of mitogen of specific IFN-vy
(a), but not IP-10 (b) was associated with age. Box and Whisker
plots show range, inter-quartile range and median. **Signifi-
cant difference p < 0.01 by Kruskal—Wallis tests.
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Table 2  Positivity of QFT-IT, IP-10 and TST.
Parameter TST QFT-IT IP-10
N No. of pos over total (%) N No. of pos over total (%) N No. of pos over total (%)
Healthy controls 180 24 (13.3) 186 46 (24.7)* 186 53 (26.5)*
Healthy contacts 166 85 (51.2) 200 128 (64)* 200 136 (68)*

The difference between the positivity of tests was calculated using Fisher’s exact test. The cut-off point of 10 mm was used for tuber-
culin skin test. *Represents significantly higher when compared to TST. A p value of <0.05 is considered significant.
pos, Positive; QFT-IT, QuantiFERON-TB Gold (In-tube); TST, tuberculin skin test, IP-10, interferon gamma inducible protein-10; N, num-

ber of subjects; %, percentage.

In all study subjects, the QFT-IT mitogen specific IFN-y
level was significantly lower in subjects <4 years when
compared to subjects >9 years (p = 0.003) (Fig. 2). How-
ever, we did not observe significant difference, when we
compared subjects with age of <4 years and 5—9 years
and subjects with age of 5—9 years and >9 years. On the
other hand, IP-10 did not correlate with age.

Positivity of tests

The positivity of QFT-IT, IP-10 and TST are given in Table 2.
Of 186 HC and 200 HHC tested, QFT-IT was positive in 46
(24.7%; 95% confidence interval (Cl): 18.5%—30.9%) HC
and 128 (64.0%; 95% Cl: 57.3%—70.7%) HHC. IP-10 was posi-
tive in 53 (26.5% 95% Cl: 20.2%—32.8%) HC and 136 (68%; 95%
Cl: 61.4%—74.8%) HHC. None of them were indeterminate
for QFT-IT or IP-10 assay. TST results were available for
180 HC and 166 HHC and among them TST showed a positiv-
ity of 13.3% (95%Cl: 8.3%—18.3%) and 52% (95% Cl: 43.6%—
58.8%) respectively at 10 mm cut-off point.

There was no significant difference observed between
the positivity of QFT-IT and IP-10 in both HC (p = 0.217) and
HHC (p = 0.460). However, the positivity of TST was signif-
icantly lower than QFT-IT (p = 0.008 in HC and p = 0.015in
HHC) and IP-10 (p < 0.001 in HC and p < 0.0005 in HHC) in
both groups.

The positivity of tests did not differ significantly be-
tween males and females. The agreement between IP-10
and QFT-IT was moderate (k = 0.556). While the agreement
between TST and QFT-IT was moderate (k = 0.490), it was
fair (k = 0.259) between IP-10 and TST (Table 3).

Age stratification

Study subjects were stratified by age and the performance
of all three tests was analyzed (Table 4). When the study

subjects were stratified based on their age range as <17,
18—30, 31—45 and >45 years, the positivity of QFT-IT was
2.3%, 24.1%, 31.3% and 90% in HC and 50.5%, 64.7%,
68.1%, and 89.5% in HHC. IP-10 was positive in 2.3%,
33.3%, 40% and 93% of HC and 62.7%, 70.6%, 80.9% and
84.2% of HHC, where as TST was positive in 1.2%, 20.5%,
28.6% and 33.3% of HC and 37.3%, 55.8%, 66.7% and 46.2%
of HHC. Only in HC, the positivity of QFT-IT, IP-10 and
TST was significantly lower in children (<17 years age) com-
pared to older (>17 years) (p < 0.001).

Positivity of IP-10 was significantly higher than TST
(p = 0.001) but not than QFT-IT (p = 0.194) in subjects
<17 years of age. QFT-IT and IP-10 were significantly higher
than TST in subjects with >45 years of age (p = 0.002 and
p = 0.043 respectively).

QFT-IT cut-off point

Further, we compared the QFT-IT TB antigen specific IP-10
level between children (<17 years) from HC and HHC groups.
In QFT-IT negative HC, the range of IFN-y secretion in
response to QFT-IT TB antigens was 0—0.21 IU/ml (Fig. 3).

When >0.22 IU/ml was used as cut-off point, 5 more
HHC children turned as positive for QFT-IT and showed
a positivity of 57.6%. At this cut-off point, positivity of
QFT-IT was significantly higher than TST (p = 0.023) among
children age <17 years of age.

Discussion

Our study results showed that the risk for TB infection after
exposure to adults with smear positive pulmonary TB were
64% and 68% as determined by QFT-IT and IP-10 respec-
tively. However, the lower rate of infection determined by
TST (51%) suggests that TST might underestimate the risk
for infection for contacts of adult pulmonary TB patients.

Table 3  Agreement between QFT-IT, IP-10 and TST.

Groups k Value 95% Cl Agreement
QFT-IT vs TST 0.490 0.304—0.675 Moderate
QFT-IT vs IP-10 0.556 0.397—-0.715 Moderate
IP-10 vs TST 0.259 0.047—0.471 Fair

The strength of agreement between the tests was calculated using kappa statistics. <0.2, Poor; 0.2—0.4, fair; 0.4—0.6, moderate;

0.6—0.8, good; >0.8, excellent.

QFT-IT, QuantiFERON-Gold in tube; IFN-y, interferon gamma; IP-10, interferon gamma inducible protein-10; TST, tuberculin skin test; Cl,

confidence of interval.
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Table 4 Age stratification analysis.
Age Percentage of positivity

TST QFT-IT IP-10

HC HHC HC HHC HC HHC
<17 years 1.2# 37.3 2.3# 50.5 2.3# 62.7*
18—30 years 20.5 55.8 24.1 64.7 33.3 70.6
31—45 years 28.6 66.7 31.3 68.1 40.0 80.9
>45 years 33.3 46.2 90* 89.5* 93.0* 84.2*

The difference between the positivity of tests was calculated using Fisher’s exact test. The cut-off point of 10 mm was used for tuber-
culin skin test. *Represents significantly higher when compared to TST. #Significantly lower compared to subjects >17 years. A p value of

<0.05 is considered significant.

QFT-IT, QuantiFERON-TB Gold (In-tube); TST, tuberculin skin test.

Recent studies evidenced the higher level of IP-10
secretion in response to TB specific antigens.®=10:13722 |
our present study, while only 2.3% of children from HC
group were positive for IP-10, the 62.7% of positivity of
IP-10 in children from HHC indicate that IP-10 is an accurate
marker for LTBI. Therefore, this study observation corrobo-
rates to the earlier findings and suggests that IP-10 may
serve as a potential diagnostic marker for LTBI in children
and adults.

The sub-group analysis, based on the age, carried out in
this study revealed that QFT-IT and IP-10 outperformed TST
in detecting LTBI particularly among children (<17 years of
age) and elder (>45 years of age) subjects. The risk of
progression from LTBI to active TB is relatively higher in
young children. Approximately one half of infants and one
fifth of older children develop active TB up to 2 years after
infection, without specific treatment.? In particular, chil-
dren <4 years of age fail to contain the spread of intracel-
lular pathogens as a consequence of an impaired T-cell
response.2®~28 Therefore, this age group is considered a pri-
ority in the strategies to control TB worldwide. The higher
positivity of QFT-IT and IP-10 among children indicates their
usefulness over TST in detecting LTBI. The studies
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Figure 3  IFN-y secretion in response to TB antigens in QFT-IT

negative healthy control children. The scatter plot shows the
range of IFN-y secretion in response to TB specific antigens in
QFT-IT negative healthy control group children. All the QFT-
IT negative healthy control group children had IFN-y level be-
low 0.21 IU/ml.

conducted in other endemic areas such as South Africa®’
and Nigeria®® also reported higher sensitivity of IGRA over
TST in children.

Optimizing the cut-off point is one of the ways to
improve the performance of a diagnostic test. In this study,
we observed that the secretion of IFN-y in response to TB
antigens was below 0.22 IU/ml in QFT-IT negative children
belonged to HC group. When the cut-off point 0.22 IU/ml
was applied, the positivity of QFT-IT was significantly im-
proved. However, further studies are needed to know
whether the reduced cut-off points will improve the diag-
nostic potential QFT-IT in children.

Although TST is an ideal test for TB infection, there are
several practical disadvantages like the need for trained
personnel for administration and reading of the test; visit of
the subject twice within 72 h; inter-observer variation in
reading the results; difficulty in deciding the exact cut-off
induration, etc. The test cannot be repeated without the
well-known booster effect.”? In this situation, we suggest
QFT-IT or IP-10 can act as better alternative for TST in chil-
dren. However, further studies are needed on the cost
effectiveness and feasibility of applying QFT-IT and IP-10
in our settings.

The >80% positivity obtained with QFT-IT and IP-10
among subjects >45 years of age indicate the high TB
infection load in our setting. Logically, the possibility of
being TB infected in endemic countries is higher among
elder subjects than the younger due to the long and
repeated exposure to M. tuberculosis. This explains the
reason for higher positivity of QFT-IT and IP-10 in elder
subjects (age >45 years). A previous study conducted us-
ing ESAT-6 and CFP-10 based ELISPOT in the Mumbai city
(another major city in India) reported that 80% of healthy
adults (age range 18—70; mean 47 years) were positive for
M. tuberculosis infection.?' However, TST could detect
only <50% of LTBI cases among subjects >45 years of
age. This poor positivity of TST suggests the age specific
anergy for TST? and questions the reliability of using
TST for LTBI diagnosis in elder subjects. On the other
hand, QFT-IT and IP-10 may not have any role in detecting
active TB cases among elder patients, due to the high LTBI
rate.

Overall, our study results suggest that QFT-IT and IP-10
may serve as better alternative to TST in children and
elderly subjects for identification of LTBI. However, before
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firm conclusions are drawn, larger studies including a larger
number of subjects are needed.
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