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Abstract
We aimed to compare the positivity of the QuantiFERON TB gold in-tube (QFT-IT antigens)
specific Interferon gamma (IFN-γ/QFT-IT) and IFN-γ nducible protein-10 (IP-10/QFT-IT) assays
with tuberculin skin test (TST) among human immunodeficiency virus (HIV) infected individuals
in a TB endemic setting. A total of 180 HIV infected subjects, with no evidence of active TB were
recruited. IFN-γ nd IP-10 levels specific to QFT-IT antigens were measured in plasma from QFT-
IT tubes. The overall positivity of TST at 5mm cut-off point (19%) was significantly lower when
compared to IFN-γ/QFT-IT (38%) and IP-10/QFT-IT (45%) assays. The positivity of IP-10/QFT-
IT was significantly higher than IFN-γ/QFT-IT (p=0.038). Indeterminate results for IFN-γ/QFT-IT
and IP-10/QFT-IT were more frequent in subjects with CD4 count <100 cells/µl, than those with
>100 cells/µl. IFN-γ/QFT-IT (9%) yielded significantly higher number of indeterminate results
than IP-10/QFT-IT (5%). The frequency of these responses is higher than the proportion of
individuals with positive TST results. However, 6 IFN-γ/QFT-IT or IP-10/QFT-IT negative
subjects were positive for TST at 5mm cut-off point. Prospective and prognostic studies are
required to clarify the significance of these data.

Keywords
Tuberculosis; human immunodeficiency virus; diagnosis; QuantiFERON-TB Gold in-tube;
interferon gamma inducible protein-10; tuberculin skin test

© 2011 Elsevier Inc. All rights reserved.
*Corresponding author and reprint request, Dr. Alamelu Raja, M. Sc., Ph. D, Department of Immunology, Tuberculosis Research
Centre (ICMR), Mayor V. R. Ramanathan Road, Chetput, Chenai - 600 031, Tamil Nadu, India. alameluraja@gmail.com, Phone: +91
(044) 2836 9626, FAX: +91 (044) 2836 2528.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
Conflict of Interest:
None of the authors have any conflict of interest, including specific financial interests or relationships or affiliations to the subject
matter or materials discussed in the manuscript.

NIH Public Access
Author Manuscript
Diagn Microbiol Infect Dis. Author manuscript; available in PMC 2012 November 1.

Published in final edited form as:
Diagn Microbiol Infect Dis. 2011 November ; 71(3): 236–243. doi:10.1016/j.diagmicrobio.2011.07.012.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Individuals with human immunodeficiency virus (HIV) infection are at increased risk of
rapid progression of a recently acquired tuberculous infection, as well as of re-activation of
latent tuberculosis infection (LTBI). Studies from many parts of the world have shown
higher incidence of tuberculosis (TB) among HIV infected, ranging from 5 to 10% per year
of observation (Markowitz et al., 1997), which is in sharp contrast to the lifetime risk of
10% among people without HIV. The detection and treatment of LTBI with isoniazid has
proven efficacy in reducing incidence of active disease (Grant et al., 2005, Pape et al.,
1993), but as a policy it is poorly implemented. Lack of accurate diagnostic tool for LTBI is
one among the barriers.

For many years, LTBI has been identified using the tuberculin skin test (TST). Despite its
widespread use, TST unfortunately suffers from major limitations due to cross-reactions
with a wide range of environmental mycobacteria and Bacillus Calmette-Guérin (BCG)
vaccination (Andersen and Brennan, 1994), and its sensitivity has been shown to be
substantially reduced in HIV infected individuals (Converse et al., 1997).

The introduction of interferon gamma (IFN-γ) based rapid blood tests, called interferon
gamma release assays (IGRA) for the diagnosis of LTBI seems to be a significant upgrade
of the century-old TST. Unlike TST, IGRA is less influenced by environmental
mycobacteria and prior BCG vaccination (Pai et al., 2008). IGRA is commercially available
in two formats: the T-SPOT.TB assay (Oxford Immunotec, Oxford, England) is an
ELISPOT assay that uses peripheral blood mononuclear cells and QuantiFERON-TB Gold
in-tube (QFT-IT; Cellestis Ltd., Victoria, Australia) is an ELISA assay utilizing whole
blood. A number of studies reported that IGRA using TB specific antigens were more
specific than the TST for the diagnosis of LTBI in endemic settings (Adetifa et al., 2007,
Hill et al., 2005, Whalen et al., 2006, Pai et al., 2009). There is, however, little evidence on
the value of these assays among immunocompromised individuals such as those with HIV
infection.

Earlier, the screening of potential markers for TB diagnosis has identified the interferon
gamma inducible protein-10 (IP-10) as a potential diagnostic marker for TB infection
(Ruhwald et al., 2008, Lighter et al., 2009, Dheda et al., 2009, Whittaker et al., 2008, Kabeer
et al., 2010, Goletti et al., 2010a, Goletti et al., 2010b, Syed Ahamed Kabeer et al., 2010).
IP-10 is mainly secreted by macrophages and monocytes upon stimulation with antigen
specific T cells (Moser and Loetscher 2001, Ragno et al., 2001, Dhillon et al., 2007). Our
earlier study conducted in HIV-TB patients also showed the higher secretion of IP-10 in
response to TB antigens of the QFT-IT (QFT-IT antigens) (Kabeer et al., 2010).

In this study, we compared the positivity of QFT-IT antigens specific IFN-γ and IP-10
assays with TST in HIV infected individuals in a setting of high prevalence to TB and HIV,
In India, the prevalence of HIV infection was 747/100,000 among adults and the prevalence
of TB was 310/100,000 in 2005 (WHO, 2008).

Materials and methods
This study was approved by Institutional Ethical Committee of Tuberculosis Research
Centre, Chennai. A written and informed consent was obtained from all the study
participants before drawing blood.
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Study subjects recruitment
The recruitment of study subjects was done at Government Hospital of Thoracic Medicine,
Chennai during April 2007 and March 2009. The subjects identified as HIV infected and
willing to participate in this study were assessed. Individuals with previous history of TB,
silicosis, end stage renal disease, leukemia / lymphoma, who had TST in the past 16 months,
who received chemoprophylaxis, those under anti retroviral therapy or any other
immunosuppressive therapy were excluded from the study.

Eligible subjects were confidentially interviewed and subjected to clinical, radiological and
microbiological investigations to rule out the presence of active TB. Only the subjects with
no evidence of active TB were included for this study. Blood was drawn from all the
subjects for total blood count, HIV serology (further to confirm the HIV positivity) and
QFT-IT. TST was carried out, after drawing the blood samples.

HIV testing
The HIV status was confirmed by 2 rapid tests (Retroquic Comb Aids-RS, Span
Diagnostics, Surat, India and HIV TRI-DOT, J. Mitra & Co, New Delhi, India). When a
serum was positive for both tests, it was considered as HIV positive. If a serum was positive
for only one EIA (which was rare), Western Blot was done as confirmatory test.

CD4 count
The CD4 cell count was estimated in blood samples of HIV positive individuals by flow
cytometry (Syed Ahamed Kabeer et al., 2009) using a combination of anti CD3-FITC, anti
CD4-PE and anti CD8-APC (BD Biosciences, CA, USA). The acquisition and analysis were
carried out by and Flowjo Software (Tree star, Inc., CA, USA) respectively.

QFT-IT antigens specific IFN-γ assay
QFT-IT antigens specific IFN-γ release assay was performed using commercial QFT-IT
(Cellestis Ltd., Victoria, Australia) kits and the results were analyzed using the software
supplied by the manufacturer and interpreted as per kit guidelines.

QFT-IT antigens specific IP-10 assay
QFT-IT antigens specific IP-10 levels were measured in the same supernatants as for IFN-γ,
from QFT-IT tubes using BD Opt-EIA kits (BD Biosciences, CA, USA) as per
manufacture’s instruction (Kabeer et al., 2010, Syed Ahamed Kabeer et al., 2010). The cut-
off value 300pg/ml for QFT-IT antigens was determined based on our earlier studies
(Kabeer et al., 2010, Syed Ahamed Kabeer et al., 2010). The receiver operating
characteristic curve analysis performed with HIV negative healthy subjects who were
negative for IFNγ/QFT-IT and TST and pulmonary TB patients showed 300pg/ml as
optimal cut-off point for QFT-IT antigens specific IP-10 response.

The subjects with net IP-10 ≥300pg/ml for QFT-IT antigens (QFT-IT antigen – QFT-IT
NIL), irrespective of QFT-IT mitogen response were considered as positive; <300pg/ml for
QFT-IT antigens and ≥200pg/ml for QFT-IT mitogen were considered as negative; others
(<300pg/ml for QFT-IT antigen and <200pg/ml for QFT-IT mitogen) were considered as
indeterminate.

Tuberculin Skin Test
The 2 TU (tuberculin unit) of purified protein derivative (PPD) RT23 (Statens Serum
Institute, Copenhagen, Denmark) was injected intradermally by Mantoux method and the
induration was measured between 48–72 hours after PPD injection by trained professionals.
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Statistical analysis
Data were analyzed using GraphPad Prism version 5.00 for Windows (GraphPad Software,
San Diego, California, USA). In the previous studies, when calculating sensitivity of IFN-γ/
QFT-IT, indeterminate results were excluded from the analysis. However, this approach
artificially inflates the test sensitivity. The recent studies recommend considering the
indeterminate results as negatives for sensitivity calculation, since the indeterminate results
do not have any clinical significance (Raby et al., 2008). Thus, to provide the clear picture
of IFN-γ/QFT-IT, we did not exclude indeterminate results and combined with negative
results for agreement analysis. Positivity was therefore defined as number of positive results
over total number tested. Kruskal-Wallis test was carried out to calculate the differences of
IFN-γ/QFT-IT and IP-10/QFT-IT levels between the groups. The comparison between the
tests was done by using McNemar Chi-square tests, by treating the data as paired. We
dropped the 10 individuals who did not have IP-10/QFT-IT data, when comparing the IP-10/
QFT-IT positivity with TST and IFN-γ/QFT-IT. The strength of agreement between the tests
was measured by using kappa statistics.

Results
A total of 180 HIV infected subjects were recruited. The demographic profile of the study
subjects is given in Table 1. The median age of the study subjects was 34 years (IQR: 27.8,
39.3 years) and 62% of them were males.

IP-10/QFT-IT and IFN-γ/QFT-IT levels
The NIL QFT-IT tube plasma concentration had medians of 1387 pg/ml (range 0–11934 pg/
ml) for IP-10 and 7.5 pg/ml (range 0–298 pg/ml) for IFN-γ (Fig 1). QFT-IT TB antigens
samples had medians of 2448 pg/ml (0–20786 pg/ml) for IP-10 and 15.8 pg/ml (range 0–500
pg/ml) for IFN-γ. QFT-IT Mitogen samples had medians of 5199 pg/ml (range 0–20648 pg/
ml) for IP-10 and 191.3 pg/ml (range 0–705 pg/ml) for IFN-γ. The levels of IFN-γ and IP-10
were significantly higher in QFT-IT TB antigens and QFT-IT mitogen stimulated samples
when compared to QFT-IT NIL samples.

Positivities of IFN-γ/QFT-IT, IP-10/QFT-IT and TST
Of 180 HIV infected subjects tested, IFN-γ/QFT-IT was positive in 68 (38%; 95%
confidence interval: 31–45), negative in 95 (53%; 95%CI: 46–60) and indeterminate in 17
(9%; 95%CI: 5–13) subjects (Table 2). Due to the plasma sample insufficiency, data of
IP-10/QFT-IT were missing for 10 samples. Thus, IP-10/QFT-IT results were available for
170 subjects. There was no difference in the demographic profile and baseline
characteristics between subjects with and without IP-10/QFT-IT results. The positivity of
IFN-γ/QFT-IT (38.2% and 30.8% respectively) and IP-10/QFT-IT (44.4% and 33.3%
respectively) did not differ significantly respectively (p=0.684).

With the cut-off value 300 pg/ml for QFT-IT TB antigens, IP-10/QFT-IT was positive in 76
(45%; 95%CI: 38–52) subjects, negative in 85 (51%; 95%CI: 42–58) subjects and
indeterminate in 9 (5%; 95%CI: 2–8) subjects. All the indeterminate results were due to
poor response to mitogen. When the cut-off value 450 pg/ml was used, 6 subjects became
negative. Thus, IP-10/QFT-IT was positive in 70 (41%) negative in 91 (54%) and
indeterminate in 9 (5%) subjects.

When the results were considered as binary values (negative results included indeterminate
results), positivity of IP-10/QFT-IT was significantly higher than IFN-γ/QFT-IT (Mc
Nemar’s test; p=0.038). However, this significance was not observed when indeterminate
results were excluded from the analysis (p=0.153). IFN-γ/QFT-IT yielded significantly
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higher number of indeterminate results than IP-10/QFT-IT (p=0.013). TST was positive in
34 (19%; 95% CI: 13–25) and 27 (15%; 95%CI: 10–20) subjects out of 180 subjects at 5mm
and 10mm cut-off points respectively and the difference reached statistical significance
(p=0.0412). The positivity of TST was significantly lower than IFN-γ/QFT-IT and IP-10/
QFT-IT at both (5mm and 10mm) cut-of points (p<0.001). However, 6 IFN-γ/QFT-IT or
IP-10/QFT-IT negative subjects were positive for TST at 5mm cut-off point.

The results for IP-10/QFT-IT and IFN-γ/QFT-IT were available for 170 subjects. Of them
either IFN-γ/QFT-IT or IP-10/QFT-IT was positive in 82 (48%, 95% CI: 40%–56%),
negative in 79 (46%; 95%CI: 39%–53%) and indeterminate in 9 (5%; 95% CI:2%–8%)
subjects. The Positivity of combination of IFN-γ/QFT-IT and IP-10/QFT-IT was
significantly higher than IFN-γ/QFT-IT but not than IP-10/QFT-IT.

Agreement between the tests
The agreements between the three tests are given in Table 3. To measure the agreement
between the tests, the results of IFN-γ/QFT-IT and IP-10/QFT-IT were transformed into
binary values by combining negative and indeterminate values. There was a good agreement
between IP-10/QFT-IT and IFN-γ/QFT-IT observed (k=0.66). The agreement of TST at
5mm cut-off point with IFN-γ/QFT-IT was 74% (k=0.38), whereas with IP-10/QFT-IT, it
was slightly lower (k=0.29). The difference in the cut-off point for TST did not influence the
agreement between the tests.

Influence of immunosuppression
The median CD4 count did not differ significantly between IFN-γ/QFT-IT positive and
negative subjects but they were significantly lower in indeterminate subjects when compared
to IFN-γ/QFT-IT positives or negatives (Fig 2). The proportion of IFN-γ/QFT-IT
indeterminate results was significantly higher in subjects with <100 cells/µl (14 out of 17
subjects; 82%), when compared to subjects with >100 cells/µl (3 out 17 subjects; 18%).
Except one subject out of nine, other 8 IP-10/QFT-IT indeterminate subjects (89%) had CD4
cell count <100 cells/µl. However, there was no significant difference observed on CD4
count between IFN-γ/QFT-IT and IP-10/QFT-IT indeterminate results. When comparing the
TST positive and negative subjects, the cell counts were significantly lower in TST negative
than positive subjects.

Discussion
The World Health Organization (WHO) currently recommends treatment of LTBI in
developing countries for HIV infected patients (WHO, 1998). National guidelines for
Thailand—one of the few TB endemic countries with an established LTBI treatment
program for HIV infected individuals also recommend the treatment (Hiransuthikul et al.,
2005). In all these policies, TST is mentioned as test for LTBI diagnosis. But the high
number of false negativity by TST due to the HIV associated anergy (Karam et al., 2008)
urges the need for alternative tests for LTBI to make those polices to work better. Of note
TST does not have indeterminate results, unlike IFN-γ/QFT-IT. This study compared the
IFN-γ/QFT-IT and IP-10/QFT-IT based in-house ELISA method with TST and reported that
positivity of IFN-γ/QFT-IT and IP-10/QFT-IT was higher than TST. When comparing IFN-
γ/QFT-IT and IP-10/QFT-IT, the latter yielded less indeterminate results than the former. To
our knowledge, this is the first study comparing the positivity of IFN-γ/QFT-IT and IP-10/
QFT-IT with TST in HIV positive cohort from a setting which has high prevalence to both
TB and HIV.
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Studies which evaluated IGRA in HIV negative cohorts from endemic countries indicate
that IGRA correlates well along with gradient of exposure to M. tuberculosis and performs
as good as TST (Dheda et al., 2009). But significantly lower positivity observed for TST, in
comparison with IFN-γ/QFT-IT and IP-10/QFT-IT, in this study indicates TST might have
failed to detect some of the LTBI cases among HIV infected subjects. However, further
Isoniazid preventive trails are needed to confirm which test really gives relevant
information.

An earlier study that assessed the performance of TST using 1 TU PPD (Statens Serum
Institut, Denmark) in our settings among HIV infected individuals, also reported the
depressed positivity even in subjects with >500 cell/µl and it went worse, when CD4 cell
count decreased further (Swaminathan et al., 2008). In this study, we report, similar to
findings in other endemic countries, the positivity of TST even at 2 TU strength is low
among HIV infected individuals in our setting. Of note, in our earlier study, TST at 2 TU
strength was positive only in 31% of HIV-TB patients (Syed Ahamed Kabeer et al., 2009).

Indeed, TST has several practical disadvantages like including the necessity for a second
visit to the health clinic to assess the result (many subjects fail to return), inter-operator
variation as a result of subjective assessment of the test result, a booster phenomenon in
repeated testing can result in a false positive result (Huebner et al., 1993, ATS and CDC,
2000). In addition, indeterminate results cannot be interpreted using TST. Although IFN-γ/
QFT-IT or IP-10/QFT-IT based in vitro tests are relatively costlier and require appropriately
equipped laboratory, they are rapid and overcome all other practical disadvantages of TST
(Pai et. al., 2006).

However, five TST positive subjects at 5mm cut-off point were negative for both IFN-γ/
QFT-IT and IP-10/QFT-IT and another 2 TST positive subjects were negative for one of the
two tests. The antigens used in IFN-γ/QFT-IT are present only M. tuberculosis complex and
very few atypical mycobacteria. Earlier studies also suggested that IFN-γ/QFT-IT was less
affected by prior BCG vaccination and exposure to environmental mycobacteria (Pai et al.,
2008). Since the IP-10/QFT-IT was measured in the same IFN-γ/QFT-IT supernatants, it is
unlikely that IP-10/QFT-IT as well as IFN-γ/QFT-IT, yielded false positive results due to
the exposure to environmental mycobacteria. Therefore, we hypothesis that the positivity
observed only for TST in five subjects might reflect false positivity of TST, associated with
non tuberculosis mycobacterial infection. Of note, the effect on TST of BCG received in
infancy is minimal, especially ≥10 years after vaccination (Farhat et al., 2006). BCG is
given once at birth in our setting and our earlier studies showed that the proportion of TST
positive subjects was similar in subjects with and without BCG scar (Kabeer et al., 2010).

But the 2 TST positive subjects, who was positive either for IFN-γ/QFT-IT or IP-10/QFT-IT
indicated the IFN-γ/QFT-IT and IP-10/QFT-IT possibly failed to pick few true LTBI cases.
It is noteworthy to mention that there was a significant disagreement observed between IFN-
γ/QFT-IT and TST in earlier studies in HIV seronegative TB contacts (Pai et al., 2005).
Further studies are needed on this issue to recommend replacement of TST by IFN-γ/QFT-
IT or IP-10/QFT-IT assays.

Elevated level of IP-10 was shown in serum and plural fluid from the TB patients (Dheda et
al., 2009, Okamoto et al., 2005, Azzuri et al., 2005, Juffermans et al., 1999). The secretion
of IP-10 was also shown to be induced by M. tuberculosis specific antigens and hence
suggested as an alternative test for LTBI diagnosis (Ruhwald et al., 2008, Lighter et al.,
2009, Dheda et al., 2009, Whittaker et al., 2008, Kabeer et al., 2010, Goletti et al., 2010a,
Goletti et al., 2010b, Syed Ahamed Kabeer et al., 2010). More recently, we showed a higher
level of IP-10 secretion in response to M. tuberculosis specific antigens in cultures of whole
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blood from HIV positive patients with TB (Kabeer et al., 2010). At 300 pg/ml cut-off point,
as used in this study, we found 86% of positivity (when excluding the indeterminate results
it was 96%) among sputum smear positive HIV-TB patients. Interestingly, none of the TST
and IFN-γ/QFT-IT negative healthy control subjects were positive for IP-10/QFT-IT. Hence,
44% of positivity for IP-10/QFT-IT in HIV infected individuals, while IFN-γ/QFT-IT was
positive in 39% of subjects from the same cohort, would reflect the true M. tuberculosis
infection rather any non-specific response. Overall, our study results support the notion that
IP-10/QFT-IT can be used as potential alternative marker for LTBI and here we suggest it
can also be used among HIV infected individuals.

As IFN-γ/QFT-IT and IP-10/QFT-IT assays measure the host immune response, there is a
concern, similar to TST, the performance of tests could be impaired when CD4 cell count
declines (Balcells et al., 2008). While some of the studies reported that IFN-γ/QFT-IT
yielded only indeterminate, but not false negative results in advanced immunosuppression in
respect to CD4 count (Syed Ahamed Kabeer et al., 2009, Rangaka et al., 2007, Lagrange et
al., 2008, Santin et al., 2001), other studies showed the association of IFN-γ/QFT-IT false
negativity with CD4 count (Ferrara et al., 2005, Brock et al., 2006). In our study results,
there was no significant difference on CD3, CD4 and CD8 cell counts between IFN-γ/IP-10
positive and negative results. However, both IFN-γ/QFT-IT and IP-10/QFT-IT gave
indeterminate results and most of them had CD4 cell count <100 cells/µl. The occurrence of
indeterminate results is often pointed out in earlier studies as drawback of IGRA in TB
diagnosis especially among individuals with strong immunosuppression. Ferrea et al
reported that IFN-γ/QFT-IT showed 20% indeterminate results and it was associated with
the severity of immunosuppression (Ferrara et al., 2005). In a study assessing response to M.
tuberculosis specific antigens among HIV positive subjects in Denmark using the IFN-γ/
QFT-IT, the proportion of indeterminate test results due to low IFN-γ production following
mitogen stimulation was significantly higher in patients with low CD4 count (<100 cells/µl)
compared to those with high CD4 cell count (>100 cells/µl) (Brock et al., 2006). Our earlier
observation in HIV-TB patients also suggested IFN-γ/QFT-IT gave indeterminate results
when CD4 cell count declined, particularly below 200 cells/µl. As shown in earlier studies,
CD4 cell count was significantly lower in subjects with TST negative results, than in
subjects TST positive results.

When comparing the positivity of IFN-γ/QFT-IT and IP-10/QFT-IT, the latter appeared to
be higher than the former. While IFN-γ/QFT-IT failed to detect 16 of 75 IP-10/QFT-IT
positive subjects and IP-10 failed to detect only 8 of 67 IFN-γ/QFT-IT positive subjects. In
the 17 IFN-γ/QFT-IT indeterminate subjects, 8 subjects became determinate results (either
positive or negative) for IP-10. The higher sensitivity of IP-10/QFT-IT at 300 pg/ml than
IFN-γ/QFT-IT was shown in HIV-TB patients in our earlier findings (Kabeer et al., 2010).
The possible reasons for higher positivity might be (i) IP-10 is the amplified signal of IFN-γ,
thus low quantity of IFN-γ itself is enough to stimulate large quantity of IP-10 (Moser and
Loetscher 2001, Ragno et al., 2001) (ii) IP-10 is also induced by IL-23 and IL-17 producing
cells, independent of IFN-γ production (Khader et al., 2007).

To conclude, positivity of IFN-γ/QFT-IT or IP-10/QFT-IT based in vitro assays was higher
than TST. They are less influenced by HIV infection, when compared to TST. However,
further studies are needed to evaluate the cut-off points used for IP-10 in this study, to
identify a more potential assay between IFN-γ/QFT-IT and IP-10/QFT-IT. Further studies
should also evaluate the discordance between TST and whole blood assays and which one
really provides the evidence of LTBI.
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Figure 1. The levels of IFN-γ (a) and IP-10 (b) secretion in QFT-IT NIL, QFT-IT TB antigen
stimulated and QFT-IT mitogen stimulated samples
The levels of IFN-γ and IP-10 were significantly higher in QFT-IT TB antigens stimulated,
as well as QFT-IT mitogen stimulated samples when compared to QFT-IT NIL samples.
Box and Whisker plots show range, inter-quartile range and median. The difference between
the groups was calculated by Kruskal-Wallis test. *significant difference p<0.001 compared
to unstimulated sample, # significant difference p<0.001 compared to QFT-IT TB specific
antigens stimulated sample. QFT-IT – QuantiFERON-TB Gold in-tube, TB- Tuberculosis
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Figure 2. The influence of CD4 count on IFN-γ/QFT-IT (a), IP-10/QFT-IT (b) assays and TST (c)
outcomes
The decline of CD4 count was associated with IFN-γ/QFT-IT or IP-10/QFT-IT
indeterminate only but not with IFN-γ/QFT-IT or IP-10/QFT-IT negative. The CD4 count
was significantly low in TST negatives than TST positives. Box and Whisker plots show
range, inter-quartile range and median. QFT-IT–Quantiferon TB Gold in-tube, IP-10 –
Interferon gamma inducible protein-10, TST – Tuberculin skin test, *significant difference
p<0.05 by Kruskal-Wallis test.
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Table 1

Demographic and baseline characteristics of study subjects

Category Subcategory N (%) or Median
(Range; IQR)

Sex, Number (%)
Male 112 (62)

Female 68 (38)

Age, Median in years (Range; IQR) 34 (18–61; 28–39)

HIV strain, Number (%)

HIV-I 154 (85)

HIV-II 3 (2)

HIV-I&II 23 (12)

CD4 cell count (cells/µl)* <100 43 (28)

101–200 33 (22)

201–350 33 (22)

>350 43 (28)

IQR-Inter quartile range
N – Number of subjects
% - Percentage
HIV – Human immunodeficiency virus

*
Data available for 152 subjects
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Table 2

Performance of QFT-IT and TST

Tests
Number of subjects, % (95% CI)

Positive Negative Indeterminate Net positive

QFT-IT 38 (31–45) 53 (46–60) 9 (5–13) 42 (34–50)

IP-10 45 (38–52) 50 (42–58) 5 (2–8) 47 (39–55)

TST (5mm) 19 (13–25) 81 (75–87) NA NA

TST (10mm) 15 (10–20) 85 (80–90) NA NA

Net positivity was calculated by excluding the indeterminate results from the analysis.

QFT-IT - QuantiFERON TB-Gold in-tube
IP-10 – Interferon gamma inducible protein-10
TST- Tuberculin Skin test
CI – Confidence interval
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Table 3

a. Agreement between TST and IFN-γ

Test Results 5mm 10mm

Positive TST/Positive QFT-IT 27 25

Negative TST/Negative QFT-IT 106 110

Positive TST/Negative QFT-IT 6 2

Negative TST/Positive QFT-IT 41 43

Agreement % 73.9% 75%

k (95% CI) 0.38 (0.23–0.53) 0.40 (0.24–0.55)

b. Agreement between TST and IP-10

Test Results 5mm 10mm

Positive TST/Positive IP-10 25 22

Negative TST/Negative IP-10 89 91

Positive TST/Negative IP-10 5 3

Negative TST/Positive IP-10 51 54

Agreement % 67.1 66.5

k (95% CI) 0.29 (0.14–0.44) 0.28 (0.12–0.43)

c. Agreement between IFN-γ and IP-10

Tests IP-10

    QFT-IT

Positive Negative Total

Positive 56 8 64

Negative 20 86 106

Total 76 94 170

Agreement % 83.5

K (95% CI) 0.66 (0.55–0.78)

QFT-IT - QuantiFERON TB-Gold in-tube
IP-10 – Interferon gamma inducible protein-10
TST- Tuberculin Skin test
CI – Confidence interval
k – kappa
% - Percentage
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