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Abstract

Background: Individuals infected with human immunodeficiency virus (HIV) have an increased risk of progression
to active tuberculosis following Mycobacterium tuberculosis infection. The objective of the study was to determine
IFN-y responses for the detection of latent tuberculosis infection (LTBI) with QuantiFERON-TB GOLD In Tube (QFT-G-
IT) and T-SPOT.TB in HIV patients, and evaluate the influence of CD4 cell count on tests performance.

Methods: We studied 75 HIV patients enrolled for ongoing studies of LTBI with T-SPOT.TB, QFN-G-IT and TST.
Mean CD4 cell counts + standard deviation was 461.29 + 307.49 cells/ul. Eight patients had a BCG scar.

Results: T-SPOT.TB, OFN-G-IT and TST were positive in 7 (9.3%), 5 (6.7%) and 9 (12%) cases, respectively. Global
agreement between QFN-G-IT and T-SPOT.TB was 89% (x = 0.275). The overall agreement of T-SPOT.TB and QFN-
G-IT with TST was 80.8% (x = 0.019) and 89% (x = 0.373), respectively. We have found negative IFN-y assays results
among 2 BCG-vaccinated HIV-infected individuals with a positive TST. In non BCG-vaccinated patients, QFN-G-IT
and TST were positive in 5 cases (7.5%) and T-SPOT.TB in 7 (10.4%). In contrast, in BCG-vaccinated patients, only
TST was positive in 4/8 (50%) of the cases. The differences obtained in the number of positive results between TST
and both IFN-y assays in BCG vaccinated patients were significant (95% Cl 3-97%, p = 0.046), however, the
confidence interval is very wide given the small number of patients. In patients with CD4< 200, we obtained only
one (5%) positive result with T-SPOT.TB; however, QFN-G-IT and TST were negative in all cases. On the contrary,
percentages of positive results in patients with CD4> 200 were 10.9% (6/55), 9.1% (5/55) and 16.4% (9/55) with T-
SPOT.TB, QFN-G-IT and TST, respectively.

Conclusions: IFN-y tests have the benefit over TST that are less influenced by BCG vaccination, consequently they

are more specific than TST. Although our number of patients with advance immunosuppression is limited, our

study suggests that IFN-y assays are influenced with level of immunosuppression. The use of IFN-y assays could be
@ helpful method for diagnosing LTBI in HIV population.

Background

Tuberculosis (TB) is still a major cause of morbidity and
mortality throughout the world. There is an estimated
global incidence of 8.8 million new cases, with a total of
1.6 million deaths [1]. Indeed, individuals infected with
human immunodeficiency virus (HIV) have an increased
risk of progression to active TB following Mycobacterium
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tuberculosis infection of 5-10% per year [2]. The detec-
tion and treatment of active TB is crucial to control the
global TB epidemic. Therefore, targeting and treating
infected persons with high risk of disease reactivation is a
key strategy for an effective control of the spread of TB.
Nevertheless, the diagnosis of latent tuberculosis infec-
tion (LTBI) is complicated due to the lack of a gold
standard test. Tuberculin skin test (TST) has been used
since the last century for diagnosing LTBI. TST mea-
sures a cell-mediated immunity as the form of a
delayed-type hypersensitivity response to the purified
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protein derivative (PPD) [3]. The main drawback of the
TST is its lack of specificity. PPD contains more than 200
antigens that are shared among other mycobacteria such
as the Bacille Calmette-Guérin (BCG) vaccine strain and
many non-tuberculous mycobacteria (NTM), conse-
quently, false positive TST results can occur due to anti-
genic cross-reactivity [4]. In addition, the sensitivity of
TST is reduced in HIV-positive patients because of false
negative results, as a result of cutaneous anergy [5].

New in vitro T-cell based assays for the diagnosis of
LTBI are now available. These assays measure the IFN-
gamma (IFN-y) released by sensitized T cells after speci-
fic M. tuberculosis antigen stimulation. These specific
antigens are early secreted antigenic target 6 (ESAT-6)
and culture filtrate protein 10 (CFP-10), which are
encoded in the region of difference 1 (RD1) segment of
M. tuberculosis genome [6], and TB7.7, encoded in
RD11 segment [7].

Nowadays, there are two commercial available IFN-y
T-cell based assays: QuantiFERON-TB GOLD In Tube
(QFN-G-IT, Cellestis Limited, Carnegie, Australia) and
T-SPOT.TB (Oxford Immunotec Limited, Abingdon,
UK). Both assays are approved from the U.S. Food and
Drug Administration (FDA) as an aid for diagnosing
LTBI. QFN-G-IT test stimulates whole-blood with
ESAT-6, CFP-10 and TB7.7 in the same tube, and mea-
sures the concentration of IFN-y in supernatants with
an enzyme-linked-immunosorbent assay (ELISA). On
the other hand, T-SPOT.TB assay stimulates isolated
peripheral blood mononuclear cells (PBMCs) with
ESAT-6 and CFP-10 separately, and detects number of
IEN-y producing T cells by means of an enzyme-linked
immunospot assay (ELISPOT).

Promising results have been published with IFN-y assays
in the diagnosis of LTBI [8-13] and active TB [14-18].
Moreover, in the last years some studies have studied IFN-
y tests in HIV-infected population [19-23]. However, only
few studies comparing the performance of both T-SPOT.
TB and QFN assays in the same HIV population have
been conducted [19,24-27]. However, more studies com-
paring T-SPOT.TB and QFN-G-IT with TST are required
in order to better understand the role of IFN-y assays in
the diagnosis of LTBI in this kind of population, analyzing
the impact of the degree of immunosuppression on the
antigen-specific T-cell responses.

So, in the present study, we compared the utility of T-
SPOT.TB, QFN-G-IT and TST for the diagnosis of LTBI
in the same HIV population, and evaluated the influence
of CD4 cell count on the different tests performance.

Methods

Study setting and patient recruitment

From January 2006 through November 2009, HIV-posi-
tive adults attending to the Hospital Universitari
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Germans Trias i Pujol and Hospital Universitari Mutua
Terrassa were enrolled for ongoing studies of LTBI. The
estimated TB community incidence of TB is 23.2/
100.000 habitants and the HIV prevalence among those
active TB patients is 8.5% [28].

Patients were consecutively recruited, and were
enrolled during the course of the routine examinations.
Each participant gave written informed consent before
blood sampling. Ethics Committees of Hospital Univer-
sitari Germans Trias i Pujol and Hospital Universitari
Mttua Terrassa approved the study. Information on the
following variables was collected completing a detailed
questionnaire: age, gender, BCG vaccination, prior TST
(date and result), TB contact, history of prior active TB,
chest radiography and other medical conditions. In our
study, only participants with BCG scars were considered
BCG vaccinated. In LTBI patients, active TB was
excluded by clinical and radiologic examination. None
of the patients included in this study had active TB.
Patients were tested during the routine examination
with the TST. Blood sampling of IFN-y assays was per-
formed before TST application. Patients with a previous
documented positive TST were excluded.

HIV testing and lymphocyte count

HIV testing was performed in all subjects. Blood sam-
ples were taken for HIV serology (ELISA and Western-
Blot). CD4 and CD8 cell count were performed on
blood samples from all HIV-positive patients.

Tuberculin skin test

Two intradermal tuberculin units of PPD RT23 Tween
80 (Statens Serum Institut, Copenhagen, Denmark) were
used to perform the TST, using the Mantoux method.
Induration was measured 48-72 h after the application,
and the size of the induration was interpreted by trained
personnel. According to our national guidelines, an
induration equal or higher than 5 mm was considered
positive [29].

QuantiFERON-TB GOLD In Tube

A total of three tubes of one millilitre each: nil control,
positive control (phytohaemagglutinin [PHA]) and TB-
specific antigens were drawn by venopuncture from
each patient. The tubes were incubated overnight at 37°
C, and after incubation plasmas were separated by cen-
trifugation. The production of IFN-y in whole-blood
supernatant was determined by an ELISA.

Raw optical densities were interpreted by using speci-
fic software provided by the manufacturer. The result
obtained by the nil control was subtracted from the
positive control and the antigen-stimulated samples.
The cut-off value for a positive test was at least 0.35 U/
mL of IFN-y in the sample after stimulation with the
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specific antigens, regardless of the result of the positive
control. The result of the test was considered indetermi-
nate if the antigen-stimulated sample was negative and
if the value of the positive control was less than 0.5 [U/
mL after subtraction of the value of the nil control; and/
or if the negative control was higher than 8.0 IU/mL.

T-SPOT.TB

Eight millilitres of blood were drawn for the isolation of
PBMCs in a vaccutainer CPT tube (Beckton Dickinson
Diagnostics, Franklin Lakes, NJ). The isolated PBMCs
were washed twice by centrifugation with RPMI med-
ium (Invitrogen, Auckland, N.Z.), and later resuspended
in AIM-V medium (Invitrogen, Auckland, N.Z.). Finally,
viable cells were counted with an inverted microscope
using the tripan blue method.

IEN-y producing T cells were detected by an enzyme-
linked immunospot assay (ELISPOT). The test was per-
formed according the manufacturer’s instructions. Each
subject requires four wells precoated with a monoclonal
antibody to IFN-v. In the first well, cells were incubated
with medium alone (control negative), in the second
one with PHA (control positive), in the third one with
ESAT-6 (Panel A), and in the last one with CFP-10
(Panel B). The assay requires a total of 250,000 cells per
well.

On T-SPOT.TB, spots were scored using an auto-
mated AID ELISPOT plate reader (Lector AID Elispots,
Autoimmun Diagnostiks GMBH, Germany). All readings
were also manually verified. Each spot represents the
footprint of a cytokine secreting cell and the number of
spots obtained provides a measurement of frequency of
M. tuberculosis sensitized cells. Subjects were considered
positive if there was a positive response to one or both
of the antigen panels. Test wells were scored as positive
if they contained at least six spot-forming cells more
than the nil control well and this number was at least
twice the number of the nil control well. The result was
considered indeterminate if the response to both antigen
panels were negative and if the number of spots in the
control positive well was less than 20. In addition, the
immunoresponse was also considered indeterminate if
the number of spots in the negative control was greater
than 10.

Statistical methods

Concordance between both tests was assessed using
Cohen’s Kappa (k) coefficient. x values below 0.40 indi-
cate weak correlation, values of 0.41-0.60 indicate good
agreement and values above 0.60 indicate strong agree-
ment. Comparison of the number of spots and the
IFN-y released was performed by Mann-Whitney U test
analysis. Differences were considered significant when
P values were less than 0.05. All analyses were made
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with SPSS statistical software for Windows (SPSS ver-
sion 15.0; SPSS Inc., Chicago; IL, USA). Graphical repre-
sentation is based on GraphPad Prism version 4
(GraphPad Software, Inc, Dan Diego, CA).

Results

Patient characteristics

We studied 75 HIV-positive patients who were screened
for LTBI. Mean CD4 and CD8 cell counts + standard
deviation were 461.29 + 307.49 cells/ul and 899.33 +
649.94 cells/ul respectively. The main demographic
characteristics of patients included in the study are sum-
marized in Table 1.

Diagnostic tests performance

The overall number of positive results in HIV-positive
individuals screened for LTBI was 7/75 (9.3%), 5/75
(6.7%) and 9/75 (12%) using T-SPOT.TB, QFN-G-IT
and TST respectively. There were not significant differ-
ences in the percentage of positive results between the
three tests. We obtained two indeterminate results, both
by T-SPOT.TB and QFN-G-IT, due to an insufficient
response to PHA and M. tuberculosis specific antigens.
In these two cases, TST was negative. Global agreement
between T-SPOT.TB and QFN-G-IT was 89% (k =
0.275; standard error [SE] = 0.184). The overall agree-
ment of T-SPOT.TB and QFN-G-IT with TST was
80.8% (x = 0.019; SE = 0.123) and 89% (x = 0.373; SE =
0.173), respectively.

In non BCG-vaccinated patients, QFN-G-IT and TST
were positive in 5/67 (7.5%), and T-SPOT.TB in 7/67
(10.4%) of the cases. In BCG-vaccinated patients both
IFN-y assays were negative, but in contrast, we obtained
4/8 (50%) of positive results with TST. The difference
between the results obtained by TST in non BCG-vacci-
nated and BCG-vaccinated was statistically significant (p
= 0.006). Furthermore, the differences obtained in the
number of positive results between TST and both IFN-y
assays in BCG vaccinated patients were also significant
(95% Confidence interval = 3-97%, p = 0.046), however,
the confidence interval is very wide given the small
number of patients. The number of positive results
and the agreement between the assays regarding BCG-
vaccination status are shown in Tables 2 and 3.

Influence of CD4 cell count

We analyzed the possible impact of CD4 cell count on
T cell responses, stratifying patients into two groups: 20
patients with < 200 CD4 cells/ul and 55 patients with
>200 CD4 cells/ul. We found that number of responder
T cells to specific M. tuberculosis antigens detected by
T-SPOT.TB and the IFN-y released in QFN-G-IT was
lower in HIV-positive patients with CD4 cell counts
< 200 than >200 cells/pl but not statistically significant,
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Table 1 Demographic characteristics of patients included in this study

All subjects CD4< 200 CD4 >200
N =75 (%) N = 20 (%) N = 55 (%)
Gender
Male 53 (70.7) 15 (75) 38 (69.1)
Female 22 (29.3) 5 (25) 17 (30.9)
Age, mean = SD 4241 £9.16 4210 £ 7.96 4253 £ 963
BCG-vaccinated
Yes 8 (10.7) 2 (10) 6 (10.9)
No 67 (89.3) 18 (90) 49 (89.1)
Birth country
Immigrants from countries with high prevalence of TB infection 6 (8) 1(5 5(9.)
Autochthonous Spanish population 69 (92) 19 (95) 50 (90.9)
as shown in Figure 1. In addition, we studied the PHA  Discussion

T cell responses on QFN-G-IT according CD4 T cells
and the differences between < 200 and >200 cell counts
were nearly significant (Figure 2). On the other hand, it
was impossible to asses the number of responder T cells
after PHA stimulation on T-SPOT.TB due to saturation
in the control positive well.

The proportion of positive results obtained by
T-SPOT.TB and QFN-G-IT were lower in HIV patients
with a CD4 cell count < 200 than above >200 cells/pl.
In patients with a CD4 cell count below 200, we only
obtained an only one (5%) positive result with T-SPOT.
TB, that corresponded to one patient with 39 CD4 cells/
ul. QFN-G-IT and TST were negative in all cases. In
contrast, percentages of positive results in patients with
a CD4 cell count above 200 were 10.9% (6/55), 9.1% (5/
55) and 16.4% (9/55) with T-SPOT.TB, QFN-G-IT and
TST, respectively. Differences in positive results regard-
ing CD4 cell count were not significant for any tests (T-
SPOT.TB, QFN-G-IT and TST: p = 0.313, p = 0.123
and p = 0.055, respectively).

The concentration of IFN-y released in QFN-G-IT and
the number of responder ESAT-6 and CFP-10 specific
T cells detected by T-SPOT.TB was not correlated with
number of circulating CD4 T cells (Spearman’s rho [SR]
= 0.221, p = 0.056; SR = 0.028, p = 0.813 and SR =
0.013, p = 0.910, respectively), as shown in Figure 3.

Table 2 T-SPOT.TB, QFN-G-IT and TST positive results
regarding BCG vaccination status

Diagnostic test No. (%) of positive results

BCG-vaccinated

Non BCG-vaccinated p*

(n=8) (n = 67)
T-SPOT.TB 0 (0) 7 (104) 0.531
QFN-G-IT 0 (0) 5(75) 0.683
TST 4 (50) 5(7.5) 0.006

*Significance value in percentage of positive results between BCG and non-
BCG vaccinated patients.

Several authors have studied the responses on T-cell
based assays in HIV individuals for the detection of
LTBI and active TB. It has been demonstrated in the
majority of the studies, that IFN-y assays have higher
number of positive results than TST and a poor agree-
ment with it [19-21,23,30-34]. Nevertheless, only a few
studies have performed a direct comparison of T-SPOT.
TB, QFN-G-IT and TST to ascertain LTBI in HIV-
positive individuals [24-27].

Talati et al [25], compared T-SPOT.TB, QFN-G-IT
and TST in 336 HIV-infected persons. They found a
low prevalence of LTBI with the three diagnostic tests: 7
(2.1%) had a positive TST, 9 (2.7%) a positive QFN-G-
IT and 14 (4.2%) a positive T-SPOT.TB. Overall, agree-
ment between the three diagnostic tests was poor.
Furthermore, Richeldi et al [24], performed simulta-
neously T-SPOT.TB, QFN-G-IT and TST in 116 chroni-
cally HIV-infected individuals. They identified a low
percentage of individuals as LTBI and also a slight
agreement between T-SPOT.TB and TST or QFN-G-IT.
Rivas I [27] compared TST and both IFN-y tests in 139
drug and alcohol abusers, 31% of them being HIV-
infected patients. The authors did not found statistically
significant associations between HIV serostatus and in
vitro tests or TST. However, percentages of positive
results obtained by T-SPOT.TB and QFN-G-IT in HIV-
positive patients were higher for patients with a CD4
count >350 cells/pl than < 350 cells/pl (28.6% and
39.3% versus 20% and 10%, respectively).

On the other hand, the evaluation of both T-cell based
assays and the TST, in patients with HIV-infection, for
the immunodiagnosis of LTBI has been also recently
described in a high TB-incidence country. In this sense,
Leidl et al [26] enrolled 109 individuals in Uganda with
a new diagnosis of HIV-1 infection, and observed that
global frequencies of positive results for TST, T-SPOT.
TB and QFN-G-IT were 47.2%, 54% and 67.9% respec-
tively. Although there are few differences between
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Table 3 Concordance and agreement between TST, T-SPOT.TB and QFN-G-IT results according BCG vaccination status*

TST vs T-SPOT.TB

TST vs QFN-G-IT

T-SPOT.TB vs QFN-G-IT

Concordance (%) K (SE*¥) Concordance (%)  (SE) Concordance (%)  (SE)
HIV-positive
Overall 59/73 (80.8) 0.019 (0.123) 65/73 (89) 0373 (0.173) 65/73 (89) 0.275 (0.184)
BCG 4/8 (50) R 4/8 (50) S 8/8 (100) S
Non-BCG 55/65 (84.6) 0.085 (0.154) 61/65 (93.8) 0.567 (0.194) 57/65 (87.7) 0.268 (0.186)

* Indeterminate IFN-y assays results were not included in the analysis.
** standard deviation

*#*1; value is not possible to calculate because of T-SPOT.TB and QFN-G-IT results are one constant variable.

numbers of positive results in these previous findings,
our results are consistent with those reported in the
referred studies, where the commercial IFN-y tests
reached similar number of positive results. Furthermore,
according to these studies we observed that concor-
dances between three diagnostic tests were poor.

Intriguingly, we have observed poor agreement
between both IFN-y tests. From the 7 cases with a posi-
tive T-SPOT.TB result and the 5 cases with positive
QFEN-G-IT results, both tests were positive simulta-
neously in only 2 cases. Diagnostic agreement between
tests was moderate (x = 0.40-0.65). Similar results were
described by Richeldi et al [24]. They observed that the
agreement decreased in the HIV group when T-SPOT.
TB was compared with either TST (k = 0.16) or QFT-
IT (k = 0.19). In addition they reported highly discor-
dant results (those clearly negative with one IFN-y assay
and clearly positive with another) in all groups of immu-
nosuppressed patients. The analysis of these discordant
results needs to be researched further.

It is poorly understood the impact of the HIV-infection
in the immune response of LTBI and vice versa. We have
observed, as other authors [24], the presence of discor-
dant results between the TST and the IFN-y tests, and
also between both IFN-y tests (T-SPOT.TB and QFN-
G-IT). It is not clear enough the reasons for these kinds
of results. In some cases it could be given by BCG
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Figure 1 Number of responder T cells to specific antigens in
T-SPOT.TB (A) and IFN-y released after specific antigens (B)
stimulation determined by QFN-G-IT in HIV-infected patients
stratifying CD4 cell counts into two groups of < 200 and >200
cells/pl.

vaccination, or by previous NTM infections (discor-
dances between TST and IFN-y tests). In other cases, it
might be due to the different methodologies (TST vs
QFN-G-IT vs T-SPOT.TB). In fact, maybe, the discor-
dant results demonstrate some different immune
responses [35], but this hypothesis has not been yet fully
explored. In any case, given that a gold standard for LTBI
does not exist, it is not possible to know, in case of dis-
cordant result, which test gives the true result. So, do we
recommend doing TST and IFN-y tests to all HIV
patients? We think that we have to do more diagnostic
effort in patients with a high risk of developing active TB
if they are infected. Probably we have to use all the tests
available in severe immunosuppresed patients, and
maybe it is not so necessary in HIV patients with a con-
served number of CD4. Therefore, the use of IFN-y
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assays in combination with TST could be beneficial for
diagnosing LTBI in HIV population severely immuno-
suppressed. However, probably our results did not pro-
vide definite data for supporting these comments.

We only detected two indeterminate results (2.7%) by
either IFN-y assays. This data is consistent with the
majority of studies which show low rates of indetermi-
nate results in HIV-infected patients without active TB
[22]. One of the indeterminate cases obtained in our
study corresponded with a low circulating CD4 cell
count patient (103 cells/ul). It has been described that
low CD4 cell counts are associated with IFN-y assays
indeterminate results for the diagnosis of LTBI and
active TB [23,25,30,31,33,36,37]. However, in our study,
19 of 20 patients with < 200 CD4 cells/ul obtained a
valid result. This data differ from other studies where
high percentages of commercial IFN-vy tests or in-house
ELISPOT assays indeterminate results were found in
HIV-infected patients with low CD4 count cells in LTBI
screening studies [23,25]. Nevertheless, studies of HIV-
infected patients with active TB, generally report higher
proportion of indeterminate results [36-38].

Raby et al [37] reported that low CD4 cell counts were
associated with both indeterminate and negative QFN-
G-IT results. On the contrary, low CD8 cell counts
(median 369 cells/pl) were only associated with indeter-
minate results. They proposed that CD4+ and CD8+
cells could respond to PHA, unfortunately, the MCH
class II overlapping peptides used in QFN-G-IT are only
restricted to CD4+ cells. Consequently, those patients
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with high/normal CD8 cell counts (median 999 cells/pl)
and low CD4+ cells produced a positive response to
PHA but a negative response to M. tuberculosis specific
antigens. In our study, only one of the two indetermi-
nate results corresponded with a patient with a CD4 cell
count < 200 cells/pl and a CD8 cell count < 600 cells/pl
(103 and 568 cells/ul, respectively).

Regarding the differences in the IFN-y assays results in
HIV-positive individuals with a CD4 cell count < 200
respect those with a CD4 cell count >200, in our study
all tests performed poorly in HIV-infected patients with
CD4 cell count < 200. The fact that T-SPOT.TB
obtained a positive result in one individual with a CD4
cell count < 200 (39 cells/pl), but none for QFN-G-IT,
it is not sufficient to drawn conclusions. Converse et al
[39], assessed the effect of HIV immunosuppression on
QFN-G, and found that when immunosuppression
increased, QFN-G sensitivity decreased, and only 30%
(10/23) of HIV-seropositive persons with < 200 CD4
cells were positive.

Some studies have evaluated IFN-y assays in HIV
patients with active TB, and the influence of CD4 cell
count. Aabye et al [36], reported that QFN-G-IT sensi-
tivity in HIV-positive patients with active TB increased
with high CD4 cell counts. Additionally, there are stu-
dies that have determined the diagnostic accuracy of
T-cell based assays assessing the ratio of quantitative
response of ESAT-6 and CFP-10 to CD4 T cell count,
and improving the diagnosis of active TB [40,41]. No
HIV-infected patient diagnosed of active TB was
included in our study.

Furthermore, we observed that numbers of ESAT-6
and CFP-10 specific T cells in T-SPOT.TB, and concen-
tration of IFN-y in QFN-G-IT remained constant
among patients with different levels of immunosuppres-
sion. Our results differ with those obtained in a recent
study conducted by Leidl et al [26], where the correla-
tion of the number of CD4 T cells with the IFN-y
released in QFN-G-IT was positive (Spearman’s rho =
0.38; p = 0.0001), and constant with the number of
ESAT-6 and CFP-10 specific T cells in T-SPOT.TB
(Spearman’s rho = 0.03; p = 0.77 and Spearman’s rho =
0.13; p = 0.21, respectively).

Regarding the BCG-vaccination status, our results evi-
dence that T-cell based assays are less influenced by BCG-
vaccination than TST. In addition, we have found negative
IFN-y assays results among 2 non BCG-vaccinated HIV-
infected individuals with a positive TST. A possible expla-
nation to these discordant results could be a consequence
of a previous NTM sensitization. In fact, in our experi-
ence, the utilization of IFN-y tests could reduce the false
diagnosis of LTBI in patients with a NTM sensitization
[35,42]. In our study it was impossible to test in vitro
NTM sensitins given that we didn’t have more PBMCs
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stored from these patients. However, it is not clear enough
the safety of not treating BCG and non BCG-vaccinated
patients with a positive TST and negative T-cell based
assays in this kind of population, especially in patients
with more severe immunosuppression.

The main drawback of our study needs to be reported.
Even though we have compared T-SPOT.TB, QFN-G-IT
and TST in the same population of HIV-infected indivi-
duals, the number of patients, especially those with CD4
cell counts < 200, is limited. Furthermore, we did not
detect any significant differences in the overall percen-
tages of positive results between the three tests. How-
ever, our results reported in this study are consistent to
add valuable data about the utility of the IFN-y tests in
the diagnosis of LTBI in HIV-infected patients, and the
influence of the number of CD4 in the results. More
studies comparing T-SPOT.TB and QFN-G-IT with
TST are required to determine the role of IFN-y assays
for the diagnosis of LTBI in HIV-positive patients.

Conclusions

In conclusion, IFN-y tests have the benefit over TST that
are less influenced by BCG-vaccination, consequently they
are more specific than TST. The use of IFN-y assays in
combination with TST could be a helpful method for diag-
nosing LTBI in HIV population. Our study suggests that
IFN-y assays are influenced with level of immunosuppres-
sion. Further studies are required for understanding the
meaning of the discrepancies between both IFN-y tests.

Acknowledgements

We thank the nurse staff of the Hospital Universitari Mutua Terrassa; and
Carmen Ramil, Lucia Haba, Miguel Angel Cuesta, and Miguel Pérez from
Hospital Universitari Germans Trias i Pujol for technical assistance. JD is a
researcher funded from the Miguel Servet programme of the Instituto de
Salud Carlos Il (Spain). We thank Oriol Martos for his kind technical
assistance.

Author details

'Servei de Microbiologia. Hospital Universitari Germans Trias i Pujol. Fundacio
Institut en Ciéncies de la Salut Germans Trias i Pujol. Badalona. Spain. “Servei
de Medicina Interna. Hospital Universitari Germans Trias i Pujol. Fundacio
Institut en Ciencies de la Salut Germans Trias i Pujol. Badalona. Spain.
*Unidad Clinica HIV. Hospital Universitari Germans Trias i Pujol. Fundacio
Institut en Ciencies de la Salut Germans Trias i Pujol. Badalona. Spain.
“Universitat Autonoma de Barcelona. Bellaterra. Spain. °Ciber Enfermedades
Respiratorias. Instituto de Salud Carlos IIl. Badalona. Spain. ®Unidad Control
de la Tuberculosis/HIV. Hospital Universitari Mitua Terrassa. Spain. ’Catlab.
Terrassa. Spain.

Authors’ contributions

Conceived and designed the experiments: IL, XM-L, VA and JD. Performed the
experiments: IL, XM-L, RF, AL, JP, CT, JL, CP and EC. Analyzed the data: IL, XM-
L, RF, AL, JP, CT, JL, CP, EC, VA and JD. Contributed reagents/materials/analysis
tools: XM-L, CT, JL, CP and JD. Wrote the paper: IL, XM-L and JD. All authors
read and approved the final manuscript.

Competing interests

None of the investigators have any financial interest in or a financial conflict
with the subject matter or materials discussed in this manuscript. None of
the Scientific Societies, neither Inverness Medical Ibérica SAU (Barcelona,

Page 7 of 8

Spain), Cellestis (Carnegie, Australia) or Oxford Immunotec (Abingdon, UK)
had a role in the study design, conduct, collection, management, analysis, or
interpretation of the data, or preparation, review, or approval of the
manuscript.

Received: 6 July 2010 Accepted: 10 December 2010
Published: 10 December 2010

References

1. World Health Organization: Global Tuberculosis Control - Surveillance,
Planning, Financing (WHO/HTN/TB/2005.349). Geneva, Switzerland. 2005.

2. Corbett EL, Charalambous S, Moloi VM, Fielding K, Grant AD, Dye C, De
Cock KM, Hayes RJ, Williams BG, Churchyard GJ: Human immunodeficiency
virus and the prevalence of undiagnosed tuberculosis in African gold
miners. Am J Respir Crit Care Med 2004, 170:673-679.

3. Jasmer RM, Nahid P, Hopewell PC: Clinical practice. Latent tuberculosis
infection. N £ngl J Med 2002, 347:1860-1866.

4. Huebner RE, Schein MF, Bass JB Jr: The tuberculin skin test. Clin Infect Dis
1993, 17:968-975.

5. Selwyn PA, Sckell BM, Alcabes P, Friedland GH, Klein RS, Schoenbaum EE:
High risk of active tuberculosis in HIV-infected drug users with
cutaneous anergy. Jama 1992, 268:504-509.

6. Andersen P, Munk ME, Pollock JM, Doherty TM: Specific immune-based
diagnosis of tuberculosis. Lancet 2000, 356:1099-1104.

7. Brock |, Weldingh K, Leyten EM, Arend SM, Ravn P, Andersen P: Specific T-
cell epitopes for immunoassay-based diagnosis of Mycobacterium
tuberculosis infection. J Clin Microbiol 2004, 42:2379-2387.

8. Dominguez J, Ruiz-Manzano J, De Souza-Galvao M, Latorre |, Mila C,

Blanco S, Jimenez MA, Prat C, Lacoma A, Altet N, Ausina V: Comparison of
two commercially available gamma interferon blood tests for
immunodiagnosis of tuberculosis. Clin Vaccine Immunol 2008, 15:168-171.

9. Lalvani A, Pathan AA, Durkan H, Wilkinson KA, Whelan A, Deeks JJ,

Reece WH, Latif M, Pasvol G, Hill AV: Enhanced contact tracing and spatial
tracking of Mycobacterium tuberculosis infection by enumeration of
antigen-specific T cells. Lancet 2001, 357:2017-2021.

10. Ferrara G, Losi M, D'Amico R, Roversi P, Piro R, Meacci M, Meccugni B,

Dori IM, Andreani A, Bergamini BM, et al: Use in routine clinical practice of
two commercial blood tests for diagnosis of infection with
Mycobacterium tuberculosis: a prospective study. Lancet 2006,
367:1328-1334.

11. Ewer K, Deeks J, Alvarez L, Bryant G, Waller S, Andersen P, Monk P,

Lalvani A: Comparison of T-cell-based assay with tuberculin skin test for
diagnosis of Mycobacterium tuberculosis infection in a school
tuberculosis outbreak. Lancet 2003, 361:1168-1173.

12. Richeldi L: An update on the diagnosis of tuberculosis infection. Am J
Respir Crit Care Med 2006, 174:736-742.

13. Casas |, Latorre |, Esteve M, Ruiz-Manzano J, Rodriguez D, Prat C, Garcia-
Olive I, Lacoma A, Ausina V, Dominguez J: Evaluation of interferon-gamma
release assays in the diagnosis of recent tuberculosis infection in health
care workers. PLoS One 2009, 4:¢6686.

14.  Dominguez J, De Souza-Galvao M, Ruiz-Manzano J, Latorre |, Prat C,
Lacoma A, Mila C, Jimenez MA, Blanco S, Maldonado J, et al: T-cell
responses to the Mycobacterium tuberculosis-specific antigens in active
tuberculosis patients at the beginning, during, and after antituberculosis
treatment. Diagn Microbiol Infect Dis 2009, 63:43-51.

15. Goletti D, Stefania C, Butera O, Amicosante M, Ermnst M, Sauzullo |, Vullo V,
Cirillo D, Borroni E, Markova R, et al- Accuracy of immunodiagnostic tests
for active tuberculosis using single and combined results: a multicenter
TBNET-Study. PLoS ONE 2008, 3:€3417.

16.  Pai M, Menzies D: Interferon-gamma release assays: what is their role in
the diagnosis of active tuberculosis? Clin Infect Dis 2007, 44:74-77.

17.  Lalvani A: Diagnosing tuberculosis infection in the 21st century: new
tools to tackle an old enemy. Chest 2007, 131:1898-1906.

18. Latorre |, De Souza-Galvao M, Ruiz-Manzano J, Lacoma A, Prat C,
Fuenzalida L, Altet N, Ausina V, Dominguez J: Quantitative evaluation of T-
cell response after specific antigen stimulation in active and latent
tuberculosis infection in adults and children. Diagn Microbiol Infect Dis
2009, 65:236-246.

19.  Rangaka MX, Wilkinson KA, Seldon R, Van Cutsem G, Meintjes GA,

Morroni C, Mouton P, Diwakar L, Connell TG, Maartens G, Wilkinson RJ:



Latorre et al. BMC Infectious Diseases 2010, 10:348
http://www.biomedcentral.com/1471-2334/10/348

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Effect of HIV-1 infection on T-Cell-based and skin test detection of
tuberculosis infection. Am J Respir Crit Care Med 2007, 175:514-520.
Chapman AL, Munkanta M, Wilkinson KA, Pathan AA, Ewer K, Ayles H,
Reece WH, Mwinga A, Godfrey-Faussett P, Lalvani A: Rapid detection of
active and latent tuberculosis infection in HIV-positive individuals by
enumeration of Mycobacterium tuberculosis-specific T cells. AIDS 2002,
16:2285-2293.

Dheda K, Lalvani A, Miller RF, Scott G, Booth H, Johnson MA, Zumla A,
Rook GA: Performance of a T-cell-based diagnostic test for tuberculosis
infection in HIV-infected individuals is independent of CD4 cell count.
Aids 2005, 19:2038-2041.

Dominguez J, Latorre |, Altet N, Mateo L, De Souza-Galvao M, Ruiz-
Manzano J, Ausina V: IFN-gamma release assays to diagnose tuberculosis
infection in the immunocompromised individual. Expert Rev Resp Med
2009, 3:309-327.

Mandalakas AM, Hesseling AC, Chegou NN, Kirchner HL, Zhu X, Marais BJ,
Black GF, Beyers N, Walzl G: High level of discordant IGRA results in HIV-
infected adults and children. Int J Tuberc Lung Dis 2008, 12:417-423.
Richeldi L, Losi M, D'Amico R, Luppi M, Ferrari A, Mussini C, Codeluppi M,
Cocchi S, Prati F, Paci V, et al- Performance of tests for latent tuberculosis
in different groups of immunocompromised patients. Chest 2009,
136:198-204.

Talati NJ, Seybold U, Humphrey B, Aina A, Tapia J, Weinfurter P, Albalak R,
Blumberg HM: Poor concordance between interferon-gamma release
assays and tuberculin skin tests in diagnosis of latent tuberculosis
infection among HIV-infected individuals. BMC Infect Dis 2009, 9:15.

Leidl L, Mayanja-Kizza H, Sotgiu G, Baseke J, Ernst M, Hirsch C, Goletti D,
Toossi Z, Lange C: Relationship of immunodiagnostic assays for
tuberculosis and numbers of circulating CD4+ T-cells in HIV-infection.
Eur Respir J 2009, 35:419-426.

Rivas I, Latorre |, Sanvisens A, Dominguez J, Tor J, Prat C, Rey-Joly C,

Muga R: Prospective evaluation of latent tuberculosis with interferon-
gamma release assays in drug and alcohol abusers. Epidemiol Infect 2009,
137:1342-1347.

Generalitat de Catalunya. Departament de Salut: Programa de prevencio i
control de la tuberculosi a Catalunya. Situacié epidemiologica i
tendéncia de I'endémia tuberculosa a Catalunya. Informe anual. 2008.
Ruiz-Manzano J, Blanquer R, Calpe JL, Caminero JA, Cayla J, Dominguez JA,
Garcia JM, Vidal R: [Diagnosis and treatment of tuberculosis]. Arch
Bronconeumol 2008, 44:551-566.

Brock I, Ruhwald M, Lundgren B, Westh H, Mathiesen LR, Ravn P: Latent
tuberculosis in HIV positive, diagnosed by the M. tuberculosis specific
interferon-gamma test. Respir Res 2006, 7:56.

Luetkemeyer AF, Charlebois ED, Flores LL, Bangsberg DR, Deeks SG,

Martin JN, Havlir DV: Comparison of an interferon-gamma release assay
with tuberculin skin testing in HIV-infected individuals. Am J Respir Crit
Care Med 2007, 175:737-742.

Stephan C, Wolf T, Goetsch U, Bellinger O, Nisius G, Oremek G, Rakus Z,
Gottschalk R, Stark S, Brodt HR, Staszewski S: Comparing QuantiFERON-
tuberculosis gold, T-SPOT tuberculosis and tuberculin skin test in HIV-
infected individuals from a low prevalence tuberculosis country. Aids
2008, 22:2471-2479.

Jones S, de Gijsel D, Wallach FR, Gurtman AC, Shi Q, Sacks H: Utility of
QuantiFERON-TB Gold in-tube testing for latent TB infection in HIV-
infected individuals. Int J Tuberc Lung Dis 2007, 11:1190-1195.

Jiang W, Shao L, Zhang Y, Zhang S, Meng C, Xu Y, Huang L, Wang Y,
Wang Y, Weng X, Zhang W: High-sensitive and rapid detection of
Mycobacterium tuberculosis infection by IFN-gamma release assay
among HIV-infected individuals in BCG-vaccinated area. BMC Immunol
2009, 10:31.

Altet-Gomez M, De Souza-Galvao M, Latorre |, Mild C, Jiménez M, Solsona J,
Cantos A, Zamora J, Ruiz Manzano J, Ausina V, Dominguez J: Diagnosing
TB infection in children: analysis of discordances using in vitro tests and
tuberculin skin test. Eur Respir J 2010.

Aabye MG, Ravn P, PrayGod G, Jeremiah K, Mugomela A, Jepsen M,
Faurholt D, Range N, Friis H, Changalucha J, Andersen AB: The impact of
HIV infection and CD4 cell count on the performance of an interferon
gamma release assay in patients with pulmonary tuberculosis. PLoS One
2009, 4:24220.

Raby E, Moyo M, Devendra A, Banda J, De Haas P, Ayles H, Godfrey-
Faussett P: The effects of HIV on the sensitivity of a whole blood IFN-

38.

39.

40.

42.

Page 8 of 8

gamma release assay in Zambian adults with active tuberculosis. PLoS
One 2008, 3:22489.

Cattamanchi A, Ssewenyana |, Davis JL, Huang L, Worodria W, den Boon S,
Yoo S, Andama A, Hopewell PC, Cao H: Role of interferon-gamma release
assays in the diagnosis of pulmonary tuberculosis in patients with
advanced HIV infection. BMC Infect Dis 2010, 10:75.

Converse PJ, Jones SL, Astemborski J, Viahov D, Graham NM: Comparison
of a tuberculin interferon-gamma assay with the tuberculin skin test in
high-risk adults: effect of human immunodeficiency virus infection. J
Infect Dis 1997, 176:144-150.

Clark SA, Martin SL, Pozniak A, Steel A, Ward B, Dunning J, Henderson DC,
Nelson M, Gazzard B, Kelleher P: Tuberculosis antigen-specific immune
responses can be detected using enzyme-linked immunospot
technology in human immunodeficiency virus (HIV)-1 patients with
advanced disease. Clin Exp Immunol 2007, 150:238-244.

Oni T, Patel J, Gideon HP, Seldon R, Wood K, Hlombe Y, Wilkinson KA,
Rangaka MX, Mendelson M, Wilkinson RJ: Enhanced diagnosis of HIV-1
associated tuberculosis by relating T-SPOT.TB and CD4 counts. Eur Respir
J 2010, 36:594-600.

Latorre I, De Souza-Galvédo M, Ruiz-Manzano J, Lacoma A, Prat C, Altet N,
Ausina V, J D: Evaluating the non-tuberculous mycobacteria effect in the
tuberculosis infection diagnosis. Fur Respir J 2010, 35:338-342.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2334/10/348/prepub

doi:10.1186/1471-2334-10-348

Cite this article as: Latorre et al.. IFN-y response on T-cell based assays
in HIV-infected patients for detection of tuberculosis infection. BMC
Infectious Diseases 2010 10:348.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
e Thorough peer review
¢ No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BioMed Central
J




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study setting and patient recruitment
	HIV testing and lymphocyte count
	Tuberculin skin test
	QuantiFERON-TB GOLD In Tube
	T-SPOT.TB
	Statistical methods

	Results
	Patient characteristics
	Diagnostic tests performance
	Influence of CD4 cell count

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

