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Objectives: To investigate whether mycobacterial antigen–induced
cytokine secretions are helpful in detecting Mycobacterium tuber-
culosis (Mtb) infection in a cohort of HIV-infected patients living in
a country with a high burden of Mtb and HIV infections, and to
determine their predictive value for the development of tuberculosis
(TB)-associated immune reconstitution inflammatory syndrome.

Design: A total of 352 HIV-infected patients (186 with active TB)
were prospectively enrolled when initiating antiretroviral therapy
(ART). Sequential blood samples were collected during the first 6

months of ART. Eighty-three HIV-uninfected subjects (39 with
active TB) were enrolled as controls.

Methods: The concentrations of 13 cytokines were measured in
supernatants from blood mononuclear cells in vitro stimulated with
purified protein derivative (PPD), heparin-binding hemagglutinin
(HBHA) or early secreted antigen-6 (ESAT-6) and culture filtrate
protein-10 (CFP-10), and results were compared with those of
tuberculin skin tests (TST).

Results: The best detection of Mtb infection was achieved by
ESAT-6/CFP-10–induced interferon-g concentrations, but results
were often negative for patients with CD4+ T-cell counts ,50 per
cubic millimeters. Patients with active TB were identified by high
ESAT-6/CFP-10–induced interleukin-6. Conversions of interferon-
g-release assays (IGRA) and TST occurred under ART, and
combined TB and antiretroviral treatments of coinfected patients
resulted in a decrease of ESAT-6/CFP-10–induced and an increase
of HBHA-induced interferon-g responses. No Mtb antigen–induced
cytokines allowed us to predict TB–immune reconstitution inflam-
matory syndrome or ART-associated TB.

Conclusions: In Uganda, ESAT-6/CFP-10–IGRA is better in
detecting Mtb infection than TST and, when combined with an
HBHA–IGRA, could help to evaluate anti-TB treatment success.
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INTRODUCTION
Tuberculosis (TB) is a global leading cause of morbid-

ity and mortality due to infection, second only to HIV/AIDS.1

Most Mycobacterium tuberculosis (Mtb)–infected individuals
remain asymptomatic, ie, have latent tuberculosis infection
(LTBI), whereas 5%–10% of them develop active clinical
TB.2 This proportion is higher in HIV-infected persons, HIV
infection being an important risk factor for the development
of active TB (aTB) among subjects with LTBI.3 Furthermore,
a major complication of dual HIV–Mtb infection is the
development of an immune reconstitution inflammatory
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syndrome (IRIS).4 The World Health Organization estimates
that 13% of deaths among patients with AIDS worldwide are
related to TB.1

Detection of LTBI among HIV-infected people for
preventive therapy is one of the strategies that has been
implemented because it reduces the risk of progression to
aTB.1,5 However, this strategy is poorly implemented,6

mainly as a consequence of the lack of a gold-standard LTBI
diagnostic tool, risks related to treatment toxicity, and
interference with antiretroviral treatment (ART).

The tuberculin skin test (TST) is the established method
for LTBI detection, but it performs poorly in immune-
compromised patients.7 Short-term interferon-gamma release
assays (IGRA) have been approved in many countries as
alternative methods to TST, because both T-SPOT.TB
(Oxford Immunotec Global PLC, Marlborough, MA) and
QuantiFERON-TB Gold In-Tube (Qiagen, Hilden, Germany)
assays were reported to provide at least equal sensitivities, but
improved specificities over TST for LTBI diagnosis in
immune-competent persons.8,9 However, available data have
not yet clearly demonstrated that IGRA have a clear across-the-
board advantage over TST in immune-compromised patients.10

More studies in these populations, as well as the development
of new and improved assays are needed. Longer incubation
time IGRA11,12 and/or IGRA in response to additional/
alternative Mtb antigens provides potential alternatives. We
previously reported promising results of an in-house IGRA
based on heparin-binding hemagglutinin (HBHA)–induced
interferon-gamma (IFN-g) secretions (HBHA–IGRA) to detect
subjects with LTBI among immune-competent adults living in
a low-TB-incidence country.13,14 We further reported on the
added value of this test to detect in the same settings LTBI
among immune-suppressed patients under hemodialysis for
end-stage renal disease15 and HIV-infected subjects.16

The aim of the present study was to evaluate, for the first
time in a high-TB-incidence setting, the potential contribution
of an HBHA-based assay to LTBI screening in HIV-infected
patients. A 3-day incubation time was chosen to get optimal
sensitivity, and results obtained in response to HBHA were
compared with those in response to other mycobacterial
antigens [purified protein derivative (PPD), early secreted
antigen-6 (ESAT-6), culture filtrate protein-10 (CFP-10)], and
with the TST results. Cytokine/chemokine analyses were
further performed on the culture supernatants of these IGRA
to identify alternative read-outs other than IFN-g that might
increase the sensitivity of the test. The performance of the
different IGRA for predicting TB-associated IRIS (TB–IRIS)
and ART-associated TB (AATB) was also evaluated, because
this might be useful to decide whether to delay ART initiation
in order to avoid potentially lethal TB–IRIS.

METHODS

Ethical Approval
It was obtained from the Infectious Disease Institute

Scientific Review Committee, Makerere Faculty of Med-
icine Ethics Committee, the Uganda National Council on
Science and Technology, the ethics committees of Mulago

Hospital (Kampala, Uganda) and ULB-Hôpital Erasme
(Brussels, Belgium). Informed consent was obtained from
all study participants.

Study Population
A total of 352 HIV-infected patients were prospectively

included in this study. Cohort characteristics were previously
described17–20 because patients were part of an observational
study conducted at the Mulago Hospital and at the Infectious
Disease Institute, where they were screened for study
eligibility to be included for ART initiation. The patients
were divided according to their TB infection status (with or
without aTB, respectively, 186 and 166 patients). In case of
aTB, they were further subdivided into 2 groups according to
the duration of anti-TB therapy at enrollment (more or less
than 5 days, for 151 and 35 patients, respectively). Patients
were followed up for at least 6 months to monitor paradoxical
TB–IRIS or AATB, unless the patient died before the end of
the study. HIV-uninfected subjects with or without aTB
(respectively, 39 and 44 patients) were also included in this
study. Patients’ baseline characteristics are summarized in
Figure 1 and detailed in Table S1, Supplemental Digital
Content, http://links.lww.com/QAI/A799. For HIV-infected
patients, a follow-up IGRA was performed for most of them at
1, 2, and 6 months after ART initiation. TST was also performed
at enrollment and during follow-up if initially negative with
a positivity cutoff of $5 mm induration. For HIV-uninfected
subjects, LTBI diagnosis was based on TST positivity ($10 mm
induration) with no symptoms and normal chest radiography,
whereas diagnosis of aTB was based on positive Mtb culture.

Interferon-g Release Assays
IGRA were performed as previously described13 with

slight modifications (see Methods 1, Supplemental Digital
Content, http://links.lww.com/QAI/A799). Results were con-
sidered indeterminate in case of low phytohemagglutinin
(PHA)-induced IFN-g concentrations (,100 pg/mL), or of
high IFN-g secretion in the unstimulated condition.

Multiplex Analysis
For selected subjects, multiple analytes [interleukin

(IL)-1b, IL-1RA, IL-2, IL-6, IL-7, IL-10, IL-12p70, IL-13, IL-
17, IP-10, tumor necrosis factor-a, and monocyte chemotactic
protein (MCP)-1] were quantified in the IGRA supernatants
using MILLIPLEX MAP panels (Merck Millipore, Darmstadt,
Germany) following the manufacturers’ instructions. Results were
analyzed with a Luminex 200 system (Luminex, MV’s Herto-
genbosch, The Netherlands) and Bio-Plex Manager Software
(Bio-Rad Laboratories, Nazareth Eke, Belgium). When detect-
able, the analyte concentrations of the antigen-free conditions
were subtracted from those obtained with antigen stimulations.

Statistical Methods
Results were analyzed using GraphPad Prism version

5.04. To compare continuous variables between groups,
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a Mann–Whitney U Test or Kruskal–Wallis test was used. The
degree of agreement between categorical variables was quantified
using kappa test, while correlations were analyzed by the
Spearman test. A P value , 0.05 was considered significant.

RESULTS

Detection of LTBI and aTB in
HIV-Uninfected Subjects

Results from IGRA performed on blood samples from
44 HIV-uninfected subjects were compared with those of the
TST. TST identified 30/44 (68%) subjects as having LTBI
(Fig. 2A, and Table S1, Supplemental Digital Content,
http://links.lww.com/QAI/A799). These subjects with LTBI
were characterized by higher PPD-induced and ESAT-6/CFP-
10–induced IFN-g concentrations compared with non–Mtb-
infected TST-negative subjects (P # 0.0001), whereas no
significant difference between the 2 groups was found for the
HBHA-induced IFN-g concentrations. Only half of the
subjects with LTBI responded to HBHA (Fig. 2B). However,
as the results of the PPD–IGRA are influenced by previous
bacille Calmette-Guérin vaccination21 in contrast to those of
ESAT-6/CFP-10–IGRA and HBHA–IGRA,13,21,22 we further
focused on these 2 IGRA. Receiver operating characteristic
(ROC) curves analyses comparing results obtained for TST-
positive and TST-negative subjects provided sensitivities of
78% and 47%, and specificities of 86% and 93% for the ESAT-
6/CFP-10–IGRA and the HBHA–IGRA, respectively, for the
selected cutoffs (see Table S2, Supplemental Digital Content,
http://links.lww.com/QAI/A799). Combining the results of these
2 IGRA allowed us to detect 25/30 (83%) LTBI TST-positive
subjects (Fig. 2A). Five TST-positive subjects were IGRA-
negative, 4 of them being bacille Calmette-Guérin vaccinated,
whereas 2/14 TST-negative subjects were IGRA-positive.

To evaluate the diagnostic performance of in-house
IGRA to identify patients with aTB, 39 HIV-uninfected
patients with untreated pulmonary aTB were included
(Fig. 1 and Table S1, Supplemental Digital Content,
http://links.lww.com/QAI/A799). TST testing was not
performed, but 92% of these patients had at least one
positive IGRA. The only patient with a negative IGRA also
had a low IFN-g response to PHA, and 2 patients had
indeterminate results. Measuring the Mtb antigens–induced
IFN-g concentrations did not allow us to differentiate
subjects with aTB from subjects with LTBI (Figs. 2C, D).
We therefore further evaluated the potential added value of
12 additional cytokines. High ESAT-6/CFP-10–induced
IL-1b and IL-6 concentrations were found to be specific for
untreated aTB, allowing us to differentiate them from both
Mtb-uninfected and Mtb-infected subjects with 97%
and 93% specificity for IL-1b and IL-6, respectively (Figs.
2E, F, and Table S2, Supplemental Digital Content,
http://links.lww.com/QAI/A799). Positive predictive val-
ues for aTB reached 94.4% for IL-1b and 90.5% for IL-6, with
sensitivities of 59% for IL-1b and 73% for IL-6. However,
even though the ESAT-6/CFP-10–induced IL-1b and IL-6
concentrations were higher for TST-positive compared with
TST-negative subjects, they did not improve the detection of
LTBI over the IFN-g concentrations. Similarly, no ESAT-6/
CFP-10–induced or HBHA-induced cytokines other than
IFN-g were helpful (see Table S3, Supplemental Digital
Content, http://links.lww.com/QAI/A799).

Detection of Mtb Infection in HIV-Infected,
aTB-Treated Patients

We next compared IGRA with TST results in HIV-
infected patients treated for aTB (median and range 22 and 6–
163 days, respectively), a population whose infection

FIGURE 1. Flow chart of the patient’s enrollment and clinical classification. ID, indeterminate; ND, not done; a-TB T, anti-TB
treatment.
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returned to a quiescent phase.23 ESAT-6/CFP-10–IGRA and
HBHA–IGRA were performed for 133 patients who also
underwent TST (Fig. 1 and Table S1, Supplemental Digital
Content, http://links.lww.com/QAI/A799). TST and both
IGRA were negative for 59 patients (44.4%) (Fig. 3A). TST
was positive for 31.6% (42/133) of the patients, whereas
41.3% (55/133) of them were detected with the ESAT-6/
CFP-10–IGRA and 21.8% (29/133) with the HBHA–
IGRA. Combining the results of both IGRA allowed us to
detect 51.9% (69/133) of the HIV-infected patients treated
for aTB, among which 53.6% (37/69) also had a positive
TST. No correlation was found between the TST size and
the HBHA-induced or ESAT-6/CFP-10–induced IFN-g
concentrations (r = 0.44 for both IGRA). No significant
difference was found between patients with pulmonary (n =
109) and extrapulmonary aTB (n = 20) because similar
proportions of patients were detected as Mtb-infected in
both groups (P = 0.65 and 0.68 for HBHA–IGRA and
ESAT-6/CFP-10–IGRA, respectively).

Negative IGRA were essentially found in the patients
with CD4+ T-cell counts ,50 cells per cubic millimeter
(Table 1), and 10/11 indeterminate results were equally found
in this patient group. Similarly, higher proportion of negative
TST was found in HIV-infected patients with low CD4+ T-
cell counts (,100/mm3) (Table 1).

Detection of LTBI in HIV-Infected Subjects
The results of the TST and both IGRA were available

for 145 of the 166 included patients who did not present
clinical signs of aTB at baseline. Sixty percent (87/145) had
negative TST and IGRA, whereas 40% (58/145) had at least
one positive test. Only 5 individuals (3.5%) were positive for
all 3 tests (Fig. 3B).

TST was only positive for 42 subjects (29%), whereas
combining the results of both IGRA allowed us to detect 53
subjects as Mtb-infected (36.5%), 16 of them being TST-
negative (Fig. 3B). TST and IGRA results were in agreement

FIGURE 2. TST and mycobacterial antigens–induced cytokine secretions in the HIV-uninfected control groups. A, HIV-uninfected
subjects without aTB (n = 44) were classified according to positive TST, HBHA–IGRA, or ESAT-6/CFP-10–IGRA results. For each test,
the number of positive subjects is noted in the corresponding circle of the Venn diagram, with overlaps representing matching
results. Number of subjects with negative results for the 3 tests is indicated outside the diagram. B, PPD-induced, a mixture of
ESAT-6–induced and CFP-10–induced, and HBHA-induced IFN-g concentrations were measured in the 72-hour cell culture su-
pernatants, and the results were compared between TST-negative and TST-positive HIV-uninfected subjects without aTB. White
dots represent TST-negative subjects (n = 14) and black dots TST-positive subjects (n = 30). C, HBHA-induced and (D) ESAT-6/
CFP-10–induced IFN-g concentrations were measured in the 72-hour cell culture supernatants from HIV-uninfected TST-positive
subjects without active TB (black dots, n = 30) and from HIV-uninfected patients with aTB (white squares, n = 39). ESAT-6/CFP-
10–induced (E) IL-1b or (F) IL-6 concentrations were measured in the 72-hour cell culture supernatants from HIV-uninfected
patients without active TB who were TST-negative (white dots, n = 14) or TST-positive (black dots, n = 25) and from HIV-
uninfected patients with aTB (white squares, n = 29) patients. Individual background cytokine secretions were subtracted before
being represented on the figures. Horizontal lines represent the medians of cytokine concentrations. *P # 0.05; ***P # 0.001.
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for 124/145 subjects with a kappa coefficient of 0.67, but
poor to fair correlations were noted between the TST size and
the HBHA-induced and ESAT-6/CFP-10–induced IFN-g
levels (r = 0.32 for HBHA–IGRA and 0.66 for ESAT-6/
CFP-10–IGRA). When CD4+ T-cell counts were classified by
ordinal variables, numbers of IGRA-positive and TST-
positive individuals increased for higher CD4+ T-cell num-
bers (Table 1).

Most patients underwent a clinical follow-up at 1, 2,
and/or 6 months after the start of ART.19 TST and IGRA
were repeated for 71/87 patients who were initially TST-
negative and IGRA-negative. TST conversion was noted

for 9 (12.7%) of them, whereas 27/71 (38%) patients,
including 4 of the TST converters, became IGRA-positive
1 or 2 months after ART initiation. These TST and/or
IGRA conversions were not related to the significant
increase of CD4+ T-cell counts (P , 0.01) that occurred
after 6 months of ART for the whole group. Among the 13/
16 subjects who were TST-negative and IGRA-positive at
enrollment, TST conversion occurred for 5 of them.
Finally, for 4 of the 5 subjects who were initially TST-
positive and IGRA-negative, the IGRA became positive 1
or 2 months later. Considering these conversions, 69.8% of
the HIV-infected subjects may be considered as having

FIGURE 3. TST and IGRA characteristics of HIV-
infected subgroups. Venn diagrams illustrated the
numbers of TST and/or IGRA responders among
(A) HIV-infected patients with treated aTB, (B)
HIV-infected patients without aTB, (C) HIV-in-
fected with untreated aTB, (D) and HIV/aTB co-
infected patients who developed TB–IRIS. For
each test, the number of subjects with a positive
result is noted in the corresponding circle of the
Venn diagram, with overlaps representing
matching results. Number of subjects with nega-
tive results for the 3 tests is indicated outside the
diagram.

TABLE 1. Positive Results of TST and IGRA According to CD4+ T-Cell Counts

CD4+ T-Cell Count, cells/mm3

,50 51–100 101–200 .200

HIV-infected with untreated aTB

No. IGRA-positive (%) 6/9 (67) 3/5 (60) 11/16 (69) 1/3 (33)

No. TST-positive (%) 2/9 (22) 2/5 (40) 8/16 (50) 2/3 (67)

HIV-infected with treated aTB

No. IGRA-positive (%) 17/61 (28) 14/26 (54) 22/27 (81) 9/9 (100)

No. TST-positive (%) 8/61 (13) 5/26 (19) 20/27 (74) 6/9 (67)

HIV-infected without aTB

No. IGRA-positive (%) 3/24 (13) 7/25 (28) 40/87 (46) 2/4 (50)

No. TST-positive (%) 1/24 (4) 5/25 (20) 33/87 (38) 3/4 (75)
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LTBI because they were positive at least for 1 of the 3 tests
at month 6 post-ART.

As 87/145 (60%) subjects were classified as not having
LTBI (negative IGRA and TST) at enrollment before starting
ART, and as the follow-up indicated that 32 of them in fact
had LTBI, other cytokine/chemokine concentrations were
further measured in the IGRA supernatants collected at
enrollment from 8 of them and compared with results
obtained for 22 subjects with LTBI as defined by a positive
TST (IGRA-positive for 19 of them) and with results for 10
subjects with LTBI as defined by a positive IGRA (and TST-
negative). TNF-a (Fig. 4B), IL-1b, IL-1RA, IL-6, IL-10, and
MCP-1 (data not shown), in contrast to IFN-g (Fig. 4A), were
detectable at enrollment, in response to ESAT-6/CFP-10, in
most supernatants from subjects with LTBI not detected with
the IGRA and/or TST, with similar concentrations as those
obtained for TST-positive or IGRA-positive subjects.

Detection of Untreated aTB in
HIV-Infected Subjects

Thirty-four HIV-infected patients with aTB were
included before starting anti-TB treatment or during the first
5 days of treatment. Ten of them (29.4%) remained unde-
tected by both TST and IGRA, whereas 14 (41.2%) were
TST-positive, and 21 (61.8%) had a positive IGRA (Fig. 3C).
Only 3 patients with aTB were TST-positive IGRA-negative.

ESAT-6/CFP-10–induced IFN-g levels were poorly
correlated with TST size (r = 0.35), and no association was
noted between IFN-g levels and CD4+ T-cell counts (r =
0.16). ESAT-6/CFP-10–IGRA detected patients with aTB
even with low CD4+ T-cell counts, whereas a higher pro-
portion of TST-negative patients was found in this patient
subgroup (Table 1).

Follow-up IGRA results were available for 28 patients
after 6 months of ART and anti-TB treatment. ESAT-6/CFP-
10–induced IFN-g responses were significantly lower upon
treatment (P = 0.0045, Fig. 4E), whereas HBHA-induced
IFN-g concentrations were significantly higher than at
enrollment (P = 0.0004, Fig. 4F).

Even though approximately two thirds of HIV-infected
patients with untreated aTB had a positive IGRA, the IFN-g
concentrations did not allow us to differentiate them from
HIV-infected subjects with LTBI (medians of positive ESAT-
6/CFP-10–IGRA results: 781 and 534 pg/ml for HIV-infected
patients with aTB and HIV-infected patients without aTB,
respectively) (Fig. 4A). Similar to HIV-uninfected patients
with aTB, IL-6 concentrations were significantly higher in
aTB compared with patients with LTBI (P = 0.0478, Fig.
4D), but the positive predictive value of high IL-6 concen-
trations remained poor (53.8%). IL-1b concentration was in
contrast not helpful to differentiate HIV-infected patients with
aTB from those with LTBI (Fig. 4C).

Detection of IRIS and AATB
During the follow-up period, 53/254 ART-treated HIV-

infected patients, also treated for aTB, developed TB–IRIS.18

TST and IGRA were performed at enrollment for 43 of them,

with IGRA results available only for 36 patients (7 indeter-
minate results). Only 16 of them (44.4%) had a positive TST
and/or IGRA at enrollment, with only 2 patients with a single
TST-positive result (Fig. 3D). The ESAT-6/CFP-10–induced
IFN-g concentrations were not different between patients who
did or did not develop TB–IRIS (medians of 162 and 142 pg/
ml, respectively).

During the follow-up period, 8/219 ART-treated HIV-
infected patients with no clinical sign of aTB at baseline
developed AATB. Three of them were detected at enrollment
as having LTBI (1 TST-positive, 2 ESAT-6/CFP-10–IGRA-
positive), whereas 3 were TST-negative IGRA-negative, and
2 had indeterminate IGRA results.

Other analytes were measured in the IGRA super-
natants to evaluate their possible value as a biomarker for
TB–IRIS or AATB. At enrollment, no cytokine/chemokine
concentration provided a predictive value for developing
TB–IRIS or AATB (data not shown). Similarly, results
obtained at the IRIS time point were not statistically
different from those obtained for patients with aTB after
1 month of both ART and anti-TB treatment.

DISCUSSION
According to the Centers for Disease Control recom-

mendations,24 all individuals with HIV should be tested for
LTBI at the time of HIV diagnosis considering the increased
rates of progression to aTB in this group25 and the high risk of
developing AATB19,26 or TB–IRIS within 3 months of
starting ART.18,26–28 LTBI is usually diagnosed by TST
and/or commercialized IGRA, which are known to perform
poorly in immune-compromised individuals and cannot be
used to rule out Mtb infection. In addition, they have a low
predictive value for progression to aTB.10,29,30

The present study evaluated the potential added value
of long-term in-house IGRA in response to the major proteins
present as peptide pools in the commercial IGRA, ESAT-6/
CFP-10, and in response to the latency antigen HBHA, in
a high-TB-incidence country. We previously reported that
a combination of both tests was more optimal to detect most
subjects with LTBI in a low-TB-incidence country, both
among healthy subjects13,31 and immune-compromised pa-
tients.15 In this study, we first evaluated the diagnostic
potential of these tests in HIV-uninfected subjects living in
Uganda, and in HIV-infected patients known to be Mtb-
infected and treated. We then screened a large cohort of HIV-
infected subjects for LTBI.

The results obtained in healthy HIV-uninfected subjects
were globally in agreement with those obtained in a low-TB-
incidence country, ie, a similar classification of the subjects as
being noninfected or having LTBI based on the TST results or
on the combined results of 2 in-house IGRA. However, in
contrast to results obtained in low-TB-incidence countries, the
proportions of subjects with LTBI with a positive ESAT-6/
CFP-10–IGRA were high compared with only ;50% of
subjects with a positive HBHA–IGRA. The rationale for
combining an IGRA in response to antigens expressed by
actively replicating bacteria (ESAT-6/CFP-10) and an IGRA
in response to an antigen overproduced during the quiescent
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phase of the infection (HBHA) was to allow the identification
of the various stages of the latent TB spectrum.32–35 The
hypothesis is that, compared with high-TB-incidence coun-

tries, most subjects with LTBI in low-TB-incidence countries,
once exposed to a TB index case are much less likely to be re-
exposed at a later date and therefore evolve to a stable latency

FIGURE 4. Mycobacterial antigen–induced cyto-
kine secretions by the PBMC from HIV-infected
subjects at enrollment and after 6 months of anti-
TB and ART. ESAT-6/CFP-10–induced (A) IFN-g
and (B) tumor necrosis factor-a concentrations
were measured in the 72-hour cell culture super-
natants, and results were compared between pa-
tients classified by the TST and IGRA results as
Mtb-uninfected at enrollment, but with TST and/
or IGRA conversion during follow-up (white tri-
angles); patients classified as LTBI based on the
TST (black dots) or on the IGRA (white dots) re-
sults at enrollment; and those identified as having
aTB (white squares). ESAT-6/CFP-10–induced (C)
IL-1b and (D) IL-6 concentrations were measured
in 72-hour cell culture supernatants and com-
pared between subjects with LTBI (TST and/or
IGRA-positive at enrollment or during follow-up,
black dots) and patients with untreated aTB
(white squares). E, ESAT-6/CFP-10–induced and
(F) HBHA-induced IFN-g concentrations were
measured in the 72-hour cell culture supernatants
of HIV-infected patients with untreated aTB (black
squares) at enrollment (E) and after 6 months of
anti-TB therapy and ART (M6). Values obtained at
enrollment are connected with those obtained at
month 6. Horizontal lines represent the medians
of cytokine concentrations. Individual background
cytokine secretions were subtracted before being
represented on the figures. *P# 0.05; **P# 0.01;
***P # 0.001.
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stage characterized by high IFN-g responses to HBHA and
absent/low IFN-g responses to ESAT-6. In contrast, people
living in Uganda are frequently re-exposed to Mtb, and their
immune system may therefore be constantly exposed to the
ESAT-6/CFP-10, which would explain the high IFN-g
response to these antigens. In accordance with previous
reports,36,37 ESAT-6/CFP-10–IFN-g concentrations did not
allow us to differentiate aTB from LTBI. We further
evaluated the potential added value of measuring other
cytokines in the cell culture supernatants. Both ESAT-6/
CFP-10–induced IL-1b and IL-6 concentrations were signif-
icantly higher in subjects with aTB compared with those with
LTBI, suggesting their potential value as biomarkers of aTB,
as previously reported.38,39

In contrast to results obtained in LTBI HIV-uninfected
subjects, the diagnostic performance of IGRA in aTB HIV-
infected subjects was better than that of TST. As TST is
known to be falsely negative in these patients,10 HIV-infected
patients treated for aTB were evaluated as control group, and
results from IGRA were compared with those of TST. TST
detected only 31.6% of the treated patients, whereas com-
bined IGRA were positive for 51.9% of the patients.
Accordingly, further screening of HIV-infected subjects for
LTBI was performed using both IGRA and TST.

Results of this combined screening strategy indicated
that, among HIV-infected subjects with no clinical symptoms
of aTB before ART initiation, 40% were positive for LTBI.
However, in contrast to low-TB-incidence country, the utility
of HBHA–IGRA for the detection of LTBI is questionable
because only 3 subjects were single positive for HBHA–IGRA.
Follow-up of the patients during 6 months confirmed the added
value of combining IGRA and TST for the detection of LTBI,
because 4/5 TST-positive only subjects became IGRA-positive
and 5/13 IGRA-positive only converted their TST. These
conversions during follow-up also confirmed the specificity of
the initially single positive tests. Combination of follow-up
results with those of initial screening allowed us to detect LTBI
in 70% of HIV-infected subjects. Although high, this percent-
age is probably still an underestimation because 5/8 subjects
who developed an AATB during follow-up remained unde-
tected. Measurement of cytokines other than IFN-g in the cell
culture supernatants had no added value.

As diagnosis of aTB is not always easy to perform in
Uganda,19 we further evaluated the possible value of IGRA
for the detection of aTB. Two thirds of untreated patients with
aTB had a positive ESAT-6/CFP-10–IGRA, compared with
only 1/5 with a positive TST. IGRA allowed detection of aTB
even in patients with very low CD4+ T-cell counts. IFN-g
concentrations were not significantly different in aTB com-
pared with LTBI, but, as with HIV-uninfected subjects,
higher ESAT-6/CFP-10–induced IL-6 concentrations were
detected in aTB compared with LTBI, suggesting a possible
added value of these tests to detect aTB in Uganda.

In addition to the added value of IGRA for the
identification of aTB in HIV-infected patients, we demon-
strated the utility of these assays for follow-up and monitoring
of the response to antibiotic treatment. In this case, the HBHA–
IGRA was useful because the HBHA-induced IFN-g concen-
trations rose, whereas those induced by ESAT-6/CFP-10

decreased during treatment. In contrast, but in concordance
with previous reports,40–42 among the 254 aTB-treated patients
who were followed up during ART treatment, IGRA results
did not allow the identification of those patients at risk for
developing TB–IRIS. Of the 53 patients diagnosed with IRIS
during follow-up, only 14/36 had a positive ESAT-6/CFP-10–
IGRA, and the IFN-g concentrations were not different from
those of patients who did not develop TB–IRIS. According to
the complexity of the mechanism underlying TB–IRIS,
involving both innate and adaptive immunities (review in
Ref. 43), a single biomarker is probably not sufficient to
accurately diagnose the syndrome.

This study performed in Uganda on 352 HIV-infected
patients demonstrates the clear added value of ESAT-6/CFP-
10–IGRA to TST to identify subjects with LTBI who might
benefit, after careful elimination of a possible aTB, from
a prophylactic anti-TB treatment. This could help to avoid the
development of AATB in these patients by close monitoring.
Measuring IL-6 concentrations in the IGRA supernatants could
further help to identify patients with aTB, and combined follow-
up of the HBHA–IGRA and the ESAT-6/CFP-10–IGRA could
help to monitor the efficacy of the anti-TB treatment.
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