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ABSTRACT: Interferon-c release assays based on region of difference 1 antigens have improved

diagnosis of latent tuberculosis infection (LTBI). However, these tests cannot discriminate

between recently acquired infection (higher risk of progression to active tuberculosis) and remote

LTBI. The objective of the present study was to evaluate the T-cell interferon-c responses to

Mycobacterium tuberculosis DosR-regulon-encoded antigens (latency antigens) compared with

QuantiFERON TB-Gold In-Tube (QFT-GIT) in subjects at different stages of tuberculosis.

A total of 16 individuals with remote LTBI and 23 with recent infection were studied; 15 controls

unexposed to M. tuberculosis and 50 patients with active tuberculosis and 45 with cured

tuberculosis were also analysed.

The results indicated that subjects with remote LTBI showed significantly higher whole-blood

interferon-c responses to M. tuberculosis latency antigen Rv2628 than did individuals with recent

infection, active tuberculosis and controls (p,0.003), whereas no significant differences between

these groups were found for other latency antigens tested (Rv2626c, Rv2627c, Rv2031c and

Rv2032). The proportion of responders to Rv2628 was five-fold higher among QFT-GIT-positive-

individuals with remote infection than among those with recently acquired infection.

These data suggest that responses to M. tuberculosis latency antigen Rv2628 may associate

with immune-mediated protection against tuberculosis. In contact-tracing investigations, these

preliminary data may differentiate recent (positive QFT-GIT results without responses to Rv2628)

from remote infection (positive to both tests).

KEYWORDS: Diagnostics, dormancy, recent tuberculosis infection, remote latent tuberculosis

infection, tuberculosis

A
ccording to surveys with tuberculin skin
tests (TSTs), the World Health Organization
estimated that approximately a third of

the world’s population is latently infected with
Mycobacterium tuberculosis. This enormous reservoir
of latent tuberculosis (TB) infection (LTBI), from
which most cases of active TB arise, embodies a
major obstacle to achieving worldwide control over
TB [1].

The introduction of T-cell-based interferon (IFN)-c
release assays (IGRAs), using antigens belonging
to M. tuberculosis region of difference 1 (including
6-kDa early secreted antigenic target (ESAT-6) and
culture filtrate protein (CFP) 10), may represent a
significant step towards improved LTBI diagnosis
[2–4]. There is evidence that commercial IGRAs
are highly sensitive for detecting LTBI [2], and
have a high specificity that is unaffected by bacille
Calmette–Guérin (BCG) vaccination. Although

IGRAs were designed as assays for LTBI, these
tests do not discriminate between active disease
and LTBI [5, 6]. Moreover, IGRAs do not distin-
guish between a recently acquired infection and
remote LTBI [7]. This information may have
important clinical implications, since recently
acquired infection carries a significantly increased
risk of progression to active disease compared to
remote LTBI [8].

During LTBI, tubercle bacilli are contained within
immune-mediated granulomas [9]. It is thought
that persisting tubercle bacilli are subjected to
nutrient and oxygen deprivation [10, 11]. As part
of the adaptive response of M. tuberculosis to
hypoxia, expression of the DosR regulon is
observed. The functions of most DosR-regulon-
encoded proteins, hereafter referred to as latency
antigens, are unknown [12, 13]. However, it has
recently been shown that certain latency antigens
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are recognised more frequently in TST-positive individuals
without active TB than in diseased patients, whereas the
opposite profile was found for CFP-10 and ESAT-6 [13–17]. In
particular, it has been shown that Rv2627c, Rv2628 and Rv3407
induce strong long-term IFN-c responses in TST-positive
individuals. These studies, in which an experimental setting
involving long-term (6–7 days) stimulation of frozen/fresh
peripheral blood mononuclear cells (PBMCs) or whole blood
was used, suggest a contribution of immune responses against
the latency antigens to controlling LTBI.

Lately, both short- and long-term whole-blood IGRAs [17–19]
have been shown to be accurate in detecting immune
responses to M. tuberculosis [2], and thus useful for diagnostic
purposes. Therefore, the objective of this proof-of-principle
study was to evaluate the whole-blood IFN-c response to the
recently described antigens of latency (Rv2626c, Rv2627c,
Rv2628, Rv2031c and Rv2032) in day-1 (short-term response)
and day-7 (long-term response) assays in the different stages of
TB. Long-term response was assessed to be in line with results
reported in the literature. Subjects with remote and recent
infection, individuals with cured TB, patients with active TB
and controls not exposed to M. tuberculosis were studied. All
enrolled individuals were also tested using a commercial IGRA
(QuantiFERON-TB Gold In-Tube (QFT-GIT)), with purified
protein derivative (PPD) as control antigen.

MATERIAL AND METHODS

Study population
The following individuals were enrolled. 1) Controls: indivi-
duals with no risk of M. tuberculosis infection who tested
TST-negative and QFT-GIT-negative. 2) Recent infection:
individuals who reported household or equivalent close
contact (work) [20] with smear-positive pulmonary TB
patients in the previous 3 months, tested TST- and QFT-GIT-
positive, with negative chest radiographic results for pulmon-
ary lesions and no prior preventive therapy. 3) Remote LTBI:
individuals who tested TST- and QFT-GIT-positive and
reported household or equivalent contact with patients with
smear-positive pulmonary TB o3 yrs before enrolment and
who did not receive preventive therapy. 4) Cured TB:
individuals with culture-positive pulmonary TB who had
completed a 6-month course of treatment and were culture-
negative upon treatment completion. The patients were
evaluated at completion of therapy. 5) Active TB: individuals
diagnosed with TB (either with a positive culture for M.
tuberculosis from sputa or with positive M. tuberculosis-specific
RNA amplification (MTD Test; Gen-Probe, San Diego, CA,
USA) results from biopsy specimens and/or biological fluids)
who started specific treatment ,8 days before enrolment.
Remote and recent infection subjects were comparable in
terms of exposure (they all were close contacts). Individuals
who tested positive to HIV antibody (three subjects) or were
on immunosuppressive drugs (two subjects) were not
included in the study. Upon enrolment, demographic and
epidemiological information was collected through a struc-
tured questionnaire. The study was approved by the ethics
committee of the National Institute for Infectious Diseases
L. Spallanzani (Rome, Italy) and all enrolled individuals
provided written informed consent.

M. tuberculosis antigens
DosR-regulon-encoded genes were selected on the basis of
their RNA expression level in microarray experiments [13].
Genes were cloned and the proteins overexpressed in
Escherichia coli and purified as previously described [21].

Tuberculin skin test
TSTs were administered by the Mantoux procedure using 5 IU
of PPD (Chiron, Siena, Italy). Results were read after 72 h.
Indurations of o5 or o10 mm were scored positive for recent
infection or for the other conditions, respectively [22].

Whole-blood ELISAs with M. tuberculosis antigens
expressed during latency
1-day (short-term) response
Heparinised whole blood was seeded in a 48-well plate
(Corning Costar; Corning, Inc., New York, NY, USA) at
0.5 mL?well-1 and treated with phytohaemagglutinin at
5 mg?mL-1 (Sigma, St Louis, MO, USA), Rv2628 and Rv2031c
at 1 mg?mL-1, and PPD (batch RT 47, Statens Serum Institute,
Copenhagen, Denmark), Rv2626c, Rv2627c and Rv2032 at
5 mg?mL-1. These concentrations were chosen after titration of
the various reagents (data not shown). Samples were then
incubated for 24 h. At day 1, plasma was harvested and stored
at -20uC until tested.

7-day (long-term) response
Previously described methodology was used [17, 18]. Briefly,
at the day of collection, an aliquot of heparinised blood was
diluted five-fold using RPMI 1640 supplemented with peni-
cillin, streptomycin and 2mM L-glutamine (all from Euroclone,
Paignton, UK), plated into 48-well plates (Corning Costar) and
stimulated as above described. The day-7 diluted plasma was
harvested following incubation at 37uC and stored at -20uC
until use.

IFN-c determination
IFN-c from day-1 and day-7 plasma was evaluated using a
commercial ELISA (CMI; Cellestis, Carnegie, Australia) and
data are presented in international units per millilitre, after
subtraction of the appropriate control. For concentrations
above that of the highest standard, the assay was repeated
with diluted plasma samples.

Commercially available IGRA
QFT-GIT (Cellestis) was performed and its results were scored
as indicated by the manufacturer (the cut-off value for a
positive test was 0.35 IU?mL-1).

Statistical analysis
The main outcome of the study was the evaluation of IFN-c
production in response to antigenic stimulation, expressed
using continuous (international units per millilitre) or dichoto-
mous (positive/negative) measures. For continuous measures,
mean¡SD IFN-c production was calculated, an unpaired t-test
was used for pairwise comparisons and ANOVA was used to
compare means among the various groups. The results were
confirmed by evaluation with the Mann–Whitney test for
pairwise comparisons and the Kruskal–Wallis test for multiple
comparisons after calculation of the median and interquartile
range (data not shown). For pairwise comparisons, a post hoc
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analysis with Bonferroni correction was used, and differences
were considered significant at p-values of f0.05.

For dichotomous measures, the Chi-squared test was used. For
pairwise comparisons, the Bonferroni correction was used, and
differences were considered significant at p-values of f0.05.
The cut-off value for definition of positivity of the whole-blood
assay based on Rv2628 was defined by receiver operating
characteristic analysis. SPSS version 14 for Windows (SPSS
Italia, Bologna, Italy) and Prism 4 software (Graphpad
Software, San Diego, CA, USA) were used in the analysis.

RESULTS

Population characteristics
A total of 15 controls and 16 individuals with remote LTBI, 50
with active TB, 45 with cured TB and 23 with recent infection
were studied. Age, sex, BCG vaccination, origin and TST
results are reported among the different groups (table 1). The
majority were male and BCG-vaccinated, almost 40% were
from Western Europe and pulmonary localisation was that
most represented in those with active TB.

In vitro short-term IFN-c response to M. tuberculosis
latency antigens: quantitative analysis
The IFN-c-specific responses to Rv2628, Rv2626c, Rv2627c,
Rv2031c and Rv2032 were evaluated in the various groups. All
of the subjects responded to the mitogen: controls (mean¡SD

15.7¡7.6 IU?mL-1), recent infection (15.1¡8.4 IU?mL-1), remote
LTBI (15.7¡8.4 IU?mL-1), active TB (10.0¡8.6 IU?mL-1), and
cured TB (15.3¡10.9 IU?mL-1). A significant difference was
found on overall comparison among the various groups
(p50.026), whereas no significant difference was found in
pairwise comparisons.

Analysing the IFN-c response to Rv2628, a significant difference
was found in the overall comparison among the different groups
(p,0.001). For pairwise comparisons, the response to Rv2628
(fig. 1) was significantly higher in those with remote LTBI

(5.3¡5.9 IU?mL-1) than in recent infection (0.3¡0.5 IU?mL-1;
p50.001) and active TB (1.1¡3.4 IU?mL-1; p50.002), whereas no
significant difference was observed in comparison with cured TB
(3.1¡5.1 IU?mL-1; p50.547). Moreover, the difference between
cured TB and recent infection (p50.056) was close to signifi-
cance. Finally, a significant difference was found between
controls (0.1¡0.1 IU?mL-1) and subjects with remote LTBI
(p50.003).

Regarding the other latency antigens tested, Rv2626c, Rv2627c,
Rv2031c and Rv2032, no significant IFN-c differences were

TABLE 1 Demographic and clinical characteristics of subjects enrolled in the study

Total Controls Remote LTBI Recent infection Active TB Cured TB

Subjects n 149 15 16 23 50 45

Age yrs 38.1¡1.2 34.2¡3.1 50.5¡3.7 38.3¡3.4 34.8¡1.8 38.5¡2.3

Female sex 69 (46.3) 10 (66.7) 4 (25.0) 12 (52.2) 21 (42.2) 22 (48.9)

BCG vaccinated 95 (63.8) 6 (40.0) 3 (18.3) 14 (60.9) 41 (82.0) 31 (68.9)

Origin

Western Europe 59 (39.6) 12 (80.0) 13 (81.3) 9 (39.1) 9 (18.0) 16 (35.6)

Eastern Europe 56 (37.6) 2 (13.3) 2 (12.5) 9 (39.1) 24 (48.0) 19 (42.2)

Asia 18 (12.1) 1 (6.3) 3 (13.0) 10 (20.0) 4 (8.9)

Africa 10 (6.7) 2 (8.7) 4 (8.0) 4 (8.9)

Latin America 6 (4.0) 1 (6.7) 3 (6.0) 2 (4.4)

Confirmed TB localisation

Pulmonary 41 (27.5) 41 (82.0)

Extrapulmonary 5 (3.3) 5 (10.0)

Pulmonary and extrapulmonary 4 (2.6) 4 (8.0)

TST mm ND 1¡2.6 28.6¡8.9 17.1¡11.1 ND ND

Data are presented as mean¡SD or n (%), unless otherwise stated. LTBI: latent tuberculosis (TB) infection; BCG: bacille Calmette–Guérin; TST: tuberculin skin test; ND: not done.
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FIGURE 1. Interferon (IFN)-c response to Mycobacterium tuberculosis Rv2628

by short-term (1-day) stimulation of whole blood in controls (C), remote latent

tuberculosis (TB) infection (LTBI), recent infection (RI), patients with TB disease

(active TB (ATB)) and successfully treated TB patients (cured TB (CTB)). Remote

LTBI and RI subjects were selected to be positive on QuantiFERON TB-Gold In-

Tube. Horizontal bars represent means. Responses were compared using ANOVA

with Bonferroni correction for pairwise comparisons. ***: p,0.001; #: p,0.003;
": p,0.002.

D. GOLETTI ET AL. RESPIRATORY INFECTIONS AND TUBERCULOSIS

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 36 NUMBER 1 137



found, considering either all of the groups simultaneously or
performing pairwise comparisons (fig. 2a–d).

As an internal control, IFN-c response was evaluated in the
QFT-GIT, whose antigens are secreted antigens and associated
with the replicative status of the mycobacteria, and to PPD, a
nonspecific mixture of mycobacterial antigens. Quantitative

responses measured by QFT-GIT are shown in figure 2e.
Among individuals with LTBI, who were selected on the basis
of a QFT-GIT-positive response, no significant difference was
observed by comparing recent infection (9.2¡10.0 IU?mL-1) to
remote LTBI (10.3¡8.4 IU?mL-1). The proportion of individuals
with a positive response to QFT-GIT was similar between active
TB (36 out of 50; 72.0%) and cured TB (31 out of 45; 68.9%), and
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FIGURE 2. Interferon (IFN)-c response to Mycobacterium tuberculosis: a) Rv2626c; b) Rv2627c; c) Rv2031c; d) Rv2032; e) QuantiFERON TB-Gold In-Tube (QFT-GIT);

and f) purified protein derivative by short-term (1-day) stimulation of whole blood in controls (C), remote latent tuberculosis (TB) infection (LTBI), recent infection (RI), patients

with TB disease (active TB (ATB)) and successfully treated TB patients (cured TB (CTB)). Remote LTBI and RI subjects were selected to be positive on QFT-GIT. Horizontal

bars represent means. Responses were compared using ANOVA with Bonferroni correction for pairwise comparisons. #: p,0.04; ": p,0.004.
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no significant difference was observed when the responses in
these two groups were compared in quantitative terms (5.5¡9.8
and 4.0¡6.0 IU?mL-1, respectively).

Response to PPD was analysed in a large proportion of the
subjects enrolled (14 out of 15 controls, eight out of 23 with
recent infection, 10 out of 16 with remote LTBI, 34 out of 50 with
active TB, and 34 out of 45 with cured TB). When quantitative
data were analysed, a significant difference in the response to
PPD was found when considering all of the groups simulta-
neously (p50.004). For pairwise comparisons, a significant
difference was found between controls (5.5¡7.4 IU?mL-1) and
remote LTBI (17.7¡6.2 IU?mL-1; p50.004) and between controls
and cured TB (13.0¡9.6 IU?mL-1; p50.041) (fig. 2f). No sig-
nificant differences were found between controls and recent
infection (13.8¡6.3) or between controls and active TB
(10.3¡7.1 IU?mL-1), active and cured TB, or remote LTBI and
recent infection.

Taken together, these data suggest that IFN-c responses to
Rv2628 are most frequently found in those able to control M.
tuberculosis replication, either naturally (remote LTBI) or
following chemotherapy (cured TB), compared to those with
active M. tuberculosis replication, either controlled, but acute
(recent infection), or uncontrolled (active disease). These
responses are different from those found for all other antigens
evaluated, including the remaining M. tuberculosis latency
antigens (Rv2626c, Rv2627c, Rv2031c and Rv2032) and QFT-
GIT antigens (ESAT-6, CFP-10 and Rv2654 (TB7.7)), as well as
PPD, since these responses did not differ significantly among
the above-mentioned groups.

In vitro short-term IFN-c response to M. tuberculosis
latency antigen Rv2628: qualitative analysis
Based on the significant difference found in the quantitative
analysis, a receiver operating characteristic analysis was
performed for the response to Rv2628 in order to evaluate its
potential use in discriminating the different stages of TB. In
this analysis, remote LTBI and active TB were used as
comparator groups because they represented the best exam-
ples of M. tuberculosis containment and active replication,
respectively. Significant results were obtained for area under
the curve analysis (0.85; 95% CI 0.75–0.96; p,0.001). For
scoring purposes a cut-off maximising the sum of sensitivity
and specificity was chosen. It was found that a cut-off of 0.5

predicted LTBI with 76.0% sensitivity (95% CI 61.8–86.9%) and
87.5% specificity (95% CI 61.6–98.4%).

Finally, based on the cut-off value found for the responses to
Rv2628, the results were scored as negative and positive. A
significant difference was found among the various groups
(p,0.001). As shown in table 2, the highest proportion of
positive results was found among remote LTBI (14 out of 16;
87.5%), which was positive to QFT-GIT by definition, followed
by cured TB (24 out of 45; 53.3%), which was 68.9% positive to
QFT-GIT (table 3). Lower proportions of positive response to
Rv2628 were found in individuals with active TB (12 out of 50;
24.0%) and in those with recent infection (four out of 23;
17.3%); the proportion of positive responses to QFT-GIT in
these two groups were 72.0 and 100% (by definition),
respectively. None of the controls responded to Rv2628, and
were negative to QFT-GIT by definition.

A pairwise comparison of positivity rate for Rv2628 in the five
groups of individuals enrolled is also shown in table 2.
Proportions of positive responses among remote LTBI were
significantly higher than those recorded among active TB,
recent infection and controls, whereas the difference from
cured LTBI was nonsignificant. A significant difference was
also found between cured TB compared to recent infection or
controls, whereas the difference between cured and active TB
(p50.056) was close to significance.

In vitro long-term IFN-c response to M. tuberculosis latency
antigens
The long-term IFN-c response was assessed to be in line with
results reported in the literature, although performed in
different experimental settings [17–20]. Long-term IFN-c
response to Rv2628 was significantly different among the
groups analysed simultaneously (p,0.001). Moreover, this
response was significantly higher in those with remote LTBI
(12.1¡13.0 IU?mL-1) than among those with recent infection
(2.9¡5.3 IU?mL-1; p50.002), controls (0.55¡1.6 IU?mL-1;
p,0.001) and active TB (1.7¡3.2 IU?mL-1; p,0.001). Similar
to the findings reported for the short-term responses, a significant
difference was found between the response found in active TB
compared to cured TB (p50.019), and the difference found
between cured TB and controls was close to significance levels
(p,0.058). Results similar to those described for the short-term
responses were found when analysing the qualitative data (data
not shown). Regarding the other latency antigens (Rv2626c,

TABLE 2 Pairwise comparison of interferon-c response to Rv2628 after 1 day of in vitro stimulation at different stages of
Mycobacterium tuberculosis infection/disease

Rv2628 positivity n/N (%) Cured TB Active TB Recent infection Controls

Remote LTBI 14/16 (87.5) 0.178 ,0.001 ,0.001 ,0.001

Cured TB 24/45 (53.3) 0.056 0.048 0.001

Active TB 12/50 (24.0) 1.000 0.537

Recent infection 4/23 (17.3) 1.000

Controls 0/15 (0)

Data are presented as p-values, unless otherwise indicated; the hypothesis of equal proportion was tested using Fisher’s exact test with Bonferroni correction (a p-value

of f0.05 was regarded as significant). N: number of subjects in group; TB: tuberculosis; LTBI: latent TB infection.
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Rv2627c, Rv2031c and Rv2032), no significant difference in terms
of IFN-c release was found for all of the comparisons performed
(data not shown). Regarding PPD, a significant difference was
found in the overall comparison among the different groups
(p50.001). For pairwise comparisons, significant differences
were found only between controls (8.6¡7.4 IU?mL-1) and remote
LTBI (21.1¡4.6 IU?mL-1; p50.001), and controls and cured TB
(6.8¡9.0 IU?mL-1; p50.007).

DISCUSSION
In the present proof-of-principle study, the T-cell IFN-c
responses of individuals at different stages of M. tuberculosis
infection/disease and uninfected controls to a series of proteins
expressed during M. tuberculosis dormancy (Rv2626c, Rv2627c,
Rv2628, Rv2031c, Rv2032) were analysed. The response to M.
tuberculosis early-phase secreted antigens (ESAT-6, CFP-10 and
TB7.7), as assessed by QFT-GIT, and to a mixture of mycobac-
terial antigens, as present in PPD, were also evaluated.

Among all of the antigens evaluated, Rv2628 induced a
significantly higher IFN-c response, and increased proportions
of positive responses to this antigen were found in remote
LTBI and cured TB compared to recent infection and active TB.
Among QFT-GIT-positive individuals with remote LTBI, the
proportion of responders to Rv2628 was almost five-fold
higher compared to QFT-GIT-positive individuals recently
infected with M. tuberculosis (87.5 versus 17.3% respectively).
When analysed in quantitative terms, similar results were
obtained using long- or short-term assay. However, the whole-
blood, day-1 format appears more appealing for potential use
as a diagnostic tool. Taken together, these results suggest that
the response to Rv2628 can be used to characterise LTBI as a
remote versus recently acquired infection. This can be helpful
in the clinical management of recently acquired infection, since
persons with this condition may receive the greatest benefit
from preventive therapy [8].

The M. tuberculosis latency antigens used in the present study
are encoded by the M. tuberculosis DosR regulon, which has
been shown to play a critical role in preparing M. tuberculosis
for the metabolic downshift associated with bacterial dor-
mancy [23, 24]. At present, the exact role of DosR regulon
products in human M. tuberculosis infection is incompletely
understood. Rv2031c, the archetypal DosR regulon product, is
a small heat shock protein, and cellular immune responses to
Rv2031c have been observed in individuals with LTBI [25].
More recently, LEYTEN et al. [14] studied human T-cell

responses to a set of the 25 DosR encoded proteins, using
long-term cultured thawed PBMCs. The results provided the
first support for the immunogenicity of DosR regulon proteins
in human PBMC stimulation assays of TST-positive indivi-
duals. Subsequently, the latency antigens Rv1733c, Rv2029c,
Rv2627c and Rv2628 were identified as the most frequently
recognised antigens in latently infected individuals [14, 16].
Similarly, the IFN-c response to Rv3407 has recently been
shown to be a response specific to LTBI [15]. The present
results confirm that a cellular immune response to these
latency antigens can be found in vitro, and show that this
response can also be efficiently detected by means of a whole-
blood 1-day assay. It was also found that the response to
Rv2628 antigen was more clearly associated with a latent
infection, as previously shown using other experimental
approaches by LEYTEN et al. [14] and BLACK et al. [16] and
confirmed by ROUPIE et al. [26] in mice. However, from all of
the studies reported, it is presently unclear why the response
to Rv2628 may provide better discrimination between the
different stages of TB infection. Among the studies performed
on human samples [14–17], SCHUCK et al. [15] did not show any
immunogenic activity of Rv2628. This may probably be due to
the selection of LTBI subjects that have not been clearly defined
as recently or remotely infected.

Detectable responses to M. tuberculosis latency antigens,
although limited, were also found in active TB patients. This
is probably due to the fact that these antigens are expressed in
response to immune and physiological stress experienced by
the bacteria, which eventually result in latency, and immune
responses to the antigens induced during this phase may
remain detectable [23, 26, 27].

As previously shown [14], low levels of recognition of the
latency antigens Rv2626c and Rv2627c by some of the
uninfected controls were found and were uncorrelated with
BCG vaccination (data not shown). This result may most
probably be explained by exposure to mycobacteria other than
M. tuberculosis that have a similar dormancy regulon [28–30].
DosR-regulon-encoded antigens are also present in BCG, but,
in the present study, vaccination does not seem to be
associated with induction of responses to Rv2628 in either
controls or subjects with recent infection, as previously
reported [31].

The present study has a number of limitations. The individuals
with recent infection were the contacts of sputum-smear-
positive TB patients within the last 3 months. By definition,
they were all TST-positive. However, TST conversion was
documented in only eight of them, and so the possibility
cannot be ruled out that misclassification may have occurred in
some cases. Although the described association of immune
response with a status of latency is highly likely, the numbers
of individuals enrolled in the present proof-of-principle study
are limited. This indicates the need to confirm the data in
larger independent studies. Moreover, the groups enrolled
were not fully matched for region of origin. In order to
evaluate whether or not the results could have been influenced
by differences in the ethnic distribution of the various groups,
the analysis was repeated, including only those who originated
from Western European countries, which represented the
largest population group. In this group, the same associations

TABLE 3 Accuracy of the response to QuantiFERON TB-
Gold In-Tube (QFT-GIT) and Rv2628 in the
diagnosis of tuberculosis (TB) status

QFT-GIT Rv2628 p-value#

Active TB 36/50 (72.0) 12/50 (24.0) ,0.0001

Cured TB 31/45 (68.9) 24/45 (53.3) 0.1

Data are presented as n/N (%), where N is the number of subjects in the group,

unless otherwise indicated. #: the hypothesis of equal proportion was tested

using Fisher’s exact test.
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observed in the overall population were found (data not
shown). This observation suggests that the present results are
most probably not biased by ethnicity or country of origin.
These results were obtained by evaluating the response to
Rv2628 at a single time-point; however, an evaluation of those
with active TB and recent infection over time is crucial in order
to understand the meaning of the present study in a clinical
context, and ongoing studies are in progress. Finally, several
comparisons were performed in order to assess the possible
association of each antigen with stage of TB, and this may have
increased the chance of false-positive associations. However,
the differences in response to Rv2628 between those able to
control M. tuberculosis replication, either naturally (remote
LTBI) or following chemotherapy (cured TB), and those with
active M. tuberculosis replication, either controlled, but acute
(recent infection), or uncontrolled (active disease), were still
highly significant after applying the correction for multiple
comparisons.

In conclusion, a whole-blood short-term IFN-c response to
Rv2628 is frequently detected in remote LTBI, but is rarely
found in recently acquired infection. These results may have
an important practical clinical implication for risk stratification
when deciding to initiate preventive therapy for LTBI.
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