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Abstract Clinical data regarding the prediction of active
tuberculosis (TB) development in close TB contacts are
scarce. To address this problem, we performed a 2-year
follow-up study of Mycobacterium tuberculosis (M.tb)
antigen-driven IFN-gamma responses and serum levels of
soluble macrophage CDI14 receptor in individuals with
recent or prolonged M.tb exposure. Between June 2011 and
June 2013, we studied 60 healthy Polish adults with recent
household or long-term work TB contact and individuals
without known M.tb exposure. All of them underwent
baseline and repeated testing with IGRA (IFN-gamma
release assay) and serum sCDI14 ELISA quantification.
Frequencies of IGRA results differed at the baseline and
follow-up testing. IGRA reversions were noticed in almost
one-third of Work TB Contacts and no participants from
the Household TB Contact group. IGRA conversions were
found in 40 % of Household TB Contacts. No correlation
between the IGRA result and the sCDI14 level was
observed. IFN-y variability has important implications for
clinical practice and requires caution in interpreting the
results to distinguish new infections from nonspecific inter-
individual variations in cytokine responses. The impair-
ment of IFN-y response in some individuals with prolonged
M.tb exposure representing a resistant immune status does
not allow considering IGRA results as reliable and
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credible. Monitoring the serum sCD14 level can reduce the
likelihood of a false prediction of active TB development
in close TB contacts showing an M.tb-specific increase in
the IFN-gamma production in repeated IGRA testing.
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Introduction

The infections caused by Mycobacterium tuberculosis
(M.tb) are an emerging global problem. Every year, over 8
million people develop TB and nearly 1.3 million die from
this disease [1]. The World Health Organization (WHO)
predicts that by 2020 one billion people will have become
newly infected with M.tb, more than 150 million people
will have developed active TB, and 36 million will have
died as a result of this disease. The emergence of multi-
drug resistance TB remains a major concern of TB pro-
grammes worldwide, which has led to an increased need to
understand the mechanisms of drug resistance in M.tb and
develop new therapeutic strategies [2, 3]. An estimated
one-third of the world’s population currently suffers from
latent TB infection (LTBI) and can be considered a primary
source of TB. LTBI is defined by the evidence of
immunological sensitization by M.tb-specific antigens in
the absence of clinical symptoms of the disease [4]. It is
estimated that in approximately 5 to 10 % of latently M.b-
infected immunocompetent people, the infection will
reactivate within their lifetime. The risk of reactivation is
significantly increased by immunosuppressive triggers,
including HIV infection, anti-tumour necrosis factor alpha
(TNF-a), steroid therapies, ageing, malnutrition, renal

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12088-016-0571-y&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12088-016-0571-y&amp;domain=pdf

206

Indian J Microbiol (Apr-June 2016) 56(2):205-213

failure, malignancy or diabetes [4]. However, the identifi-
cation of latently-infected individuals with the highest risk
of progression to active disease is still problematic. The
standard technique for diagnosing LTBI is the tuberculin
skin test (TST), which measures delayed-type hypersensi-
tivity to a mycobacterial purified protein derivative (PPD),
which is present in M.tb, BCG vaccine strains and many
non-tuberculous mycobacteria [5]. Therefore, TST posi-
tivity can occur as a result of prior BCG immunization or
infection with environmental mycobacteria. More specific
detection of LTBI has become possible with the develop-
ment of the in vitro T cell-based interferon-gamma (IFN-y)
release assays (IGRAs) based on the principle that lym-
phocytes of individuals infected with M.zb produce IFN-y
in response to pathogen-specific antigens, early secretory
antigenic target-6 (ESAT-6), culture filtrate protein 10
(CFP-10), and/or TB7.7 [4-7]. These antigens are absent
from the M. bovis BCG strains and from the majority of
nontuberculous mycobacteria with the exception of M.
kansasii, M. szulgai, and M. marinum [8].

The key question is whether IGRAs can distinguish
individuals with latent M.tb infection who will develop
active TB from those who will not. So far, some prospective
studies have evaluated the progression of TB among contacts
of infectious pulmonary patients according to IGRA results
[9-12]. The major practical problem of this line of research is
not the identification of positive results of the test but setting
within the positive responses an appropriate cut-off value
that might indicate the subsequent development of active
TB. To address this problem, we conducted a prospective
study in a group of 60 healthy Polish adults with no history of
TB and anti-tuberculous treatment, including individuals
with recent domestic (Household TB Contacts) or long
lasting occupational (Work TB Contacts) TB contact and
individuals without known recent M.tb exposure (Commu-
nity Controls). In parallel with the IFN-y level analysis, we
determined the concentration of the soluble form of the
macrophage CD14 receptor (sCD14) in the sera. Our previ-
ous study showed that a significant increase in the serum
sCD14 level characterizes patients with active TB, sug-
gesting that increased sCD14 can be a potential biomarker
for TB development [13]. From this perspective, it seemed
interesting to compare the sCD 14 concentration in the sera of
volunteers who had undergone conversion or reversion of
their IGRA results.

Materials and Methods
Study Population

In May 2011, we identified a group of 60 volunteers con-
sisting of 29 individuals recruited from the medical staff
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(doctors and nurses directly caring for patients with pul-
monary TB) of the Specialized Hospital of Tuberculosis
and Lung Diseases in Lodz, Poland (Work TB Contacts),
15 subjects who were family members of patients with
newly diagnosed active pulmonary TB (Household TB
Contacts), and 16 volunteers without any TB history and
any known exposure to infectious TB (Community Con-
trols), recruited from the employees of the Institute for
Microbiology and Immunology, University of Lodz, Lodz,
Poland. All of the volunteers showed normal chest X-ray
results and had no clinical symptoms of TB. All of the
studied subjects had been vaccinated with BCG in the past
according to the Government’s Health Program recom-
mendations and were HIV-negative. None of the volunteers
suffered from TB or had ever received anti-TB therapies.
However, in the Work TB Contact group one volunteer
suffered from coronary heart disease, four had hyperten-
sion, one suffered from glaucoma and one from house dust
allergy. Among Household TB Contacts, one participant
suffered from hypertension and one person had an allergy
to house dust and pet’s dander. These participants took
daily medications. None of the studied healthy people
reported any health problems or took any medications. The
volunteers underwent IGRA testing and serum sCD14
quantification twice (1) between May and June 2011 and
(2) between June and July 2013. Identical testing protocols
were used for the assays performed in 2011 and 2 years
later. Written consent was provided by all individuals
before blood donation, and the study protocol was
approved by the Bioethics Committee of the Medical
University of Lodz, Poland.

Interferon-y Release Assay (IGRA)

The QuantiFERON-TB Gold In-Tube kit (QFT; Cellestis
Ltd, Carnegie, Australia) for the quantitative assessment of
IFN-y was performed and interpreted according to the
manufacturer’s instructions. In our study, the incubation of
blood in the presence of mycobacterial antigens or mitogen
was initiated within 3 h after blood collection. The assay
result was considered positive if the IFN-y concentration of
TB-Ag—Nil was >0.35 IU/ml. Of note, 1 IU/ml IFN-y is
equivalent to 40 pg/ml [14]. IGRA conversion was taken
into consideration when the baseline IFN-y level was
<0.35 IU/ml (14 pg/ml) and the follow-up IFN-y con-
centration was >14 pg/ml; IGRA reversion was defined
when the baseline IFN-y was >14 pg/ml and the follow-up
IFN-y was <14 pg/ml.

Serum sCD14 Concentration

The levels of sCD14 in the sera were measured using an
ELISA-based capture assay (Human sCDI14 Quantikine
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Kit, R&D Systems, Minneapolis, MN, USA) according to
the manufacturer’s instructions. The sensitivity of the assay
was 125 pg sCD14/ml.

Statistical Analysis

Data were entered into a Microsoft Excel spreadsheet
and then copied into the Statistica 5.0 software program
(Statsoft) for statistical analysis. Comparisons of the
proportions were tested for the significance of differ-
ence using the y” test or the Fisher exact test. The
Kruskal-Wallis Anova test was used to identify statis-
tically significant differences in the levels of IFN-y and
sCD14. Differences were considered significant when
p < 0.05.

Results
Baseline Characteristics of Participants

A total of 60 Polish participants consented to take part
in the study (Table 1). The mean age of the Work TB
Contacts, Household TB Contacts and Community
Controls was comparable at 43.7 (range 31-56), 40.1
(range 18-60) and 47.3 (range 27-61) years, respec-
tively. The majority of the volunteers were women,
with 96.5, 53.3 and 81.2 % women in the Work TB
Contacts, Household TB Contacts and Community
Controls, respectively. Work TB Contacts had a docu-
mented TB exposure during the cumulative working
time in the Specialized Hospital of Tuberculosis and
Lung Diseases. Twenty (68 %) of them had worked in a
TB healthcare sector as medical staff for more than
10 years (Table 1).

Table 1 Baseline characteristics of participants

IGRA Results at the Baseline and Follow-up Testing

Figure 1 shows the frequency of positive and negative
IGRA results in the studied Contact and Control groups at
the baseline and follow-up testing. No indeterminate IGRA
results were noted during the study. The prevalence of
positive IGRA results observed at baseline in the Work TB
Contact and Household TB Contact groups was 55 and
33 %, respectively. No volunteers from Community Con-
trols were IGRA-positive at the beginning of the study. At
the follow-up testing of individuals with negative IGRA
results at baseline, 1 out of 13 (8 %) Work TB Contacts, 4
out of 10 (40 %) Household TB Contacts, and 1 out of 16
(7 %) Community Controls became IGRA-positive. The
reversions of IGRA results were observed in 5 out of 16
(31 %) individuals from the Work TB Contact group only,
and the reversion rate was the highest (67 %) among
individuals with low baseline IFN-vy levels ranging from 14
to 40 pg/ml. In total, 2 years after the start of the study, the
prevalence of IGRA-positives decreased in the Work TB
Contact group (41 %) and increased in the Household TB
Contact group (60 %) (Fig. 1). No Contacts or Controls
developed active TB during the study period. The daily
medications by volunteers with hypertension, coronary
heart disease, glaucoma or allergy to house dust remained
unconnected with the reversion of IGRA results. None of 3
IGRA-positive volunteers suffering from these diseases
became IGRA-negative during the study period.

IFN-y Response at the Baseline and Follow-up
Testing

The IFN-y values obtained for M.zb antigen-stimulated blood
cultures (QFT-ELISA) were normalized against the back-
ground by subtracting the value obtained for the respective

Participant group

Work TB Contacts, n = 29 (%)

Household TB Contacts, n = 15 (%)

Community Controls, n = 16 (%)

Age (range) 4377 &+ 7.1 (31-56)

40.1 £ 15.4 (18-60)

47.3 £ 11.7 (27-61)

Sex

Female 28 (96.5) 8 (53.3) 13 (81.2)

Male 1(3.5) 7 (46.7) 3 (18.8)
Ethnicity Caucasians Caucasians Caucasians
BCG vaccination 29 (100) 15 (100) 16 (100)
Duration of employment in the TB healthcare sector

1-5 years 3(11) n.a. n.a

6-10 years 6 (21)

>10 years 20 (68)

n.a not applicable
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Fig. 2 Mean IFN-y levels in blood cultures after M. tuberculosis
stimulation measured at the baseline (/) and follow-up (II) testing

negative controls. The results are shown as an absolute mean
value +SD of the cytokine concentration (pg/ml) in each
group (Fig. 2). Atbaseline, a significantly lower production of
IFN-y was observed in the Community Controls
(0.28 + 0.43 pg/ml) than in the Work TB Contacts
(46.6 =+ 79.3 pg/ml), p = 0.000002, and the Household TB
Contacts (78.1 £ 147.6 pg/ml), p = 0.04. At the follow-up
testing, M.tb-stimulated leukocytes from the Household TB
Contacts and the Work TB Contacts produced IFN-v close to
the baseline results, at, 46.5 £ 86.1 and 94.3 + 134.9 pg/ml,
respectively. The highest mean IFN-y concentration was
observed among the Work TB Contacts with prolonged M.tb
exposure (64.3 £ 94.7 and 72.8 £ 104.9 pg/ml at baseline
and follow-up testing, respectively), while the lowest was
observed among those who had worked in the TB ward for less
than 5 years (11.3 & 16.1 pg/ml at baseline and
19.2 £ 28.4 pg/ml at follow-up), however, the observed
differences were not statistically significant.
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Serum sCD14 Levels at Baseline and Follow-up
Testing

As shown in Fig. 3a, the serum sCD14 contents measured
at baseline in the Work TB Contacts, Household TB
Contacts and Community Controls were similar
(1571 £ 319, 1924 £304, and 1599 + 247 ng/ml,
respectively). 2 years after recruitment, the levels of sol-
uble CD14 in the sera were also comparable (1445 + 193,
1581 4+ 256, and 1573 + ng/ml, respectively) and the
values did not differ from those observed at baseline. There
were no statistically significant differences in the mean
sCD14 concentration in the sera of IGRA-negative and
IGRA-positive individuals measured at the baseline and
follow-up (Fig. 3b). The individual serum sCD14 levels
were not associated either with the conversion or reversion
of IGRA testing (Table 2). Moreover, a duration of
employment in a TB healthcare sector did not influence the
serum sCD14 concentration. The concentrations of sCD14
in the sera from the Work TB Contacts who had worked in
the hospital for more than 10 years (1533 &+ 315 ng/ml at
baseline and 1437 £+ 189 ng/ml at follow-up) were com-
parable to the sCD14 levels in the sera from those, who had
cared for TB patients for less than 5 years (1816 + 351 ng/
ml at baseline and 1538 £ 340 ng/ml at follow-up).

Discussion

Persons who have had a close contact with infectious
pulmonary TB represent a high-risk group, for which the
accurate detection of LTBI is believed to be of great
importance. Currently, the diagnosis of LTBI relies on
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Fig. 3 The serum concentrations of sCD14 in the study groups
(a) characterized by positive or negative IGRA (b) measured at the
baseline (/) and follow-up (II) testing

specific M.tb antigen-driven IFN-y responses measured in
IGRA assays and flow cytometry assays of M.tb antigen
driven effector T cell responses [5, 15]. In our longitudinal
study, we assessed IFN-y responses to specific M.tb anti-
gens (ESAT-6, CFP-10, TB7.7) using QFT, in 60 healthy
Polish volunteers with recent domestic or long lasting
occupational TB contact and those not exposed to infec-
tious TB. The frequency of IGRA-positive results at the
baseline testing was the highest among the Work TB
Contacts (55 %). Menzies et al. [16] reported that the
median prevalence of LTBI in this occupational group was
63 % (range 33-79 %) in low- and middle-income coun-
tries, and 24 % (range 4—46 %) in high-income countries.
In our study, approximately 80 % of the studied Work TB
Contacts had concordant IGRA results at baseline and
follow-up studies. Unexpectedly, at follow-up testing,
almost one-third (5 out of 16) of the initially IGRA-posi-
tive individuals in this group were found to be IGRA-
negative. Similarly, IGRA reversions of unknown origin
were described in a study of Pai et al., performed on
healthcare workers in India [17]. The rate of IGRA rever-
sions ranged from 7 % in the IGRA-positive/TST-positive
baseline individuals to 70 % in the IGRA-positive/TST-
negative individuals. In addition, Park et al. [18] showed
monthly fluctuations in IFN-y levels in the group of health-
care workers studied for 1 year and observed discordant
results in serial testing in 25 out of 48 (52 %) participants.
In other serial IGRA studies on health-care workers, the

Table 2 IFN-y and sCD14

levels among IGRA converters ID.  Group of study  Age/sex  IFN-y sCD14
and IGRA reverters 1 11 1 i
pg/ml  IGRA result pg/ml IGRA result ng/ml ng/ml
IGRA converters
1 WwC 39/F 1.6 Negative 51.9  Positive 1450 1295
2 HC 14/F 0 Negative 39.6  Positive 2106 1755
3 HC 70/F 2.0 Negative 111.5  Positive 2334 1963
4 HC 40/M 0 Negative 133.1  Positive 2237 1983
5 HC 43/ M 0 Negative 157.9  Positive 1850 1296
6 CcC 45/F 0 Negative 352 Positive 1295 1491
IGRA reverters
7 wC 31/M 29.9 Positive 4.8  Negative 2161 1927
8 WwC 37/F 20.9 Positive 1.1 Negative 1433 1073
9 WwC 40/F 344 Positive 1.8 Negative 1281 1420
10 WC 52/F 28.6 Positive 9.1  Negative 1187 1155
11 WC 39/F 65.4 Positive 0 Negative 1983 1322

WC Work TB Contacts, HC Household TB Contacts, CC Community Controls, F' female, M male, /IGRA
interferon-gamma release assay, /FN-vy interferon-gamma, sCD14 soluble CD14 form

I, baseline testing
11, follow-up testing
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IGRA reversion rate ranged from 25 to 41 % [19, 20]. In
our study, the reversions were noticed in 5 out of 16 ini-
tially IGRA-positive Work TB Contacts, and in contrast, in
no participants from the Household TB Contact group. The
biological explanation for the reversions remains unclear.
Some authors have suggested that IGRA reversions might
be a result of the healing of TB infection, the transition of
mycobacteria into a dormant state or the periodic secretion
of antigens from M.tb [18, 20]. In our opinion, IGRA
reversions could be partly due to the differences in the
immune status of studied individuals, responsible for a
diverse course of antimycobacterial response. It is accepted
that host genetic background plays a role in the suscepti-
bility to TB, restricting the infection or leading to active
TB development [21]. The genetically determined mecha-
nisms that underlie the initiation and maintenance of
immune responses against M.tb involve many different
immune parameters as well as various immune cell types
[22, 23]. Genetic differences that affect the functions of
these cells can generate the imbalance between M.tb and
the host immunity, thus influencing the outcome of the
mycobacteria-host interactions. IFN-y producing cells,
such as CD4" and CD8™ T cells, natural killer (NK) cells,
v/8 T cells, CDl1-restricted T cells, are key elements of the
protective immune response against mycobacteria due to
the fact that they might increase the killing strength of
macrophages [24]. Dominant M.tb-driven IFN-y producing
subsets can differ among individuals. In our study (not
published), in M.tb-stimulated dendritic cell—lymphoid
cell co-cultures conducted for some BCG-vaccinated
healthy individuals, intracellular IFN-y was detected
mainly in CD8™' T or NK cells, while in the other cocul-
tures IFN-y was produced by both CD4" and CD8" T
cells. Additionally, macrophages present in whole blood
IGRA cultures were found to regulate IFN-y production by
cytokines, such as IL-12, IL-18 and IL-27 [25]. The results
of our study showed that initially enhanced IFN-y pro-
duction observed in some Work TB Contacts weakened
over time, however it seemed to be effective enough to
contain the development of active disease. For this reason,
IGRA results might sometimes be unreliable in the long-
term M.tb exposed Work TB Contacts, especially in those
who represent a resistant immune status.

The conversion of IGRA is considered to be a confir-
mation of M.tb infection. In our study, IGRA conversion
was significantly more frequent in the Household TB
Contacts (40 %) than in the Work TB Contacts (8 %) and
the Community Controls (6 %). Various rates of IGRA
conversion have been documented among contacts of
active TB cases depending on the test and definitions used
[17, 20]. It is suggested that IGRA may have suboptimal
sensitivity to detect recent M.tb infections, especially in TB
high-risk groups such as the homeless, malnourished, drug
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addicts, alcohol abusers. Household TB Contacts that
consented to take part in our study came from normal
Polish families with an average standard of living. The
higher percentage of converters in the Household TB
Contact group might have been a consequence of too short
an interval between initial M.7b exposure and IGRA test-
ing. The limited sensitivity of IGRA tests, preventing
detection of weak mycobacteria-driven immune responses,
justifies the search for new antigens with potent
immunostimulatory activity and novel diagnostic methods
for rapid identification of M.rb infections, in particular the
most dangerous ones such as tuberculous meningitis [26—
28]. A recent study by Fong et al. [29] showed that IGRA
conversions in serial testing remained a challenging task
for clinicians and that using single cut-off point criteria for
IGRA might lead to a significant number of false-positive
results and overdiagnosis of LTBI. In the opinion of other
researchers, an M.tb-specific increase in the IFN-y pro-
duction might be interpreted as a risk factor for developing
active TB among IGRA-positive individuals [30]. Indi-
viduals with a strong IFN-y response to the ESAT-6
compared to those with low IFN-y response had a tenfold
increased risk of subsequently developing clinical TB in
the 1-2-year period after the exposure [11]. This observa-
tion was consistent with the fact that successful antituber-
culosis therapy was found to decrease the level of IFN-vy in
response to specific M.tb antigens, ESAT-6 and CFP-10
[31-33]. Adetifa et al. [34] reported a rising qualitative and
quantitative ELISPOT counts of IFN-y producing T lym-
phocytes in response to ESAT-6/CFP-10 peptides in a close
TB contact in Gambia, who developed active disease over
a 5-month period. The quantitative PPD-based ELISPOT
assay was also found to be useful for the assessment of the
infectious load of M.tb as a result of recent TB exposure
[35, 36]. Hill et al. [36] showed an association between
recent M. tuberculosis exposure and an elevated immune
response to PPD as measured by the ELISPOT count or
skin test reaction.

Trying to explain whether the M.tb-specific increase in
IFN-y production in IGRA-positive individuals can be
interpreted as a risk factor for the development of active
TB, we determined serum levels of a soluble form of the
macrophage CD14 receptor (sCD14). The most crucial
event in innate immunity to M.tb is the activation of
macrophages. It is triggered by the specific binding
between bacterial components and pattern recognition
receptors, including CD14 molecules. CD14 is present in
two forms: membrane-bound CD14 (mCD14), expressed
on the surface of monocytes/macrophages, and soluble
CD14 (sCD14), found in the circulation. CD14 is involved
in the interactions with many M.rb ligands and initiates a
variety of effector functions such as production of proin-
flammatory cytokines and upregulation of cell adhesion
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molecules [13, 37]. Much evidence has suggested that
CD14 contributes to inflammatory processes in the lung.
CDI14 knock-out mice were protected from mortality and
displayed reduced lung inflammation upon infection with
M.tb [37]. In patients with the most aggressive forms of TB
high levels of sCD14 decreased to normal levels after anti-
tuberculosis treatment [38].

To date, the effect of LTBI on the circulating sCD14
levels has not been studied extensively. Our previous study
showed a simultaneous increase in the monocyte expression
of the mCD14 receptor and LFA-1 integrin in active TB,
which might be considered a prodrome of the loss of immune
control due to M.tb bacilli in IGRA-positive individuals [13].
At the same time, patients with active pulmonary TB showed
a significant increase in the level of serum sCDI14
(2199 £ 373 ng/ml) compared to healthy subjects
(1644 £ 293 ng/ml) [13]. An increased level of serum
sCD14 in patients with TB was confirmed by Pacheco et al.,
who showed that those with miliary TB had the highest
sCD14 concentrations [39]. However, our study did not
reveal any differences in the serum levels of sCD14 at par-
ticular in different stages of active TB. In culture-positive
patients with mild (lesions within one-third of the unilateral
lung field), moderate (lesions within the unilateral lung field)
or advanced (lesions beyond the unilateral lung field) TB, the
serum sCDI14 levels were comparable, at 2045 £ 472,
2294 4+ 247 or 2223 £ 265 ng/ml, respectively. On the
contrary, comparing the concentrations of IFN-vy in different
TB groups, the M.tb culture-positive patients with advanced
forms of TB were characterized by a lower IFN-y level
(1.00 & 1.06 1U/ml) than those with mild (4.59 £ 4.77 1U/
ml) or moderate (3.45 £ 3.49 IU/ml) TB forms [7]. Ele-
vated levels of sCD14 as such cannot be considered to be
specific indicators of active TB, because increased serum
sCD14 concentrations were also observed in nonmycobac-
terial lung infections as well as in many noninfectious dis-
eases [13, 40]. In this way, sCD14 appears as an acute-phase
protein. In active TB, the elevated sCD14 levels could have
been a consequence of non-resolving inflammation. How-
ever, in this study, no increase in the concentrations of sol-
uble CD14 level were observed at baseline and follow-up
testing in the sera of individuals who underwent either
conversion or reversion of the IGRA result. There was also
no association noted between the serum level of sCD14 and
the IFN-vy levels obtained by IGRA testing. It suggests some
caution in the interpretation of the observed increase in the
IFN-v level measured by IGRA as a factor predisposing to
the development of active TB.

In conclusion, our data confirm that the measurement of
the specific M.tb antigen-driven IFN-y response is a rele-
vant method of detecting latent M.rb infections among TB
contacts, especially in a country like Poland with high
BCG vaccination coverage and intermediate levels of M.tb

exposure. However, IFN-y variability has important
implications for clinical practice and requires caution in
interpreting the results to distinguish new infections from
nonspecific inter-individual variations in cytokine respon-
ses. The impairment of IFN-y response in some individuals
with prolonged M.tb exposure representing a resistant
immune status does not allow considering IGRA results as
reliable and credible. Monitoring the level of serum sCD14
can reduce the likelihood of a false prediction of active
disease in close TB contacts showing an M.tb-specific
increase in the IFN-y production in repeated IGRA testing.
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