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Abstract

The new QuantiFERON-TB Gold Plus employs modified peptides optimized to elicit an IFNy response from CD8" cytotoxic
T lymphocytes in addition to CD4" T cells. With a view to improve the difficult identification of TB cases, we assessed the
combination of two specific immunological markers comprising IFNy secretion and T cells co-expression of CD25 and
CD134 in response to Mycobacterium tuberculosis-specific antigens. A total of 34 subjects with suspected TB and 10 age-
matched HD were prospectively enrolled. Assessing the performance of QFT-Plus in terms of the TB1 and TB2 results,
we found that in TB patients, the quantitative IFNy value in TB2 was similar to that in TB1, and we did not find any differ-
ences irrespective of the disease (pulmonary or extra-pulmonary). The flow cytometric CD25/CD134 assay, allowed a more
accurate differentiation between M. tuberculosis-infected and uninfected patients, with a better combination of sensitivity
and specificity, especially by evaluation of CD4" T-cell subset. All individuals with negative QFT-Plus results displayed
a positive CD25/CD134 response. Overall, a positive correlation was found between T cells co-expressing CD25/CD134
and IFNy levels in response to both QFT-Plus TB antigen tubes, as well as between the QFT-Plus TB1 and TB2 tubes. We
demonstrated that both TB1 and TB2 induce a higher expression of CD25tCD134* markers on CD4" T cells among infected
TB subjects, compared to the lower degree of CD8* T cells, mainly induced to TB2 stimulation. We suggest that a combined
use of classic QFT-Plus and specific CD25/CD134 response may be a useful means in the diagnostic workup for active TB.
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Introduction

Tuberculosis (TB) remains a major global health problem
with 10.4 million of new TB cases in 2016. Of the nearly
5.4 million of pulmonary TB cases, only the 57% were bac-
teriologically confirmed and the remaining cases were diag-
nosed clinically based on symptoms, abnormalities on chest
radiography or suggestive histology. Although the number
of TB cases has significantly decreased, the proportions of
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extra-pulmonary TB remained constant, with global estimate
ranging from 8 to 24% of total TB cases notified [1].

The bacteriological examination method is the gold
standard for TB diagnosis, but the low smear positive rate
and the long incubation time to obtain positive cultures,
results in a delay in the diagnostic process for pulmonary
and extra-pulmonary TB, and consequently, to a delayed
optimal treatment and poorer treatment response [2, 3]. Gene
Xpert is emerging as a highly specific test for identifying
Mycobacterium tuberculosis, but has still suboptimal sensi-
tivity in particular in non-respiratory samples [4].

Therefore, immunological methods with high sensitivity
and specificity could be useful tools to rapidly identify—or
rule out—the presence of TB disease. Blood-based IFNy
release assays (IGRA), including QuantiFERON TB Gold
in-tube (QFT-GIT; Qiagen, Hilden, Germany) and T-SPOT.
TB (Oxford Immunotec, Abingdon, UK), measure the cell-
mediated immune response against some M. tuberculosis
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specific antigens [5, 6]. Recently, an updated version of the
QFT-GIT has been released. The new QuantiFERON-TB
Gold Plus (QFT-Plus) [7] employs two TB specific antigen
tubes, called TB1 and TB2, containing peptides from M.
tuberculosis complex-specific antigens ESAT-6 and CFP-
10. In TB1 tube, there are long peptides designed to elicit
an IFNy response from CD4™ helper T lymphocytes, like the
original QFT-GIT assay. The TB2 tube, additionally to long
peptides, contains a set of newly designed shorter peptides
targeted to elicit a response from CD8™ cytotoxic T lympho-
cytes in addition to those from CD4* T cells.

Also the flow cytometry has been proposed as a potential
tool to help improving TB diagnosis. An interesting blood-
based study [8] showed that the stimulation of T cells by
antigen or mitogen resulted in the up-regulation of CD25
(interleukin-2 receptor alpha, IL-2Ra) and CD134 (a TNF
receptor superfamily member). The co-expression of these
two important T-cell surface molecules allows identification
of antigen-specific CD4" T cells.

In the present study, we investigated a cohort of subjects
with suspected pulmonary and extra-pulmonary TB using
multiple combined immunoassays including IFNy secretion
by means of QFT-Plus assay, and surface co-expression of
CD25 and CD134 in response to new antigens of M. tuber-
culosis. Besides, we also evaluated the new tube contains
antigens eliciting CD8* T-cell response.

Materials and methods
Study populations

We prospectively enrolled 34 adult subjects admitted to the
Department of Public Health and Infectious Diseases, ‘Sapi-
enza’ University, Rome, Italy, for a suspected TB. Subjects
were classified into the following two groups: (i) 11 sub-
jects with suspected pulmonary TB (6 males and 5 females;
median age was 45 years with IQR 25-56 years); (ii) 23
subjects with suspected extra-pulmonary TB (10 males and
13 females; median age was 42 years with IQR 34-55 years).
We also recruited 10 healthy control donors (HD) among
laboratory staff volunteers as controls (4 males and 6
females; median age was 40.5 years with IQR 3447 years).

The patients were classified as having active TB if they
fulfilled the following criteria: (i) identification of M. tuber-
culosis by microbiologic methods from biological specimens
(positive culture for M. tuberculosis; or positive PCR using
Xpert MTB/RIF, Cepheid, USA) and/or histo-pathological
examination of affected tissues consistent with TB and the
presence of acid fast bacilli; (ii) or clinical and radiological
findings, including appropriate response to a full course of
TB specific treatment.
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Patients without active TB (no-TB) were defined as those
individuals whose culture or histology for M. tuberculosis
was negative, with resolution of clinical symptoms and radi-
ographic abnormalities following treatment not involving
anti-tuberculosis drugs or an eventual alternative diagnosis
other than TB.

Measurement of IFNy levels by QFT-Plus and cytofluori-
metric analysis of CD4" and CD8* T cells were performed
on the same blood samples collected from all patients. The
study received approval from the local Ethics Committee
of Azienda Policlinico Umberto I, Rome, Italy (Reference
number 2669), and informed written consent was obtained
from all individual participants included in the study.

QuantiFERON TB Gold- Plus (QFT-Plus) assay

Whole blood from each enrolled subject was tested using
the QFT-Plus assay (Cellestis GmbH, QIAGEN Inc. Valen-
cia, CA, USA). QFT-Plus kits were donated by Qiagen and
used according to manufacturer’s instructions [7]. Levels of
IFNy were quantified by ELISA and the QFT-Plus Analy-
sis Software was used to analyze raw data and to calculate
the results in international units per milliliter (IU/ml). The
software performs a quality control assessment of the assay,
generates a standard curve and provides a test result for each
subject. The result was considered positive if [FNy response
after correction for the negative control was 2 0.35 IU/ml
in one of the two TB antigen tubes (TB1 or TB2) or if both
tubes (TB1 and TB2) showed = 0.35 IU/ml.

CD25/CD134 assay and flow cytometry procedures

Heparinized peripheral blood (0.5 ml) was mixed with an
equal volume of RPMI-1640 Medium (Sigma-Aldrich,
Germany), and then added to 4 test tubes of QFT-Plus kit,
respectively, containing, saline (negative control), peptides
derived from ESAT-6 and CFP-10 (tube TB1 and tube TB2)
and phytohaemagglutinin (PHA). The tubes were incubated
at 37 °C in 5% CO, for 44-48 h [8] before antibody staining
and analysis by flow cytometry. After 44 h of incubation,
100 ul of whole blood was stained with anti-CD3 PerCP,
anti-CD4 PE-Vio770, anti-CD25 APC, anti-CD8 FITC (BD
Biosciences, San Jose, USA), anti-CD134 PE (BioLegend,
San Diego, CA, USA) for 20 min at 4 °C, followed by treat-
ment with FACS lysing solution (BD Biosciences, according
to manufacturer’s instructions) and washed twice with FACS
buffer (PBS/0.5% BSA, 0.01% sodium azide). Cells were
fixed in 1% paraformaldehyde and acquired within 1 h using
a MACSQuant Analyzer flow cytometer (MiltenyiBiotec,
Germany) after calibration and automatic compensation.
From each sample, a minimum of 100.000 events were col-
lected and analyzed using FlowJo software v. 10 (Tree Star,
San Carlos, CA, USA). Lymphocytes were identified on the
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basis of forward and side-scatter; after gating on CD3*CD4*
T cells and CD37CD8™ T cells, an analysis of CD25 APC
and CD134 PE staining events was performed.

Standard gating procedures using fluorescence minus one
(FMO) controls (unstimulated) were used to identify positive
cells. Background CD25%/CD134" expression in negative
control was subtracted from stimulated condition. Figure 1
shows the gating strategy used to identify CD4* and CD8*
T cells co-expressing CD25tCD134".

Antigen-stimulated cultures from HD were used to deter-
mine the cut-off for a positive response, designed as the
mean response (%) + 3 standard deviation (SD) of the TB1
and TB2 values.

The results were considered positive if CD257CD134*
responses in either one or in both of the TB antigen tubes
(TB1 and TB2) were 2 of cut-off, after correction for the
negative control.

Statistical analysis

Median (interquartile range, IQR) or mean (£ SD) of the
different parameters were calculated. Non-parametric
Mann-Whitney test and non-parametric Kruskal-Wallis
ANOVA with Dunn’s post-test comparison were used to
compare the T cell responses between two or three groups
of patients, respectively. Pearson correlation coefficient and
Cohen’s « coefficient were used to examine the correlation
and the agreement between IFNy secretion assay and flow
cytometric co-expression of CD257/CD1347, respectively.
All statistical analyses were two-sided, performed using
GraphPad Prism Software v. 5 (Software MacKiev), and
considered significant at p values <0.05.

Results
Study subjects

A total of 34 subjects with suspected TB and 10 age-matched
HD were prospectively enrolled. According to clinical mani-
festations, pathological diagnosis, sputum smear, culture,
and chest X-ray, 9 (26.5%) subjects were classified as pul-
monary TB patients, and 16 (47%) subjects were classified
as having extra-pulmonary TB (including pleural, lymphad-
enitis, abdominal, meningitis, uveitis and bone TB). Finally,
in 9 subjects (26.5%) active TB was excluded and another
diagnosis was obtained including: lower respiratory tract
infections (n=1), non-infectious respiratory diseases (n=1),
non-infectious uveitis (n=2), sarcoidosis (n= 1), non-infec-
tious lymphadenitis (n=3), spondylodiscitis (n=1); these
subjects were classified as no-TB patients. The HD included
laboratory staff volunteers (= 10), with no risk factors for

M. tuberculosis exposure, and tested negative for TST and
QFT-Plus.

QFT-Plus assay
Performance of QFT-Plus assay

Among patients with pulmonary TB, the QFT-Plus was posi-
tive in 6 (66.7%), negative in 2 (22.2%) and indeterminate
in 1 (11.1%), due to a low mitogen value; among patients
with extra-pulmonary TB, the test was positive in 13 (81.2%)
and negative in 3 (18.8%) of cases. All no-TB patients and
HD yielded QFT-Plus negative results. The QFT-Plus detec-
tion senstivities of pulmonary and extra-pulmonary TB were
75% (95% CI 34.9-96.8%) and 81.2% (95% CI 54.3-95.9%),
respectively. The specificity of QFT-Plus for HD and no-TB
group was 100% (95% CI 82.3—-100%). Therefore, the over-
all sensitivity and specificity of QFT-Plus for diagnosis of
active TB was 79.1% (95% CI 57.8-92.8%) and 100% (95%
CI 82.3-100%), respectively.

Analysis of M. tuberculosis-specific responses in QFT-Plus
assay

The QFT-Plus results were also evaluated by quantitative
means and IFNy responses following TB1 and TB2 stimula-
tion are summarized in Table 1.

All TB infected patients, including pulmonary and extra-
pulmonary, showed similar levels of IFNy in response to
TB1 (median 1.18 IU/mL, IQR 0.21-3.45) and TB2 anti-
gens (1.53 IU/mL, IQR 0.56-5.19; p=0.33) that were sig-
nificantly higher compared to no-TB subjects and to HD
(p<0.0001; Fig. 2a).

Considering only TB-infected patients, the positive
QFT-Plus results were stratified according to the ability of
subjects to respond to TB1 and TB2. For pulmonary TB
patients, the proportion of responders to TB1 and TB2 was
100%. Moreover, for extra-pulmonary TB patients, the
84.6% responded to TB1 stimulation, and 100% responded to
TB2. Notably, 2 subjects with extra-pulmonary TB showed
a selective response only to the peptides contained in TB2
tubes, suggesting an increase of sensitivity with respect to
the old version QFT-GIT.

The quantitative evaluation showed that the IFNy
responses induced by TB1 were in the same range as those
induced by TB2, with no differences between pulmonary
and extra-pulmonary TB disease (p > 0.05 for all compari-
sons) (Fig. 2b; Table 1).

To have an estimation of effective CD8* T-cell
responses, the AIFNy was calculated by subtracting the
IFNy values obtained in response to TB1, which stimulates
CD4* T cells, from those provided in response to TB2,
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Table 1 Quantitative IFNy

Subjects n (%) IFNy (IU/mL)
responses from QFT-Plus assay
in all enrolled subjects TB 1 TB 2 TB 2-TB 1 p value
Pulmonary TB
QFT-Plus positive 6 (67) 3.33(1.10-8.54) 4.19(1.36-7.45) 0.04 (0-0.76) 0.81
QFT-Plus indeterminate 1 (11) 0.05 0.24 0.19 -
QFT-Plus negative 2(22) 0.15 (0.06-0.24)  0.09 (0.01-0.17) - 0.66
Extra-pulmonary TB
QFT-Plus positive 13 (81)  1.93(0.69-3.45) 2.42(1.35-5.98) 0.32(0.005-1.19) 0.23
QFT-Plus negative 3(19) 0.06 (0-0.18) 0.04 (0.02-0.19) - 1
No-TB
QFT-Plus negative 9 (100)  0(0.0-0.01) 0 (0.0-0.03) - 0.83
Healthy donors
QFT-Plus negative 10 (100) 0 (0.0-0.0) 0(0.0-0.07) - 0.12

The values expressed as IU/ml are median with interquartile range. TB1 and TB2 are antigen-containing

tubes of QFT-Plus

QFT-Plus QuantiFERON-TB Gold Plus
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Fig.2 Antigen-induced IFNy response from all patients enrolled.
The release of IFNy in response to TB1 and TB2 antigens was evalu-
ated after 18 h of incubation using the QuantiFERON TB Gold-
Plus (QFT-Plus; Cellestis GmbH, QIAGEN Inc. Valencia, CA,
USA) assay, according to the manufacturer’s instructions. The fig-
ure shows the antigen-induced IFNy response. a The IFNy response
(IU/mL) was assessed in all TB infected subjects (including 9 with
pulmonary TB, and 16 with extra-pulmonary TB), in 9 no-TB sub-
jects and 10 HD. b The antigen-induced IFNy response was assessed
only in infected patients with positive QFT-Plus, in according to the
type of disease (6 with pulmonary TB, and 13 with extra-pulmonary

which stimulates CD4" and CD8* T cells. The AIFNy
was higher in extra-pulmonary (median 0.32 IU/mL, IQR
0.005-1.91), as compared to pulmonary subjects (0.08 U/
mL, IQR 0-0.19), although the difference did not attain
statistical significance (p =0.35; Fig. 2b).

A cut-off > 0.6 IU/mL for AIFNYy release was consid-
ered as true difference and used as estimation for CD8"
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TB). In addition, the AIFNy (TB2-TB1), subtracting the IFNy val-
ues obtained in response to TB1 from those provided in response to
TB2 was calculated. Horizontal bars represent the median values,
horizontal dashed lines indicate the cut-off of QFT-Plus positive
response corresponding to 0.35 (IU/mL), whereas gray horizon-
tal lines in panel b indicate the cut-off of 0.6 (IU/mL) for positive
AIFNy response. Statistical analysis was calculated by non-paramet-
ric Mann—Whitney test and non-parametric Kruskal-Wallis ANOVA
with Dunn’s post-test comparison, to compare the responses between
two or three groups of patients, respectively. Significant p values are
indicated

T-cell response [9, 10]. However, only 5 out of 13 (38.5%)
extra-pulmonary TB patients and 1 out of 6 (16.6%) pul-
monary TB patients had a difference in IFNy release of
> 0.6 IU/mL. Thus, the analysis of the differences TB2-
TB1 showed that CD8* T-cell response was prevalent
among the extra-pulmonary TB subjects.
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CD25/CD134 flow cytometry assay

The co-expression of CD25 and CD134 by T cells in TB1
and TB2-stimulated whole blood cultures of 44 h duration
was assessed in TB patients. In addition, to evaluate the
specificity of CD25/CD134 assay, HD and subjects with
other diagnosis over TB, were also assessed. The results
are summarized in Table 2. Background co-expression of
CD25 and CD134 on T cells was extremely low, as shown
in a representative active TB subject (Fig. 1).

Analysis of CD4" T-cell responses to M. tuberculosis antigens

Flow cytometric analysis of CD4* T cells showed sig-
nificantly higher frequency of CD25*CD134" T cells in
response to TB1 (median 1.32%, IQR 0.61-2.22%) and
TB2 antigens (1.41%, 0.81-2.41%) in TB-infected patients
(including pulmonary and extra-pulmonary), as compared to
no-TB patients and HD (p <0.0001for TB1, and p <0.0001
for TB2) (Fig. 3a; Table 2). Indeed, based on positive cut-
off, corresponding to 0.136% (mean 0.0337, SD 0.0343) for
TB1, and 0.119% (mean 0.0338, SD 0.0284) for TB2, we
scored as positive all pulmonary and extra-pulmonary and
none of no-TB subjects and HD.

Notably, among the active TB group, 3 subjects with
extra-pulmonary TB lacked a response to TB1 stimula-
tion, but were considered positive since the TB2 stimu-
lation elicited a selective CD4*CD257CD134" T-cell
response with frequencies of 1.26%, 0.25% and 0.15%,
respectively. Thus, the analysis of CD4" T cells co-
expressing CD25/CD134 allowed the discrimination
between M. tuberculosis-infected and uninfected patients
with a sensitivity of 100% (95% CI 86.2-100%) and
specificity of 100% (95% CI 82.3-100%) for active TB
diagnosis.

Next, to determine whether these markers were differen-
tially expressed in TB infected patients, we compared their
expression in according to pulmonary and extra-pulmo-
nary diseases. Among those with pulmonary TB, the pro-
portion of responders to TB1 and TB2 was 100%. Instead,
among extra-pulmonary patients, the 81% responded to

TB1 and 100% responded to TB2. The co-expression of
CD25/CD134 markers induced by TB1 was in the same
range as that induced by TB2 in both groups of TB sub-
jects (p>0.05 for all comparisons) (Fig. 3b; Table 2).
No differences were observed comparing pulmonary and
extra-pulmonary TB patients.

Analysis of CD8" T-cell responses to M. tuberculosis antigens

Analysis of CD8TCD25*CD134" T cells showed different
results from those observed in CD4* T-cell compartment,
revealing a lower response among all evaluated subjects. The
results of the co-expression of CD8TCD25YCD134" T cells
are summarized in Table 2.

Significant higher expression of CD25/CD134 markers on
CD8™* T cells, following TB1 (median 0.04%, IQR 0-0.20%)
and TB2 stimulation (median 0.18%, IQR 0-0.46%), was
observed in TB infected patients (including pulmonary
and extra-pulmonary) compared to no-TB subjects and HD
(p=0.019 for TB1, and p=0.018 for TB2) (Fig. 3c; Table 2).
To note, the majority of uninfected and healthy subjects var-
ied from undetectable to low frequencies (0-0.04%) of acti-
vated CD8TCD25*CD134* T in response to both TB1 and
TB2 specific antigens. Indeed, based on positive cut-off, cor-
responding to 0.072% (mean 0.0122, SD 0.0201) for TB1,
and 0.074% (mean 0.0193, SD 0.0183) for TB2, we scored
as positive 6 out of 9 (66%) pulmonary patients, 11 out of
16 (69%) extra-pulmonary patients, and none of no-TB
subjects and HD. The testing information of TB subjects
scored as negative by CD8*CD257CD134* assay are shown
in Table 3. Thus, also the analysis of double-positive CD8"
T cells allowed the discrimination between M. tuberculosis-
infected and uninfected patients, with a sensitivity and speci-
ficity for active TB diagnosis of 68% (95% CI 46.5-85%)
and 100% (95% CI 82.3-100%), respectively.

Next, the co-expression of CD25*CD134* on CD8"
T cells was analyzed by comparing subjects with pulmo-
nary and extra-pulmonary TB. Among those with pul-
monary disease, TB1 antigen induced a response in only
33% of subjects and TB2 in 66% of them. Instead, among

Table 2 Analysis of co-expression of CD25*CD134" on T cells in all patients enrolled

Subjects n (%) % CD4*CD25*CD134" T cells % CD8*CD25"CD134" T cells

TB 1 TB 2 TB 1 TB 2
Pulmonary TB 9(22) 1.23 (0.61-1.19) 1.34 (0.57-1.7) 0.04 (0.005-0.20) 0.18 (0-0.46)
Extra-pulmonary TB 16 (67) 1.52 (0.48-2.45) 1.64 (1.05-3.04) 0.05 (0.0-0.21) 0.15 (0.05-0.43)
No TB 9 (100) 0 (0.0-0.04) 0.02 (0.0-0.06) 0 (0.0-0.02) 0.005 (0-0.027)
Healthy donors 10 (100) 0.02 (0.0-0.07) 0.02 (0.01-0.04) 0 (0.0-0.02) 0 (0.02-0.035)

The results are expressed as median with interquartile range
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Fig.3 Characterization of CD4" and CD8" T cells co-expressing
CD25"CD134*. The co-expression of CD25 and CD134 by CD4*
and CD8* T-cell subsets in response to either TB1 or TB2 was evalu-
ated in whole blood cultures of 44 h duration. a, ¢ Frequency of
CD4* and CD8* T cells co-expressing CD25TCD134" in response to
stimulation with TB1 and TB2, was assessed in TB infected subjects
(n=25, including 9 with pulmonary and 16 with extra-pulmonary),
in subjects without TB (n=9) and HD (n=10). b, d The antigen-
induced co-expression of CD25YCD134" was assessed in accord-
ing to the type of disease, in patients with pulmonary TB (n=9),

extra-pulmonary TB patients, the 44% responded to TB1 and
the 69% responded to TB2 stimulation.

Evaluating the frequencies of activated CD8* T cells, the
expression of CD25/CD134 markers induced by TB2 was
higher than that induced by TB1 for both pulmonary and
extra-pulmonary groups (Fig. 3d; Table 2), but the differ-
ences did not attain statistical significance, possibly because
of small number of participants (p >0.05 for all compari-
sons). On the other hand, our data indicate that the expres-
sion of CD25/CD134 markers on CD8* T cells was mainly

and with extra-pulmonary TB (n=16). Subjects were defined to be
positive or negative to CD25/CD134 assay according to the cut-off
defined from HD, as the mean response (%) plus three times the SD
of values obtained in response to TB1 and TB2. Horizontal black bars
represent the median values, and horizontal gray dashed lines indicate
the cut-off of positive CD25/CD134 response. Statistical analysis was
calculated by non-parametric Mann—Whitney test and non-parametric
Kruskal-Wallis ANOVA with Dunn’s post-test comparison, to com-
pare the responses between two and three groups of patients, respec-
tively. Significant p values are indicated

induced by TB2 stimulation with frequencies similar among
pulmonary and extra-pulmonary TB subjects (p =0.88).
Finally, we compared the co-expression of CD25/CD134
on both CD4* and CD8* T cells. Following TB1 stimula-
tion, a significantly higher frequency of activated CD4" T
cells in comparison to CD8* T cells was observed, both in
pulmonary (p =0.0002) and extra-pulmonary TB patients
(p=0.0009), suggesting that TB1 antigen mainly stimulates
the CD4" T cells. Likewise, also following TB2 stimula-
tion, the co-expression of CD25/CD134 was mostly present
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Table3 Testing information for TB patients showing negative CD8YCD25*CD134" T-cell response and discordant QFT-Plus and

CD25*CD134" T-cell assay results

Subjects QFT-Plus IFNy (IU/mL) % CD4* CD25*CD134" T cells % CD8* CD257CD134* T cells
TB 1 TB2  Result TB 1 TB2  Result TB 1 TB2  Result

1. Pulmonary TB 5.21 4.68 Positive 1.69 1.74 Positive  0.01 0.0 Negative
2. Pulmonary TB  0.87 0.88 Positive 0.76 0.64 Positive  0.04 0.0 Negative
3. Pulmonary TB  0.24 0.17 Negative 0.47 0.50 Positive  0.02 0.0 Negative
4. Pulmonary TB  0.06 0.01 Negative 0.22 0.47 Positive 0.0 0.18 Positive
5. Pulmonary TB  0.05 0.24 Indeterminate  1.19 1.34 Positive  0.33 0.45 Positive
6. Uveitis TB 0.88 0.89 Positive 2.52 0.99 Positive 0.0 0.0 Negative
7. Uveitis TB 0.0 10 Positive 0.0 1.26 Positive 0.0 0.0 Negative
8. Abdominal TB  3.38 5.71 Positive 3.85 4.84 Positive 0.0 0.0 Negative
9. Pleural TB 0.06 0.04 Negative 0.0 0.25 Positive 0.0 0.0 Negative
10. Pleural TB 0.0 0.02 Negative 0.0 0.15 Positive 0.0 0.0 Negative
11. Bone TB 0.18 0.19 Negative 3.38 3.68 Positive  0.05 0.37 Positive

The IFNy values and the CD25%/CD134" frequencies in negative control were subtracted from all stimulated conditions. TB1 and TB2 are

antigen-containing tubes of QFT-Plus
QFT-Plus QuantiFERON-TB Gold Plus

on CD4* T cells than CD8" T cells both in pulmonary
(»=0.0009) and extra-pulmonary TB patients (p <0.0001)
(Fig. 3b, d).

QFT-Plus versus CD25/CD134 flow cytometry assay

After excluding indeterminate results, QFT-Plus assay
resulted in an agreement of 88% with a Cohen’s kappa of
0.76 with CD257CD134* CD4™" T cells, and in an agreement
of 84% with a Cohen’s kappa of 0.67 with CD257CD134"*
CD8* T cells.

Discordant results were found in 6 subjects (3 pulmonary
and 3 extra-pulmonary TB). Among them, five subjects had
a negative QFT-Plus and one had indeterminate result. All
six cases displayed a positive CD4* T-cell response, and four
subjects a positive CD8% T-cell response. The characteristics
of discordant TB subjects are shown in Table 3.

Next, we compared the expression of CD25/CD134 on
CD4* and CD8* T cells from TB patients with and without
a positive QFT-Plus result. The frequencies of CD4" and
CD8™ T cells co-expressing CD25/CD134 in response to
TB1 and TB2 were higher in TB patients with a positive
QFT-Plus results (Fig. 4); the difference was statistically sig-
nificant only for CD4™" T cells in response to TB2 (p=0.03).

Correlations among IFNy secretion
and co-expression of CD25/CD134

We examined possible correlations among cytokine produc-

tion and activation of T cells in TB patients (Fig. 5). IFNy
secretion in response to TB1 was positively correlated with

@ Springer

the frequency of activated CD4* T cells (r=0.42, p=0.03,
?=0.17; Fig. 5a), but not with the activated CD8* T cells
(r=0.14, p=0.47, *=0.02; Fig. 5b).

Following TB2 stimulation, no correlation between IFNy
response and frequencies of activated CD4* T cells (r=0.29,
p=0.15, ?=0.08; Fig. 5¢) and activated CD8* T cells (r =
—0.00, p=0.9, *=0.00: Fig. 5d) was observed. This lack
of correlation was expected, because in QFT-Plus assay the
IFNy was released simultaneously from CD4" and CD8* T
cells after TB2 stimulation. Thus, we summed the frequen-
cies of CD4* and CD8™ T cells co-expressing CD25/CD134
and further examined the possible correlation with IFNy
response. Notably, we found a positive correlation between
IFNy response and the sum of the frequencies of CD4"
and CD8™ T cells co-expressing CD25/CD134 after TB2
stimulation (r=0.45, p=0.020, ?=0.07; Fig. 5e). Finally,
we found a positive correlation between IFNy in response
to TB1 and IFNy in response to TB2 (r=0.7, p=0.0001,
2 =0.49; Fig. 5f). These results showed a good correlation
between two immunologic assays. No significant correla-
tion was observed in HD and subjects with no-TB (data not
shown).

Discussion

The impairment of lymphocyte function is commonly
observed in active TB patients. Previous studies have
shown that depressed proinflammatory cytokine produc-
tions, expansion of regulatory T cells and increased pro-
duction of nitric oxide could suppress T-cell functions,
result in impaired immunity of active TB patients [11].
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Also IGRA assays, which depend on the detection of IFNy
in response to TB antigens, and widely used for immuno-
logical diagnosis of M. tuberculosis infection, sometimes
showed negative results in subjects with active TB disease
for a relatively low IFNy secretion [12, 13]. Thus, early
detection of M. tuberculosis infection remains complicated
in particular in the setting of extra-pulmonary forms of
TB.

To improve the identification of TB in pulmonary and
extra-pulmonary cases, we assessed the combination of
two specific immunological markers comprising IFNy
secretion, by means of an IGRA assay, and surface co-
expression of CD25 and CD134 in response to M. tuber-
culosis-specific antigens.

First of all, we aimed at evaluating the performance
of QFT-Plus in terms of the TB1 and TB2 results, as this
assay, new generation of IGRA, included modified pep-
tides that are optimized to activate CD8" T cells in addi-
tion to CD4. Although TB2 elicits an immune response
driven by both CD4% and CD8™ T cells, our results showed
that in TB patients, the quantitative IFNy value in TB2
was similar to that in TB1. The first finding that IFNy was
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Fig.5 Correlations between IFNy secretion, and co-expression of
CD25*CD134" in response to M. tuberculosis specific antigens. The
immunologic assays of all TB subjects were correlated using Pear-
son correlation coefficients. a IFNy response to TB1 stimulation was
positively correlated with the frequency of CD257CD134* CD4* T
cells, b but not with the activated CD8* T cells. ¢, d In response to

TB2_IFNy (IU/mL)
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TB2 stimulation there was no correlation between IFNy response
and activated CD4" T cells and CD8" T cells. e Positive correlation
between IFNy and the sum of the frequencies of CD4" and CD8* T
cells following TB2 stimulation. f Positive correlation between IFNy
in response to TB1 and IFNy in response to TB2 specific antigen
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produced by CD8™ T cells was based on a study of CD4*
T cell-deficient mice [14].

Interestingly, a selective positive response only to pep-
tides contained in TB2 tube, has been observed in 2 indi-
viduals with extra-pulmonary TB. The addition of the TB2
antigen tube to QFT-Plus assay could provide a diagnostic
advantage over the QFT-GIT version, which stimulates
only CD4* T cells in a single antigen tube (TB1), thus
increasing the positivity rates of the new assay. A recent
study reported a significant increase in QFT-Plus positiv-
ity rates among low-risk workers in health care, compared
to QFT-GIT (3.5% vs 2.2%, p=0.003); among the subjects
with positive QFT-Plus results the 20% was positive by
TB1 only, and 32.6% was positive by TB2 only [15]. How-
ever, studies evaluating the QFT-Plus assay, performed
in low-TB-incidence setting, have shown high agreement
and equivalent performance with QFT-GIT assay, obtain-
ing a sensitivity of 89-90% and a specificity of 84-98%
[10, 16-21].

In this study, five patients with active TB displayed a
QFT-Plus negative result. This may be correlated with the
condition of “M. tuberculosis-specific unresponsiveness”
as suggested in previous study [22, 23] or due to a higher
amount of specific cells at site of infection compared to
peripheral blood [24].

We decided to evaluate CD25 (interleukin-2 receptor
alpha, IL-2Ra) and CD134 (a TNF receptor superfamily
member) surface expression since these markers were rec-
ognized to be extremely sensitive and specific tools for
the assessment of functional response by individual T-cell
subsets to a variety of stimuli [8]. The biological basis
of the CD257CD134" phenotype, on which this assay is
based, includes the fact that interactions between CD134
and its ligand are critical for memory T cell development
and effector T cell survival [25], and the up-regulation of
the high-affinity IL-2Ra via CD25 is critical for the pro-
liferation and differentiation of T cells [26].

In the current study, we used the CD25/CD134 assay to
measure a broad polyclonal response to TB1 and TB2 anti-
gens, providing a simple assay of antigen-specific T lym-
phocyte function. The flow cytometric analysis allowed a
clear differentiation between M. tuberculosis-infected and
uninfected patients, with a better combination of sensitiv-
ity and specificity that was higher than QFT-Plus, espe-
cially by evaluation of CD4" T-cell subset.

Based on the IGRA format, it is unknown whether
the response to TB2 is mediated by the CD8" or CD4*
T cells, even if can reasonably be assumed that a TB2
selective response could be mediated by CD8" T cells.
As recently shown by Barcellini et al. [10], the difference
in IFNy release between TB2 and TB1 stimulation may
provide a surrogate marker of CD8" T-cell response mag-
nitude. Using this approach, we found that about 40% of
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extra-pulmonary TB patients showed a AIFNy > 0.6 IU/
mL, suggesting indirectly that CD8" T-cell response is
indeed associated with extra-pulmonary TB.

By flow cytometry analysis, this result could be more
refined, assessing a compartmentalized analysis of T-cell
sub-populations (gating the CD4" and CD8™ T cells sepa-
rately). Regarding the CD4* T-cell compartment, the co-
expression of CD257CD134" induced by TB1 was in the
same range as that induced by TB2 in both groups of TB
subjects, but a selected CD4* T-cell response to TB2 and
not to TB1 was observed in 3 subjects with extra-pulmo-
nary TB, including one with uveitis and two with pleural
involvement. These findings suggest that the introduction
of TB2 tube in the assay has improved the detection of
unusual TB disease.

Conversely, in the analysis of CD8* T cells, the co-
expressing CD257CD134% was more frequently detected in
response to TB2 antigen, and no distinct differences were
observed among both groups of TB subjects. These findings
were parallel to those of a recent report, showing a CD8"
T-cell response mainly induced by TB2 and associated to
active TB [27].

As regards the CD8% T-cell compartment, several lines
of evidence have pointed out the role of CD8" T cells in
TB [28]. M. tuberculosis-specific CD8" T-cell responses
can be detected predominantly in patients with active TB
as compared to LTBI subjects [29-31], consistent with the
current paradigm associating CD8" T-cell responses to high
antigen burden [29, 32, 33], and declined during anti-TB
treatment [29, 34]. Importantly, a recent study performed in
young children showed that M. tuberculosis-specific CD8*
T cells were detected in active TB disease but not in healthy
children recently exposed to M. tuberculosis, despite the fact
that similar frequencies of CD4* T cells were present in both
groups [35].

We demonstrated that both TB1 and TB2 induce a higher
expression of activation markers on CD4* T cells among
infected TB subjects, compared to the lower degree of
CD257CD134" up-regulation in CD8 T cells, mainly due
to TB2 stimulation. Thus, the detection of M. tuberculosis-
specific CD8* T cells was also a strong predictor of discrim-
ination between infected and uninfected patients, although it
was less accurate than CD4% T cells. The low frequency of
antigen-specific CD8" T cells could be the consequence of
the sequestration of these cells at sites of infection, widely
observed in TB [36, 37]. Although CD8* T-cell response is
substantially less powerful than the M. tuberculosis CD4*
T-cell response, these results highlight the capacity of the
cells from active TB patients to respond with both CD4*
and CD8™ T-cell subsets following M. tuberculosis-specific
stimulation, and further studies targeting children and immu-
nocompromised individuals with low CD4* T cell counts,
may confirm the value of the CD25/CD134 co-expression on
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CDS8™ T cells in such patients. Hence, it is evident that flow
cytometry analysis could have the advantage of detecting
CD8* T-cell response with a range of antigenic conditions
besides the short peptides included into new QFT-Plus. Of
note, the low degree of CD8* up-regulation in T cells could
be optimized including co-stimulatory antibodies (e.g., anti-
CD28 and anti-CD49d) during T-cell stimulation in vitro.

In our study, the CD25/CD134 assay showed an excel-
lent degree of sensitivity for detecting active TB, and a
good degree of agreement with QFT-Plus, resembling data
reported in two important prospective case control studies,
including one performed in low- and high-TB endemic areas
with a high proportion of HIV/AIDS subjects [38, 39]. It is
very interesting to note that our cut-off values of flow cytom-
etry analysis were similar to that reported by Escalante et al.
[39] who used a combinatorial immunoassay approach, com-
prising IFNy secretion and co-expression of CD25/CD134
on T cells, as a method to risk stratify patients with LTBI.

The two immunologic assays were qualitatively discord-
ant in 6 individuals with TB (13.6%); all cases with negative
or indeterminate QFT-Plus results displayed a positive CD4*
T-cell response, and four subjects showed also a positive
CD8* T-cell response. These findings supported the useful-
ness of a combinatorial IGRA and flow cytometry analysis
for detecting TB disease, especially in cases that are not
easy to diagnose. However, the specific comparison of
TB patients with and without a positive QFT-Plus results,
highlighted an higher frequency of T cells co-expessing
CD25*CD134% in those with a positive QFT-Plus. The
CD25/CD134 assay is not cytokine specific, but measures
T-cell activation after stimulation with M. tuberculosis spe-
cific antigens, and it would also potentially detect M. tuber-
culosis specific TH17 responses and T regulatory, that have
been shown to depress IFNy production by T cells [40]. This
could be an explanation for why some participants displayed
discordant results (positive CD25/CD134 assay and negative
QFT-Plus).

Correlative analysis of frequency of CD25*CD134% T
cells and amount of IFNy produced for each specific antigen
showed variable results with significant correlations seen
following TB1 stimulation, but not following TB2 stimu-
lation. The simplest explanation is that QFT-Plus assay
measures the global IFNy secretion by two functional T-cell
subsets, as CD4* and CD8*, in response to TB2, while flow
cytometry detects a CD4* and CD8™ T-cell responses sepa-
rately and this should probably be taken into account. This
observation seems plausible, because in a further correlative
analysis, we showed a positive correlation between IFNy
and co-expression of surface markers evaluated on global
CD4* and CD8* T cells after TB2 stimulation. These data
confirm that CD25+*CD134* T cells can be considered to be
activated antigen-specific T cells responding to the specific
antigen stimulus.

The present study has some limitations, such as the rela-
tively small number of patients within each clinical group
and the lack of a prospective analysis. Although IGRA assay
was developed to detect M. tuberculosis latent infection, in
the current study, we evaluated active TB patients only.

To our knowledge, in this study, the combination of two
specific immunological markers, comprising IFNy secre-
tion and CD25/CD134 co-expression, was evaluated for the
first time utilizing the QFT-Plus platform to generate sam-
ples. Our data, though related to a small cohort of patients,
revealed that combined use of two immunological analyses
has improved the diagnostic accuracy for active TB com-
pared to measuring only IFNy such as the QFT-Plus.

Furthermore, the cytometry CD25/CD134 analysis,
although by itself cannot differentiate active from latent
infection, has been used to identify subjects clinically TB
infected [13], subjects with LTBI in the setting of advanced
HIV co-infection [38], and as an additional diagnostic tool
to identify patients on tumor necrosis factor antagonists
with latent and active TB, including a severely immunosup-
pressed case with infliximab-associated disseminated TB
[41,42].

Future studies with larger sample sizes are needed to bet-
ter understanding of the clinical and biological significance
both of differential value between two antigens tubes and
new CD25/CD134 assay, and should focus on not only active
TB patients but also in a setting of contact tracing, character-
ized by a high possibility of asymptomatic M. tuberculosis
latent infection, to obtain data evaluating the performance
of these immunologic assay.

In conclusion, the diagnostic delay represents a critical
issue in the management of subjects with suspected TB,
especially in terms of treatment decisions. It is therefore
important to develop new tools and algorithms to increase
the diagnostic accuracy of current immunologic assays,
including flow cytometric analysis. In this context, we
suggest that a combined use of classic QFT-Plus and spe-
cific CD25/CD134 response may be a potential additional
approach in the diagnostic workup for active TB, particu-
larly in the setting of extra-pulmonary diseases, when the
diagnosis it is not easy to establish or it requires invasive
procedures.
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