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Subjects with immune-mediated inflammatory diseases (IMID), such as rheumatoid arthritis (RA), have an intrinsic higher probability to develop active-tuberculosis (TB) compared to the general population. The risk ranges from 2.0 to 8.9 in RA patients not receiving therapies. According to the WHO, the RA prevalence varies between 0.3% and 1% and is more common in women and in developed countries. Therefore, the identification and treatment of TB infection (TBI) in this fragile population is important to propose the TB preventive therapy. We aimed to study the M. tuberculosis (Mtb) specific T-cell response to find immune biomarkers of Mtb burden or Mtb clearance in patients with different TB status and different risk to develop active-TB disease. We enrolled TBI subjects as example of Mtb-containment, the active-TB as example of a replicating Mtb status, and the TBI-IMID as fragile population. To study the Mtb-specific response in a condition of possible Mtb sterilization, we longitudinally enrolled TBI subjects and active-TB patients before and after TB therapy. Peripheral blood mononuclear cells were stimulated overnight with Mtb peptides contained in TB1- and TB2-tubes of the Quantiferon-Plus kit. Then, we characterized by cytometry the Mtb-specific CD4 and CD8 T cells. In TBI-IMID, the TB therapy did not affect the ability of CD4 T cells to produce interferon-γ, tumor necrosis factor-α, and interleukin-2, their functional status, and their phenotype. The TB therapy determined a contraction of the triple functional CD4 T cells of the TBI subjects and active-TB patients. The CD45RA- CD27+ T cells stood out as a main subset of the Mtb-specific response in all groups. Before the TB-preventive therapy, the TBI subjects had higher proportion of Mtb-specific CD45RA-CD27+CD4+ T cells and the active-TB subjects had higher proportion of Mtb-specific CD45RA-CD27-CD4+ T cells compared to other groups. The TBI-IMID patients showed a phenotype similar to TBI, suggesting that the type of IMID and the IMID therapy did not affect the activation status of Mtb-specific CD4 T cells. Future studies on a larger and better-stratified TBI-IMID population will help to understand the change of the Mtb-specific immune response over time and to identify possible immune biomarkers of Mtb-containment or active replication.
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Introduction

M. tuberculosis (Mtb) was estimated to be responsible for 10 million of new active tuberculosis (TB) disease cases and about 1.4 million TB deaths in 2019 (1). Almost a quarter of the world population is estimated to have TB infection (TBI) (2). However, only 5–10% of individuals with TBI will progress to active-TB disease during their lifetime (3). TB disease risk progression is higher within the first 2 years after Mtb exposure (3–6) and is strictly dependent on the efficiency of the immune system to control Mtb.

Indeed, among patients with the dysregulation of the immune system, subjects with immune-mediated inflammatory diseases (IMID), such as rheumatoid arthritis (RA), psoriatic arthritis (PsA), and ankylosing spondylitis (AS), have an intrinsic higher probability to develop active-TB compared to the general population (7–10). The risk ranges from 2.0 to 8.9 in RA patients not receiving therapies, and is lower in PsA and AS patients (7–11). The therapeutic strategy for IMID deeply changed thanks to the introduction of biologics drugs inhibiting specific pathway of the immune response. Briefly, we distinguish two main categories of biological drugs based on their action on tumor necrosis factor (TNF)-α: anti-TNF-α agents and non-anti-TNF-α agents. The anti-TNF-α agents, mainly but not exclusively monoclonal antibodies, include infliximab, adalimumab, golimumab, certolizumab pegol, and etanercept. The non-anti-TNF-α biologics include anti-Interleukin (IL)-1 anakinra, IL-6 inhibitor tocilizumab, anti-CD20 rituximab, anti-CD28 abatacept, anti-IL-12-23 Ustekinumab, anti-IL-17 secukinumab, and ixekizumab (10).

Recently, tofacitinib, baricitinib, upadacitinib, and filgotinib, a new class of synthetic drugs targeting the Janus kinases (JAKs) system, have been licensed for the treatment of rheumatoid arthritis (12). TB-reactivation risk associated with the JAK inhibitors seems negligible (13). However, since their recent marketing in Europe, these drugs were not investigated in the present study.

Among the different biologic agents, the anti-TNF-α increases the risk to develop TB disease up to 10 times (10). Indeed, TNF-α is fundamental for the Mtb-containment, inducing the construction and maintenance of the granuloma and stimulating the phagocytic ability of macrophages (10). Moreover, in vitro studies on Mtb-infected cells demonstrated that anti-TNF antibodies such as infliximab and adalimumab inhibit T-cell activation and IFN-γ production (14). Therefore, the risk related to Mtb-reactivation is associated with the direct effect of TNF-α blocking and to the indirect inhibition of other immune mediators. Differently, biologic drugs based on inhibition of IL-1, IL-6, IL-12-IL-23, IL-17, and CD28 lymphocytes act with less consequences on the granuloma integrity (11).

Therefore, the Mtb reactivation of IMID patients is due to both immune dysregulations related to the specific IMID and to the current therapeutic strategy.

Before starting the biologic therapy, based on these evidences, it is necessary to diagnose TBI among IMID patients and offer them the TB preventive therapy, preferably (11). Currently, the tuberculin skin test (TST) and the interferon-γ release assays (IGRAs), such as the QuantiFERON-TB Gold Plus (QFT-Plus) (Qiagen) and the T-Spot-TB (Oxford Immunotec), are the available commercial tests for detecting TBI (3, 15–18). Unfortunately, they have a poor predictive value for TB developing (3, 5, 15, 16, 18, 19). A recent meta-analysis reported that anti-TNF-α drugs significantly reduce the rate of positive score to IGRAs (20) and it has been demonstrated that IGRAs are falsely negative scored in RA patients with CD4 T-cell counts <650/μl and/or CD8 T-cell counts <400/μl (21). Moreover, we have recently demonstrated that that TBI-IMID had a lower IFN-γ response to QFT-Plus, with a higher proportion of results in the “uncertainty zone” (22) of QTF-plus assay compared to TBI individuals (23).

Several studies demonstrated that the TBI subjects with remote Mtb exposure, re-exposed to Mtb, had a lower probability to progress to active-TB disease compared to recently Mtb-infected subjects (4, 24), suggesting that the remote TBI achieved a sort of immune control of Mtb-infection. Probably in remote TBI individuals, Mtb remains in a low replication status continuously stimulating at low grade the immune system and favouring its containment. Indeed, several studies showed a decline of IFN-γ response levels during successful therapy, a condition of low or absent bacterial load (25–27). Due to the adult age of the manifestations of IMID, the majority of TBI-IMID subjects have a remote infection usually discovered during the TBI screening proposed before starting the biologics (28). Although a remote Mtb exposure, the TBI-IMID have an intrinsic higher risk to develop the active-TB disease (7, 10). In the last decade, several reports proposed that the differentiation status and functional ability of CD4 T cells depended on the degree and length of Mtb exposure (29, 30). Therefore, the different states of Mtb-infection could be identified by the differentiation status and functional ability of T cells (31, 32). Recently, it has been demonstrated that highly activated and moderately differentiated functional Mtb-specific T cells are potential immune biomarkers to discriminate recent and remote TBI individuals (29). Active-TB status has been associated to high level of cell-activation markers such as HLA-DR (33–37) or to the loss of CD27 (38–42).

In the last few years, several studies focused on the role of CD8 T cells in the Mtb-infection (32, 43–45). The CD8 T-cell response has been associated to Mtb load, showing that patients with active-TB and recent Mtb-infection have an increased Mtb-specific CD8 T-cell response (23, 25, 46–50). Moreover, decreased CD8 T-cell response during anti-TB treatment has been shown in longitudinal studies (25).

Currently, few reports are available on Mtb-specific immune response characterization in TBI-IMID. In this regard, Mtb-specific T cells producing IFN-γ, TNF-α, and IL-2 have been described in TBI-IMID patients under TNF-α antagonist therapy (51). Moreover, IFN-γ, IL-17, and IL-4 cytokines, which characterize three categories of differentiated CD4 T cells, may help distinguish the active-TB status from TBI-IMID with high specificity but low sensitivity (52).

Based on these findings, we aimed to study the Mtb-specific T-cell response to find immune biomarkers of Mtb burden or Mtb clearance in patients with different TB status and different risk to develop active-TB disease, such as the TBI-IMID individuals. We enrolled TBI subjects as a model for Mtb-containment, the active-TB as a model for replicating Mtb status, and the TBI-IMID as fragile population to contextualize it in the spectrum of TB. Moreover, to study the Mtb-specific response in a condition of possible Mtb sterilization, we longitudinally enrolled TBI subjects and active-TB patients before and after TB therapy.



Material and Methods


Population Characteristics

This study was approved by the Ethical Committee of “L. Spallanzani” National Institute of Infectious Diseases (INMI)-IRCCS, approval number 72/2015. Written informed consent was required to participate in the study conducted at INMI. We prospectively enrolled HIV-uninfected subjects with TBI with and without IMID and patients with pulmonary active-TB. Microbiologically diagnosed active-TB was defined based on the Mtb isolation from sputum culture. Active-TB patients were enrolled within 7 days of starting the specific TB treatment (T0) and at the end of therapy (T1).

In the absence of clinical, microbiological, and radiological signs of active-TB, TBI was defined based on a positive score to QFT-Plus (Qiagen, Hilden, Germany). The TBI cohort included subjects with a remote infection (contact with a smear-positive pulmonary TB patient at least 3 years before the enrolment) and subjects reporting a recent contact (within 3 months). TBI subjects reporting a time of exposure between 4 months and 3 years were not enrolled (38). TBI subjects and TBI-IMID patients were enrolled before starting the specific TB preventive therapy (T0) and at the end of treatment (T1). Demographic and epidemiological information were collected at enrolment and are reported in Table 1. The information relative to the type of IMID and IMID-therapy are reported in Table 2.


Table 1 | Clinical characteristics of enrolled patients.




Table 2 | Type of disease and type of therapy of TBI-IMID patients, enrolled before and after TB treatment.





QFT-Plus Evaluation

QFT-Plus assay was performed for each patient at T0 and T1. Two TBI-IMID and one active-TB patients did not perform the T1 evaluation. QFT-Plus kits were used according to manufacturer’s instructions (53). The QFT-Plus Analysis Software (available from www.quantiFERON.com) was used to analyze raw data and to calculate the IFN-γ 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. Test results were interpreted according to manufacturer’s criteria (53). TB1 tube contained peptides designed to induce mainly a CD4 T-cell response, whereas TB2 tube contained peptides to induce both a CD4 and CD8 T-cell response (48, 49).



Intracellular Staining Assay

Intracellular staining (ICS) was performed for each patient at T0 and T1. Peripheral blood mononuclear cells (PBMCs) were isolated using Ficoll density gradient centrifugation with the SepMate™ tubes (StemCell) and resuspended in complete RPMI-16-40 medium (Gibco, CA, USA) with 10% fetal bovine serum (PAA Laboratories GmbH, Pasching, Austria). To characterize by flow cytometry the Mtb-specific T-cell response, 1 × 106 PBMC resuspended in 1 ml of medium were dispensed in TB1, TB2, Mitogen, and Nil tubes of the QFT-Plus kit. After a 1 h incubation, PBMCs were transferred in polystyrene round-bottom tubes, and 1 μl/ml of Golgi plug (BD Biosciences, San Josè, USA) was added to inhibit cytokine secretion. Anti-CD28 and anti-CD49d monoclonal antibodies (mAb) at 2 μg/ml each were added to co-stimulate cells.

Following an incubation of 16–24 h, the ICS was performed. As previously described (46), PBMCs were stained with anti-CD4 peridinin chlorophylprotein (PerCp)-Cy5.5 conjugate, anti-CD8 allophycocyanin (APC)-H7, anti-CD3 conjugate PE- cyanine 7 (Cy7), anti-IFN-γ Pacific Blue (PB) conjugate, anti-TNF-α fluorescein isothiocyanate (FITC), anti-IL-2 R-phycoerythrin (PE), anti-CD45RA APC, anti-CD27 Horizon V500 (all from BD Biosciences).



Flow Cytometry Data Analysis

The Mtb-specific T-cell response was characterized evaluating the frequencies of CD4 and CD8 T cells producing IFN-γ, TNF-α, and IL-2 (Figure 1). At least 100,000 lymphocytes were acquired with a FACS CANTO II (BD Biosciences). Cytometry data were analyzed using FlowJo software (Version 9.3). Background cytokine production in the Nil tube was subtracted from each stimulated condition. If the background was higher than half of the antigen-specific response, the results were scored as negative. A frequency of IFN-γ-producing T cells of at least 0.03% was considered as positive response. The cytokine profile has been evaluated only in patients with a positive total response to the Mtb stimulation using the Boolean gate function of FlowJo software. For responders, we also calculated the functional differentiation score (FDS) as previously described (29, 30) by applying the following equation:

	




Figure 1 | Gating strategy and representative panel of Mtb-specific CD4 and CD8 T-cell response in one patient with TBI-IMID. Briefly, lymphocytes were gated according to FSC and SSC parameters, doublets were excluded (FSC-A/FSC-H), and CD4 and CD8 T cells were gated inside the CD3-T cells subset. Frequency of IFN-γ, IL-2, and TNF-α producing T cells was evaluated inside CD4 and CD8 subsets. CD45RA and CD27 proportion on Mtb-specific T cells was evaluated inside the total cytokine response. The CD45RA and CD27 gating position was decided on bulk CD4 and CD8 T-cell subsets. (A) TB2-specific CD4 and CD8 T cells; (B) Cytokine panels of CD8 T cells stimulated with NIL and MITOGEN; (C) Cytokine panels of CD4 T cells stimulated with NIL and MITOGEN. FSC, forward scatter; SSC, side scatter; TB2, peptides of TB2 tube of QFT-plus kit; MITOGEN, positive control stimulation of QFT-plus kit; NIL, unstimulated tube of QFT-plus kit.



The phenotype as well has been evaluated only in responders, assessing the proportion of CD45RA and CD27 on the gate of CD4 T cells able to produce IFN-γ, IL-2, or TNF-α (total CD4 T-cell response).

The number of CD4 and CD8 responders to TB1 and TB2 stimulation is reported in detail in Table 3.


Table 3 | Number of CD4 and CD8 T-cell responders among IMID-TBI, TBI subjects, and active-TB patients, enrolled before and after TB treatment.





Statistical Analysis

Data were analyzed using Graph Pad Prism (Version 8.2.1 for Windows) and Stata (Stata 15, StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC). The median and interquartile ranges (IQRs) were calculated for continuous measures. Kruskal–Wallis test was used for comparison among several groups. The Chi-Square and Fisher tests were used for proportions. The Wilcoxon matched-pairs signed rank test was used to compare the different time points. Bonferroni correction was applied when appropriate.




Results


Characteristics of the Population

Thirty-nine subjects at different TB stages were enrolled. The TB-IMID patients had the higher age compared to the other groups (p = 0.0002), they included a higher proportion of remote Mtb exposed subjects compared to TBI (p=0.006), and they have a similar number of lymphocytes before and after TB therapy completion (p = 0.75, Table 1). One TBI-IMID patient was taking biologic drugs at T0 and at T1, and four TBI-IMID patients were taking biologics at T1 (Tables 2, 4). Regarding the TB therapy, the majority of TBI-IMID patients received isionazid, whereas only three received isoniazid and rifampicin for 3 months; one subject received for 2 weeks isionazid and rifampicine then continued with isoniazid only. The duration of the preventive therapy regimen had a median of 6 months (Table 1). The TBI subjects showed similar lymphocyte counts before and after therapy (p = 0.73, Table 1) and received mainly isoniazid. Finally, as expected, patients with active-TB showed a significant increase of the lymphocyte counts after TB therapy completion (p = 0.002, Table 1) and received the standard TB regimen.


Table 4 | Comparison of CD4 T-cells cytokine production according to the use of biologic drugs at T0 and T1.





QFT-Plus Trend Before and After TB Treatment

In this study, the diagnosis of TBI is based on a positive IGRA and clinical and radiological parameters; therefore, the TBI-IMID and the TBI subjects have for definition a positive IGRA result. However, among the TBI-IMID patients, two patients had a negative QFT-Plus at T0 and a previously positive IGRA: one patient had a remote Mtb-infection, whereas the other one had a recent Mtb-infection and was taking an immunosuppressive drug. Among the subjects with TBI, one patient with a remote Mtb-infection had a negative QFT-Plus at T0 and a previously positive IGRA.

Differently, the assumption of a positive IGRA is not a criterion for the diagnosis of active-TB disease. Evaluating the QFT-Plus response at T0 and T1, we did not observe any significant differences in any groups (Supplementary Figure 1), and remarkably, all patients responded to Mitogen stimulation (data not shown).



Frequency of Mtb-Specific T Cells Is Similar in Patients Enrolled Before and After TB Treatment

We evaluated the ability of CD4 and CD8 T cells to produce IFN-γ, IL-2, and TNF-α in response to TB1 or TB2 stimulation (Figures 2, 3 and Table 3). In Figure 1, we showed a representative flow-cytometry analysis of Mtb-specific T cells for each studied group. Regarding the Mtb-specific CD4 T-cell response, we did not observe significant differences in terms of number of responders before and after TB treatment in any groups (Table 3). The frequency of Mtb-specific CD4 T cells, producing IFN-γ, IL-2, and TNF-α, was similar among TBI-IMID (Figures 2A, B), TBI subjects (Figures 2C, D), and active-TB patients (Figures 2E, F) at T0 and T1 with the exception of a lower frequency of TB2-specific TNF-α+ CD4 T cells at T0 compared to T1 in TBI-IMID group (Figure 2B) and a higher frequency of TB1- and TB2-specific IL-2+ CD4 T cells at T0 compared to T1 in TBI group (Figures 2C, D). Moreover, all groups of patients produced IFN-γ, IL-2, and TNF-α in response to TB1 or TB2 stimulations (Figure 2 and Table 3). Considering the different IMID therapy of TBI-IMID (Table 2), we indicated in the graph the presence or not of an undergoing therapy with biologic drugs at each time point (Figures 2A, B). Stratifying for the presence of the undergoing biologic therapy (Table 4), we found that four patients were taking biologics only at T1, one patient at both T0 and T1, and nine patients neither at T0 nor at T1. We did not find any significant differences among TBI-IMID comparing T0 and T1 in terms of total response (production of any cytokines by CD4 T cells) (Table 4). Due to sample size, we could not stratify for type of biologic agents used and for the others IMID therapies.




Figure 2 | CD4 T cells producing IFN-γ, IL-2, and TNF-α in response to Mtb antigen stimulation before and after TB therapy completion. PBMC of patients enrolled before (T0) and after TB therapy (T1) were stimulated overnight with TB1 and TB2 peptides. (A, B) TBI-IMID; (C, D) TBI subjects; (E, F) Active-TB patients. Number of responders over total enrolled patients is reported below each panel. Horizontal lines indicate the median. Statistical analysis was performed using the Wilcoxon matched-pairs signed rank test and the p value was considered significant if ≤0.05. TB, tuberculosis; TBI, tuberculosis infection; IMID, immune mediated inflammatory disease; TB1, peptides of TB1 tube of QFT-plus kit; TB2, peptides of TB2 tube of QFT-plus kit.



Regarding the Mtb-specific CD8 T-cell response, we observed a not significant higher number of responders at T1 compared to T0 in response to TB2 stimulation (Table 3). Moreover, the number of CD8 T-cell responders was lower than the number of CD4 T-cell responders (Table 3). The frequency of Mtb-specific CD8 T cells was similar among TBI-IMID (Figures 3A, B), TBI subjects (Figures 3C, D), and active-TB (Figures 3E, F) patients at T0 and T1 and the responders produced mainly IFN-γ in response to TB1 or TB2 stimulations. Due to the low number of CD8 T-cell responders, we did not analyze the data according to the presence or not of biologic drugs.




Figure 3 | CD8 T cells producing IFN-γ, IL-2, and TNF-α in response to Mtb antigen stimulation. PBMC of patients enrolled before (T0) and after TB therapy (T1) were stimulated overnight with TB1 and TB2 peptides. (A, B) TBI-IMID; (C, D) TBI patients; (E, F) Active-TB patients. Number of responders over total enrolled patients is reported below each panel. Horizontal lines indicate the median. Statistical analysis was performed using the Wilcoxon matched-pairs signed rank test and the p value was considered significant if ≤0.05. TB, tuberculosis; TBI, tuberculosis infection; IMID, immune mediated inflammatory disease; TB1, peptides of TB1 tube of QFT-plus kit; TB2, peptides of TB2 tube of QFT-plus kit.



Patients of all studied groups responded to the in vitro mitogen stimulation (Supplementary Figure 2). Regarding the CD4 T-cell response, the TBI-IMID patients showed a higher frequency of T cells producing IFN-γ or TNF-α or IL-2 at T1 compared to T0, whereas no significant differences were observed in TBI subjects and active-TB patients (Supplementary Figure 2A–E). Regarding the CD8 T-cell response, the TBI subjects showed a higher frequency of T cells producing IL-2 at T0 compared to T1, whereas no significant differences were observed in TBI-IMID and active-TB patients (Supplementary Figure 2B–F).

We next compared the cytokine production of Mtb-specific CD4 T cells among the different groups at each time point (Figure 4); we focused on CD4 T cells since the number of CD8 T cells responders was too low to allow a robust statistical analysis (Table 3). The frequency of Mtb-specific CD4 T cells producing IFN-γ, IL-2, or TNF-α was similar in TB, TBI subjects, and TBI-IMID patients enrolled at T0 (Figures 4A, C) and at T1 (Figures 4B, D). Differently, in response to mitogen stimulation, we reported a higher level of TNF-α (p = 0.0013) and IL-2 in TBI-IMID compared to TBI (Supplementary Figure 3).




Figure 4 | Comparison of CD4 T cells producing IFN-γ, IL-2, and TNF-α in response to Mtb antigen stimulation at each time point. PBMC of patients enrolled before (T0) and after TB therapy (T1) were stimulated overnight with TB1 and TB2 peptides. (A, B) TB1 response at T0 and T1; (C, D) TB2 response at T0 and T1. Horizontal lines indicate the median. Statistical analysis was performed using the Mann–Whitney unmatched test, Bonferroni correction was applied, and the p value was considered significant if ≤0.017. TB, tuberculosis; TBI, tuberculosis infection; IMID, immune mediated inflammatory disease; TB1, peptides of TB1 tube of QFT-plus kit; TB2, peptides of TB2 tube of QFT-plus kit.





TB-IMID Patients Had a Similar Cytokine Profile Before and After TB Preventive Therapy

We further investigated the functional cytokine profile of Mtb-specific T cells (Figure 5). We focused on CD4 T cells since the number of CD8 T cells responders was too low to allow a robust statistical analysis (Table 3).




Figure 5 | Functional profile of Mtb-specific CD4 T cells before and after TB therapy completion. PBMC of patients enrolled before (T0) and after TB therapy (T1) were stimulated overnight with TB1 and TB2 peptides. (A, B) TBI-IMID patients; (C, D) TBI subjects; (E, F) Active-TB patients. Cytokine profile was evaluated only on responders using Boolean gate combination. The number of CD4 and CD8 responders to TB1 and TB2 stimulation is reported in detail in Table 3. Horizontal lines indicate the median. Statistical analysis was performed using the Wilcoxon matched-pairs signed rank test, and the p value was considered significant if ≤0.05. TB, tuberculosis; TBI, tuberculosis infection; IMID, immune mediated inflammatory disease; TB1, peptides of TB1 tube of QFT-plus kit; TB2, peptides of TB2 tube of QFT-plus kit.



In TBI-IMID group, we did not observe any significant changes comparing CD4 cytokine profile at T0 and T1 (Figures 5A, B) with the exception of a decrease of the IFN-γ+ IL-2+ CD4 T-cell subset at T1 compared to T0 in response to TB2 stimulation (Figure 5B). The CD4 T-cell response to TB1 and TB2 was mainly characterized by polyfunctional IFN-γ+ IL-2+ TNF-α+ CD4 T cells; among the monofunctional T cells, the IFN-γ+ IL-2- TNF-α- CD4 T cells were the most representative subset (Figures 5A, B).

In TBI group, we observed significant changes comparing CD4 T-cell cytokine profile at T0 and T1 (Figures 5C, D): the proportion of polyfunctional IFN-γ+ IL-2+ TNF-α+ CD4 T cells was significantly higher at T0 than at T1 in response to TB1 (p = 0.0039) and to TB2 (p = 0.0195). Differently, we reported a higher but not significant proportion of monofunctional IFN-γ+ IL-2- TNF-α- CD4 T cells at T1 compared to T0 in response to both stimuli. The proportion of the monofunctional IFN-γ+ IL-2- TNF-α- T cells in TBI subjects after TB treatment was quite higher compared to TBI-IMID at the same time point (see below for the details).

In the active-TB group, we did not observe any significant change comparing CD4 cytokine profile at T0 and T1 (Figures 5E, F). In this case, the CD4 response to TB1 and TB2 was not similar. The TB1 response was mainly characterized by polyfunctional IFN-γ+ IL-2+ TNF-α+ CD4 T cells; among the monofunctional T cells, the IFN-γ- IL-2- TNF-α+ CD4 T cells and the IFN-γ+ IL-2- TNF-α- CD4 T cells were the most representative subsets (Figure 5E). In contrast, the TB2 response showed a low proportion of polyfunctional IFN-γ+ IL-2+ TNF-α+ CD4 T cells and an increased proportion of monofunctional IFN-γ+ IL-2- TNF-α- CD4 T cells at both time points (Figure 5F).

It is known that Mtb-specific T cells change their functional capacity depending on antigen and bacterial load (25, 30, 31, 33). Based on these evidences, it has been proposed a single measurement of functional differentiation, FDS, of responders that describes the different type of Mtb-infection and Mtb burden (30). This analysis led us to synthetize the functional changes of T cells before and after therapy reported in Figure 5. The FDS of Mtb-specific CD4 T cells before and after therapy was not significantly different between T0 and T1 in any groups of patients (Supplementary Figure 4). The FDS comparison at the baseline did not show any significant differences among groups (data not shown). To note that, we could not include in the FDS calculation the patients without the IFN-γ- IL-2+/- TNF-α+/- CD4+ T-cell subset (TBI-IMID T0 in response to TB1: two patients, TBI-IMID T1 in response to TB1: one patient; TBI-IMID T0 in response to TB2: one patient; TBI T1 in response to TB2: one patient; active-TB T0 in response to TB2: two patients).

Since the TBI-IMID and the TBI included both recent and remote Mtb-infection, we choose to analyze again the FDS including the most represented category: remote TBI-IMID (12 patients over 14 enrolled) and recent TBI (8 patients over 12 enrolled) (Supplementary Figure 5). Even with this stratification, we did no observe significant differences before and after TB therapy in any studied groups.

Collectively, these data suggested that the TB treatment did not deeply affect the CD4 cytokine profile of the TBI-IMID patients. Differently, the TBI subjects showed a significant decrease of triple functional T cells after treatment and the active-TB a not significant but evident increase of the proportion of monofunctional IFN-γ+ IL-2- TNF-α- CD4+ T cells (Figure 5).

Then, we compared the cytokine profile of Mtb-specific CD4 T cells among the different groups at each time point (Figures 6 and 7). In response to TB1 stimulation at T0, we did not observe any significant differences (Figure 6A). However, the main involved subset was constituted by the triple functional IFN-γ+ IL-2+ TNF-α+ CD4+ T cells in all groups; in active-TB and TBI-IMID, the contribution of monofunctional IFN-γ+ IL-2- TNF-α- CD4+ T cells was also evident (Figure 6A). Similarly, in response to TB1 stimulation at T1, we did not observe any significant differences (Figure 6B). In particular, we observed: in active-TB a high proportion of monofunctional IFN-γ+/- IL-2- TNF-α+/- CD4+ T cells and triple functional IFN-γ+ IL-2+ TNF-α+ CD4+ T cells; in TBI, a great contribution of monofunctional IFN-γ+ IL-2- TNF-α- CD4+ T cells; in TBI-IMID, a high proportion of monofunctional IFN-γ+ IL-2- TNF-α- CD4+ T cells and triple functional IFN-γ+ IL-2+ TNF-α+ CD4+ T cells (Figure 6B).




Figure 6 | Comparison of functional profile of TB1 specific CD4 T cells at each time point. PBMC of patients enrolled before (T0) and after TB therapy (T1) were stimulated overnight with TB1 peptides. (A) T0; (B) T1. Cytokine profile was evaluated only on responders using Boolean gate combination. The number of CD4 and CD8 responders to TB1 and TB2 stimulation is reported in detail in Table 3. Horizontal lines indicate the median. Statistical analysis was performed using the Mann–Whitney unmatched test, Bonferroni correction was applied, and the p value was considered significant if ≤0.017. TB, tuberculosis; TBI, tuberculosis infection; IMID, immune mediated inflammatory disease; TB1, peptides of TB1 tube of QFT-plus kit; TB2, peptides of TB2 tube of QFT-plus kit.






Figure 7 | Comparison of functional profile of TB2 specific CD4 T cells at each time point. PBMC of patients enrolled before (T0) and after TB therapy (T1) were stimulated overnight with TB2 peptides. (A) T0; (B) T1. Cytokine profile was evaluated only on responders using Boolean gate combination. The number of CD4 and CD8 responders to TB1 and TB2 stimulation is reported in detail in Table 3. Horizontal lines indicate the median. Statistical analysis was performed using the Mann–Whitney unmatched test, Bonferroni correction was applied, and the p value was considered significant if ≤0.017. TB, tuberculosis; TBI, tuberculosis infection; IMID, immune mediated inflammatory disease; TB1, peptides of TB1 tube of QFT-plus kit; TB2, peptides of TB2 tube of QFT-plus kit.



In response to TB2 stimulation at T0, we did not observe any significant differences (Figure 7A). However, in active-TB, the monofunctional IFN-γ+ IL-2- TNF-α- CD4+ T cells constituted the main involved subset, whereas in TBI and TBI-IMID the triple functional IFN-γ+ IL-2+ TNF-α+ CD4+ T cells was the major represented subset (Figure 7A). In response to TB2 stimulation at T1 (Figure 7B), we observed a high contribution of the monofunctional IFN-γ+ IL-2- TNF-α- CD4+ T cells in active-TB and TBI. In TBI-IMID, we reported a high and significant percentage of double functional IFN-γ+ IL-2- TNF-α+ CD4+ T cells compared to TBI (p = 0.0161) and a high contribution of triple functional IFN-γ+ IL-2+ TNF-α+ CD4+ T cells in TBI-IMID (Figure 7B).

Collectively, these data indicated at T0 a predominant TB1-induced polyfunctional profile and at T1 an increase of TB1-induced monofunctional IFN-γ+ IL-2- TNF-α- CD4+ T cells in all groups (Figure 6). The TB2 cytokine profile was more heterogeneous, showing that triple functional IFN-γ+ IL-2+ TNF-α+ CD4+ T cells were mainly represented in TBI-IMID patients at both T0 and T1 (Figure 7).



TB Treatment Did Not Affect the Phenotype of Mtb-Specific T Cells

Next, we investigated if the TB treatment had or not an impact on the phenotype of Mtb-specific T cells, evaluating the proportion of CD45RA and CD27 (Figure 8). Even in this case, we focused on CD4 T cells since the number of CD8 T cells responders was too low to perform a robust statistical analysis (Table 3).




Figure 8 | Phenotype of Mtb-specific CD4 T cells before and after TB therapy completion. PBMC of patients enrolled before (T0) and after TB therapy (T1) were stimulated overnight with TB1 and TB2 peptides, and CD45RA and CD27 proportions were evaluated on total cytokine response and T cells producing IFN-γ, IL-2, and TNF-α. (A, B) TBI-IMID patients; (C, D) TBI subjects; (E, F) Active-TB patients. Phenotype was evaluated only on responders. The number of CD4 and CD8 responders to TB1 and TB2 stimulation is reported in detail in Table 3. Horizontal lines indicate the median. Statistical analysis was performed using the Wilcoxon matched-pairs signed rank test, and the p value was considered significant if ≤0.05. TB, tuberculosis; TBI, tuberculosis infection; IMID, immune mediated inflammatory disease; TB1, peptides of TB1 tube of QFT-plus kit; TB2, peptides of TB2 tube of QFT-plus kit.



Since we did not observe differences in term of FDS and considering the low frequency of the Mtb-specific T cells, we decided to analyze the phenotype of Mtb-specific CD4 T cells able to produce any cytokines (total response based on IFN-γ, TNF-α, or IL-2 production). In this way, we had the maximum number of events available for the phenotype description, and we avoided as much as possible the interference of the background that could not be subtracted in the phenotype evaluation.

In TBI-IMID and TBI subjects, the Mtb-specific CD4 T-cell response was mainly represented by the CD45RA-CD27+ subset both at T0 and T1 (with a frequency ranging from 55% to 79%) (Figures 8A–D). In TBI-IMID patients, we did not observe significant differences in response to TB1 and TB2 antigens and any evident trend (Figures 8A, B). In TBI subjects, we observed a lower proportion of Mtb-specific CD45RA- CD27+ CD4 T cells at T1 compared to T0 (p = 0.0098) in response to TB2 and a similar trend in response to TB1 (Figures 8C, D).

In active-TB, the Mtb-specific CD4 T-cell response was mainly represented by the CD45RA- CD27+ subset both a T0 and T1 (with a frequency ranging from 46% to 67%) (Figures 8E, F). We observed an increased Mtb-specific CD4+ CD45RA- CD27+ subset and a contraction of the CD45RA- CD27- subset after therapy completion in response to TB1 and TB2 antigens (Figures 8E, F). The frequency of the CD45RA- CD27+ subset was significantly increased in response to TB2 (p = 0.0195, Figure 8F), whereas the frequency of the CD45RA- CD27- subset was significantly decreased in response to TB1 (p = 0.0195, Figure 8E).

Then, we compared the phenotype profile of Mtb-specific CD4 T cells among the different groups at each time point (Figure 9). In response to TB1 stimulation at T0, we found that the CD45RA-CD27+ subset was significantly lower in active-TB compared to TBI and TBI-IMID (p = 0.0021; p = 0.0027) and the CD45RA-CD27- subset was significantly higher in active-TB compared to TBI and TBI-IMID (p = 0.0058; p = 0.0041) (Figure 9A). Differently, at T1, we did not find any significant differences (Figure 9B).




Figure 9 | Comparison of phenotype of Mtb-specific CD4 T cells at each time point. PBMC of patients enrolled before (T0) and after TB therapy (T1) were stimulated overnight with TB1 and TB2 peptides, and CD45RA and CD27 proportions were evaluated on total cytokine response and T cells producing IFN-γ, IL-2, and TNF-α. (A, B) TB1 stimulation at T0 and T1; (C, D) TB2 stimulation at T0 and T1. Phenotype was evaluated only on responders. The number of CD4 and CD8 responders to TB1 and TB2 stimulation is reported in detail in Table 3. Horizontal lines indicate the median. Statistical analysis was performed using the Mann–Whitney unmatched test, Bonferroni correction was applied, and the p value was considered significant if ≤0.017. TB, tuberculosis; TBI, tuberculosis infection; IMID, immune mediated inflammatory disease; TB1, peptides of TB1 tube of QFT-plus kit; TB2, peptides of TB2 tube of QFT-plus kit.



In response to TB2 stimulation at T0, we found a phenotype profile similar to TB1 stimulation for all groups; however, only the CD45RA-CD27+ subset was significantly lower in active-TB compared to TBI-IMID (p = 0.001) (Figure 9C). At T1, we observed that the TBI subjects had lower proportion of the CD45RA-CD27+ subset (p = 0.0002) and a higher proportion of CD45RA+CD27+ (p = 0.0005) compared to TBI-IMID (Figure 9D).

Collectively, these data highlighted a loss of CD27+ CD4 T cells in active-TB patients and this profile was more evident at T0.




Discussion

Among patients with dysregulation of the immune system, subjects with IMID, such as RA, PsA, and AS, have an intrinsic higher probability to develop active-TB compared to the general population (7, 10). The risk of Mtb reactivation in the general population of TBI subjects usually is the highest during the first 2 years after Mtb exposure (3, 4, 6).

According to the WHO, the prevalence of RA varies between 0.3% and 1% and is more common in women and in developed countries (7–10). Therefore, the identification and treatment of TBI in this fragile population is important to propose the TB preventive therapy (7–10).

In this study, we explored the Mtb-specific immunity of TBI-IMID patients at the baseline and after TB therapy completion. The main finding of this study regards the CD4 T-cell response. We demonstrate in TBI-IMID that TB therapy did not affect the ability of CD4 T cells to produce IFN-γ, TNF-α, and IL-2, their functional status, and their phenotype. Moreover, we demonstrated that at the baseline TBI subjects and TBI-IMID patients had a similar phenotype that instead was different from active-TB patients. We enrolled two different categories of controls: the TBI without IMID to study the Mtb-specific immune response in a population controlling the Mtb replication and the active-TB group as a positive control of the ongoing Mtb replication. TB treatment did not significantly affect the CD4 cytokine production neither in the TBI nor in the active-TB group. As previously demonstrated, the CD8 T-cell response was detected in lower proportion compared to the CD4 T-cell response (48, 50). The CD4 functional status in TBI subjects showed a significant decrease of triple functional T cells after treatment and in active-TB a not significant increase of the proportion of monofunctional IFN-γ+ IL-2- TNF-α-. The baseline level of polyfunctional IFN-γ+ IL-2+ TNF-α+ CD4 T cells in both TBI-IMID and TBI was similar to the results reported in other TBI population (29, 31, 47).

The comparison among groups at each time point confirmed as shown by the pair-wise comparison that at T0 all the studied groups had a similar cytokine profile mainly constituted by the triple functional IFN-γ+ IL-2+ TNF-α+ CD4 T-cell subset and at T1 all groups had a notable proportion of monofunctional IFN-γ+ IL-2- TNF-α- CD4 T cells.

Since it has been demonstrated that recent and remote TBI subjects, naïve for TB therapy, had a similar CD4 cytokine profile (29), the functional differences after TB therapy between TBI and TBI-IMID individuals were not ascribable to their remote or recent Mtb exposure but probably to the IMID status itself. TB therapy did not affect neither the functional differentiation status of CD4 T cells in the TBI, TBI-IMID, and active-TB groups. Considering that the majority of TBI had a recent infection and the majority of TBI-IMID had a remote exposure, our data were in line with recent findings on recent subsets and persistent QFT+ individuals (29).

In active-TB, the baseline functional status of TB1 CD4-specific T cells was in agreement with previous reports reporting a high proportion of the IFN-γ+ IL-2+ TNF-α+ CD4 T-cell subset in response to ESAT-6 CFP-10 stimulation (25, 31, 54). For the TB2 stimulation, the functional status skewed towards the IFN-γ+ IL-2- TNF-α- CD4 T cells, maybe as a consequence of the ability of TB2 peptides to stimulate also the CD8 T cells (48).

T-cell expression of surface molecules such as CD45RA, CD27, and CCR7 identifies different T-cell subsets that reflect different stages of cell differentiation (55). The effector T cells are expanded during active-Mtb replication, whereas the memory cells associate with control and eradication of Mtb-infection (31, 47, 56). The phenotype characterization demonstrated a great contribution of the CD45RA- CD27+ subset to the Mtb-specific immune response in all groups. The presence of CD27 could be associated to both central memory (CD45RA- CD27+ CCR7+) and effector memory subsets (CD45RA- CD27+ CCR7-) (29, 55). Since we did not evaluate the CCR7 expression, we could not assign a precise memory status to the different subsets evaluated. However, as previously demonstrated (31), at the baseline, the Mtb-specific CD45RA- CD27+ CD4 T cells were more represented in the TBI individuals, whereas the active-TB patients had a higher proportion of Mtb-specific CD45RA- CD27- CD4 T cells compared to TBI subjects. These findings reflect the loss of CD27 during active-TB disease, already documented in several studies (38–41, 57). Interestingly, after therapy completion, the active-TB patients had a phenotype more similar to TBI groups, with an increased proportion of the CD45RA- CD27+ subset and a contraction of the CD45RA- CD27- CD4 T cells. These data suggest that the high Mtb load in active-TB patients induces the differentiation of Mtb-specific CD45RA- CD27- CD4 T cells, whereas the low Mtb load of TBI individuals favours the CD45RA- CD27+ subset.

The phenotype comparison among groups at each time point confirmed previous study on CD27 expression in patients with different TB status (31, 38, 40). Indeed, at the baseline, the TBI subjects had a higher proportion of Mtb-specific CD45RA- CD27+ CD4 T cells compared to active-TB and the active-TB a higher proportion of Mtb-specific CD45RA- CD27- CD4 T cells compared to TBI subjects. These data reflected the modulation of CD27 according to the Mtb bacterial load (39, 41). Interestingly, the TBI-IMID patients showed a phenotype profile similar to TBI subjects, suggesting that the type of IMID and the concomitant IMID therapy did not affect the activation status of Mtb-specific CD4 T cells. After TB therapy completion, the differences among Mtb-specific CD45RA- CD27+ CD4 T cells and CD45RA- CD27- CD4 T cells were less evident, suggesting that TB therapy, decreasing the Mtb load, led to an increased CD27 expression.

Moreover, lately, recent and remote TBI have been shown to have a similar phenotype according to the expression of CD45RA CD27 CCR7 markers (29). Therefore, the phenotype of TBI-IMID individuals was not even due to their remote Mtb exposure. Larger studies are needed to better understand the modulation of the phenotype in these IMID patients.

Considering that the IMID therapies were mostly based on the modulation of the immune system, indirectly we could suppose that the type of IMID therapy did not affect the immune response. Stratifying for the presence or not of biologic drugs, we did not find any significant differences among TBI-IMID before and after therapy completion. Although the sample size did not permit a deeper analysis, in support of these findings, we have previously demonstrated that neither the number of lymphocytes nor the type of IMID therapy influenced the IFN-γ response to QFT-Plus in TBI-IMID patients (28). Due to the adult age of the IMID manifestations, the TBI-IMID were older compared to TBI subjects. As lymphocyte counts decline with age (58) and potentially contribute to the immune impairment, we evaluated the lymphocyte counts in this study. No significant differences were found nor comparing all the three groups at each time points, neither comparing the two time points within each group. An exception was found considering those with active-TB in which a restore of the lymphocyte counts was observed after therapy completion (59). Moreover, the similar cytokine profile and phenotype of TBI subjects and TBI-IMID patients seem to support the presence of a comparable immune response to Mtb antigens. Therefore, as the immunity status at the different time points was comparable, the data reported could be considered reliable. Although these data are preliminary, we highlighted differences between the CD4 T-cell cytokine response over time of TBI-IMID compared to TBI and active-TB. Surprisingly, the monofunctional IFN-γ+ IL-2- TNF-α- CD4 T cells characterized the TBI and active-TB after therapy completion, whereas the TBI-IMID patients maintain a cytokine profile similar to the baseline. It is not possible to state if TB therapy induced a protective cytokine profile in TBI-IMID; however, these patients have been followed for 6 years and none of them developed until now active-TB disease. Since the phenotype studied based on CD45RA and CD27 did not allow to define a particular profile over time, we may need to better characterize the response using also other activation markers such as HLA-DR (29, 60).

Limitations of this longitudinally study are the relatively low number of patients enrolled, the variety of the IMID considered, and the different regimens of IMID therapy. However, since only few studies are available on Mtb immune response in this fragile population of TBI subjects, we retain this is a good controlled study including two types of control populations (TBI and active-TB). More importantly, besides the reported caveats, we answered to opened important questions on Mtb-specific response in this particular understudied category of fragile TBI subjects at high risk to progress to active-TB disease.

In conclusions, we evaluated over time the modulation of Mtb-specific immune response in patients at different stages of TB: a low-replicating Mtb status in TBI, a low-replicating Mtb status in TBI-IMID patients with high risk to develop the active-TB disease, and a high-replicating Mtb status in active-TB patients. The TB therapy did not modify the CD4 T-cell cytokine profile of TBI-IMID patients but determined a contraction of the triple functional CD4 T cells of the TBI subjects and active-TB patients. The CD45RA- CD27+ T cells stood out as a main subset of the Mtb-specific response in all groups of patients. Before the TB-preventive therapy, the TBI subjects had higher proportion of Mtb-specific CD45RA-CD27+CD4+ T cells and the active-TB higher proportion of Mtb-specific CD45RA-CD27-CD4+ T cells compared to other groups. The TBI-IMID patients showed a phenotype similar to TBI, suggesting that the type of IMID and the IMID therapy did not affect the activation status of Mtb-specific CD4 T cells.

Future studies on a larger and better-stratified TBI-IMID population will help to understand the change of the Mtb-specific immune response over time and to identify possible immune biomarkers of Mtb-containment or active replication.
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Supplementary Figure 1 | IFN-γ response to antigens present in QFT-Plus test, TB1 and TB2, before and at the end of TB treatment. (A, B) TBI-IMID patients; (C, D) TBI subjects; (E, F) Active-TB patients. Statistical analysis was performed using the Wilcoxon matched-pairs signed rank test, and the p value was considered significant if ≤0.05. Two TB-IMID and one active-TB patients did not perform the test at T1. Number of responders over total enrolled patients is reported below each panel. TB, tuberculosis; TBI, tuberculosis infection; IMID, immune mediated inflammatory disease; TB1, peptides of TB1 tube of QFT-plus kit; TB2, peptides of TB2 tube of QFT-plus kit; IU/ml, international unit at millilitre; T0, before TB therapy, T1, after TB therapy completion.

Supplementary Figure 2 | Cytokine production CD4 and CD8 T cells in response to mitogen stimulation before and after TB therapy completion: PBMC of patients enrolled before (T0) and after TB therapy (T1) were stimulated overnight with Mitogen reagent of QFT-Plus kit. (A, B) TBI-IMID patients; (C, D) TBI subjects; (E, F) Active-TB patients. Number of responders over total enrolled patients is reported below each graph. Horizontal lines indicate the median. Statistical analysis was performed using the Wilcoxon matched-pairs signed rank test, and the p value was considered significant if ≤0.05 for cytokine production. TB, tuberculosis; TBI, tuberculosis infection; IMID, immune mediated inflammatory disease.

Supplementary Figure 3 | Comparison of cytokine production CD4 and CD8 T cells in response to mitogen stimulation: PBMC of patients enrolled before (T0) and after TB therapy (T1) were stimulated overnight with Mitogen reagent of QFT-Plus kit. (A) T0; (B) T1. Number of responders over total enrolled patients is reported below each graph. Horizontal lines indicate the median. Statistical analysis was performed using the Mann–Whitney unmatched test, Bonferroni correction was applied, and the p value was considered significant if ≤0.017 for cytokine production. TB, tuberculosis; TBI, tuberculosis infection; IMID, immune mediated inflammatory disease.

Supplementary Figure 4 | Functional differentiation score (FDS) of Mtb-specific CD4 T cells is similar before and after TB therapy in TBI-IMID, TBI subjects, and active-TB patients. FDS has been calculated as previously described (28, 29) only on CD4 T-cell responders to Mtb antigen stimulation. (A, B) TBI-IMID patients; (C, D) TBI subjects; (E, F) Active-TB patients. Horizontal lines indicate the median. The number of CD4 and CD8 responders to TB1 and TB2 stimulation is reported in detail in Table 3. Statistical analysis was performed using the Wilcoxon matched-pairs signed rank test, and the p value was considered significant if ≤0.05. TB, tuberculosis; TBI, tuberculosis infection; IMID, immune mediated inflammatory disease; TB1, peptides of TB1 tube of QFT-plus kit; TB2, peptides of TB2 tube of QFT-plus kit; T0, before TB therapy; T1, after TB therapy completion.

Supplementary Figure 5 | Functional differentiation score (FDS) of Mtb-specific CD4 T cells is similar before and after TB therapy in TBI-IMID remote and TBI recent subjects. FDS has been calculated as previously described (28, 29) only on CD4 T-cell responders to Mtb antigen stimulation. (A, B) TBI-IMID remote patients, n = 12; (C, D) TBI recent subjects, N = 8. Horizontal lines indicate the median. Statistical analysis was performed using the Wilcoxon matched-pairs signed rank test, and the p value was considered significant if ≤0.05. TB, tuberculosis; TBI, tuberculosis infection; IMID, immune mediated inflammatory disease; TB1, peptides of TB1 tube of QFT-plus kit; TB2, peptides of TB2 tube of QFT-plus kit; T0, before TB therapy; T1, after TB therapy completion.
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T0, before TB therapy; T1, after TB therapy; N, Number; ID, Immunosuppressive Drug; CS, corticosteroids; NSAID, Nonsteroidal Anti-Inflammatory Drug; before *Ustekinumab (anti IL-12/
IL-23),** Tocilizumab (anti-IL6); *Abatacept (anti CTLA4); $Golimumab (anti TNF-), *Etanercent (soluble receptor blocking the TNFe interaction with cell surface receptors).
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TO mean (IQR) T1 mean (IQR) P* TO mean (IQR) T1 mean (IQR) P*
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Only TO 0 - - - - - -
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T0 and T1 1 0.17 (na) 0.30 (na) (na) 0.12 (na) 0.14 (na) (na)
Overall 14 0.29 (0.17-0.54) 0.31 (0.18-0.50) 0.850 0.20 (0.9-0.55) 0.43 (0.15-0.80) 0.032

TO, before TB therapy;: T1, after TB therapy; N, Number; *Wilcoxon matched-pairs signed rank test; na, not available.
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TO m™ T0 ™ T0 T T0 m™
N N N N N N
TB1 specific CD4 T cells Any cytokines 13 12 Lt 10 10 10 0.493 0.878
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(78) (78) 92 (67) (77) 69)
IL-2 10 11 10 8 7 7 0.290 0.436
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TB2 specific CD4 T cells Any cytokines 1" 12 12 1" 1 " 0.340 1.000
(78) (86) (100) (92) (85) (85)
CD4 IFN-y | 12 10 10 10 9 1.000 0.610
(78) (86) (83) (83) (77) 69)
TNF-a 10 12 12 9 9 9 0.094 0.641
(71) (86) (100) (75) (69) (69)
IL-2 9 9 10 7 6 8 0.198 1.000
©4) 64) @®3) (68) (46) ©1)
TB1 specific CD8 T cells Any cytokines 3 4 4 6 3 5 0.811 0.552
@) @8 (33) (50) @3 (38
IFN-y 3 4 4 6 3 5 0811 0.552
(21) (28) (33) (50) (23) (38)
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© © ® 0 [©) (15)
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TO, before TB therapy; T1, after TB therapy; N, Number; *Fisher Test.
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TBI-IMID TBI Active-TB TOTAL P
N 14 12 13 39
Timing of TBI infection N (%):
Recent 2(14) 67) NA a 0.006*
Remote 12 (86) 4 (33) NA -

Age median (IQR) 63 (54- 37 (22— 38 (26-42) 45(29-  0.0002*
75) 53) 56)

Sex: Female N (%) 6(43) 9(75) 6 (46) 21(53) 0.2070"

Origin N (%)

West Europe 10(71.4)  6(50) 6 (46) 22 (56)

East Europe 2(14.3) 5(42) 5 (38) 12 (31)

Africa 1(7.9) 1(8) 0(0) 2(5) 05295

Asia 1(7.9) 000 1(8) 2(5)

South America 000 0(0) 1(8) 1)

BCG vaccinated N (%) 4(28.5) (50) 8 (61.5) 18(46) 0.2175

Therapy N (%) 14 (100) *  12(100) 13(100) ® 39 (100) NA

H 1(786) 8(66.7) - 18 (46.2)

H+R 3(21.4) (33.3 = 7(17.9)

H+R+Z+E = = 12 (92.3) 12 (30.7)

H+R+E+quinolone - - 1(7.7) 1(2.6)

Therapy duration median (IQR) 6 (4.6-6) 6 (3-6) 6(6-9) NA NA

QTF Plus N (%) at the time of enrolment® 0.4299*

Positive 12(86)  11(92) 2(92) 34 (87)

Negative 2 (14) 08 1(8) 3(77)

Number of lymphocytes x10"’lul at TO median (IQR) ss# 19(1.5- 2(1.6- 1.7(1-1.9) 1.8 (1.4~ 0.13*
2.2) 23) 2.1)

Number of lymphocytes x10¥ul at T1 median (IQR) % 1.6(1.5- 1.9(1.8- 2(1.7-2.8) 19(1.6- 0.051*
2.1) 2.4) 2.2)

P values of the comparison of the number of lymphocytes x103/pl at T1 vs the number of 0.75 0.73 0.002

lymphocytes x10%ul at TO *

N, Number; TB, tuberculosis; TBI, TB infection; BCG, bacillus Calmette-Guérin; IQR, interquartile range; H, Isionazid; R, Rifampicin; Z, Pyrazinamide; E, Ethambutol; NA, not applicable
*Kruskal- Wallis test; **Chi Square test; §All TBI and TBI-IMID patients have a QTF-Plus posttive results in the past; *One subject performed 2 weeks preventive therapy with H+R then
continued with only H and therefore was included in the H-therapy group; Sone patient discontinued and repeated the therapy.3$Data available at TO (or within a month) in 14 TBI-IMID, 11
7BI, 13 Active-TB; $Data available at T1 (or within a month) in 14 TBI-IMID, 9 TBI and 12 Active-TB; *Wilcoxon matched-pairs signed rank test applied to compare TO vs T1: TBI-IMID

patients p = 0.75; TBI subjects p = 0.73; Active TB p = 0.002.
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