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Abstract

Impaired T-cell responses to mitogens and high T-cell activation marker (TAM) expression on Mycobacterium tuberculosis—
specific T-cells characterize immunopathology in patients with tuberculosis (TB). In a study of patients with TB (n = 60)
and asymptomatic contacts (controls, n = 37), we found that TB patients had higher CD38" T-cell proportions specific for
M. tuberculosis protein (PPD,,,), yet total proportions of PPDy,, -specific T-cells were comparable. Notably, both activated
(CD38™%) and total IFN-y* T-cells from TB patients had lower mitogen (phytohemagglutinin, PHA)-induced responses.
This impaired mitogen response improved the classification efficacy of the TAM-TB assay, especially employing the PPD/
PHA-induced T-cell ratio.
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Introduction

Kumasi Centre for Collaborative Research in Tropical Tuberculosis remains a major health threat with approxi-
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mately 10 million new cases and 2 million deaths occur-
ring annually [1]. M. tuberculosis infection progresses
towards acute disease in approximately 10% of index
patient contacts; however, it remains asymptomatic in
the vast majority of individuals due to effective immune
surveillance [2]. T-helper type 1 (Ty1) response is of cen-
tral importance for host protection, but Ty;1 quantifica-
tion (e.g., of the key cytokine IFN-y) does not distinguish
between patients with tuberculosis and asymptomatic M.
tuberculosis infection [2]. However, the characterization
of M. tuberculosis—specific Tyl cells by including mark-
ers of recent activation (e.g., CD38, HLA-DR) showed
that this approach—termed TAM-TB—is able to identify
patients with acute tuberculosis [3]. The TAM-TB assay
combines in vitro stimulation of whole blood samples
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with M. tuberculosis antigens and positive control (e.g.,
PHA) with flow cytometry—based characterization of
T-cell phenotypes.

It is well-described that immunopathology causes
impaired T-cell responses in a subgroup of patients with
acute tuberculosis [4, 5]. Different mechanisms identified
to contribute to immune inhibition and antigen-specific as
well as PHA-induced T-cells were shown to be affected in
TB patients [6, 7]. Recent studies showed impaired PHA
response of patients with tuberculosis in IFN-y release
assays (IGRA) and demonstrated the applicability of this
marker for diagnosis of tuberculosis disease and for moni-
toring treatment efficacy [8§—10]. In the present study, we
investigated the influence of TB pathology-mediated inhibi-
tory effects on the TAM-TB assay by comparing TB patients
prior to treatment onset with asymptomatic contacts.

Material and methods
Study cohorts and clinical characterization

We recruited tuberculosis patients (n = 60) and asymp-
tomatic contacts (controls) between April 2019 and
September 2021 from the Agogo Presbyterian Hospi-
tal, St. Mathias Catholic Hospital, and Atebubu District
Hospital in Ghana. Blood samples were collected before
initiation of treatment. Diagnosis of tuberculosis was
based on the described criteria [11]. Some of the sam-
ples from both cohorts were included in previous stud-
ies [11-13]. Controls were selected on the described
criteria that showed high reliability in identifying
individuals with previous M. tuberculosis infection
caused by a respective index TB patient [8, 14]. Con-
trols were then preselected on the basis of PPD-specific
CD4*IFN-y™ response (> 0.02%). Of the 47 tested, 37
controls fulfilled the criteria and were included in this
study (Table 1).

@ Springer

Table 1 Characteristics of study participants

Parameter TB (n = 60) Controls (n P-value
=47)

Age (Mean + SD) 46+ 15.15 47.73 +12.96 0.5658

Gender Male, n (%) 44 (73.3%) 20 (54.05%)  0.0769
Female, n (%) 16 (26.7%) 17 (45.95%)

Chest X-ray Suggestive,n 40 (66.7%) NA NA

(%)

GeneXpert  Positive, n (%) 53 (88.3%) NA NA

Smear Positive, n (%) 50 (83.3%) NA NA
Scanty n (%) 6 (12.0%) NA NA
+1,n (%) 3(6.0%) NA NA
+2,n (%) 32 (64.0%) NA NA
+3,n (%) 9(18.0%)  NA NA

Culture Positive, n (%) 47 (78.3%) NA NA

Cough >2weeks,n 48 (80.0%) NA NA

(%)

Chest pains N (%) 33 (55.0%) NA NA

Hemoptysis N (%) 45 (75.0%) NA NA

Weight loss N (%) 48 (80.0%) NA NA

Fever N (%) 65 (76.7%) NA NA

Night sweats N (%) 66 (75.0%) NA NA

N number, NA not applicable, 7B tuberculosis patients
Age (t-test), Gender (Fisher’s exact test)

The TAM-TB assay

The TAM-TB assay was performed as described [3]. In brief,
diluted whole blood was stimulated using ESAT6/CFP10 (2
pg/ml), protein derivative of M. tuberculosis (PPDyy; 10
pg/ml) or PHA (10 pg/ml), as well as costimulatory anti-
bodies (i.e, *CD28 and CD49d; 1 pg/ml each). After over-
night culture in the presence of Brefeldin A, samples were
stained with the following antibodies: o CD3-FITC (clone
HIT3a), aCD4-PerCP-Cy5.5 (clone RPA-T4), aCD38-APC
(clone HIT2), and alFNy-PE (clone B27), all BioLegend,
and measured using a BD Acurri C6 flow cytometer. Data
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analyses were done using FlowJo (BD). Minimum detection
was set at 0.001%. The gating strategy is illustrated in Sup-
plementary Figure 1.

Statistics

Non-parametric Mann—Whitney U-test to compare cases and
contacts was performed using GraphPad Prism v9. Receiver
operating characteristic (ROC) was performed to evalu-
ate the discrimination efficacy of different parameters. A
p-value below 0.05 was considered statistically significant.

Results and discussion

Whole blood in vitro stimulation and flow cytometry
phenotype analysis of samples from tuberculosis patients
and contacts were performed using M. tuberculosis anti-
gens (i.e., PPDy;,,, ESAT6_CFP10), and the mitogen,
PHA, PPDy,, and ESAT6_CFP10-induced proportions
of IFN-y* T-cell were similar between the study groups
(Supplementary Figure 2). In contrast, the inclusion
of CD38, a marker of recent activation, for the gating
detected higher proportions of PPD-specific IFN-y*/
CD38%/CD4™" T-cells in patients with TB as compared
to controls (p < 0.0001; Fig. 1a). No differences were
seen for ESAT6_CFP10-specific T-cells (p = 0.8941;
Fig. 1a). The results for PPD were in accordance with
previous studies demonstrating higher proportions of
recently activated M. tuberculosis—specific T-cells in
blood samples from patients with TB [3]. Notably, signifi-
cant differences were seen in the response against PHA.
PHA induced lower proportions of IFN-y*/CD38*%/CD4*
T-cells in samples from patients with TB as compared to
contacts (p < 0.0001; Fig. 1a). Since similar differences
were seen also for all IFN-y*/CD4* T-cells independent

of recent activation (Supplementary Figure 2), we con-
cluded that described immunopathology effects are likely
causative for reduced PHA response in patients with TB.
Inflammatory pathways were shown to be associated with
hyporesponsive T-cell responses in tuberculosis patients
[4, 15]. Hypermethylation of DNA as well as constitu-
tive STAT3 phosphorylation were identified as potential
underlying mechanisms [7, 15]. Both, pathogen-mediated
and plasma milieu effects, were identified as potential
triggers [5]. In this context, a recent study found a neg-
ative correlation between high IL-6 plasma levels and
impaired PHA response in TB patients [12]. No differ-
ences were detected between TB patients with high or low
M. tuberculosis sputum burden (Supplementary Figure 3)
or between female and male TB patients (Supplementary
Figure 4).

Next, we applied values for PPD,,,, and PHA responses
to determine the discriminating capacity of these mark-
ers using receiver operating characteristic (ROC) analy-
ses. PPDy,,- and PHA-induced IFN-y*/CD38%/CD4*
T-cell proportions were able to distinguish participants
from both study groups with moderate efficacy (AUC,
p-value; PPDy,,, 0.83, p < 0.0001; PHA, 0.76, p <
0.0001; Fig. 1b). Previous studies indicated that a combi-
nation of both, PPD,;,- and PHA-specific responses, may
improve discrimination between TB patients and controls
[10, 12, 16]. PPD/PHA ratios were calculated and signifi-
cant differences between the study groups were detected
(p < 0.0001; Fig. 1c). Notably, ROC-based discrimination
detected a strong capacity of PPD,,,/PHA T-cell response
ratios to distinguish between the study groups (AUC =
0.90, p < 0.0001; Fig. 1d). These results confirmed the
capacity of the TAM-TB assay to classify tuberculosis
disease and showed the effects of immunopathology that
can add to diagnosis.
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«Fig. 1 PPD,,,, and PHA-induced differences in IFN-y*/CD38*/CD4"*
T-cells discriminate between TB patients and controls. M. tuberculo-
sis antigens (i.e., PPDy,, ESAT6_CFP10) and phytohemagglutinin
(PHA)-specific IFN-y expressing CD4* T-cell proportions from the
in vitro culture (20 h) were measured by flow cytometry in whole
blood samples from tuberculosis patients (TB, n = 60) and contacts
(controls, n = 37). a Comparisons of PPDy,,, ESAT6_CFP10 and
PHA-specific IFN-y expressing CD4* T-cell proportions between
the study groups of TB patients (dark grey background) and controls
(open background) are shown as violin plots with stagged symbols
(indicating individual donor values). A two-tailed Mann—Whitney
U-test analysis was employed, and nominal p-values are shown. b
Receiver operating characteristic (ROC) analyses for discrimination
of TB patients and controls for PPDy;, and mitogen-specific IFN-y
expressing CD4* T-cell proportions are shown. Area under curve
(AUC) and nominal p-values are shown. ¢ Ratio of PPDy;,/PHA-
induced IFN-y*/CD38%/CD4* T-cell proportions of TB (triangle
symbols, open background) patients and controls (circular symbols,
grey background) are shown as scattered symbol plots with lines indi-
cating median and interquartile ranges. A two-tailed Mann—Whitney
U-test analysis was employed, and nominal p-values are shown. d
ROC analysis for discrimination of TB patients and controls for the
ratio of PPDy,,/PHA-induced IFN-y*/CD38%/CD4* T-cell propor-
tions. AUC and nominal p-values are shown

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10096-023-04741-3.
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