Table 1. Clinical and laboratory characteristics of the study groups
	Parameter
	Study groups
	p-value (KW)
	Pairwise comparisons

	
	Control, n = 42 (1)
	COPD, n = 63 (2)
	TB, n = 51 (3)
	COPD + TB, n = 53 (4)
	
	

	Age, years
	64 [55; 69]
	67 [60; 73]
	67 [59; 71]
	69 [60; 75]
	0.137
	p1–2 = 0.716
p1–3 = 1.000
p1–4 = 0.262
p2–3 = 1.000
p2–4 = 1.000
p3–4 = 0.880

	BMI, kg/m2
	24.9 [22.5; 28.0]
	24.4 [22.8; 27.1]
	20.2 [18.7; 21.8]
	21.7 [19.1; 24.3]
	< 0.001
	p1–2 = 1.000
p1–3 < 0.001
p1–4 < 0.001
p2–3 < 0.001
p2–4 < 0.001
p3–4 = 0.209

	Smoking history, pack-years
	7 [3; 9]
	26 [20; 35]
	14 [10; 18]
	31 [23; 38]
	< 0.001
	p1–2 < 0.001
p1–3 < 0.001
p1–4 < 0.001
p2–3 < 0.001
p2–4 = 0.109
p3–4 < 0.001

	FEV1, % predicted
	95.2 [91.9; 100.3]
	57.0 [41.0; 65.7]
	80.3 [75.2; 89.3]
	41.3 [32.3; 60.2]
	< 0.001
	p1–2 < 0.001
p1–3 < 0.001
p1–4 < 0.001
p2–3 < 0.001
p2–4 = 0.108
p3–4 < 0.001

	CRP, mg/L
	10.6 [4.7; 17.8]
	19.8 [11.7; 27.2]
	24.8 [14.9; 30.1]
	32.7 [24.8; 37.5]
	< 0.001
	p1–2 = 0.002
p1–3 < 0.001
p1–4 < 0.001
p2–3 = 0.795
p2–4 < 0.001
p3–4 < 0.001

	ESR, mm/h
	12.5 [7.2; 18]
	23 [15; 29]
	23 [18.5; 27]
	32 [23; 37]
	< 0.001
	p1–2 < 0.001
p1–3 < 0.001
p1–4 < 0.001
p2–3 = 1.000
p2–4 < 0.001
p3–4 = 0.003

	Leukocytes, × 109/L
	7.7 [6.0; 8.3]
	8.9 [7.4; 9.9]
	9.2 [8.1; 10.6]
	10.8 [8.9; 11.5]
	< 0.001
	p1–2 = 0.005
p1–3 < 0.001
p1–4 < 0.001
p2–3 = 0.335
p2–4 < 0.001
p3–4 = 0.074

	NLR
	1.8 [1.7; 2.0]
	2.5 [2.0; 3.0]
	2.7 [2.3; 3.1]
	3.5 [2.6; 4.6]
	< 0.001
	p1–2 < 0.001
p1–3 < 0.001
p1–4 < 0.001
p2–3 = 1.000
p2–4 < 0.001
p3–4 < 0.001

	Albumin, g/L
	43.7 [41.4; 45.0]
	39.1 [36.7; 40.7]
	37.6 [35.2; 40.7]
	35.8 [33.3; 37.9]
	< 0.001
	p1–2 < 0.001
p1–3 < 0.001
p1–4 < 0.001
p2–3 = 1.000
p2–4 < 0.001
p3–4 = 0.021

	SpO2, %
	97 [96; 98]
	93 [91; 94.5]
	92 [91; 94]
	90 [88; 92]
	< 0.001
	p1–2 < 0.001
p1–3 < 0.001
p1–4 < 0.001
p2–3 = 0.656
p2–4 < 0.001
p3–4 < 0.001


BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; FEV1, forced expiratory volume in 1 second; KW, Kruskal–Wallis test; NLR, neutrophil-to-lymphocyte ratio; SpO2, peripheral oxygen saturation; TB, tuberculosis
Data are presented as median and interquartile range (Me [Q25; Q75]). The “Pairwise comparisons” column shows p-values for all six post-hoc pairwise comparisons performed using the Mann–Whitney test with Bonferroni correction

Table 2. Serum cytokine levels in the study groups
	Cytokine
	Study group
	p-value (KW)
	Pairwise comparisons

	
	Control, n = 42 (1)
	COPD, n = 63 (2)
	TB, n = 51 (3)
	COPD + TB, n = 53 (4)
	
	

	IL-1β, pg/mL
	3.1 [2.5; 3.6]
	12.8 [8.4; 15.4]
	17.8 [8.8; 27.8]
	27.1 [21.0; 43.4]
	< 0.001
	p1–2 < 0.001
p1–3 < 0.001
p1–4 < 0.001
p2–3 = 0.009
p2–4 < 0.001
p3–4 < 0.001

	IL-6, pg/mL
	6.3 [4.0; 9.7]
	20.8 [14.5; 25.4]
	34.1 [20.4; 58.1]
	51.7 [36.5; 68.2]
	< 0.001
	p1–2 < 0.001
p1–3 < 0.001
p1–4 < 0.001
p2–3 < 0.001
p2–4 < 0.001
p3–4 = 0.006

	IL-8, pg/mL
	18.4 [16.7; 19.7]
	42.1 [35.8; 48.5]
	40.3 [35.7; 51.6]
	66.0 [54.9; 83.2]
	< 0.001
	p1–2 < 0.001
p1–3 < 0.001
p1–4 < 0.001
p2–3 = 1.000
p2–4 < 0.001
p3–4 < 0.001

	IL-10, pg/mL
	3.9 [3.2; 4.9]
	8.1 [6.3; 9.9]
	19.4 [11.9; 28.5]
	21.5 [14.4; 30.1]
	< 0.001
	p1–2 < 0.001
p1–3 < 0.001
p1–4 < 0.001
p2–3 < 0.001
p2–4 < 0.001
p3–4 = 1.000

	TNF-α, pg/mL
	3.8 [3.3; 4.8]
	15.4 [11.0; 17.8]
	21.1 [13.7; 33.6]
	21.3 [17.8; 33.6]
	< 0.001
	p1–2 < 0.001
p1–3 < 0.001
p1–4 < 0.001
p2–3 = 0.002
p2–4 < 0.001
p3–4 = 1.000

	IL-6/IL-10
	1.5 [1.0; 2.4]
	2.5 [1.8; 3.7]
	1.8 [1.4; 2.3]
	2.4 [1.9; 3.0]
	< 0.001
	p1–2 = 0.002
p1–3 = 1.000
p1–4 = 0.006
p2–3 = 0.005
p2–4 = 1.000
p3–4 = 0.012


COPD, chronic obstructive pulmonary disease; IL, interleukin; KW, Kruskal–Wallis test; TB, tuberculosis; TNF-α, tumor necrosis factor-α
Data are presented as median and interquartile range (Me [Q25; Q75]). The “Pairwise comparisons” column shows p-values for all six post-hoc pairwise comparisons performed using the Mann–Whitney test with Bonferroni correction

Table 3. Spearman’s rank correlation coefficients (ρ) between cytokine levels and clinical and laboratory parameters
	Cytokine
	FEV1
	CRP
	SpO2
	Albumin
	NLR
	ESR

	IL-1β
	-0.52
	+0.59
	-0.71
	-0.64
	+0.67
	+0.57

	IL-6
	-0.50
	+0.71
	-0.70
	-0.63
	+0.64
	+0.56

	IL-8
	-0.67
	+0.51
	-0.68
	-0.58
	+0.61
	+0.55

	IL-10
	-0.33
	+0.48
	-0.66
	-0.59
	+0.58
	+0.50

	TNF-α
	-0.49
	+0.56
	-0.70
	-0.66
	+0.63
	+0.52


CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; FEV1, forced expiratory volume in 1 second; IL, interleukin; NLR, neutrophil-to-lymphocyte ratio; SpO2, peripheral oxygen saturation; TNF-α, tumor necrosis factor-α
p < 0.001 for all comparisons

Table 4. Clinical, laboratory, and immunological characteristics of patients with positive (MTB+) and negative (MTB-) microbiological status
	Parameter
	MTB+ (n = 59)
	MTB- (n = 45)
	p-value (MW)

	Age, years
	68 [57; 74]
	67 [61; 73]
	0.622

	BMI, kg/m2
	21.5 [19.2; 23.8]
	20.2 [18.7; 22.1]
	0.153

	FEV1, % predicted
	72.4 [41.3; 81.6]
	69.0 [38.9; 84.6]
	0.748

	CRP, mg/L
	30.5 [22.2; 36.8]
	25.7 [16.5; 32.1]
	0.047

	Albumin, g/L
	35.0 [33.2; 36.9]
	39.2 [36.6; 40.9]
	< 0.001

	IL-1β, pg/mL
	32.9 [24.6; 45.5]
	13.2 [8.6; 21.4]
	< 0.001

	IL-6, pg/mL
	59.2 [44.7; 71.7]
	29.4 [17.2; 38.2]
	< 0.001

	IL-8, pg/mL
	56.0 [45.1; 75.2]
	47.4 [37.7; 59.5]
	0.024

	IL-10, pg/mL
	29.1 [23.9; 31.8]
	13.4 [10.8; 15.8]
	< 0.001

	TNF-α, pg/mL
	30.0 [22.7; 37.4]
	15.3 [11.1; 18.1]
	< 0.001


BMI, body mass index; CRP, C-reactive protein; FEV1, forced expiratory volume in 1 second; IL, interleukin; MTB, Mycobacterium tuberculosis; MW, Mann–Whitney test; TNF-α, tumor necrosis factor-α
Data are presented as median and interquartile range (Me [Q25; Q75])

Table 5. ROC analysis of cytokines for differentiating patients by bacterial shedding status
	Cytokine
	AUC
	95% CI
	Cut-off, pg/mL
	Se, %
	Sp, %
	PPV, %
	NPV, %

	IL-1β
	0.901
	0.842–0.960
	> 26.1
	72.9
	97.8
	97.7
	73.3

	IL-6
	0.886
	0.826–0.947
	> 44.9
	74.6
	88.9
	89.8
	72.7

	IL-8
	0.629
	0.521–0.738
	> 44.5
	76.3
	48.9
	66.2
	61.1

	IL-10
	0.924
	0.871–0.978
	> 20.7
	83.1
	93.3
	94.2
	80.8

	TNF-α
	0.923
	0.870–0.976
	> 22.2
	79.7
	95.6
	95.9
	78.2


AUC, area under the curve; CI, confidence interval; IL, interleukin; NPV, negative predictive value; PPV, positive predictive value; Se, sensitivity; Sp, specificity; TNF-α, tumor necrosis factor-α
Cut-offs were determined by the Youden index. A cytokine value above the cut-off was considered as high risk of bacterial shedding; cut-off values were calculated as midpoints between adjacent observed values and do not coincide with any observation in the sample

Table 6. Validation results of the multivariate model
	Evaluation method
	AUC (95% CI)
	Se, %
	Sp, %

	In-sample evaluation
	0.991 (0.979–1.000)
	96.6
	95.6

	Optimism-corrected (bootstrap, B = 1000)
	0.979
	–
	–

	Repeated stratified 5-fold cross-validation (200 repeats)
	0.974 (SD 0.009)
	–
	–


AUC, area under the curve; CI, confidence interval; SD, standard deviation; Se, sensitivity; Sp, specificity
AUC correction for optimism was performed using Harrell’s method with 1000 bootstrap iterations. Repeated cross-validation included 200 independent outcome-stratified 5-fold splits; the table shows the mean AUC across test folds. A fixed seed was used for reproducibility; SD is the standard deviation of AUC across repeats. Sensitivity and specificity in cross-validation depend on the split and are not provided

