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[Abstract] Objective To investigate the risk factors for hospital-acquired infection in patients with stroke and to
analyze the distribution of pathogens and characteristics of infection sites. Methods A retrospective cohort study was
conducted, enrolling 393 patients with stroke hospitalized at Beijing Tiantan Hospital, Capital Medical University, from
January 2024 to July 2025. Among them, 184 patients were assigned to the infection group and 209 to the non-infection
group. Multivariable logistic regression analysis was used to identify risk factors for hospital-acquired infection, and a
nomogram prediction model was constructed. Results Multivariable logistic regression analysis identified cerebral
infarction (odds ratio = 25.09, 95% confidence interval: 5.38-117.10), no history of alcohol consumption (odds ratio =
4.47, 95% confidence interval: 1.51-13.18), no history of cerebrovascular disease (odds ratio = 5.04, 95% confidence
interval: 1.35-18.76), elevated neutrophil count (odds ratio = 1.29, 95% confidence interval: 1.08-1.55), and elevated C-
reactive protein (odds ratio = 1.03, 95% confidence interval: 1.01-1.06) as independent risk factors for hospital-acquired
infection in patients with stroke. Absence of nasogastric tube feeding (odds ratio = 0.09, 95% confidence interval: 0.03-
0.31), no indwelling urinary catheterization (odds ratio = 0.21, 95% confidence interval: 0.06-0.77), and absence of
postoperative coma (odds ratio = 0.07, 95% confidence interval: 0.01-0.36) were identified as protective factors. The
nomogram model achieved an area under the curve of 0.96 (95% confidence interval: 0.94-0.98) in the training set and
0.94 (95% confidence interval: 0.90-0.99) in the validation set, with good calibration. Gram-negative bacteria were the
predominant pathogens (70.2%), and the respiratory tract was the most common infection site (92.9%). Endotracheal
intubation and impaired consciousness were identified as common risk factors for both pulmonary and Gram-negative
bacterial infections. Conclusion This study identified independent risk factors for hospital-acquired infection in
patients with stroke, developed a nomogram model with good predictive performance, and preliminarily characterized the
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risk profiles associated with different infection types and sites. These findings provide a reference for early identification

of high-risk patients and the formulation of targeted prevention and control strategies.
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Table 1 Comparison of baseline characteristics between infected and non-infected groups

Characteristic Infected (n = 184) Non-Infected (n = 209) P
Demographics
Agelyr., M (Q,, Q) 65.0 (52.8,74.0) 63.0 (54.0, 71.0) 0.434
Male/case (%) 129 (70.1) 147 (70.3) 0.961
Stroke characteristics/case (%)
Infarction 99 (53.8) 92 (44.0) 0.053
Bilateral stroke 51 (29.1) 34 (16.8) 0.017
Clinical features/case (%)
Impaired consciousness 117 (63.6) 22 (10.5) <0.001
Dysphagia 145 (78.8) 35 (16.8) <0.001
Medical history/case (%)
Alcohol history 54 (29.51) 100 (47.85) <0.001
Hypertension 129 (70.11) 159 (76.08) 0.182
Diabetes 61(33.2) 93 (44.5) 0.022
Liver disease 92 (50.0) 64 (30.6) <0.001
Cerebrovascular disease 116 (63.0) 163 (78.0) 0.001
Renal disease 69 (37.5) 49 (23.4) 0.002
Hypoalbuminemia 72 (39.1) 19 (9.1) <0.001
Interventions/Procedures/case (%)
Endotracheal intubation 116 (63.0) 4(1.9) <0.001
Nasogastric feeding 125 (67.9) 10 (4.8) <0.001
Urinary catheterization 89 (48.4) 12 (5.7) <0.001
Postoperative coma 87 (47.3) 4(1.9) <0.001
Laboratory parameters (M [Q,, Q,])
WBC count/(x 10°L™") 10.95 (7.85, 13.78) 6.90 (5.62, 8.54) <0.001
Neutrophil count/(x 10’ L™") 9.18 (6.13,11.83) 458 (3.42,5.83) <0.001
CRP/(mg/L) 39.67 (12.73, 83.99) 2.81(0.94,7.35) <0.001

M: median; Q;: 1st quartile; Q,: 3rd quartile; WBC: white blood cell; CRP: c-reactive protein. Only statistically significant and clinically relevant variables are

shown.
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Table2 Distribution of pathogenic bacteria in hospital-acquired

infections among stroke patients

Variable Case (%)
Gram-negative bacteria 200 (70.2)
Klebsiella pneumoniae 75 (26.3)
Acinetobacter baumannii 50 (17.5)
Escherichia coli 28 (9.8)
Pseudomonas aeruginosa 19 (6.7)
Other Gram-negative bacteria 28(9.8)
Gram-positive bacteria 81 (28.4)
Staphylococcus aureus 46 (16.1)
Enterococcus faecium 10 (3.5)
Enterococcus faecalis 9(3.2)
Other Gram-positive bacteria 16 (5.6)
Fungi 4(1.4)
Number of co-infecting pathogens
1 102 (55.4)
2 58 (31.5)
=3 24 (13.0)
Drug resistance phenotypes
Extensively drug-resistant (XDR)" 29/50 (58.0)

Carbapenem-resistant enterobacteriaceae (CRE)b 32/75 (42.7)

Extended-spectrum p-lactamase (ESBL)" 14/28 (50.0)
Methicillin-resistant S. aureus (MRSA)d 26/46 (56.5)
Site of infection
Pulmonary infection 171 (92.9)
Urinary tract infection 59 (32.1)
Intracranial infection 7 (3.8)
Bloodstream infection 9 (4.9)
Infection at = 2 sites 31(16.8)

A single patient with multi-site infections may have multiple pathogens
isolated. * XDR analysis was limited to acinetobacter baumannii. " CRE
analysis was limited to klebsiella pneumoniae. ° ESBL analysis was limited to

escherichia coli. ¢ MRSA analysis was limited to staphylococcus aureus.
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Table 3 Univariate and multivariate logistic regression analysis of hospital-acquired infections in stroke patients

Variable Univariate OR (95% CI) P Multivariate OR (95% CI) P

Cerebral infarction 1.55 (0.96-2.50) 0.073 25.09 (5.38-117.10) <0.001
No alcohol history 2.51 (1.52-4.16) <0.001 4.47 (1.51-13.18) 0.007
No cerebrovascular disease 2.23 (1.31-3.79) 0.003 5.04 (1.35-18.76) 0.016
No nasogastric feeding 0.03 (0.01-0.06) <0.001 0.09 (0.03-0.31) <0.001
No urinary catheterization 0.07 (0.03-0.14) <0.001 0.21 (0.06-0.77) 0.019
No postoperative coma 0.03 (0.01-0.09) <0.001 0.07 (0.01-0.36) 0.001
Neutrophil count 1.55(1.39-1.72) <0.001 1.29 (1.08-1.55) 0.006
CRP 1.06 (1.04-1.08) <0.001 1.03 (1.01-1.06) 0.009

CRP: C-reactive protein; OR: odds ratio.
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Fig 1 Nomogram for predicting the risk of hospital-acquired infection in stroke patients

All abbreviations are explained in the footnote to Table 1.
BRI eI R AR S B0 UE A Hr 38 B AR T RE (Fe4) o
YT A AUCE 1£0.96(95%CI: 0.94 ~ 0.98), R ALy
0.86, ¢ 57 40.95, ZYBHEECH0.81; I UEE HAYAUCH
1£510.94(95%CI: 0.90 ~ 0.99), R HUE 40.94, F5 57Ny

0.92, 154840 0.86, 2K IR ELAT L 5 1 H RE ) o
YRR S UEE ROCHTI L T IAZ I, AL AT BRI
Fafgerk(1512) o BE4h, Hosmer-Lemeshow Bl A0 FE A6 55 Bk
N, WZRAE (P=0.734) FIBIELE (P= 0.171) T HET R 5

x4 WFEhREERBRERETNEEHROCH Z& 27

Table4 ROC curve analysis of the prediction model for hospital-acquired infection risk in stroke patients

Dataset AUC (95% CI) Se (95% CI)

Training set 0.96 (0.94-0.98) 0.86 (0.81-0.92)

Validation set 0.94 (0.90-0.99) 0.94 (0.88-1.00)

Sp (95% CI) PPV (95% CI) NPV (95% CI) Cut-off value
0.95 (0.91-0.99) 0.95 (0.92-0.99) 0.85(0.79-0.91) 0.238
0.92 (0.85-0.99) 0.91 (0.83-0.99) 0.95 (0.89-1.00) 0.238

ROC: receiver operating characteristic; AUC: area under the curve; Se: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: negative predictive

value.
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Table 5 Univariate analysis of patients with gram-positive (G"), gram-negative (G~), and mixed (G" & G™) bacterial infections
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Fig 3 Hosmer-Lemeshow test of the prediction model for hospital-acquired infection risk in stroke patients

R5 EREZIAM (G) B.EZZHMN (67) BRBERE (GCEMG H ) WARESH

Variable G bacteria (n = 36) G bacteria (n = 108) Mixed infection (n = 37) P

Agelyr. 66.0 (54.0, 73.5) 67.0 (55.0, 75.0) 56.0 (45.0, 64.0) <0.001
Height/cm 165 (160, 172) 169 (161.8, 172.0) 175 (170, 177) <0.001
Male 21 (58.3) 73 (67.6) 33(89.2) 0.010
Cerebral hemorrhage 11 (30.6) 43 (39.8) 28 (75.7) <0.001
Impaired consciousness 18 (50.0) 64 (59.3) 33 (89.2) <0.001
Cerebrovascular disease 26 (72.2) 71 (65.7) 17 (45.9) 0.043
Endotracheal intubation 12 (33.3) 68 (63.0) 33 (89.2) <0.001
Postoperative coma 5(13.9) 47 (43.5) 32 (86.5) <0.001
Gastric tube insertion 15 (41.7) 61 (56.5) 29 (78.4) 0.006
WBC/(x 10°L7") 10.3 (7.8,12.1) 11.2 (7.6,13.5) 13.0 (10.4, 15.2) 0.019
Neutrophil/(x 10° L") 8.3 (6.0,9.6) 9.3(5.9,11.8) 10.8 (8.7, 13.2) 0.016
CRP/(mg/L) 24.6 (9.6, 69.0) 34.3 (11.7, 74.4) 67.1(33.3, 119.8) 0.009

All abbreviations are explained in the footnote to Table 1. Data are presented as median (Q;, Q) or case (%). Only variables with P < 0.05 are shown.
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Table 6 Multivariable analysis of factors associated with gram-positive (G*) and gram-negative (G~) bacterial infections

Model 1 Model 2 Model 3
Variable
OR (95% CI) p OR (95% CI) P OR (95% CI) P
No chronic lung disease 0.38 (0.15-0.94) 0.037 0.38 (0.14-1.01) 0.053 0.36 (0.10-1.34) 0.128
No impaired consciousness 0.69 (0.32-1.47) 0.332 0.69 (0.32-1.47) 0.335 0.33 (0.11-0.98) 0.046
No tracheal intubation 0.29 (0.13-0.65) 0.003 0.26 (0.11-0.61) 0.002 0.24 (0.07-0.80) 0.021
No postoperative coma 0.21 (0.08-0.58) 0.003 0.20 (0.07-0.56) 0.002 0.12 (0.03-0.53) 0.005

All abbreviations are explained in the footnote to Table 3. Model 1, Unadjusted; Model 2, adjusted for sex and age; Model 3, adjusted for sex, age, height,

weight, and body mass index. Only variables with a P-value < 0.05 in at least one model are shown.

R7 MERRNBRERIM

Table 7 Univariate analysis of factors associated with pulmonary infection

Variable Pulmonary infection (n = 116) Urinary tract infection (n = 36) P

Agelyr. 63.5(51.8, 72.0) 69.5 (63.0, 75.3) 0.019
Height/cm 170.0 (162.3, 174.5) 163.5 (160.0, 170.5) 0.023
Male 87 (75.0) 17 (47.2) 0.002
Impaired consciousness 91 (78.5) 6 (16.7) <0.001
Diabetes 30 (25.9) 19 (52.8) 0.003
Liver disease 64 (55.2) 12 (33.3) 0.022
Endotracheal intubation 91 (78.5) 1(2.8) <0.001
Nasogastric feeding 89 (76.7) 14 (38.9) <0.001
Complete bed rest 29 (25.0) 2 (5.6) 0.011
Postoperative coma 62 (53.5) 1(2.8) <0.001
Dysphagia 101 (87.1) 18 (50.0) <0.001
Gastric tube insertion 79 (68.1) 8(22.2) <0.001
WBC count/(x 10° L™ 11.67 (9.08, 14.89) 8.25 (6.54, 11.38) <0.001
Lymphocyte count/(x 10° L") 1.12 (0.72, 1.37) 1.27 (1.06, 1.53) 0.017
Monocyte count/(x 10°L™") 0.69 (0.48, 0.90) 0.53 (0.40, 0.72) 0.019
Neutrophil count/(x 10°L™") 9.70 (7.39, 12.40) 6.07 (4.43,9.26) <0.001
Neutrophil-to-lymphocyte ratio 8.32 (6.62, 13.47) 4.63 (3.27,7.69) <0.001
Eosinophil count/(x 10°L™") 0.02 (0.01,0.11) 0.15 (0.05, 0.24) <0.001
Basophil count/(x 10°L™") 0.02 (0.02, 0.03) 0.03 (0.02, 0.04) 0.015
Mean platelet volume/fL 9.90 (9.30, 10.70) 9.50 (8.65, 10.53) 0.036
Large platelet ratio/% 25.95 (21.30, 30.45) 23.00 (17.25, 30.55) 0.045
Rapid CRP/(mg/L) 45.74 (15.20, 92.14) 15.90 (7.09, 47.34) 0.003

All abbreviations are explained in the footnote to Table 1. Data are presented as median (Q;, Q) or case (%). Only variables with P < 0.05 are shown.
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Table 8 Multivariable analysis of factors associated with pulmonary infection

Model 1 Model 2 Model 3
Variable
OR (95% CI) p OR (95% CI) p OR (95% CI) p

No impaired consciousness 0.05 (0.02-0.15) <0.001 0.05 (0.02-0.15) <0.001 0.02 (0.00-0.14) <0.001
No Diabetes 3.2 (1.5-7.0) 0.003 3.1(1.4-6.9) 0.008 3.2 (0.9-11.0) 0.067
No liver disease 0.41 (0.19-0.89) 0.024 0.45 (0.20-1.02) 0.055 0.27 (0.07-0.99) 0.049
No hypoalbuminemia 0.51 (0.22-1.18) 0.114 0.36 (0.14-0.89) 0.028 0.33 (0.09-1.30) 0.113
No endotracheal intubation 0.01 (0.00-0.06) <0.001 0.01 (0.00-0.06) <0.001 0.01 (0.00-0.12) <0.001
No nasogastric feeding 0.19 (0.09-0.43) <0.001 0.19 (0.08-0.45) <0.001 0.13 (0.04-0.48) 0.002
No complete bed rest 0.18 (0.04-0.78) 0.022 0.18 (0.04-0.82) 0.027 0.10 (0.01-0.91) 0.041
No postoperative coma 0.02 (0.00-0.19) <0.001 0.02 (0.00-0.18) <0.001 0.02 (0.00-0.22) 0.001
No dysphagia 0.15 (0.06-0.35) <0.001 0.02 (0.00-0.18) <0.001 0.02 (0.00-0.22) 0.001
No gastric tube insertion 0.13 (0.06-0.32) <0.001 0.16 (0.07-0.40) <0.001 0.11 (0.03-0.45) 0.002
WBC count 1.28 (1.13-1.46) <0.001 1.23 (1.08-1.40) 0.002 1.21 (1.02-1.43) 0.030
Lymphocyte count 5.8 (1.4-24.7) 0.017 2.9 (0.6-13.1) 0.177 3.1 (0.4-27.7) 0.305
Neutrophil count 1.35(1.17-1.55) < 0.001 1.29(1.12-1.48) < 0.001 1.27 (1.05-1.54) 0.016
Neutrophil-to-lymphocyte ratio 1.27 (1.12-1.44) <0.001 1.24 (1.10-1.39) <0.001 1.24 (1.06-1.46) 0.009
Eosinophil count 0.00 (0.00-0.04) <0.001 0.00 (0.00-0.06) <0.001 0.00 (0.00-0.12) 0.005
Basophil count 0(0-0.7) 0.046 0 (0-0) 0.010 0 (0-3.03) 0.545
Mean platelet volume 1.49 (1.05-2.11) 0.027 1.54 (1.06-2.23) 0.022 2.16 (1.12-4.16) 0.021
Large platelet ratio 1.06 (1.01-1.11) 0.037 1.06 (1.01-1.12) 0.031 1.11 (1.01-1.22) 0.027
Rapid CRP 1.0 (1.0-1.0) 0.007 1.0 (1.0-1.0) 0.023 1.0 (1.0-1.0) 0.117

All abbreviations are explained in the footnote to Table 1 and Table 3. Model 1, Unadjusted; Model 2, adjusted for sex and age; Model 3, adjusted for sex, age,

height, weight, and body mass index. Only variables with P < 0.05 in at least one model are shown.
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