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Abstract: Objectives: Urinary tract-related bloodstream infection (UT-BSI) is a severe complication of hospital-ac-
quired urinary tract infection (HA-UTI), yet its early diagnosis remains challenging. This study aimed to evaluate the 
combined predictive efficiency of inflammatory and hematologic indicators for UT-BSI. Methods: A retrospective 
analysis was conducted on patients with HA-UTI admitted to non-critical internal medicine wards between July 2023 
and June 2025. Patients were categorized into bloodstream infection (BSI) and non-BSI groups based on positive 
blood cultures yielding pathogens identical to those isolated from urine samples. Within 6 hours of blood culture 
sampling, levels of interleukin-6 (IL-6), procalcitonin (PCT), C-reactive protein (CRP), white blood cell count (WBC), 
platelet count (PLT), and neutrophil-to-lymphocyte ratio (NLR) were measured. Results: A total of 279 HA-UTI patients 
were enrolled for analysis, comprising 165 in the non-BSI group and 114 in the BSI group. The BSI group exhibited 
significantly elevated levels of IL-6 (36.74 vs. 28.36 pg/mL, P < 0.001), PCT (0.72 vs. 0.54 ng/mL, P < 0.001), CRP 
(50.56 vs. 38.18 mg/L, P < 0.001), WBC (12.43 vs. 11.59 × 109/L, P = 0.007), and NLR (10.85 vs. 9.23, P < 0.001), 
while PLT were lower (177.42 vs. 185.36 × 109/L, P = 0.007). Multivariate logistic regression identified indwelling 
catheter (P = 0.018), quick sequential organ failure assessment ≥ 2 (P = 0.030), IL-6 (P < 0.001), PCT (P < 0.001), 
CRP (P < 0.001), and NLR (P < 0.001) as independent risk factors for UT-BSI. The combined predictive model incor-
porating these biomarkers achieved an area under the curve of 0.891. Conclusions: A predictive model combining 
inflammatory and hematologic indicators demonstrated superior predictive accuracy for UT-BSI and may serve as a 
practical tool for early clinical risk stratification.
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Introduction

Urinary tract infection (UTI) is one of the most 
common healthcare-associated infections [1]. 
In a substantial subset of patients, especially 
those with underlying risk factors or severe 
symptoms, pathogens may translocate from 
the urinary tract into the bloodstream, causing 
urinary tract-related bloodstream infections 
(UT-BSI) [2]. Clinically, affected patients typi-
cally present with lower urinary tract symptoms, 
flank pain, fever, and systemic infectious mani-
festations including chills and hypotension, 
which may rapidly progress to septic shock [3, 
4]. The core pathogenesis involves pathogen 
translocation across urinary mucosal barriers, 

facilitated by urinary tract obstruction, invasive 
urinary procedures, and host immune dysregu-
lation [5, 6]. Despite advances in antimicrobial 
therapy and rapid microbial diagnostics, defini-
tive UT-BSI diagnosis still relies on blood cul-
ture, which requires a turnaround time of 24-72 
hours and frequently delays targeted antimicro-
bial intervention [7, 8]. Therefore, rapid bedside 
predictive biomarkers are needed to identify 
hospital-acquired urinary tract infection (HA- 
UTI) patients at a high risk of concurrent blood-
stream infection (BSI), enabling timely aggres-
sive intervention.

Recent studies have highlighted the pivotal role 
of host inflammatory responses in the progres-
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sion from localized to systemic infection. He- 
matogenous dissemination of pathogens trig-
gers robust innate immune activation accom-
panied by cascading inflammatory mediator 
release [9, 10]. Evidence indicates that activa-
tion of inflammatory axes such as the IL-6/JAK/
STAT3 pathway not only reflects infection sever-
ity but also disrupts vascular endothelial barri-
ers, further promoting pathogen translocation 
into the circulation [11, 12]. Additionally, per-
turbations in routine hematologic indices cor-
relate closely with systemic inflammation and 
immune dysfunction [13]. Although individual 
biomarkers for UT-BSI have been investigated 
in prior studies, data regarding their combined 
predictive performance remain scarce [14].

This study aimed to assess the individual and 
combined predictive performance of routine 
inflammatory and hematologic biomarkers for 
UT-BSI in patients with HA-UTI. The novelty of 
this study lies in the multidimensional integra-
tion of readily available laboratory indicators to 
establish a pre-blood-culture risk stratification 
tool. The findings are expected to guide early 
clinical identification of high-risk patients, opti-
mize diagnostic and therapeutic decision-mak-
ing, and reduce adverse clinical outcomes of 
UT-BSI.

Materials and methods

Inclusion and exclusion criteria

Inclusion criteria: (1) Age ≥ 18 years; (2) HA-UTI 
occurring ≥ 48 hours after admission, with the 
primary cause of hospitalization unrelated to 
UTI; (3) Blood culture tests completed within 72 
hours after the first positive urine culture; (4) 
Complete and available clinical data and labo-
ratory test results.

Exclusion criteria: (1) Presence of other definite 
active infection sites outside the urinary tract 
(such as pneumonia, intra-abdominal infec-
tions, skin and soft tissue infections, infective 
endocarditis, etc.) that could be the source of 
positive blood cultures; (2) Severe immunosup-
pression conditions (including active chemo-
therapy or radiotherapy, within 3 months after 
solid organ or hematopoietic stem cell trans-
plantation, HIV infection with CD4+ T cells < 
200/μL, long-term use of high-dose immuno-
suppressants or corticosteroids); (3) Pregnant 
or breastfeeding; (4) With active malignancies, 

end-stage liver or kidney disease, hematologi-
cal diseases, or a history of splenectomy; (5) 
Use of antibiotics effective against urine cul-
ture pathogens for more than 24 hours before 
blood culture collection; (6) Exposure to immu-
nomodulatory drugs within the last week that 
may significantly stimulate or inhibit the release 
of inflammatory mediators; (7) History of kidney 
transplantation; (8) Undergoing urological sur-
gery within the last 4 weeks; (9) Transferred to 
an intensive care unit for any reason or meeting 
the diagnostic criteria for septic shock.

Diagnosing standards

Diagnostic criteria for UTI: New or worsening 
lower urinary tract irritation, costovertebral 
angle tenderness or pain, with or without fever. 
A positive urine culture was defined as follows: 
for patients without indwelling catheters, colo-
ny counts ≥ 105 CFU/mL in clean-catch mid-
stream urine; for catheterized patients, colony 
counts ≥ 103 CFU/mL in catheter-derived urine 
[15]. HA-UTI referred to UTI diagnosed ≥ 48 
hours after hospital admission, with no UTI 
symptoms and negative admission urine cul-
ture within 48 hours prior to hospitalization.

Diagnostic criteria for UT-BSI: Positive blood 
culture, with at least one isolated pathogen 
identical to that recovered from concurrent 
urine culture [16].

Research group

We retrospectively enrolled 279 patients diag-
nosed with HA-UTI in non-critical internal medi-
cine wards of Shijiazhuang Maternal and Child 
Health Hospital between July 2023 and June 
2025. Patients were divided into the BSI (n = 
114) and non-BSI (n = 165) groups according to 
whether identical pathogens were isolated 
from blood cultures collected within 72 hours 
after urine culture positivity. Patients in the 
non-BSI group had negative matched pathogen 
results in concurrent blood cultures, while 
those in the BSI group had concordant patho-
gen results between urine and blood cultures.

This study was approved by the Ethics Com- 
mittee of Shijiazhuang Maternal and Child 
Health Hospital and complied with the De- 
claration of Helsinki. Patient informed consent 
was waived due to the retrospective study 
design and anonymized clinical data.
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Detection method

Cultivation and identification of pathogenic 
microorganisms: Urine specimens were inocu-
lated by quantitative four-quadrant streak plat-
ing and incubated for 24-48 hours. Visible bac-
terial colonies were processed using smear 
microscopy and subculture following standard 
urinary pathogen identification protocols [15]. 
Microbial species were identified using matrix-
assisted laser desorption/ionization time-of-
flight mass spectrometry (VITEK MS, bioMéri-
eux, France).

Blood specimens were collected, stored, and 
transported in strict accordance with national 
blood culture specimen guidelines. Blood cul-
ture incubation was performed using the BacT/
ALERT 3D automated system (bioMérieux, 
France). All positive blood cultures underwent 
immediate smear microscopy and subculture.

Detection of inflammatory and hematological 
indicators: All inflammatory and hematologic 
tests were conducted within 6 hours of blood 
culture sampling. Interleukin-6 (IL-6), procalci-
tonin (PCT), and C-reactive protein (CRP) were 
measured on a cobas 8000 automated immu-
noassay analyzer (Roche Diagnostics, Switzer- 
land). White blood cell count (WBC) and platelet 
count (PLT) were quantified using a BC-6800 
automated hematology analyzer (Mindray, 
China). Neutrophil-to-lymphocyte ratio (NLR) 
was calculated as absolute neutrophil count 
divided by absolute lymphocyte count.

Statistical analysis

All statistical analyses were performed using 
SPSS 29.0 (SPSS Inc., Chicago, IL, USA). Con- 
tinuous variables were expressed as mean ± 
standard deviation. Between-group compari-
sons were conducted by independent samples 
t-tests for normally distributed continuous vari-
ables. Categorical variables were presented as 
counts and percentages, with between-group 
differences assessed with the chi-square test. 
Spearman correlation analysis was used to test 
pairwise variable correlations. Univariate and 
multivariate logistic regression were perfor- 
med, with UT-BSI onset as the binary depen-
dent variable (1 = BSI, 0 = non-BSI) to screen 
independent risk factors. Receiver operating 
characteristic (ROC) curves were plotted for 
independent risk factors to calculate AUC, opti-

mal cutoff value, sensitivity, specificity and 
Youden’s index. Markers with favorable individ-
ual predictive performance were included in a 
combined ROC analysis. All tests were two-
tailed, and P < 0.05 was defined as significant.

No prospective sample size calculation was 
conducted given the retrospective design. The 
final sample size included all consecutive eligi-
ble patients enrolled during the study period. 
Post-hoc power analysis via G*Power 3.1 con-
firmed that the sample size achieved statistical 
power > 90% to detect medium effect sizes (OR 
≥ 1.5) for core biomarkers at α = 0.05, support-
ing reliable multivariate regression and ROC 
analyses.

Results

Basic data

No significant differences were observed be- 
tween the two groups regarding gender (P = 
0.723), age (P = 0.078), BMI (P = 0.156), diabe-
tes (P = 0.253), or hypertension (P = 0.492). 
However, chronic kidney disease (P = 0.006), 
urinary tract anatomic or functional abnormali-
ties (P = 0.004), indwelling catheter (P < 0.001), 
and quick sequential organ failure assessment 
(qSOFA) score ≥ 2 (P < 0.001) were markedly 
higher in the BSI group than in the non-BSI 
group. These results indicate that patients in 
the BSI group are more prone to suffer from 
chronic kidney disease and urinary tract abnor-
malities, and to require an indwelling catheter 
and exhibit a higher risk of organ dysfunction. 
See Table 1.

Pathogenic data

There were no significant differences noted 
between the two groups for Gram-negative bac-
teria (P = 0.557), Escherichia coli (P = 0.792), 
Klebsiella pneumoniae (P = 0.366), Proteus (P 
= 0.575), Enterobacter cloacae (P = 0.618), 
Pseudomonas aeruginosa (P = 0.890), Citro- 
bacter (P = 0.890), Gram-positive bacteria (P = 
0.301), Enterococcus faecalis (P = 0.418), En- 
terococcus faecium (P = 0.565), Staphylococcus 
saprophyticus (P = 0.648), Fungi (P = 0.417), or 
specific species such as Candida glabrata (P = 
0.618) and Candida albicans (P = 0.890). The 
distribution of positive urinary culture patho-
gens did not significantly vary between the 
groups, suggesting that urine culture results 
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may not be a major factor in distinguishing 
patients. See Table 2.

Inflammatory and hematologic indicators

The BSI group had significantly higher serum 
IL-6, PCT, and CRP levels than the non-BSI 
group (all P < 0.001, Figure 1), indicating exag-
gerated systemic inflammatory activation in 
patients with concurrent bacteremia. For hema-
tologic indices, the BSI group had higher WBC 
(P = 0.007) and NLR (P < 0.001), alongside 
lower PLT counts (P = 0.007, Figure 2). These 
findings suggest that WBC, PLT, and NLR may 

be important reference indicators for assess-
ing BSI.

Correlation analysis

Chronic kidney disease (P = 0.006), urinary 
tract anatomic or functional abnormalities (P = 
0.004), indwelling catheter (P < 0.001), qSOFA 
score ≥ 2 (P < 0.001), IL-6 (P < 0.001), PCT (P < 
0.001), CRP (P < 0.001), WBC (P = 0.007), and 
NLR (P < 0.001) were all correlated with the risk 
of UT-BSI. The elevation of chronic kidney dis-
ease, urinary tract anatomic or functional ab- 
normalities, indwelling catheter, qSOFA score ≥ 

Table 1. Comparison of general information between two groups

Item No BSI group 
(n = 165)

BSI group  
(n = 114) t/χ2 P

Gender [n (%)] 0.125 0.723
    Male 92 (55.76%) 66 (57.89%)
    Female 73 (44.24%) 48 (42.11%)
Age (years) 68.44 ± 12.56 71.28 ± 13.94 1.771 0.078
BMI (kg/m2) 24.52 ± 3.78 23.89 ± 3.45 1.422 0.156
Diabetes [n (%)] 50 (30.30%) 42 (36.84%) 1.304 0.253
Hypertension [n (%)] 96 (58.18%) 71 (62.28%) 0.471 0.492
Chronic kidney disease [n (%)] 30 (18.18%) 37 (32.46%) 7.528 0.006
Urinary tract anatomy or functional abnormalities [n (%)] 20 (12.12%) 29 (25.44%) 8.259 0.004
Indwelling catheter [n (%)] 32 (19.39%) 45 (39.47%) 13.604 < 0.001
qSOFA ≥ 2 points [n (%)] 10 (6.06%) 26 (22.81%) 16.824 < 0.001
BSI, Bloodstream Infection; BMI, Body Mass Index; qSOFA, quick Sequential Organ Failure Assessment.

Table 2. Comparison of the distribution of positive pathogenic microorganisms in urine culture be-
tween two groups [n (%)]
Pathogen No BSI group (n = 165) BSI group (n = 114) χ2 P
Gram-negative bacteria 107 (64.85%) 70 (61.40%) 0.345 0.557
    Escherichia coli 75 (45.45%) 50 (43.86%) 0.069 0.792
    Klebsiella pneumoniae 16 (9.70%) 15 (13.16%) 0.818 0.366
    Proteus spp 6 (3.64%) 2 (1.75%) 0.315 0.575
    Enterobacter cloacae 4 (2.42%) 1 (0.88%) 0.248 0.618
    Pseudomonas aeruginosa 3 (1.82%) 1 (0.88%) 0.019 0.890
    Citrobacter braakii 3 (1.82%) 1 (0.88%) 0.019 0.890
Gram-positive bacteria 51 (30.91%) 42 (36.84%) 1.068 0.301
    Enterococcus faecalis 14 (8.48%) 13 (11.40%) 0.657 0.418
    Enterococcus faecium 22 (13.33%) 18 (15.79%) 0.331 0.565
    Staphylococcus saprophyticus 12 (7.27%) 10 (8.77%) 0.209 0.648
    Enterococcus raffinoses 3 (1.82%) 1 (0.88%) 0.019 0.890
Fungi 7 (4.24%) 2 (1.75%) 0.659 0.417
    Candida glabrata 4 (2.42%) 1 (0.88%) 0.248 0.618
    Candida albicans 3 (1.82%) 1 (0.88%) 0.019 0.890
BSI, Bloodstream Infection.
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2, IL-6, PCT, CRP, WBC, and NLR levels were all 
correlated with a higher risk of UT-BSI. In con-
trast, PLT levels were negatively correlated with 
UT-BSI risk (P = 0.022), so that lower platelet 

(0.756), with a sensitivity of 0.553 and specific-
ity of 0.909, indicating that PCT is a robust indi-
cator for predicting UT-BSI. IL-6 also demon-
strated good predictive capability, achieving an 

Figure 1. Comparison of inflammatory indicators between two groups. A. 
IL-6; B. PCT; C. CRP. BSI, Bloodstream Infection; IL-6, Interleukin 6; PCT, Pro-
calcitonin; CRP, C-Reactive Protein. ***: P < 0.001.

Figure 2. Comparison of hematologic indicators between two groups. A. 
WBC; B. PLT; C. NLR. BSI, Bloodstream Infection; WBC, White Blood Cell 
Count; PLT, Platelet Count; NLR, Neutrophil-to-Lymphocyte Ratio. **: P < 
0.01; ***: P < 0.001.

counts may predict a higher 
risk of UT-BSI. See Table 3.

Logistic regression analysis

Chronic kidney disease (P = 
0.007, OR = 2.162), urinary 
tract anatomic or functional 
abnormalities (P = 0.005, OR = 
2.474), indwelling catheter (P < 
0.001, OR = 2.711), qSOFA 
score ≥ 2 (P < 0.001, OR = 
4.580), IL-6 (P < 0.001, OR = 
1.111), PCT (P < 0.001, OR = 
1.911), CRP (P < 0.001, OR = 
1.052), WBC (P = 0.008, OR = 
1.141), and NLR (P < 0.001, 
OR = 1.470) were all confirmed 
as significant risk factors for 
UT-BSI. By contrast, PLT (P = 
0.008, OR = 0.986) was identi-
fied as a protective factor 
against UT-BSI. See Table 4.

After adjusting for other vari-
ables, indwelling catheter (P = 
0.018, OR = 2.560), qSOFA 
score ≥ 2 (P = 0.030, OR = 
3.586), IL-6 (P < 0.001, OR = 
1.129), PCT (P < 0.001, OR = 
1.610), CRP (P < 0.001, OR = 
1.050), and NLR (P < 0.001, 
OR = 1.421) were still con-
firmed as significant risk fac-
tors. PLT approached, but did 
not achieve, significance (P = 
0.059, OR = 0.985). Chronic 
kidney disease (P = 0.577, OR 
= 1.279), urinary tract anatom-
ical or functional abnormalities 
(P = 0.775, OR = 1.155)and 
WBC (P = 0.102, OR = 1.130) 
lost independent predictive 
significance in multivariate 
analysis. See Table 5.

ROC analysis

Among the various indicators, 
PCT showed the highest AUC 

Table 3. Correlation analysis of risk factors for UT-BSI
Item r P
Chronic kidney disease 0.164 0.006
Urinary tract anatomy or functional abnormalities 0.172 0.004
Indwelling catheter 0.221 P < 0.001
qSOFA ≥ 2 points 0.246 P < 0.001
IL-6 0.402 P < 0.001
PCT 0.436 P < 0.001
CRP 0.351 P < 0.001
WBC 0.161 0.007
PLT -0.138 0.022
NLR 0.331 P < 0.001
UT-BSI, Urinary Tract-Related Bloodstream Infection; OR, Odds Ratio; CI, Confidence 
Interval; qSOFA, quick Sequential Organ Failure Assessment; IL-6, Interleukin 6; 
PCT, Procalcitonin; CRP, C-Reactive Protein; WBC, White Blood Cell Count; PLT, 
Platelet Count; NLR, Neutrophil-to-Lymphocyte Ratio.
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AUC of 0.736, along with sensitivity and speci-
ficity of 0.482 and 0.909, respectively. By con-
trast, indwelling catheter (AUC = 0.600) and 
qSOFA score ≥ 2 (AUC = 0.584) showed weaker 

predictive capabilities. The AUCs for CRP and 
NLR were 0.706 and 0.694, respectively, indi-
cating moderate predictive capabilities. See 
Table 6.

Table 4. Univariate logistic regression analysis of risk factors for UT-BSI
Item Coefficient Std Error Wald P OR 95% CI
Chronic kidney disease 0.771 0.284 2.714 0.007 2.162 1.242-3.795
Urinary tract anatomy or functional abnormalities 0.906 0.321 2.82 0.005 2.474 1.326-4.697
Indwelling catheter 0.997 0.275 3.629 < 0.001 2.711 1.589-4.676
qSOFA ≥ 2 points 1.522 0.395 3.849 < 0.001 4.580 2.171-10.380
IL-6 0.105 0.017 6.371 < 0.001 1.111 1.077-1.150
PCT 6.182 0.896 6.901 < 0.001 1.911 1.872-2.269
CRP 0.051 0.009 5.742 < 0.001 1.052 1.035-1.071
WBC 0.132 0.049 2.671 0.008 1.141 1.037-1.259
PLT -0.014 0.005 2.654 0.008 0.986 0.976-0.996
NLR 0.385 0.068 5.624 < 0.001 1.470 1.292-1.691
UT-BSI, Urinary Tract-Related Bloodstream Infection; OR, Odds Ratio; CI, Confidence Interval; qSOFA, quick Sequential Organ 
Failure Assessment; IL-6, Interleukin 6; PCT, Procalcitonin; CRP, C-Reactive Protein; WBC, White Blood Cell Count; PLT, Platelet 
Count; NLR, Neutrophil-to-Lymphocyte Ratio.

Table 5. Multivariate logistic regression analysis of risk factors for UT-BSI

Item Coefficient Std  
Error

Wald  
Stat P OR OR CI 

Lower
OR CI 
Upper

Chronic kidney disease 0.246 0.441 0.558 0.577 1.279 0.539 3.038
Urinary tract anatomy or functional abnormalities 0.144 0.503 0.286 0.775 1.155 0.431 3.093
Indwelling catheter 0.940 0.396 2.373 0.018 2.560 1.178 5.566
qSOFA ≥ 2 points 1.277 0.588 2.171 0.030 3.586 1.132 11.361
IL-6 0.121 0.024 5.150 < 0.001 1.129 1.078 1.183
PCT 6.690 1.234 5.420 < 0.001 1.610 1.576 1.899
CRP 0.049 0.012 4.059 < 0.001 1.050 1.026 1.075
WBC 0.122 0.075 1.637 0.102 1.130 0.976 1.308
PLT -0.016 0.008 -1.888 0.059 0.985 0.969 1.001
NLR 0.352 0.096 3.663 < 0.001 1.421 1.178 1.715
UT-BSI, Urinary Tract-Related Bloodstream Infection; OR, Odds Ratio; CI, Confidence Interval; qSOFA, quick Sequential Organ 
Failure Assessment; IL-6, Interleukin 6; PCT, Procalcitonin; CRP, C-Reactive Protein; WBC, White Blood Cell Count; PLT, Platelet 
Count; NLR, Neutrophil-to-Lymphocyte Ratio.

Table 6. ROC analysis of independent risk factors for predicting UT-BSI
Item Best threshold Sensitivities Specificities AUC Youden index F1 score
Indwelling catheter 0.500 0.395 0.806 0.600 0.201 0.471
qSOFA ≥ 2 points 0.500 0.228 0.939 0.584 0.167 0.347
IL-6 37.540 0.482 0.909 0.736 0.391 0.598
PCT 0.695 0.553 0.909 0.756 0.462 0.656
CRP 48.085 0.579 0.764 0.706 0.343 0.603
NLR 11.125 0.465 0.879 0.694 0.344 0.567
UT-BSI, Urinary Tract-Related Bloodstream Infection; ROC, Receiver Operating Characteristic; AUC, Area Under the Curve; 
qSOFA, quick Sequential Organ Failure Assessment; IL-6, Interleukin 6; PCT, Procalcitonin; CRP, C-Reactive Protein; NLR, 
Neutrophil-to-Lymphocyte Ratio.
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Combined ROC

The combined predictive model incorporating 
independent clinical risk factors and inflamma-
tory-hematologic biomarkers yielded an AUC of 
0.891 (Figure 3). At the optimal cutoff value of 
0.431, the model achieved a sensitivity of 
0.789 and specificity of 0.867, demonstrating 
excellent discriminative ability for UT-BSI.

Discussion

This study validated the predictive value of rou-
tine clinical, inflammatory and hematologic 
indices for UT-BSI in non-critical HA-UTI pa- 
tients. The combined multi-index model outper-
formed single biomarkers in predictive perfor-
mance, which reflects the multifactorial patho-
physiology of urinary pathogen hematogenous 
dissemination and supports an integrated clini-
cal risk assessment.

Baseline analysis showed that chronic kidney 
disease and urinary structural abnormalities 
were more prevalent in the BSI group, consis-
tent with existing pathophysiologic evidence 

mune status rather than pathogen species 
[21]. This host-dependent predisposition is fur-
ther reflected in the systemic inflammatory and 
hematologic responses triggered by pathogen 
invasion.

Elevated IL-6, PCT, and CRP in BSI patients 
reflect distinct but overlapping inflammatory 
pathways. IL-6 increases endothelial permea
bility to facilitate bacterial translocation [22], a 
mechanism highlighted in the previous study 
[23]. PCT specifically reflects viable bacterial 
load and invasive activity [24]. CRP mirrors 
downstream hepatic acute-phase responses  
to systemic inflammation [25]. For hematologic 
indices, elevated NLR indicates stress-induced 
immune imbalance characterized by neutrophil 
proliferation and lymphocyte apoptosis [26, 
27]. Mild thrombocytopenia in BSI patients 
results from early consumptive coagulopathy 
triggered by systemic infection, though this 
effect was confounded by inflammatory burden 
by multivariate analysis [28-30].

The superior performance of the combined 
model stems from complementary predictive 

Figure 3. Combined ROC predictive model of UT-BSI using inflammatory and 
hematologic indicators. UT-BSI, Urinary Tract-Related Bloodstream Infec-
tion; ROC, Receiver Operating Characteristic; AUC, Area Under the Curve.

that impaired mucosal barriers 
and renal immune dysfunction 
facilitate bacterial transloca-
tion [17]. Indwelling urinary 
catheters increase bacteremia 
risk by promoting intraluminal 
biofilm formation and persis-
tent bacterial colonization [18]. 
Notably, these two factors lost 
independent predictive signifi-
cance in multivariate regres-
sion after adjusting for infla- 
mmatory markers, indicating 
their bacteremia-promoting ef- 
fects are largely mediated by 
amplified systemic inflamma-
tion [19]. Elevated qSOFA sco- 
res reflected early subclinical 
organ dysfunction, which is 
both a predisposing factor and 
an early consequence of un- 
treated urinary pathogen dis-
semination [20].

The similar pathogen distribu-
tion between the two groups 
confirmed that UT-BSI onset in 
non-ICU HA-UTI patients de- 
pends primarily on host im- 
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mechanisms of included indices: PCT reflects 
bacterial invasiveness, IL-6 reflects endothelial 
barrier damage, CRP reflects cumulative sys-
temic inflammation, and NLR reflects host 
immune competence. No single biomarker can 
fully capture all pathologic links, explaining the 
improved discriminative power of multi-index 
integration.

This study has several limitations. First, the 
single-center retrospective design carried in- 
herent selection and recording bias, limiting 
external generalizability. Second, the study 
population was dominated by elderly inpa-
tients, so conclusions cannot be directly 
extended to younger adults. Third, we excluded 
patients with concurrent extra-urinary infec-
tions and septic shock, limiting model applica-
tion in complex critically ill patients. Finally, only 
in-hospital outcomes were observed, with no 
long-term follow-up for infection recurrence 
and all-cause mortality.

Future research will prioritize prospective multi-
center validation of this predictive model. 
Subsequent studies may incorporate host 
genetic indices and microbial virulence genes 
to optimize model performance. Additionally, 
interventional studies are required to verify 
whether model-guided early antimicrobial ad- 
justment improves patient clinical outcome.

Conclusion

Combined detection of inflammatory biomark-
ers (IL-6, PCT) and hematologic indices (NLR) 
improves early predictive accuracy for UT-BSI. 
This readily available laboratory-based model  
is suitable for routine early risk stratification 
among hospitalized HA-UTI patients in general 
internal medicine wards.
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