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Background: Sepsis remains a leading cause of morbidity and mortality in intensive care units (ICUs), with antimicrobial resistance 
(AMR) complicating therapeutic decisions. This study aimed to characterize pathogen distribution, AMR patterns, and prognostic 
indicators in ICU patients with sepsis at Jiaxing First Hospital.
Methods: A retrospective analysis of 352 septic patients (2021–2024) was conducted. Clinical outcomes, pathogen profiles, and 
antimicrobial susceptibility were evaluated. Multivariable logistic regression and ROC curve analysis identified predictors of non- 
recovery.
Results: Gram-negative bacteria predominated (67.31%), with Klebsiella pneumoniae (K. pneumoniae), Escherichia coli (E. coli), 
Acinetobacter baumannii (A. baumannii), and Pseudomonas aeruginosa (P. aeruginosa) as the most frequent isolates. Notably, 
A. baumannii exhibited extensive resistance (>80% to ceftazidime, ciprofloxacin, and carbapenems) and the highest Non-recovery 
rate (60.98%). Among Gram-positive isolates, Enterococcus faecium (E. faecium), Staphylococcus aureus (S. aureus), and 
Enterococcus faecalis (E. faecalis) were prevalent, showing high susceptibility to vancomycin, tigecycline, and quinupristin- 
dalfopristin. Pulmonary infection was the predominant source (37.8%), primarily involving A. baumannii and K. pneumoniae, while 
intestinal translocation was twice as frequent in non-recovery patients. Independent predictors of non-recovery included age, 
pneumonia, shock, respiratory failure (RF), and lactate (LA). Their combination yielded a robust prognostic model (AUC 0.813), 
with RF as the strongest contributor.
Conclusion: This study highlights the epidemiological landscape of ICU sepsis and emerging AMR patterns, particularly for 
A. baumannii. A prognostic model using routine parameters enables early identification of high-risk patients. Targeted interventions 
—updated guidelines, enhanced infection control, and antimicrobial stewardship—may improve outcomes and warrant prospective 
validation.
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Introduction
Sepsis is a life-threatening syndrome triggered by a dysregulated host response to infection, resulting in physiological, 
pathological, and biological abnormalities1 It poses a major global public health challenge due to its high mortality, 
significant morbidity, and considerable economic burden2 Bloodstream infections (BSI) are responsible for 40% of 
community- and hospital-acquired sepsis and septic shock cases, and approximately 20% of those acquired in the ICU. In 
critically ill patients, about 25% of hospital-acquired BSI cases are imported (identified at ICU admission), while 75% 
occur within the ICU.3 The use of invasive devices like intravascular catheters and endotracheal tubes compromises 
anatomical barriers, increasing the risk of healthcare-associated infections in these patients.4 Additionally, impaired 
immune defenses in some ICU patients heighten their susceptibility to infections.5

Antibiotics are the cornerstone of sepsis treatment. The 2021 sepsis guidelines recommend initiating antimicrobials 
within one hour for confirmed, highly suspected, or possible sepsis with shock. For possible sepsis without shock, 
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antibiotics should be given within three hours if infection remains suspected after rapid assessment. Although early 
intervention improves outcomes, treatment delays persist due to the lack of standardized rapid assessment tools.6 

Inappropriate antibiotic use in some regions has also contributed to the spread of drug-resistant bacteria in ICUs, 
complicating clinical management.7

To improve sepsis management in the ICU, there is a need to identify effective infection indicators and understand 
local pathogen resistance patterns. Easily accessible clinical indicators are commonly used to evaluate infection like
lihood. Although some studies have linked certain indicators to sepsis incidence, regional variations in pathogen types, 
drug resistance, and patient characteristics necessitate location-specific screening of clinical markers. However, data 
specifically addressing the clinical characteristics, pathogen distribution, and antimicrobial resistance profiles of sepsis 
patients in the Jiaxing region remain scarce. This knowledge gap hinders the development of regionally tailored empirical 
treatment strategies and may compromise patient outcomes. Therefore, we analyzed blood samples from ICU sepsis 
patients in our hospital between 2021 and 2024, along with the drug resistance profiles of detected strains. This approach 
supports the selection of tailored treatment strategies for different pathogens and may aid in earlier identification of high- 
risk sepsis patients.

In selecting clinical indicators, we analyzed the routine tests after ICU admission for sepsis patients. Indicators such 
as C-reactive protein (CRP), procalcitonin (PCT), and lymphocyte percentage (LYM, %), previously shown to correlate 
with sepsis outcomes,8,9 were our key focuses. Additional variables—including AGE, time to positivity, hospital stay 
length, pre-hospital shock, underlying disease, concomitant disease, source of infection, and GCS at the time of diagnosis 
—were also evaluated. Using multivariate logistic regression, we found indicators to judge infection occurrence. This 
helps clinicians with early identification, severity assessment, timely treatment, and better prognosis for patients.

Materials and Methods
Study Population, Inclusion and Exclusion Criteria
This retrospective study enrolled patients admitted to the intensive care unit (ICU) of our hospital between January 2021 
and December 2024 who developed sepsis secondary to bloodstream infection (BSI). Patients were selected based on the 
following inclusion criteria: (1) compliance with the healthcare-associated infection criteria established by the Ministry 
of Health; (2) confirmation of pathogenic bacteria through microbiological laboratory testing; and (3) availability of 
complete clinical records. Patients were excluded if any of the following conditions applied: (1) incomplete clinical 
documentation; (2) bacterial culture results suggestive of contamination or lacking accompanying antimicrobial suscept
ibility testing; (3) identification of pathogenic bacteria prior to admission with no new pathogens detected thereafter; or 
(4) positive culture results deemed to represent contamination after comprehensive assessment of inflammatory markers. 
Based on clinical outcomes, patients were categorized into the recovery group (n = 210), comprising patients who were 
cured or improved, and the non-recovery group (n = 142), which included patients who died or showed no remission 
during the study period.

Clinical Sample Collection and Data Recording
All patient information obtained from medical records of all enrolled patients was used in this study. The following 
parameters were recorded from blood tests: white blood cell count (WBC), neutrophil percentage (NEUT, %), LYM, 
serum albumin (ALB) levels, LA, CRP, and PCT Levels. Pathogen information was obtained from blood culture records. 
In addition, the following clinical variables were documented: pre-hospital shock, GCS; underlying diseases (eg., 
hypertension, diabetes mellitus [DM], malignancy); comorbidities (eg., pneumonia, acute kidney injury [AKI], cerebro
vascular disease [CVD], RF); and clinical interventions (eg., chemotherapy, cardiopulmonary resuscitation [CPR]). 
Patient outcomes were also documented.

Bacterial Isolation and Identification and and Antimicrobial Susceptibility Testing
For ICU-acquired BSI episodes, microbial identification was performed using matrix-assisted laser desorption/ionization 
time-of-flight mass spectrometry (MALDI-TOF MS, Bruker Daltonics) on colonies subcultured from positive blood 

https://doi.org/10.2147/IDR.S576517                                                                                                                                                                                                                                                                                                                                                                                                                                                                Infection and Drug Resistance 2026:19 2

Li et al                                                                                                                                                                                

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



culture bottles. Subsequent antimicrobial susceptibility testing (AST) was conducted on the same isolates following 
standardized microbiological protocols in accordance with the CLSI M100 (Performance Standards for Antimicrobial 
Susceptibility Testing) guidelines. Depending on the bacterial species, AST was performed using either the Kirby-Bauer 
disk diffusion method or the broth microdilution method to determine inhibition zone diameters or minimum inhibitory 
concentrations (MICs). All results were interpreted based on the clinical breakpoints and quality control criteria 
recommended by the CLSI. For Gram-negative bacteria, susceptibility testing included the following antibiotics: 
amoxicillin (AMC), amikacin (AMK), ampicillin (AMP), aztreonam (ATM), ceftazidime (CAZ), ciprofloxacin (CIP), 
ceftriaxone (CRO), cefoperazone (CSL), cefuroxime (CXM), cefazolin (CZO), ertapenem (ETP), cefepime (FEP), 
cefoxitin (FOX), gentamicin (GEN), imipenem (IPM), levofloxacin (LVX), meropenem (MEM), ampicillin sulbactam 
(SAM), trimethoprim-sulfamethoxazole (SXT), tigecycline (TGC), tobramycin (TOP), and piperacillin-tazobactam 
(TZP). For Acinetobacter baumannii, we also performed antimicrobial susceptibility testing using colistin (COL), 
minocycline (MNO), and tetracycline (TCY). For Gram-positive bacteria, susceptibility testing included the following 
antibiotics: ampicillin (AMP), ciprofloxacin (CIP), clindamycin (CLI), erythromycin (ERY), high concentration genta
micin (GEH), gentamicin (GEN), linezolid (LNZ), levofloxacin (LVX), moxifloxacin (MFX), oxacillin (OXA), penicillin 
(PEN), quinupristin-dalfopristin (QDA), rifampin (RIF), high-concentration streptomycin (STH), trimethoprim- 
sulfamethoxazole (SXT), tetracycline (TCY), tigecycline (TGC), and vancomycin (VAN).

Statistical Analysis
Statistical analysis was conducted using SPSS 26.0. Appropriate tests were selected based on data characteristics, and 
a p-value <0.05 (two-tailed) was considered statistically significant. Binary logistic regression analysis was used to 
identify factors associated with poor prognosis in patients with sepsis. Factors with significant differences identified in 
univariate logistic regression were further analyzed in multivariate logistic regression. The discriminative ability of the 
predictive model was evaluated using receiver operating characteristic (ROC) curve analysis, with the area under the 
curve (AUC) indicating discriminative performance. A significance level of p < 0.05 was used for all statistical tests.

Results
General Situation of Patients with Bacterial Infections in ICU
Among the 352 patients enrolled in the study, ages ranged from 19 to 96 years (mean 67.01 ± 15.87 years). The cohort 
included 117 females (33.24%) and 235 males (66.76%), yielding 410 bacterial isolates (141 from females [34.39%] and 
269 from males [65.61%]). Overall, 142 patients (40.34%) experienced non-recovery, comprising 43 females (30.28%) 
and 99 males (69.72%); the remaining 210 patients (59.66%) recovered. Detailed analyses are provided in Table 1.

Analysis of the Sources of Acquired Infections in ICU
In this study, all clinical samples were collected during positive blood culture episodes from 352 patients, yielding 410 
bacterial isolates. Among these, 121 (29.5%) were Gram-positive and 289 (70.5%) were Gram-negative. The predomi
nant Gram-positive bacteria were E. faecium, E. faecalis, and S. aureus; the most frequent Gram-negative pathogens 
were K. pneumoniae, E. coli, A. baumannii, and P. aeruginosa. E. coli and K. pneumoniae counts were significantly 
higher in the recovery group than in the non-recovery group, with no significant differences in other bacteria. Notably, 
the proportion of non-recovery exceeded 50% for A. baumannii, E. faecium, E. faecalis, and S. aureus, with the highest 

Table 1 Gender and Recovery Rates of Patients

Gender Number of 
Patients (%)

Number of 
Isolates (%)

Non - Recovery 
Group (%)

Recovery 
Group (%)

Male 235 (66.76) 269 (65.61) 99 (69.72) 136 (64.76)
Female 117 (33.24) 141 (34.39) 43 (30.28) 74 (35.24)

Total 352 (100) 410 (100) 142 (100) 210 (100)
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proportion observed for A. baumannii at 60.98%. Pulmonary infection (LRTI) was the most common source (37.80%), 
followed by urinary tract (UTI), biliary tract (Biliary-tract Infection), and intestinal flora translocation (BT). Over 75% of 
biliary and urinary tract infections occurred in the recovery group, whereas intestinal translocation-related infections 
were twice as frequent in the non-recovery group. Other infection routes showed no significant intergroup differences. 
Among the top seven pathogens, A. baumannii and K. pneumoniae primarily entered the bloodstream via LRTI, E. coli 
through UTI, and Enterococci via BT. Isolate distribution and infection sources are summarized in Figure 1.

Bacterial Distribution of Different Specimen Types in ICU Acquired Infections
We further analyzed the annual bacterial detection counts and multidrug-resistant organisms (MDROs) rates for the 
predominant Gram-positive and Gram-negative species. From 2021 to 2024, detections of E. coli and K. pneumoniae 
declined steadily, while S. aureus detections decreased after 2022. In contrast, detections of E. faecalis and E. faecium 
rebounded in 2023, alongside a sharp rise in A. baumannii.

Figure 1 Distribution of Isolated Strains and BSI Sources by Bacterial Pathogen. (A) BSI species in the ICU patient population. (B) Bacterial sources of BSI in ICU patients; 
(C) The first 7 bacterial species by infection source.
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The total number of MDROs showed considerable fluctuation, reaching a peak of 55 strains in 2023 before dropping 
to 31 strains in 2024. Notably, while E. faecium remained relatively stable, E. faecalis—which had not exhibited 
resistance in previous years—developed new resistance. In 2021, 38 MDROs strains were isolated, comprising 10 
carbapenem-resistant Enterobacteriaceae (CRE) strains, 4 carbapenem-resistant A. baumannii (CRAB) strains, 1 methi
cillin-resistant S. aureus strains (MRSA) strains, 1 carbapenem-resistant P. aeruginosa (CRPA) strains, and 22 other 
strains. The following year, 36 MDROs were isolated, including 4 CRE strains, 7 CRAB strains, 2 MRSA strains, 1 
CRPA strains, and 22 other strains. In 2023, isolations rose to 55 MDROs strains, consisting of 4 CRE strains, 19 CRAB 
strains, 3 MRSA strains, 2 CRPA strains, and 27 other strains. By 2024, the total fell to 31 MDROs strains: 8 CRE 
strains, 6 CRAB strains, 4 MRSA strains, and 13 other strains.

Analysis of multidrug resistance rates revealed year-to-year fluctuations for most pathogens. CRAB demonstrated 
a marked upward trend: its proportion surged to 95% (19 strains) in 2023, and though detections fell to 6 strains in 2024, 
the resistance rate remained high at 86%. The proportion of CRE dropped to a low of 9% in 2022 but increased to 21% (8 
strains) by 2024. MRSA rose consistently from 40% in 2021 to 100% in 2024. Meanwhile, the proportion of CRPA 
remained stable, ranging between 17% and 20% across the period. The annual bacterial detection numbers and MDROs 
rates are summarized in Figure 2 and Table S1.

Figure 2 Trends in Predominant Bacterial Isolates and Their MDROs Rates.
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Antibiotic Resistance Rate of Common BSI Bacteria in ICU
From a total of 6,357 positive blood culture bottles screened, 410 ICU-acquired BSI episodes were identified. Drug 
resistance profiles were analyzed for the most frequently detected pathogens, including three Gram-positive species 
(E. faecium, S. aureus, and E. faecalis) and three Gram-negative species (K. pneumoniae, E. coli, and A. baumannii). 
Antimicrobial susceptibility testing revealed that all three species were susceptible to vancomycin. Tigecycline, tetra
cycline, and quinupristin-dalfopristin also demonstrated relatively good efficacy. However, significant resistance was 
observed for erythromycin and penicillin. The detailed resistance profiles are provided in Table 2.

Among Gram-negative bacteria, we focused on K. pneumoniae, E. coli, and A. baumannii. Our analysis showed that 
A. baumannii exhibited significant resistance to all antibiotics except colistin and amikacin, which had a sensitivity rate 
of over 50%. Amikacin and tigecycline were found to be highly effective against K. pneumoniae (sensitivity rate ≥75%). 
For E. coli, multiple antibiotics including amoxicillin, amikacin, cefoperazone, ertapenem, cefepime, cefoxitin, imipe
nem, meropenem, tigecycline, tobramycin, and piperacillin showed good efficacy. The specific drug-resistance profiles of 
these three bacterial species are detailed in Table 3.

Analysis of Multiple Logistic Regression Results
We summarized the baseline characteristics of the cohort stratified by clinical outcomes. Univariate analysis revealed that 
patients in the non-recovery group presented with a more severe clinical profile. They were older, had lower GCS scores, 
and experienced higher rates of pre-hospital shock, in-hospital shock, CPR and RF. Pneumonia and malignancy were also 
significantly associated with non-recovery. In contrast, UTI was more frequent among patients who recovered. Regarding 
other infection sources, BT was significantly more common in non-recovered patients, whereas biliary tract infection was 
more prevalent in the recovery group. Lower respiratory tract infection and intra-abdominal infection did not signifi
cantly differ between groups. Laboratory findings further distinguished the two outcomes: non-recovered patients 
exhibited lower LYM percentages and elevated serum LA levels, suggesting greater metabolic stress and possible tissue 
hypoperfusion.

Table 2 Resistance Test Results of Three Gram Positive Bacterial Species

Antibiotic E. faecium S. aureus E. faecalis

n = 43 n = 22 n = 24

Susceptibility 
Rate (%)

Resistance 
Rate (%)

Susceptibility 
Rate (%)

Resistance 
Rate (%)

Susceptibility 
Rate (%)

Resistance 
Rate (%)

AMP 0.00 100 / / 100 0.00

CIP / / 68.18 31.82 / /
CLI / / 95.45 4.55 / /

ERY 13.04 86.96 57.14 42.86 23.08 53.85

GEH 60.87 39.13 / / 69.23 30.77
GEN / / 90.90 0.00 / /

LNZ 84.78 13.04 100 0.00 100 0.00

LVX / / 68.18 31.82 / /
MFX / / 68.18 27.27 / /

OXA / / 68.18 31.82 / /
PEN 0.00 100 4.55 95.45 69.23 30.77

QDA 100 0.00 100 0.00 / /

RIF / / 100 0.00 / /
STH 63.04 36.96 / / 61.54 38.46

SXT / / 90.90 9.10 / /

TCY / / 90.90 9.10 / /
TGC 100 0.00 100 0.00 100 0.00

VAN 100 0.00 100 0.00 100 0.00
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In multivariate logistic regression analysis, advanced age, pneumonia, and shock remained independent predictors of non- 
recovery. RF emerged as the strongest independent predictor, with the highest effect size. Elevated serum LA also retained 
a significant association with poor outcome, reinforcing its value as an objective biomarker of disease severity. Although 
factors such as GCS score, malignancy, UTI, LYM percentage, biliary-tract infection, and BT were significant in univariate 
analyses, their effects were not sustained after adjustment for stronger clinical determinants like shock and RF—suggesting that 
their prognostic influence may be confounded or superseded by these dominant factors. Detailed results are shown in Table 4.

ROC Curve Analysis
The discriminatory ability of individual clinical variables and a combined model for predicting non-recovery was 
evaluated using ROC analysis. Among single predictors, RF yielded the highest AUC (0.676), followed by serum LA 
(0.661) and pneumonia (0.614). Age and shock exhibited limited predictive value, with AUCs of 0.567 and 0.565, 
respectively. The combined model, incorporating multiple significant variables, demonstrated substantially improved 
performance (AUC 0.813), indicating that an integrative approach enhances risk stratification beyond any single factor 
alone, as shown in Figure 3 and Table 5.

Table 3 Resistance Test Results of Three Gram Negative Bacterial Strains

Antibiotic K. pneumoniae E. coli A. baumannii

n = 79 n = 72 n = 41

Susceptibility 
Rate (%)

Resistance 
Rate (%)

Susceptibility 
Rate (%)

Resistance 
Rate (%)

Susceptibility 
Rate (%)

Resistance 
Rate (%)

AMC 55.70 35.44 79.73 5.41 / /

AMK 81.01 16.46 98.65 1.35 59.52 21.43
AMP / / 25.68 74.32 / /

ATM 63.29 26.71 68.92 21.62 / /

CAZ 58.23 37.97 66.22 17.57 11.90 83.33
CIP 54.35 39.13 41.03 48.72 14.29 85.71

CRO 56.96 43.04 56.76 43.24 4.76 85.71

CSL 59.49 34.18 91.89 1.35 26.19 66.67
CXM 51.90 45.57 51.35 33.78 / /

CZO 18.99 50.63 21.62 56.76 / /

ETP 68.35 31.65 100 0.00 / /
FEP 65.82 32.91 81.08 10.81 9.52 78.57

FOX 67.09 32.91 89.33 8.00 / /

GEN 65.82 31.65 70.27 28.38 30.95 69.05
IPM 70.89 29.11 100 0.00 11.90 85.71

LVX 46.84 32.91 14.86 44.59 14.29 83.33

MEM 70.89 29.11 100 0.00 11.90 88.10
SAM 51.51 45.45 60.60 15.15 19.44 72.22

SXT 73.13 26.87 50.00 50.00 23.81 76.19

TGC 83.54 6.33 100 0.00 47.62 2.38
TOP 71.74 21.74 72.50 10.00 42.86 50.00

TZP 62.03 37.97 98.65 1.35 11.90 85.71

COL / / / / 100 0.00
MNO / / / / 46.43 0.00

TCY / / / / 7.14 92.86
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Table 4 Univariate and Multivariate Logistic Regression Analysis of Clinical Characteristics Associated with Recovery

Variable Univariate Analysis Multivariate Analysis

Recovery Non-Recovery X2/t/Z2 P a OR (95% CI) P b OR (95% CI) P c

Clinical characteristics

Age ≥ 65 years 119 (56.7) 97 (64.1) 6.34 0.012 1.80 (1.14–2.83) 0.012 2.48 (1.14–4.41) 0.002

Pre-hospital Shock 51 (24.3) 86 (60.6) 45.97 0.000 4.78 (3.00–7.61) 0.382

GCS 13.04±3.44 8.12±4.52 −9.65 0.000 0.77 (0.73–0.81) 0.039 0.74 (0.89–1.09) 0.081

Length of Stay 26.56±39.17 22.34±34.12 −4.27 0.001 0.99 (0.99–1.00) 0.311

Polymicrobial infections 15 (7.14) 18 (12.68) 2.90 0.089

Hypertension 102 (48.6) 63 (44.4) 0.832 0.362

DM 73 (34.8) 39 (27.5) 2.38 0.123

Malignancy 33 (15.7) 35 (24.6) 4.08 0.044 1.73 (1.01–2.95) 0.045 0.31 (0.06–1.60) 0.161

Pneumonia 130 (61.9) 121 (85.2) 21.69 0.000 3.63 (2.07–6.36) 0.001 2.67 (1.23–5.79) 0.013

UTI 40 (19.0) 9 (6.34) 11.81 0.000 0.282 (0.13–0.60) 0.001 0.52 (0.21–1.28) 0.160

Acute cholangitis 22 (10.5) 7 (4.93) 3.59 0.058

CVD 36 (17.1) 19 (13.4) 1.03 0.311

AKI 33 (15.7) 38 (26.8) 6.11 0.054

Trauma 24 (11.4) 17 (12.0) 0.011 0.915

Shock 119 (56.7) 100 (70.4) 6.15 0.013 1.79 (1.13–2.83) 0.014 2.27 (1.07–3.36) 0.029

RF 93 (44.3) 113 (79.6) 42.61 0.000 4.99 (3.02–8.26) 0.001 1.89 (2.20–7.91) 0.001

Chemotherapy 29 (13.8) 32 (22.5) 4.25 0.037 1.79 (1.03–3.12) 0.041 3.26 (0.60–17.67) 0.170

Operation 93 (44.3) 49 (34.5) 3.50 0.059

CPR 13 (6.19) 19 (13.4) 4.26 0.039 2.17 (1.03–4.58) 0.043 1.24 (0.49–3.17) 0.640

Prone position ventilation 56 (26.7) 65 (45.8) 13.85 0.453

Laboratory Parameters

WBC (× 109 / L) 14.78±10.31 11.79±9.62 −2.88 0.004 0.97 (0.95–0.99) 0.008 0.98 (0.95–1.01) 0.104

NEUT, (%) 88.27±9.43 85.08±13.93 −1.85 0.065

LYM, (%) 6.93±6.88 10.87±13.75 −2.37 0.019 0.69 (1.02–1.01) 0.001 1.11 (0.99–1.04) 0.296

CRP, (mg / L) 144.58±85.37 154.82±85.8 −1.20 0.229

PCT, (μg / L) 45.88±54.29 41.14±53.63 −0.58 0.563

LA, (mmol / L) 3.23±3.10 6.33±6.61 −2.69 0.001 1.16 (1.09–1.23) 0.001 1.17 (1.09–1.26) 0.001

ALB, (g/L) 31.62±5.19 30.03±10.68 −3.61 0.001 0.963 (0.93–1.01) 0.064

Source of infection

LRTI 74 (36.3) 63 (45) 1.76 (0.90–3.50) 0.105

BT 18 (8.8) 27 (19.3) 2.22 (1.18–4.19) 0.014 0.44 (0.47–3.14) 0.592

(Continued)
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Association of Key Variables with Hospital Stay Duration
We assessed the correlation between several key clinical variables and the length of hospitalization. The analysis revealed 
that lower GCS (HR = 0.90, 95% CI: 0.85–0.94, p < 0.001) and decreased ALB levels (HR = 0.94, 95% CI: 0.91–0.97, 
p < 0.001) were associated with prolonged hospital stays. In contrast, elevated CRP (HR = 1.01, 95% CI: 1.01–1.02, p = 
0.02) and LA (HR = 1.13, 95% CI: 1.10–1.16, p < 0.001) levels were positively correlated with longer hospitalization, as 
shown in Figure 4.

Table 4 (Continued). 

Variable Univariate Analysis Multivariate Analysis

Recovery Non-Recovery X2/t/Z2 P a OR (95% CI) P b OR (95% CI) P c

Biliary-tract Infection 29 (14.2) 10 (7.1) 31.46 0.000 0.464 (0.22–0.97) 0.046 2.78 (0.98–5.69) 0.160

UTI 46 (22.5) 8 (5.7) 2.01 (0.75–5.42) 0.166

IAI 15 (7.4) 11 (7.9) 0.59 (0.17–2.04) 0.403

Note: P a, P b and P c are the significance levels for the p-values.

Figure 3 ROC curve analysis results.
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Discussion
This 4-year retrospective study of 352 ICU sepsis patients at Jiaxing First Hospital delineates the local epidemiological 
landscape, antimicrobial resistance patterns, and clinically relevant prognostic factors. Gram-negative pathogens pre
dominated, with A. baumannii emerging as the most formidable challenge—exhibiting the highest non-recovery rate and 
extensive resistance. Temporal trends reveal escalating threats: CRAB resistance reached 95% in 2023 and remained 86% 
in 2024, while CRE increased to 21% and MRSA to 100% over the study period. These findings demand urgent action.

Antimicrobial susceptibility data provide actionable guidance for empirical therapy: vancomycin remains reliable for 
Gram-positive coverage, although the increasing prevalence of MRSA warrants empirical anti-MRSA therapy in at-risk 
patients. For A. baumannii, limited therapeutic options necessitate combination regimens, and novel agents (eg., 

Table 5 ROC Analysis Results

Variable AUC p 95% Confidence Interval

AGE 0.567 0.010 0.516-0.618
LA 0.661 0.000 0.601-0.720

RF 0.676 0.000 0.628-0.723

Shock 0.565 0.011 0.515-0.616
Pneumonia 0.614 0.000 0.570 −0.657

Combined 0.813 0.000 0.768-0.858

Figure 4 Association of Key Variables with Hospital Stay Duration.
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sulbactam-durlobactam, cefiderocol) should be considered for confirmed resistant cases.10,11 The sustained susceptibility 
of K. pneumoniae and E. coli to amikacin and tigecycline, particularly in the context of emerging CRE, supports the 
implementation of carbapenem-sparing regimens.

To ensure accurate attribution of true bacteraemia, a rigorous case-selection strategy was applied. Most patients with 
coagulase-negative staphylococci (CoNS) isolates were excluded due to their overall inflammatory marker profiles and 
the high likelihood of contamination (eg., from puncture sites or catheters); inclusion occurred only when typical sepsis 
symptoms were present. Conversely, patients with Enterococcus isolates were included even when inflammatory markers 
were not fully consistent with sepsis.12 This approach reflects that Enterococcus—primarily a gut colonizer—typically 
enters the bloodstream via mucosal barrier disruption or invasive procedures (eg., abdominal drainage). In the absence of 
such procedures, Enterococcus bacteraemia is attributed to transient bacteraemia, intra-abdominal infections, urinary 
tract infections, or endocarditis, rather than external contamination.

Building upon these microbiological and methodological foundations, we developed a pragmatic prognostic model 
integrating age, pneumonia, shock, RF, and serum LA—all routinely available parameters. The model achieved robust 
discriminatory performance, enabling early identification of high-risk patients who may benefit from intensified monitor
ing, aggressive source control, or adjunctive therapies. Notably, RF emerged as the strongest predictor, underscoring the 
critical importance of ventilator-associated pneumonia prevention and respiratory support optimisation in this vulnerable 
population.13,14

Based on these findings, we propose several targeted interventions for institutional implementation. First, empirical 
antibiotic protocols should be revised to reflect local resistance patterns, with consideration of combination therapy for 
high-risk patients while awaiting culture results. Second, integrating the prognostic model into electronic health records 
or daily checklists could facilitate systematic risk stratification at the point of care. Third, infection control measures 
should be strengthened, particularly environmental disinfection and contact precautions for patients colonized with 
CRAB. Fourth, given the altered pharmacokinetics in critically ill patients—attributable to clinical complexity, poor 
baseline status, and interference from organ support such as continuous renal replacement therapy (CRRT)—therapeutic 
drug monitoring for key antibiotics is warranted to ensure adequate plasma exposure and treatment efficacy.15 Finally, 
antimicrobial stewardship efforts should be reinforced, with a focus on carbapenem conservation. Translating these 
strategies into clinical practice may contribute to improved outcomes in this vulnerable population. Future directions 
include prospective validation of the prognostic model, evaluation of rapid diagnostic technologies, and ongoing 
surveillance to monitor the impact of these interventions on resistance trends and patient outcomes. We acknowledge 
the inherent limitations of this single-center study, including its sample size and the potential influence of institutional 
epidemiology and practice patterns on generalizability. Therefore, these findings should be regarded as preliminary, 
warranting further validation in larger, multicenter cohorts. Furthermore, due to the limited number of polymicrobial 
infection cases, we were unable to perform a comprehensive comparison of clinical characteristics and resistance patterns 
between monomicrobial and polymicrobial groups, underscoring the need for dedicated studies with larger cohorts to 
investigate this important subset of infections.

Conclusion
This study elucidates the epidemiological landscape, resistance patterns, and prognostic determinants of sepsis in the ICU 
setting at our institution. The findings carry direct translational value for clinical practice. They mandate a revision of 
empirical antibiotic strategies to address the predominance of XDR A. baumannii and the emergence of CRE. 
Furthermore, they support the adoption of a pragmatic bedside prognostic model to enable early risk stratification. 
Finally, they delineate specific infection sources and pathogen-resistance combinations that should be prioritized in 
prevention and treatment efforts. By translating these findings into clinical practice—through updated guidelines, 
enhanced infection control, and systematic risk assessment—we can potentially improve outcomes for this vulnerable 
patient population. Future investigations should prioritize prospective validation of the prognostic model, evaluation of 
novel antibiotic regimens tailored to our local epidemiology, and implementation science research to optimize the 
adoption of rapid diagnostic technologies and enhanced infection control strategies.
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