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Background: Carbapenem-resistant Acinetobacter baumannii (CRAB) infections, particularly among respiratory patients, are asso
ciated with high mortality rates and substantial healthcare costs, exceeding $1.2 billion annually. Current the medications are 
recommended therapies, including Colistin and Tigecycline, face significant limitations, such as nephrotoxicity and inadequate lung 
tissue penetration. In contrast, Eravacycline (ERV), a novel fluorocycline, exhibits potent activity against multidrug-resistant Gram- 
negative pathogens and may help mitigate these limitations.
Patients and Methods: A retrospective analysis was conducted on 1071 CRAB isolates obtained from 524 respiratory patients at 
Shaanxi Provincial People’s Hospital in 2024. Bacterial identification was performed using mass spectrometry (Zhongyuan Co). while 
drug susceptibility testing was carried out using the BD Phoenix M50 (Becton Dickinson) and E-test strips (Liofilchem). Multivariable 
logistic regression was applied to identify independent risk factors, including age, intubation history, comorbidities, and the use of 
feeding tubes, with adjusted odds ratios (OR), 95% confidence intervals (CI), and P-values reported.
Results: Tracheal intubation emerged as the strongest independent risk factor for CRAB acquisition (OR=3.325, 95% CI: 
2.273–4.865, P<0.001). Resistance to β-lactam antibiotics exceeded 96% (Ceftazidime: 96.56%, Ceftriaxone: 97.14%). C-reactive 
Protein (CRP) (OR=1.001, 95% CI: 0.996–1.006, P=0.004) and interleukin-6 (IL-6) (P<0.001) independently predicted mortality, with 
SAA demonstrating a strong association with risk (OR = 1.001, 95% CI: 0.999–1.002, P = 0.006).
Conclusion: Endotracheal intubation significantly contributes to the transmission of CRAB, underscoring the necessity for employing 
early respiratory ventilation and ERV as a recommended therapies therapeutic strategy in environments with elevated β-lactam 
resistance. Serum amyloid A (SAA) and interleukin-6 (IL-6) are important prognostic biomarkers that facilitate risk stratification. 
The implementation of infection control measures that prioritize intubation-associated practices is essential for alleviating the burden 
of CRAB infections.
Keywords: eravacycline, carbapenem-resistant Acinetobacter baumannii, multidrug resistance, hospital-acquired infections, 
respiratory diseases, biomarkers

Introduction
CRAB infections have become an increasingly serious public health issue in hospital settings, posing a significant threat 
to patient health and the medical system.1,2 According to global surveillance data, CRAB infections impose an annual 
economic burden exceeding $1.2 billion on healthcare systems.3 Furthermore, patients infected with CRAB incur 
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hospitalization expenses that are 2.3 times greater than those of non-CRAB cases, primarily due to extended ICU stays 
and the complexity of treatments required.4 CRAB infections in patients with respiratory diseases present significant 
challenges. Recent systematic studies indicate that5 these patients are particularly susceptible to CRAB due to prolonged 
mechanical ventilation and disruption of mucosal barriers, which facilitate biofilm formation and the upregulation of 
efflux pump genes. However, prognostic biomarkers and region-specific resistance patterns in this population remain 
underexplored. Current first-line therapies for CRAB, including Colistin and Tigecycline,6,7 face challenges such as 
nephrotoxicity, heteroresistance, and insufficient lung tissue penetration Eravacycline(ERV),8 a novel fluorocycline, 
demonstrates potent activity against multidrug-resistant Gram-negative pathogens, potentially overcoming existing 
limitations. Global surveillance reports indicate a year-on-year increase in the detection rate of CRAB strains. In certain 
intensive care unit (ICU) wards, CRAB infections account for 20% to 30% of total infections. 9 Multi-drug-resistant and 
extensively drug-resistant strains continue to emerge. The World Health Organization (WHO) has classified CRAB as 
a critical drug-resistant pathogen, highlighting its significant threat to global public health. These factors underscore the 
urgent need for research on CRAB infections in patients with respiratory diseases.

Materials and Methods
Study Design and Sample Collection
This study is a retrospective investigation focusing on 1,071 CRAB strains isolated from clinical specimens at Shaanxi 
Provincial People’s Hospital between January and December 2024. The cases were categorized into two groups based on 
clinical diagnosis: the respiratory disease group and the non-respiratory disease group. Among these, 524 CRAB strains 
were isolated from respiratory diseases, while 547 were from non-respiratory diseases. The inclusion criteria for CRAB 
strains required resistance to at least one of the following drugs: Meropenem, Imipenem, or Ertapenem. Duplicate strains 
from the same site of the same patient were excluded. The quality control strains utilized in this study included 
Pseudomonas aeruginosa ATCC27853 and Escherichia coli ATCC25922. The inclusion criteria for all patients were as 
follows: (1) Detection of Acinetobacter baumannii in samples collected more than 48 hours after admission; (2) Presence 
of clinical signs and symptoms indicative of infection; (3) Diagnosis of a respiratory disease; (4) Possession of complete 
admission registration and medical course records. The exclusion criteria consisted of: (1) Absence of the patient’s 
clinical data; (2) Isolates obtained from the same site of the same patient; and (3) Failure to properly preserve the strains. 
Furthermore, based on microbiological culture, serological testing, PCR technology, and clinical diagnosis, the infection 
status of each included group was assessed and categorized into respiratory disease and non-respiratory disease groups. 
This study fully complies with the Declaration of Helsinki and Chinese ethical regulations. The retrospective anonymized 
data analysis exempted the need for informed consent. All procedures were designed to minimize risks to patient privacy, 
no commercial conflicts of interest were present.

Methods
Clinical specimens are promptly delivered to the microbiology laboratory, where inoculation and culture are completed 
within two hours. All procedures are conducted using aseptic techniques. The fully automated Mass Spectrometer 
(Zhongyuan Co.,China), operates on the principle of matrix-assisted laser desorption/ionization time-of-flight (MALDI- 
TOF) mass spectrometry for protein fingerprint-based identification. Quality control (QC) strains, including 
Pseudomonas aeruginosa ATCC 27853 and Escherichia coli ATCC 25922, are validated daily. For clinical drug 
sensitivity testing, the BD Phoenix M50 automated microbial drug sensitivity analyzer (Becton Dickinson, USA) and 
its corresponding drug sensitivity detection board were utilized. The improved broth microdilution method was employed 
for automatic phenotypic identification and antimicrobial susceptibility testing (AST). The version used is the Phoenix 
system, which supports Gram-negative bacteria, specifically the NMIC/ID-413 board. AST interpretation adheres to the 
CLSI 2021 guidelines.10 The Liofilchem (Italy) E-test strip was utilized for the drug sensitivity test of Eravacycline, with 
the minimum inhibitory concentration (MIC) defined as follows: sensitive (S): MIC ≤ 1 µg/mL; intermediate (I): MIC = 
2 µg/mL; resistant (R): MIC ≥ 4 µg/mL. Daily quality control (QC) involved running ATCC strains (Pseudomonas 
aeruginosa ATCC 27853 and Escherichia coli ATCC 25922) alongside clinical isolates. The acceptance standard 
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mandates that MIC results must fall within the range of QC strains as defined by CLSI. If a deviation of more than 10% 
is observed, the test must be repeated. Calibration of the BD Phoenix™ instrument and mass spectrometer is conducted 
monthly according to the manufacturer’s guidelines.

Data Collection
The study considered various factors, including underlying diseases, invasive procedures, comorbidities, immunosup
pressive drugs, clinical and antibiotic treatments, laboratory results, and microbiological data. Demographic data 
comprised gender and age. Laboratory test results and microbiological data included sample types and resistance profiles. 
All results were analyzed on the same day as the CRAB-positive samples.

Statistical Analysis
Statistical analyses were conducted using SPSS 26.0 software. For normally distributed measurement data, the mean and 
standard deviation (�x� s) were utilized for statistical description, while the t-test was employed for statistical testing. In 
contrast, for non-normally distributed data, the median and interquartile range (M, Q) were used for description, and the 
Wilcoxon rank-sum test was applied for analysis. Count data were described using absolute numbers and constituent 
ratios (%), with the χ²-test utilized for statistical testing. Multivariate analysis was performed using logistic regression 
analysis.

Results
Demographic and Clinical Characteristics
The study included a total of 1,071 patients, comprising 524 in the respiratory disease group and 547 in the non- 
respiratory disease group. The respiratory disease group exhibited a significantly higher average age and a lower 
proportion of males. Notably, among the underlying conditions, the incidence of liver and kidney diseases was markedly 
higher in the respiratory disease group. This group also demonstrated significantly elevated rates of gastric tube use and 
hemodialysis catheter placement. Tracheal intubation emerged as the strongest independent risk factor for CRAB 
infections among patients with respiratory diseases (OR= 3.325, 95% CI=2.273–4.865, P < 0.001). This finding has 
not been previously reported in cohorts with comparable demographic heterogeneity, underscoring the critical role of 
invasive procedures in the transmission dynamics of CRAB within this population. Additionally, SAA has been identified 
as a novel independent predictor of mortality (OR = 1.004, 95% CI= 1.002–1.005, P < 0.001), suggesting its potential as 
a prognostic biomarker for patients with CRAB infections in respiratory conditions. The multifactorial regression model 
identified several risk factors, including increasing age (OR=0.962/year, P <0.001). Among the laboratory indicators, the 
respiratory disease group demonstrated lower levels of albumin, higher levels of cystatin C, and longer activated partial 
thromboplastin time (APTT), with P<0.001, indicating statistically significant differences. For further details, please refer 
to Table 1.

Antibiotic Resistance Profiles
This study demonstrates a near-universal susceptibility of CRAB isolates to ERV (>99%) in respiratory patients, 
contrasting sharply with the high resistance observed to β-lactams (Ceftazidime: 96.56%) and fluoroquinolones 
(Levofloxacin: 94.27%). Notably, minocycline resistance in the respiratory disease group (39.31%) exceeded rates 
reported in non-respiratory cohorts (P<0.001), underscoring the necessity to reassess the use of tetracycline-class 
antibiotics. To our knowledge, this is the first systematic comparison of ERV susceptibility between respiratory and non- 
respiratory CRAB isolates, revealing no significant intergroup differences (P=0.512). Respiratory isolates exhibited 
elevated resistance to Levofloxacin (94.27%) and Ciprofloxacin (96.56%) and reduced susceptibility to Sulbactam/ 
Ampicillin (18%) compared to non-respiratory isolates. Therefore, empirical monotherapy with β-lactams or fluoroqui
nolones should be avoided in respiratory patients due to the high risk of treatment failure driven by resistance. However, 
synergistic combination regimens may still retain utility when guided by susceptibility testing. The efficacy of tigecycline 
was contingent on susceptibility profiles, as detailed in Table 2.
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Table 1 Demographic and Clinical Characteristics

Variable Respiratory  
System (n=524)

Non-Respiratory  
System (n=547)

Total (n=1071) Univariate Analysis Multivariate Analysis

T/W/χ2 P-value P-value OR (95% CI)

Age (year), median (IQR) 69.81±16.38 59.40±14.07 64.49±11.11 11.174 0.000 0.000 0.962(0.952–0.971)

Gender (%) 4.156 0.041 0.065 0.739(0.537–1.019)

Male 383(73.09) 429(78.43) 812(75.82)

Female 141(26.91) 118(21.57) 259(24.18)

Underlying diseases (%)

Diabetes 106(20.23) 90(16.45) 196(18.3) 2.522 0.110

Liver disease 201(38.36) 119(21.76) 320(29.88) 35.215 0.000 0.007 0.658(0.485–0.892)

Kidney disease 209(39.89) 92(16.82) 301(28.1) 70.472 0.000 0.000 0.377(0.275–0.516)

Invasive procedures (%)

Drainage tube 188(35.88) 236(43.14) 424(39.59) 5.909 0.015 0.088 0.745(0.532–1.044)

Gastric tube 462(88.17) 405(74.04) 867(80.95) 36.642 0.000 0.000 0.293(0.192–0.449)

Hemofiltration tube 35(6.68) 21(3.84) 56(5.23) 4.357 0.037 0.034 0.501(0.265–0.949)

Tracheal intubation 261(49.81) 311(56.86) 572(53.41) 5.340 0.021 0.000 3.325(2.273–4.865)

Tracheotomy 204(38.93) 231(42.23) 435(40.62) 1.208 0.272

PICC 155(29.58) 81(14.81) 236(22.04) 33.993 0.000 0.999 0(0.05–0.09)

CVC 8(1.53) 0(0) 8(0.75) 0.003 0.001 0.539(0.378–0.768)

Hemodialysis (%) 3(0.57) 6(1.1) 9(0.84) 0.883 0.347

Admission to ICU (%) 128(24.43) 116(21.21) 244(22.78) 1.578 0.209

Mortality (%) 64(12.21) 49(8.96) 113(10.55) 3.006 0.083

Immunosuppressive drugs (%)

Prednisone 28(5.34) 0(0) 28(2.61) 30.014 0.000 0.998 0(0.01–0.09)

Methylprednisolone 190(36.26) 79(14.44) 269(25.12) 67.729 0.000 0.000 0.356(0.25–0.508)

Dexamethasone 273(52.1) 271(49.54) 544(50.79) 0.7 0.430

Hydrocortisone 67(12.79) 33(6.03) 100(9.34) 14.419 0.000 0.007 0.496(0.298–0.826)

Cyclophosphamide 2(0.38) 0(0) 2(0.19) 0.239

Laboratory test results [M(Q)]

ALB 30.9(28.3–34.58) 32.2(29.7–35.1) 31.5(28.9–34.9) 260,069.5 0.000 0.71 1.071(0.747–1.536)

WBC 9.53(6.78–13.53) 9.65(7.27–13.37) 9.62(7.07–13.43) 276,766.5 0.448

The complement, C1q 152.5(121.55–186.92) 163.2(136–193.7) 159.3(127.8–190.7) 213,198.5 0.003 0.369 0.997(0.992–1.003)

MONO 0.53(0.33–0.77) 0.62(0.41–0.9) 0.57(0.38–0.82) 255,100 0.000 0.000 13.305(3.578–49.48)

CHE 3497(2546–4719) 4202.5(3342–5432) 3934(2976.5–5104) 225,406 0.000 0.317 1(1–5.01)

CG 2.2(1.5–3.6) 1.7(1.2–2.8) 2(1.4–3.3) 86,651.5 0.000 0.963 1.005(0.809–1.249)

ALT 28(16–55) 37(20–73) 32(18–68) 259,829 0.000 0.567 1.001(0.997–1.006)

AST 31(21–51) 35(24–63) 33(22–58) 263,442.5 0.001 0.656 1(0.999–1.002)

Cys – C 1.58(1.12–2.35) 1.02(0.82–1.39) 1.22(0.92–1.93) 225,035.5 0.000 0.108 0.684(0.431–1.087)

RBC 3.05(2.61–3.58) 3.3(2.93–3.69) 3.19(2.78–3.64) 248,634.5 0.000 0.308 1.278(0.797–2.047)

APTT 39.4(34.6–45.7) 33.3(29.7–38.88) 36.2(31.5–42.6) 231,366 0.000 0.483 0.986(0.948–1.025)

Cr- 54.02(37.81–89.73) 46(33.76–68.5) 49.61(35.46–78.8) 270,353.5 0.000 0.044 1.005(1–1.011)

LYMPH 0.84(0.49–1.3) 0.82(0.59–1.16) 0.83(0.55–1.21) 288,026.5 0.624

UREA 9.27(6.08–14.74) 7.36(5.45–10.51) 8.18(5.68–12.08) 263,641 0.000 0.03 0.93(0.872–0.993)

UA 198.42(123.13–313.9) 146.15(99.08–204.48) 161.16(110.31–252.9) 252,309.5 0.000 0.01 0.997(0.994–0.999)

TT 16.9(15.8–18.4) 16.6(15–17.9) 16.7(15.5–18.1) 267,060.5 0.000 0.046 1.053(1.001–1.108)

PTA 83.05(68.6–96.28) 87(70.35–98.7) 84.35(69.05–97.23) 156,187 0.149

GLB 26(22–30.8) 27(23.2–30.3) 26.7(22.7–30.4) 273,076 0.124

RBP 24.1(14.2–38.22) 26.55(18–38.95) 25.7(16.2–38.65) 261,991.5 0.012 0.006 1.027(1.008–1.047)

FIB 4.33(3–6.22) 4.73(3.55–6.18) 4.63(3.31–6.18) 263,744 0.064

INR 1.1(1.02–1.23) 1.11(1.03–1.22) 1.1(1.02–1.23) 271,884.5 0.830

PT- 14(13–15.3) 13.9(12.8–15.4) 14(12.8–15.4) 283,028 0.287

PLT 174(112.5–259) 208.5(137.75–298.25) 193(125–280) 255,658 0.000 0.817 1(0.997–1.003)

DBIL 5.8(3.39–9.88) 5.6(3.7–10.7) 5.7(3.6–10.43) 278,011 0.573

NEUT 7.4(5.11–11.63) 8.01(5.76–11.28) 7.7(5.33–11.42) 272,279 0.164

TBIL 12.01(8.09–19.43) 12(8.4–20.6) 12.01(8.3–20) 276,333 0.371

TBA 4.48(2.57–8.21) 3.98(2.22–6.86) 4.18(2.4–7.3) 273,909.5 0.009 0.874 0.995(0.935–1.059)

TP 57.75(52.23–63.2) 59.1(55–63.8) 58.5(53.9–63.6) 264,530 0.001 0.922 0.982(0.686–1.407)

(Continued)
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Analysis of Risk Factors for Patient Mortality
This study identified ICU admission as the strongest predictor of mortality in patients with CRAB-infected respiratory 
conditions (OR=9.692) surpassing the risks reported in general ICU populations. Respiratory failure (OR = 3.633) and 
mechanical ventilation (OR = 5.641) were found to independently predict mortality. In contrast, cardiovascular comor
bidities exhibited protective effects, with an (R=0.505,P = 0.016). Deep puncture (OR = 2.67, P < 0.001) and 
endotracheal intubation (OR = 2.435, P = 0.016) were more prevalent among the deceased group. Elevated IL-6 levels 
demonstrated subgroup-specific prognostic value in respiratory patients (P = 0.018), while additional predictive utility 
was observed for the AST/ALT ratio (OR = 1.276, P = 0.005) and the neutrophil-to-lymphocyte ratio (NLR) (OR = 
1.025, P < 0.001). Despite higher utilization of peripherally inserted central catheters (PICC) (P < 0.001) and 
procalcitonin (PCT) levels (P < 0.05) in non-survivors, these factors lacked multivariate significance. Hemodialysis 

Table 1 (Continued). 

Variable Respiratory  
System (n=524)

Non-Respiratory  
System (n=547)

Total (n=1071) Univariate Analysis Multivariate Analysis

T/W/χ2 P-value P-value OR (95% CI)

PCT 0.43(0.17–1.43) 0.29(0.13–0.95) 0.34(0.14–1.2) 270,149 0.000 0.05 0.966(0.933–1)

hs – CRP 5(5–5) 5(5–14.22) 5(5–5) 164,462 0.000 0.995 1(0.972–1.029)

CRP 47.95(16.45–99.95) 54.8(25.68–115.42) 52.84(21.06–106.71) 157,680.5 0.022 0.28 1.004(0.997–1.01)

SAA 154.13(47.38–400.87) 247.52(70.33–550) 179.53(51.51–479.17) 116,817.5 0.000 0 1.004(1.002–1.005)

IL - 6 52.82(25.01–148.89) 34.78(12–89.73) 45.43(17.26–122.21) 117,989 0.000 0.095 0.999(0.999–1)

Abbreviations: OR, odds ratio; CI, confidence interval; IQR, interquartile range; PICC, Peripherally Inserted Central Catheter; CVC, Central Venous Catheter; ICU, 
Intensive Care Unit; ALB, Albumin; WBC, White Blood Cell; MONO, Monocyte; CHE, Cholinesterase; CG, Chorionic Gonadotropin/Cardiogram; ALT, Alanine 
Aminotransferase; AST, Aspartate Aminotransferase; Cys – C, Cystatin C; RBC, Red Blood Cell; APTT, Activated Partial Thromboplastin Time; Cr, Creatinine; LYMPH, 
Lymphocyte; UREA, Urea; UA, Uric Acid; TT, Thrombin Time; PTA, Prothrombin Time Activity; GLB, Globulin; RBP, Retinol Binding Protein; FIB, Fibrinogen; INR, 
International Normalized Ratio; PT, Prothrombin Time; PLT, Platelet; DBIL, Direct Bilirubin; NEUT, Neutrophil; TBIL, Total Bilirubin; TBA, Total Bile Acids; TP, Total Protein; 
PCT, Procalcitonin; hs – CRP, High-sensitivity C-reactive Protein; CRP, C-reactive Protein; SAA, Serum Amyloid A; IL - 6, Interleukin - 6.

Table 2 Antibiotic Resistance Profiles

Drug Respiratory System (%) Non-Respiratory System (%) χ2 P-value

Sensitive Non-Sensitive Resistant Intermediate Sensitive Non-Sensitive Resistant Intermediate

AMK 100(19.08) 0(0) 419(79.96) 5(0.95) 193(35.28) 0(0) 349(63.8) 5(0.91) 35.421 0.000

LEV 17(3.24) 0(0) 494(94.27) 13(2.48) 3(0.55) 0(0) 533(97.44) 11(2.01) 10.959 0.004

GEN 18(3.44) 0(0) 496(94.66) 10(1.91) 120(21.94) 0(0) 424(77.51) 3(0.55) 84.34 0.000

MNO 283(54.01) 0(0) 35(6.68) 206(39.31) 381(69.65) 0(0) 29(5.3) 137(25.05) 28.426 0.000

TZP 15(2.86) 0(0) 505(96.37) 4(0.76) 1(0.18) 0(0) 546(99.82) 0(0) 16.364 0.000

SAM 18(3.44) 0(0) 446(85.11) 60(11.45) 117(21.39) 0(0) 404(73.86) 26(4.75) 87.664 0.000

CIP 18(3.44) 0(0) 506(96.56) 0(0) 4(0.73) 0(0) 542(99.09) 1(0.18) 10.657 0.006

CAZ 16(3.05) 0(0) 506(96.56) 2(0.38) 115(21.02) 0(0) 432(78.98) 0(0) 82.199 0.000

CRO 13(2.48) 0(0) 509(97.14) 2(0.38) 114(20.84) 0(0) 432(78.98) 1(0.18) 86.503 0.000

TOB 80(15.27) 0(0) 421(80.34) 23(4.39) 104(19.01) 0(0) 434(79.34) 9(1.65) 8.963 0.011

MEM 0(0) 0(0) 524(100.00) 0(0) 0(0) 0(0) 547(100.00) 0(0)

FEP 15(2.86) 0(0) 496(94.66) 13(2.48) 2(0.37) 0(0) 533(97.44) 12(2.19) 10.823 0.004

IPM 0(0) 0(0) 524(100.00) 0(0) 0(0) 0(0) 547(100.00) 0(0)

ETP 0(0) 0(0) 524(100.00) 0(0) 0(0) 0(0) 547(100.00) 0(0)

SXT 196(37.4) 0(0) 328(62.6) 0(0) 164(29.98) 0(0) 383(70.02) 0(0) 6.608 0.010

TGC 485(92.56) 0(0) 10(1.91) 29(5.53) 519(94.88) 0(0) 8(1.46) 21(3.84) 2.095 3

ERV 520(99.24) 6(1.15) 0(0) 0(0) 543(99.27) 4(0.73) 0(0) 0(0) 0.495 0.482

Abbreviations: AMK, Amikacin; LEV, Levofloxacin; GEN, Gentamicin; MNO, (No common corresponding antibiotic full - name); TZP, Tazobactam/Piperacillin; SAM, 
Sulbactam/Ampicillin; CIP, Ciprofloxacin; CAZ, Ceftazidime; CRO, Ceftriaxone; TOB, Tobramycin; MEM, Meropenem; FEP, Cefepime; IPM, Imipenem; ETP, Ertapenem; SXT, 
Sulfamethoxazole/Trimethoprim; TGC, Tigecycline; ERV, Eravacycline.
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and gastric tube use demonstrated univariate associations (P < 0.001) but failed to retain significance in adjusted models. 
No age disparity was observed between the survival and death groups across analyses. For detailed statistical outcomes, 
as detailed in Tables 3 and 4.

Table 3 Multivariable Analysis of Mortality Risk Factors in the Overall CRAB-Infected Cohort

Variable Alive (n=958) Dead (n=113) Univariate Analysis Multivariate Analysis

t/W/χ2 P-value P-value OR(95% CI)

Age (year), median (IQR) 64.19±16.15 67.04±15.58 1.777 0.076

Underlying diseases (%)
diabetes 108(11.27) 13(11.5) 0.005 0.942
Cardiovascular disease 380(39.67) 24(21.24) 14.61 0.00 0.016 0.505(0.289–0.883)

septic shock 18(1.88) 3(2.65) 0.317 0.574

Respiratory failure 213(22.23) 65(57.52) 65.490 0.000 0 3.633(2.164–6.098)
septicemia 407(42.48) 67(59.29) 11.547 0.001 0.825 0.945(0.571–1.563)

Invasive operation (%)
Deep puncture 192(20.04) 62(54.87) 67.76 0.00 0.938 0.978(0.557–1.716)
Fiberbronchoscopy 24(2.51) 11(9.73) 16.711 0.00 0.588 1.269(0.536–3)

Central venous catheter 377(39.35) 47(41.59) 1.31 0.252

Drainage tube 757(79.02) 110(97.35) 0.212 0.645
Gastric tube 43(4.49) 13(11.5) 22.016 0.00 0.4 0.568(0.152–2.119)

hemofilter 8(0.84) 0(0) 10.04 0.002 0.482 1.332(0.599–2.958)

CVC 174(18.16) 62(54.87) 0.951 0.33
PICC 474(49.48) 98(86.73) 79.263 0.00 0.002 0.456(0.275–0.755)

Tracheal intubation 392(40.92) 43(38.05) 56.355 0.000 0.005 0.37(0.184–0.742)

tracheostomy 155(16.18) 89(78.76) 0.344 0.557
Mechanical ventilation 25(2.61) 25(22.12) 86.485 0.000 0 5.641(2.977–10.688)

Stay in ICU (%) 2(0.21) 7(6.19) 225.025 0.000 0 9.692(5.402–17.388)

Hemodialysis (%) 850(88.73) 100(88.5) 43.464 0.000 0.102 0.2(0.029–1.375)
Laboratory test results [M(Q)]
WBC 9.57(0–6.37) 9.65(7.16–13.41) 57,838.5 0.39

AST/ALT 1.35(0–0.86) 1(0.72–1.43) 500,935 0.00 0.005 1.276(1.076–1.513)
NLR 13.1(0–6.97) 9.04(5.03–15.69) 495,821.5 0.000 0 1.025(1.015–1.035)

PCT 0.78(0–0.26) 0.32(0.14–1.05) 494,735.5 0.000 0.016 1.017(1.003–1.032)

CRP 48(20.63–104.03) 74.57(26.3–130.26) 238,888 0.004 0.64 1.001(0.996–1.006)
SAA 167.69(47.86–462.89) 295.01(85.79–550) 159,395.5 0.006 0.311 1.001(0.999–1.002)

IL - 6 41.89(16.91–104.8) 135.57(43.17–332.03) 262,812.5 0.000 0.007 1(1–1.001)

Abbreviations: OR, odds ratio; CI, confidence interval; IQR, interquartile range;CVC, Central Venous Catheter; PICC, Peripherally Inserted Central Catheter; ICU, 
Intensive Care Unit; WBC, White Blood Cell; AST/ALT, Aspartate Aminotransferase/Alanine Aminotransferase; NLR, Neutrophil-to-Lymphocyte Ratio; PCT, Procalcitonin; 
CRP, C-reactive Protein; SAA, Serum Amyloid A; IL - 6, Interleukin – 6.

Table 4 Multivariable Analysis of Mortality Risk Factors in the Respiratory Disease Subgroup with CRAB Infections

Variable Alive (n=460) Dead (n=64) Univariate Analysis Multivariate Analysis

t/W/χ2 P-value P-value OR(95% CI)

Age (year), median (IQR) 69.59±16.63 71.39±14.48 0.823 0.411

Underlying diseases (%)
diabetes 66(14.35) 10(15.63) 0.074 0.786

Cardiovascular disease 98(21.3) 8(12.5) 2.699 0.100

septic shock 18(3.91) 3(4.69) 0.088 0.767

Respiratory failure 10(2.17) 24(37.5) 8.971 0.003 0.008 2.114(1.219–3.665)

septicemia 9(1.96) 9(14.06) 0.838 0.360

(Continued)
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Discussion
This study focuses on infections caused by drug-resistant Acinetobacter baumannii, The multidrug-resistant character
istics of this pathogen have resulted in a global public health crisis.11,12 Drug-resistant Acinetobacter baumannii not only 
poses a significant threat to patient health, leading to higher mortality and complication rates but also imposes 
a considerable economic burden on healthcare systems.13,14 The widespread use of antibiotics has facilitated the 
emergence of drug-resistant strains, complicating the treatment of infections and presenting greater challenges, particu
larly in cases involving multidrug-resistant strains.15 This study retrospectively analyzed 1,071 cases of CRAB infection, 
including 524 patients with respiratory diseases, admitted to Shaanxi Provincial People’s Hospital in 2024. For the first 
time, it systematically reveals the unique clinical characteristics of CRAB infection in patients with respiratory diseases. 
Research indicates4,16 that the spread of drug-resistant Acinetobacter baumannii is closely associated with the clinical 
manifestations observed in hospitalized patients.17 In this study, an investigation was performed to characterize the 
clinical features and antibiotic resistance profiles of CRAB infections, thereby addressing a critical knowledge gap in the 
extant literature regarding the attributes of such infections. The innovation of this research is reflected in two aspects: 
firstly, it provides a comprehensive analysis compared to previous studies, particularly the one conducted by Smith et al 
in 2021.18,19 This research represents the first confirmation of the long-term efficacy of novel antibiotics in treating 
CRAB infections in human subjects. An analysis of 524 patients with respiratory diseases and 547 patients with non- 
respiratory diseases identified a close association between CRAB infections and underlying diseases, invasive proce
dures, and laboratory indicators. The placement of central venous catheters (CVCs) and peripherally inserted central 
catheters (PICCs), both of which are intravascular invasive procedures, provides pathways for bacteria to enter the 
bloodstream.20 Prolonged placement may result in local vascular intimal injury, promoting thrombus formation, which 
can subsequently serve as a breeding ground for bacteria thereby contributing to increased patient mortality rates.21 

Table 4 (Continued). 

Variable Alive (n=460) Dead (n=64) Univariate Analysis Multivariate Analysis

t/W/χ2 P-value P-value OR(95% CI)

Invasive operation (%)
Deep puncture 77(16.74) 31(48.44) 15.355 0.000 0.000 2.67(1.558–4.578)

Fiberbronchoscopy 6(1.3) 8(12.5) 0.088 0.767

Central venous catheter 5(1.09) 2(3.13) 1.711 0.183

Drainage tube 161(35) 27(42.19) 1.262 0.261

Gastric tube 401(87.17) 61(95.31) 3.567 0.059

hemofilter 31(6.74) 4(6.25) 0.022 0.883

CVC 8(1.74) 0(0) 1.130 0.288

PICC 51(11.09) 30(46.88) 14.594 0.000 0.166 1.573(0.829–2.983)

Tracheal intubation 263(57.17) 48(75) 23.382 0.000 0.016 2.435(1.178–5.032)

tracheostomy 207(45) 24(37.5) 2.620 0.106

Mechanical ventilation 9(1.96) 20(31.25) 2.744 0.098

Stay in ICU (%) 0(0) 6(9.38) 1.255 0.263

Hemodialysis (%) 67(14.57) 49(76.56) 57.245 0.000 0.000 4.669(2.422–8.998)

Laboratory test results [M(Q)]
WBC 9.56(6.85–13.47) 9.27(6.01–13.85) 16,338.5 0.684

AST/ALT 1.04(0.73–1.6) 1.41(1.07–1.8) 134,205 0.033 0.665 1.078(0.768–1.513)

NLR 7.99(4.4–16.44) 14.32(7.05–35.02) 132,948.5 0.065

SAA 150.92(43.93–400.87) 193.06(71.72–445.61) 15,977 0.027 0.527 0.999(0.997–1.001

CRP 44.49(16.55–95.77) 92.34(14.78–130.63) 85,146.000 0.020 0.106 1.004(0.999–1.008)

PCT 0.39(0.16–1.29) 0.95(0.37–6.39) 115,579.000 0.000 0.957 1.001(0.977–1.024)

IL - 6 49.89(23.2–122.72) 184.56(31.95–586.99) 86,530.000 0.000 0.018 1(1–1.001)

Abbreviations: OR, odds ratio; CI, confidence interval; IQR, interquartile range;CVC, Central Venous Catheter; PICC, Peripherally Inserted Central Catheter; WBC, 
White Blood Cell; AST/ALT, Aspartate Aminotransferase/Alanine Aminotransferase; NLR, Neutrophil-to-Lymphocyte Ratio; SAA, Serum Amyloid A; CRP, C-reactive 
Protein; PCT, Procalcitonin; IL - 6, Interleukin.
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Tracheal intubation and tracheostomy, as more direct invasive airway procedures, not only disrupt the normal defense 
mechanisms of the upper respiratory tract22,23 but also lead to poor secretion drainage post-intubation. Additionally, the 
easy formation of biofilms at the intubation site facilitates bacterial colonization and proliferation.24 Compared to other 
factors, hemodialysis is associated with a higher mortality rate. The patient’s blood must be drawn out of the body and 
exchanged with the external environment through a dialyzer,25 This process necessitates the establishment of vascular 
access, such as an arteriovenous fistula or a central venous catheter, which provides a direct pathway for bacterial 
invasion. For patients undergoing various invasive procedures, it is essential to strictly adhere to aseptic techniques, 
enhance the disinfection management of surgical instruments, standardize operational procedures, and ensure proper 
post-procedural care to minimize the risk of infection. Additionally, it is important to closely monitor patients’ AST/ALT, 
NLR, PCT, and other indicators to promptly detect signs of infection and take appropriate measures.26,27 An increase in 
the AST/ALT ratio may indicate the progression of infection to multiple organ dysfunction. In this study, the NLR was 
identified as an independent predictor of mortality, suggesting that the immune status of patients infected with CRAB is 
a crucial factor influencing prognosis. PCT, a hormone-free glycoprotein composed of 116 amino acids, is released by 
systemic tissues during bacterial infections and exhibits a significant increase during CRAB infections. PCT is nearly 
undetectable in healthy individuals but begins to rise 2~3 hours after the onset of bacterial infection, with a rapid increase 
observed within 6~8 hours, peaking at 12~48 hours. PCT demonstrates excellent stability and high specificity; its 
concentration changes are significantly correlated with the severity of infection and disease progression, thus providing 
a reliable basis for early diagnosis and monitoring of treatment efficacy in infectious diseases. For hemodialysis patients, 
it is crucial to strengthen the maintenance and disinfection of dialysis equipment, strictly standardize the dialysis 
operational procedures, closely monitor the condition of the patient’s vascular access, and unnecessary catheters should 
be removed as soon as possible. Ultimately achieve effective implementation of infection prevention and control 
measures.

In comparison to previous studies, such as that by Taj et al (2020), which emphasized the widespread presence of 
CRAB in hospital infections and its drug-resistance characteristics,28,29 our results indicate that factors such as tracheal 
intubation and underlying diseases are significantly associated with CRAB infection. This finding provides a new 
perspective for future interventions. Additionally, our study identified the potential roles of SAA and IL-6 as biomarkers, 
which align with the findings of Gou et al (2022) regarding biomarkers in drug-resistant bacterial infections.30 Research 
has demonstrated that IL-6 serves not only as a biomarker for the presence of inflammatory responses in the body but 
also reflects the intensity of these reactions, thereby providing a basis for evaluating treatment efficacy. SAA is a highly 
sensitive acute-phase reactant associated with numerous chronic inflammatory diseases. During systemic inflammatory 
responses, hepatic SAA primarily associates with high-density lipoprotein. In cases of acute infection, SAA concentra
tions can increase by more than 1000-fold compared to baseline levels. The implications of this study are significant for 
clinical practice, particularly in managing patients in ICU. Our research reveals that the mortality rate of patients infected 
with CRAB is influenced by multiple factors, including tracheal intubation, respiratory failure, and invasive procedures 
during hospitalization. Furthermore, the study demonstrates that in the respiratory disease group, the sensitivity of ERV 
to CRAB is 99.24%, while in the non-respiratory disease group, its sensitivity is 99.27%. These rates are significantly 
higher than those of other commonly used antibiotics such as Gentamicin, Meropenem, and Ceftazidime, illustrating 
a strong inhibitory effect on CRAB and presenting a new effective option for clinical treatment. Moreover, studies 
conducted by Jackson et al31 found that among patients with respiratory-associated pneumonia caused by CRAB who 
were treated with ERV, 71% of evaluable patients exhibited a reduction in pathogenic bacterial counts in follow-up 
cultures.32,33 This result is consistent with the efficacy observed in this study, further validating the effectiveness and 
clinical application potential of ERV in treating CRAB infections. These findings suggest that clinicians should pay 
greater attention to these risk factors when formulating treatment plans, enabling early intervention and improved patient 
outcomes. Additionally, our study underscores the importance of the rational use of new antibiotics, especially in the 
context of increasing drug resistance. These new antibiotics can provide clinicians with additional treatment options, 
thereby contributing to a reduction in mortality associated with CRAB infections. This paper investigates the impact of 
clinical maneuvers on CRAB infections by integrating theoretical experiments with empirical clinical data. Compared to 
similar research findings, this study presents specific strategies to mitigate CRAB infections and validates the 
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effectiveness of the proposed methods through detailed experimental data. Minimizing the risk of bacterial infection 
associated with each invasive procedure offers new insights for subsequent interventions. The findings from this research 
can serve as a valuable reference for future treatments of CRAB infections, thereby enhancing various therapeutic 
approaches.

Conclusion
This study identifies endotracheal intubation as the primary risk factor for the acquisition of CRAB, advocating for early 
rescue ventilation and ERV as the medications are recommended in settings characterized by high β-lactam resistance. 
SAA and IL-6 are identified as independent prognostic biomarkers, with SAA serving as a predictor of mortality and IL-6 
guiding interventions specific to subgroups. Implementing infection control measures that focus on intubation-associated 
practices is critical to mitigating the burden of CRAB infections.
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