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Background: Bloodstream infections (BSIs) caused by Acinetobacter baumannii (AB), especially carbapenem-resistant
Acinetobacter baumannii (CRAB), can lead to a high patient mortality rate.

Methods: This study aimed to analyze the clinical data and prognosis of 191 patients with AB-BSI hospitalized in Southern China
from January 2017 to December 2023.

Results: CRAB was diagnosed in 128 (67.0%) of the 191 patients with AB-BSI. Endotracheal intubation (OR = 23.957, 95% CI:
5.123-112.022, P < 0.001), carbapenem treatment (OR = 6.422, 95% CI: 1.554-26.542, P = 0.010) and >2 antimicrobial drugs therapy
(OR =6.131, 95% CI: 1.763-21.324, P = 0.004) prior to the onset of BSI were independent risk factors for the development of CRAB-
BSI, as revealed by the binary logistic regression analysis. The overall mortality rate of patients with AB-BSI was 27.7%, while that of
patients with CRAB was significantly higher than that of patients with carbapenem-sensitive Acinetobacter baumannii (CSAB) (39.1%
vs 4.8%, P < 0.001). Multivariate Cox regression analysis revealed septic shock (HR = 3.664, 95% CI: 1.537-8.736, P = 0.003) as an
independent risk factor for mortality in CRAB-BSI patients. Kaplan—Meier survival analysis showed a significantly lower 28-day
survival rate for CRAB-BSI patients who developed septic shock compared to those who did not (58.4% vs 87.1%, P = 0.001).
Conclusion: Clinicians should closely monitor patients at high risk for CRAB-BSI, focusing on invasive procedure management and
antimicrobial stewardship. Timely supportive care is crucial for CRAB-BSI patients at risk of septic shock to improve survival
outcomes.
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Introduction

Acinetobacter baumannii (AB) is a gram-negative coccobacillus of the genus Acinetobacter and one of the ESKAPE
pathogens, which are the leading cause of nosocomial infections worldwide. This bacterium is able to survive in both dry
and humid environments, is resistant to a wide range of disinfectants and antibiotics and is prone to form biofilms on the
surface of medical devices. These characteristics make it capable of transmission and infections in healthcare settings.'~
For example, ventilator-associated pneumonia caused by AB, which forms a biofilm in the endotracheal tube of
a ventilator, causes mortality in patients ranging from 40% to 70%.> In addition, AB is generally very resistant to
commonly used antibiotics such as meropenem and ciprofloxacin, with significant regional variations globally, ranging
from 30% to 80%. A rapid rise in the presence of carbapenem-resistant Acinetobacter baumannii (CRAB) in Southeast
and South Asia has been reported, with rates exceeding 50% in most AB isolates, especially in the Intensive Care Unit
(ICU).* The 58% of AB isolates in North America are resistant to carbapenems, and more than 70% in eastern and
southern Europe are insensitive.® The latest report from the European Centre for Disease Prevention and Control
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(ECDC) indicates that 39.9% of AB are resistant to carbapenems.” The 2022 China Antimicrobial Surveillance Report
shows that AB is highly resistant to carbapenems, especially in ICU, with a CRAB detection rate of 77.8%. The US
Centers for Disease Control and Prevention listed AB as one of the most urgent threats.®

AB causes a variety of infections, including those to the skin and soft tissues, endocarditis, meningitis, pneumonia,
and bloodstream infections (BSIs). The prognosis of patients suffering from AB-BSI is generally poor®'® because of the
difficulty of treating the infections, leading to serious morbidity and high mortality. A study in northwestern Ethiopia
revealed that AB accounts for 9% of hospital BSL.'' AB-BSI is developed in 13% of patients who underwent
neurosurgery, and 90% of AB were carbapenem-resistant.'> The mortality rate due to CRAB-BSI is as high as 60%."?
Polymyxin and tetracyclines (tigecycline and minocycline) are commonly used in the treatment of CRAB-BSI,'* which
are effective to a certain extent, but with a cure rate challenging as the bacterial resistance to these drugs increases. This
increases the mortality risk of patients, as well as causing a significant increase in healthcare costs, placing a heavy
burden on patients and the healthcare system. There is an urgent necessity for the development of novel and more
effective antibiotics to combat infections caused by CRAB. Currently, cefiderocol is a promising agent against CRAB;'”
however, further clinical evidence is required to confirm its effectiveness.

AB is currently of great concern due to its widespread presence in hospitals, the multiple infections it causes, and its
multidrug resistance and virulence, being a major challenge to global public health.'® This study aims to investigate the
risk factors and mortality factors in patients with CRAB-BSI in Southern China, in order to improve medical profes-
sionals’ understanding of the prevention and treatment of CRAB-BSI.

Materials and Methods

Study Design and Patients

AB-BSI patients hospitalized in the First Affiliated Hospital of Sun Yat-sen University from January 2017 to
December 2023 were retrospectively analyzed, and the strains repeatedly isolated from the same patients were discarded.
A total of 191 patients with AB-BSI were enrolled, including 128 (67.0%) with CRAB and 63 (33.0%) with CSAB. The
inclusion criteria were the following: (1) age >18 years old; (2) isolation of only one pathogenic bacterium in one blood
culture, which should be AB, and more than one blood culture specimens positive for AB, with a clinical evidence of
corresponding BSI, which included one or more of the following symptoms: body temperature < 36°C or > 38°C,
shaking chills, hypotension, heart rate>90 beats/minute, respiratory rate >20 breaths/minute, and disorders of
consciousness;'” (3) only the first culture strain of AB from the same patient was included in this study; (4) complete
patient’s clinical data. Patients with polymicrobial bloodstream infection were excluded.

Definitions

According to the Clinical and Laboratory Standards Institute (CLSI) standards, carbapenem resistance was defined as
a minimum inhibitory concentration (MIC) of >4 mg/L for meropenem or imipenem, or >2 mg/L for ertapenem. Based
on the clinical pharmacotherapy practices in our hospital, carbapenem, a class of antimicrobial drugs, included
meropenem, imipenem, and ertapenem. The beta-lactam combinations included cefoperazone/sulbactam, piperacillin/
tazobactam, and ceftazidime/avibactam. >2 antimicrobial drugs referred to the exposure to at least two different classes
of antimicrobial drugs; these classes included cephalosporins, carbapenems, penicillins, beta-lactam combinations,
aminoglycosides, glycopeptides, quinolones, tetracycline derivatives, polymyxins, and oxazolidinones. The term, anti-
microbial use prior to BSI, referred to the administration of one or more antimicrobial drugs to the patient at any time
point from the time of hospital admission until the onset of AB-BSI.

Microbiological Methods

Blood culture samples were analyzed and those positive to AB were identified using VITEK 2 automatic microbial
identification and antimicrobial susceptibility analysis system (Biomerieux, France). The results of strain identification
and antimicrobial susceptibility tests were evaluated and interpreted according to the standards recommended by the
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Clinical and Laboratory Standards Institute (CLSI, 2023). Pseudomonas aeruginosa ATCC27853 was used as the quality
control strain.

Statistical Analysis

SPSS 26.0 software was used to perform Kaplan—Meier survival analysis and the Log rank test. R 4.1.2 software was
used for binary logistic regression analysis and Cox regression analysis. Binary logistic regression model was used to
determine the factors associated with the development of CRAB-BSI, and Cox regression analysis was used to identify
factors associated with mortality in patients with CRAB-BSI. Potential predictors were identified using a univariate
logistic regression model, then significant univariate predictors (P < 0.1) were entered into multivariable logistic
regression to identify the independent factors. A value of P <0.05 was considered statistically significant.

Results

Patients

Among the 191 patients with AB-BSI, 69.1% were male, 34.6% were 65 years or older, and 77.0% had hospital-acquired
infections, as shown in Table 1. The most common underlying diseases among these patients were respiratory diseases
(41.9%), hypertension (35.1%), and hepatobiliary diseases (26.7%). More than half of the patients were subjected to
invasive procedures, 61.3% were treated with carbapenems, 42.4% with B-lactam combinations, and 62.3% with
antimicrobial combinations prior to the onset of BSI. AB was isolated from respiratory tract samples in 38.7% of the
patients before the development of AB-BSI.

Independent Factors in the Development of CRAB-BSI

CRAB-BSI was diagnosed in 67.0% of the 191 patients with AB-BSI. A total of 128 cases of CRAB-BSI were compared
with 63 cases of CSAB-BSI to determine the independent factors in the development of CRAB-BSI. Univariate binary

Table | Binary Logistic Regression Analysis of Independent Factors for the Occurrence of CRAB-BSI

Variable, n (%) CRAB-BSI | CSAB-BSI | P Multivariate Analysis

OR 95% CI P
Male 87 (68.0) 45 (71.4) 0.627
Age 265 years 46 (35.9) 20 (31.7) 0.567
Hospital-acquired infection 104 (81.3) 43 (68.3) 0.047 1.683 | 0.448-6.325 0.441
Source of infection of the respiratory tract | 68 (53.1) 6 (9.5) <0.001 | 1.645 0.345-7.855 0.532
Comorbidities
Hypertension 50 (39.1) 17 (27.0) 0.102
Diabetes 31 (242) 8 (12.7) 0.068 3.095 | 0.621-15.433 | 0.168
Cardiovascular disease 36 (28.1) 14 (22.2) 0.384
Respiratory disease 72 (56.3) 8 (12.7) <0.001 | 0.767 | 0.180-3.272 0.721
Hepatobiliary disease 35 (27.3) 16 (25.4) 0.775
Kidney Disease 43 (33.¢) 7(11) 0.002 4.052 | 0.733-22.401 0.109
Invasive operation
Arteriovenous catheterization 115 (89.8) 32 (50.8) <0.001 | 3.276 | 0.810-13.259 0.096
Endotracheal intubation 113 (88.3) 7(11) <0.001 | 23.957 | 5.123-112.022 | <0.00I
Urinary catheter 8l (63.3) 29 (46.0) 0.024 0.307 | 0.073-1.296 0.108
Antimicrobial use prior to BSI
Beta-lactam combinations 59 (46.1) 22 (34.9) 0.143
Carbapenem 106 (82.8) I (17.5) <0.001 | 6.422 1.554-26.542 | 0.010
22 antimicrobial drugs 109 (85.2) 10 (15.9) <0.001 | 6.131 1.763-21.324 | 0.004

Abbreviations: CRAB, carbapenem-resistant Acinetobacter baumannii; CSAB, carbapenem-sensitive Acinetobacter baumannii; BSI, bloodstream
infection; OR, odd ratio; Cl, confidence interval.
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logistic regression analysis suggested that hospital-acquired infection, source of infection of the respiratory tract,
diabetes, respiratory disease, kidney disease, arteriovenous catheterization, endotracheal intubation, urinary catheter,
antimicrobial drugs such as carbapenem, and >2 antimicrobial drugs prior to the onset of BSI, were the potential
predictors of the development of CRAB-BSI (P < 0.1, Table 1). The results of multivariate binary logistic regression
analysis (Table 1) showed that endotracheal intubation (OR = 23.957, 95% CI: 5.123-112.022, P < 0.001), carbapenem
treatment (OR = 6.422, 95% CI: 1.554-26.542, P = 0.010) and >2 antimicrobial drugs therapy (OR = 6.131, 95% CI:
1.763-21.324, P = 0.004) prior to the onset of BSI were independent risk factors for the development of CRAB-BSI.

Independent Prognostic Factors for CRAB-BSI

The overall mortality rate of patients with CRAB was significantly higher than that of patients with CSAB (39.1% vs
4.8%, P < 0.001). Data from 50 patients who died and those of 78 patients who survived were compared to identify the
independent factors for mortality in patients with CRAB-BSI. Univariate Cox regression analysis suggested that male,
source of infection of the respiratory tract, septic shock, cardiovascular disease, and tigecycline treatment, were the
potential predictors of mortality in patients with CRAB-BSI (P < 0.1, Table 2). The results of multivariate Cox regression
analysis (Table 2) showed that septic shock (HR = 3.664, 95% CI: 1.537-8.736, P = 0.003) was an independent risk
factor for mortality in patients with CRAB-BSI.

Table 2 Cox Regression Analysis of Risk Factors for Mortality in CRAB-BSI

Variable, n (%) Death Survivors | P Multivariate Analysis
HR 95% CI P
Male 37 (74.0) | 50 (64.1) 0.093 | 1.591 | 0.807-3.137 | 0.180
Age 265 years 18 (36.0) | 28 (35.9) 0.689
Hospital-acquired infection 41 (82.0) | 63 (80.8) 0.904
Source of infection of the respiratory tract | 26 (52.0) | 42 (53.8) 0.090 | 1.318 | 0.716-2.429 | 0.375
ICU admission 48 (96.0) | 72 (92.3) 0.230
Septic shock 44 (88.0) | 45 (57.7) 0.001 | 3.664 | 1.537-8.736 | 0.003
Comorbidities
Hypertension 17 (34.0) | 33 (42.3) 0.377
Diabetes 10 (20.0) | 21 (26.9) 0.848
Cardiovascular disease 19 (38.0) | 17 (21.8) 0.033 | 1.397 | 0.752-2.594 | 0.291
Respiratory disease 31 (62.0) | 41 (52.6) 0.209
Hepatobiliary disease 12 (24.0) | 23 (29.5) 0.138
Kidney Disease 15 (30.0) | 28 (35.9) 0.534
Invasive operation
Arteriovenous cannulation 44 (88.0) | 71 (91.0) 0.164
Endotracheal intubation 47 (94.0) | 66 (84.6) 0.207
Urinary catheter 31 (62.0) | 50 (64.1) 0.633
Antimicrobial use prior to BSI
Beta-lactam combinations 27 (54.0) | 32 (41.0) 0.242
Carbapenem 42 (84.0) | 64 (82.1) 0.716
22 antimicrobial drugs 41 (82.0) | 68 (87.2) 0.319
Targeted antimicrobial treatment
Tigecycline 8 (16.0) | 23 (29.5) 0.097 | 0.549 | 0.255-1.183 | 0.126
Polymyxin 8 (16.0) 13 (16.7) 0.810
Tigecycline and polymyxin combination 17 (34.0) | 20 (25.6) 0.376

Abbreviations: CRAB-BSI, carbapenem-resistant Acinetobacter baumannii bloodstream infection; HR, hazard ratio; Cl, confidence
interval.
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Figure | Kaplan-Meier survival analysis of patients with CRAB-BSI who developed septic shock. CRAB-BSI: carbapenem-resistant Acinetobacter baumannii bloodstream
infection.

Kaplan—Meier Survival Analysis of CRAB-BSI Patients with Septic Shock

The overall mortality rate of patients with AB-BSI was 27.7% (53/191). Septic shock occurred in 69.5% (89/128) of
patients with CRAB-BSI. The proportion of septic shock among patients who died of CRAB-BSI was significantly
higher than that among patients who survived (88.0% vs 57.7%, P < 0.001, Table 2). The 28-day survival rate of patients
with CRAB-BSI who developed septic shock was significantly lower than that of patients without septic shock (58.4% vs
87.1%, P = 0.001, Figure 1).

Discussion

AB survives in harsh environments, including the surface of hospital facilities. It forms a biofilm that allows the survival
in medical devices and medical settings, increasing the risk of transmission, its resistance and virulence. Thereby, it is
prone to form drug-resistant strains.'® In addition, AB can evade the host’s immune system and acquire new mechanisms
of resistance to antibiotics. These abilities make treatment complex and difficult.'®*° This study analyzed the epidemio-
logical data of CRAB-BSI in Southern China and the independent factors of its development and mortality to help in the
identification of the risk of development of CRAB-BSI and mortality.

CRAB was isolated from the respiratory tract samples of 53.1% of the patients before they developed CRAB-BSI in
this study. To eliminate the potential confounding effect, multivariate binary logistic regression analysis was used to
identify independent factors for the occurrence of CRAB-BSI. Endotracheal intubation was an independent risk factor in
the development of CRAB-BSI. It destroyed the skin barriers of these patients, providing a direct entrance for CRAB into
the lower respiratory tract, thus increasing the chance of CRAB infection. This finding suggests that enhancing hand
hygiene management, disinfecting the environment and medical equipment, regular screening, and monitoring the
patients with CRAB may be measures controlling infections to reduce the risk of developing CRAB-BSI. Carbapenem
use and antimicrobial combinations are also independent risk factors in the development of CRAB-BSI. A potential
reason might be the selection of resistant AB due to antimicrobial drug and the consequent growth of bacteria carrying
resistance genes,”' being an important factor in the spread of CRAB strains. This suggests that clinicians need to pay
attention to the initial antimicrobial therapy of patients with CRAB-BSI, they should perform regular antimicrobial

monitoring and avoid unnecessary antimicrobial exposure to reduce the development and spread of drug resistance.
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CRAB infections have a significantly higher mortality rate compared to those caused by non-resistant strains, ranging
from 35% to 60%.%? In this study, the mortality rate for CRAB-BSI was 39.1%, which is significantly higher than that for
CSAB-BSI. Septic shock was an independent risk factor for mortality in patients with CRAB-BSI, which was in
accordance with other studies.'>* Septic shock is one of the common causes of BSI, which is associated with
uncontrolled inflammatory response that leads to microcirculatory disorders, cellular damage, and metabolic distur-
bances, ultimately increasing the risk of mortality.** Thus, an early and effective anti-infective therapy is essential to
reduce the probability that CRAB-BSI develops into septic shock. However, the current antimicrobial options for CRAB-
BSI are notably limited, including ampicillin-sulbactam, tetracycline derivatives, polymyxin, and extended infusions of
meropenem, as recommended by the Infectious Diseases Society of America (IDSA).* It is important to note that the use
of polymyxin loading doses is associated with renal impairment.”® Furthermore, tigecycline is not recommended for the
treatment of patients with BSI due to its low plasma concentrations and the absence of an established susceptibility
threshold.?” Currently, the polymyxin-based combination regimen is the first choice in the treatment of CRAB
infection,?® but the data are insufficient to support the use of this regimen in this context. In the targeted antibiotic
treatment of patients with CRAB-BSI, the administration of tigecycline alone, polymyxin alone, or the combination of
these two drugs did not demonstrate a significant association with mortality risk. This suggested that the mortality
associated with CRAB-BSI infection might involve a variety of factors, including the host’s immune status, bacterial
virulence, antimicrobial efficacy, hospital environment, and medical means.'*?’ The successful treatment of patients with
CRAB-BSI through the combined administration of fosfomycin and cefiderocol is demonstrated, suggesting that this
intravenous dosing regimen may serve as an effective therapeutic strategy.*® In cases where alternative treatment options
have proven ineffective or are not well tolerated, clinical guidelines advocate for the incorporation of cefiderocol into
combination therapy regimens. This strategy aims to enhance its therapeutic efficacy and mitigate the risk of resistance,
particularly in critically ill patients suffering from infections caused by CRAB.** Further evaluation of treatment
outcomes is needed to confirm these findings. It is necessary to consider the patient’s overall condition and the severity
of infection during clinical practice apart from antimicrobial therapy, as well as other supportive treatments that might be
necessary, such as source control, appropriate fluid management, and hemodynamic support. These factors might help the
achievement of the best treatment effect.

The limitation of this study was mainly the inclusion of patients from a single medical center, so the drawn conclusion
might be valid for the specific patient population and treatment practices of the selected medical center, although it might
help to raise awareness among doctors around the world regarding this widespread problem. Future research should
involve a multicenter prospective cohort study to gather comprehensive and detailed clinical and microbiological data,
with the aim of analyzing the impact of various treatment protocols on the progression of CRAB-BSI. Furthermore, the
utilization of deep learning and artificial intelligence methodologies could be explored for the identification and
progression of CRAB-BSI.

Conclusion

The incidence of CRAB-BSI in patients with AB-BSI in Southern China is 67.0%. Endotracheal intubation, as well as
carbapenem treatment and >2 antimicrobial drugs therapy prior to the onset of BSI are independent risk factors in the
development of CRAB-BSI. Septic shock is an independent risk factor for mortality of CRAB-BSI patients. This study
highlighted the critical need to identify patients at elevated risk for CRAB-BSI who necessitated the optimization of
invasive procedure management and antimicrobial therapies, and delivering timely supportive care to CRAB-BSI
patients vulnerable to septic shock, thereby improving their likelihood of attaining a favorable outcome.

Data Sharing Statement

The datasets used or analyzed during the current study available from the corresponding author on reasonable request.
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