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Abstract
Aim: The aim of this study was to evaluate the distribution of pathogens, antibiotic resistance 
rates, and factors affecting mortality in patients with healthcare-associated bloodstream infec-
tions (BSIs) followed in a tertiary intensive care unit (ICU).

Study Design: This was a retrospective cohort study. Demographic data, comorbidities, 28-
day mortality, identified pathogens, and susceptibility patterns related to BSIs were retrospec-
tively collected from patient files and hospital records.

Results: A total 221 patients diagnosed with BSI were included in the study. Of these, 62.9% 
were male, and the median age was 70 years (interquartile range [IQR]: 59-76). The median 
ICU stay was 18 days (IQR: 8-29), and the median overall hospitalization was 25 days (IQR: 
14-39). Gram-negative microorganisms were identified in 132 patients (59.7%), gram-positive 
in 74 (33.5%), and Candida spp. in 15 (6.8%). Among the gram-negative pathogens, Acine-
tobacter spp. [24/25 (96%)] and Klebsiella spp. [42/48 (87.5%)] exhibited the highest rates of 
carbapenem resistance. Vancomycin resistance was detected in two (4.8%) cases of Entero-
coccus spp. All-cause 28-day mortality was observed in 54 patients (24.4%). In multivariate 
regression analysis, only the presence of sepsis was found to be an independent predictor of 
mortality (odds ratio: 5.492, 95% confidence interval: 1.836-16.424, p=0.002).

Conclusions: In this study, gram-negative pathogens were the most frequently detected or-
ganisms in patients with healthcare-associated BSIs. Carbapenem resistance rates were high 
among gram-negative pathogens. The presence of sepsis was identified as an independent 
predictor of mortality in patients diagnosed with BSI.
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Introduction

Bloodstream infections (BSIs) are a sig-
nificant cause of mortality and mor-

bidity in intensive care units (ICUs).[1] In 
ICUs, BSIs substantially increase both the 

length of hospitalization and associated 
healthcare costs.[2, 3] The incidence of sepsis 
and septic shock in ICU-acquired BSIs can 
reach up to 40%.[2, 3] Patients in ICUs are of-
ten exposed to multiple invasive interven-
tions that predispose them to bloodstream 
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infections, including the use of central venous catheters, 
extracorporeal membrane oxygenation, and continuous 
renal replacement therapy.[1] Additionally, the high mor-
tality rates associated with BSIs are largely attributable to 
the rising incidence of antimicrobial resistance in recent 
years. The microbiological profile of healthcare-associated 
BSIs varies globally. Gram-positive pathogens predomi-
nate in certain regions, such as the United States, whereas 
gram-negative microorganisms are more commonly iso-
lated in Latin America, Asia, and Europe.[1] Understand-
ing the epidemiology of the microorganisms responsible 
for infections in ICUs is crucial for the timely and appro-
priate diagnosis, antimicrobial therapy, and implemen-
tation of infection control measures. These actions may 
help reduce the spread of resistant pathogens and lower 
mortality and morbidity in patients.[4] This study aimed to 
evaluate the distribution of gram-positive and gram-nega-
tive pathogens, antibiotic resistance rates, mortality rates, 
and factors affecting mortality in patients with healthcare-
associated BSIs in a tertiary ICU.

Materials and Methods

This retrospective cohort study was conducted in a 
tertiary care ICU between October 2021 and Novem-
ber 2022. Healthcare-associated BSI was defined as the 
growth of pathogenic microorganisms in blood cul-
tures obtained under sterile conditions, accompanied 
by at least one clinical sign of BSI (hypotension, chills, 
or fever) occurring 48 hours after hospital and/or ICU 
admission.[5] Adult patients aged ≥18 years with clinical 
features of infection and positive monomicrobial blood 
cultures obtained 48 hours after hospital admission were 
included in the study. Patients with polymicrobial infec-
tions or positive blood cultures contaminated with skin 
flora were excluded. Ethics committee approval was 
obtained from the Health Sciences of University İzmir 
Dr. Suat Seren Chest Diseases and Surgery Training and 
Research Hospital Clinical Research Ethics Committee 
on 07.12.2022 (Approval Number: 2022/68-77, Date: 
07.12.2022). The study was conducted in accordance 
with the principles of the Declaration of Helsinki.

Data Collection and Analysis
Patient data, including age, gender, comorbidities, pres-
ence of sepsis, duration of hospitalization, 28-day mortal-
ity, and susceptibility patterns of BSI-causing pathogens, 
were retrospectively collected from patient files and hos-
pital records. Sepsis and septic shock were defined ac-
cording to the Sepsis-3 criteria.[6]

The primary endpoint was to determine the distribution 
of causative pathogens and local resistance rates in pa-
tients diagnosed with BSI. Secondary endpoints included 
28-day mortality rates and factors influencing mortality.

Microbiological Evaluation
Blood cultures were obtained under sterile precautions 
from patients suspected of having healthcare-associated 
BSIs. Samples were analyzed using a liquid automated 
blood culture system (BacT Alert, bioMérieux, Marcy l’E-
toile, France). Gram staining and inoculation onto eosin 
methylene blue (EMB), chocolate, and 5% sheep blood 
agar were performed from bottles flagged as positive. 
Bacterial identification at the species level was carried 
out using both conventional methods and automated sys-
tems. Drug susceptibility testing was performed accord-
ing to the recommendations of the European Commit-
tee on Antimicrobial Susceptibility Testing (EUCAST). 
Resistance to at least one antimicrobial agent in three or 
more antimicrobial classes was defined as multidrug-re-
sistant (MDR). Resistance to all but one or two antimi-
crobial classes was defined as extensively drug-resistant 
(XDR), and resistance to all antimicrobial agents was de-
fined as pan drug-resistant (PDR).[7]

Statistical Analysis
Continuous variables were presented as median and in-
terquartile range (IQR) due to non-normal distribution. 
Categorical variables were presented as n (%). Patients 
with gram-positive and gram-negative bacteria isolated 
from blood cultures were compared; this analysis ex-
cluded 15 patients with Candida albicans and non-albicans 
Candida species isolated from their blood cultures. Addi-
tionally, factors associated with 28-day mortality were 
analyzed by comparing patients who survived with 
those who did not. The Mann-Whitney U test was used 
for continuous variables, and the Chi-square test was 
used for categorical variables. A multivariate analysis 
was conducted to identify independent risk factors as-
sociated with mortality. Variables included in the multi-
variate logistic regression model (age, gender, body mass 
index, Acute Physiology and Chronic Health Evaluation 
II (APACHE II) score, gram-negative bacteremia, need 
for invasive mechanical ventilation, and sepsis) were se-
lected based on a combination of statistical significance 
in the univariate analysis (p<0.20) and clinical relevance 
established in the literature and clinical practice. This ap-
proach ensured that the model accounted for both sta-
tistically associated factors and those known to be im-
portant predictors of outcomes in critically ill patients. 
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A p-value <0.05 was considered statistically significant. 
Data were analyzed using SPSS version 26.0 (Statistical 
Package for the Social Sciences, IBM Corp., Armonk, 
NY).

Results

Demographic and Clinical Characteristics
During the study period, a total of 261 patients were 
suspected of having BSI, and blood cultures were ob-
tained. Of these, 25 patients were excluded due to 
the growth of polymicrobial pathogens, and 15 were 
excluded due to contamination with microorganisms 

considered part of the skin flora. The study ultimately 
included 221 patients diagnosed with healthcare-
associated monomicrobial BSI. Of the included pa-
tients, 62.9% were male, and the median age was 70 
years (IQR: 59-76). The most common comorbidities 
were chronic obstructive pulmonary disease (COPD, 
34.4%), diabetes mellitus (DM, 24.9%), and solid tu-
mors (21.7%). The median ICU stay was 18 days (IQR: 
8-29), and the median total hospitalization was 25 
days (IQR: 14-39). All-cause 28-day mortality occurred 
in 54 patients (24.4%). Demographic characteristics 
and comorbidities of patients with gram-positive and 
gram-negative BSIs are shown in Table 1. Alzheimer’s 

Table 1. Demographic and clinical characteristics of patients

  All Patients (n=221) Gram-Negative (n=132) Gram-Positive (n=74) p

Age, median (IQR), years 70 (59-76) 70 (58-77) 71 (61-76) 0.573

Gender, male, n (%) 139 (62.9) 87 (65.9) 40 (54.1) 0.093

BMI, median (IQR), kg/m2 24.5 (22.2-27.8) 24. 7 (22.5-27.7) 24.5 (22.5-29.4) 0.701

Comorbidities, n (%)

 DM 55 (24.9) 37 (28.0) 16 (21.6) 0.298

 COPD 76 (34.4) 46 (34.8) 26 (35.1) 0.967

 CAD 10 (4.5) 9 (6.8) 1 (1.4) 0.081

 CHF 33 (14.9) 20 (15.2) 12 (16.2) 0.825

 Solid tumor 48 (21.7) 29 (22.0) 14 (18.9) 0.587

 Hematologic malignancy 8 (3.6) 4 (3.0) 3 (4.1) 0.448

 Alzheimer’s disease 9 (4.1) 2 (1.5) 7 (9.5) 0.007

 CVD 7 (3.2) 4 (3.0) 2 (2.7) 0.899

 Connective tissue diseases  5 (2.3) 3 (2.3) 1 (1.4) 0.641

APACHE II score, median (IQR) 21 (15-26) 20 (13-25) 22 (17-27.7) 0.630

Infection site, n (%)

 CLA-BSI 164 (74.2) 103 (78.0) 51 (68.9) 0.174

 Pneumonia 5 (2.3) 4 (3.0) 1 (1.4) 

 Unknown source 52 (23.5) 25 (18.9) 22 (29.7) 

Sepsis, n (%) 24 (10.9) 10 (7.6) 14 (18.9) 0.015

NIV, n (%) 10 (4.5) 5 (3.8) 4 (5.4) 0.594

IMV, n (%) 171 (77.4) 107 (81.1) 52 (70.3) 0.077

Central venous catheter, n (%) 164 (74.2) 103 (78.0) 51 (68.9) 0.367

Tracheostomy, n (%) 11 (5.0) 9 (6.8) 1 (1.4) 0.080

COVID-19, n (%) 116 (52.5) 77 (58.3) 34 (45.9) 0.087

Immunosuppressive treatment, n (%) 24 (10.9) 8 (6.1) 12 (16.2) 0.250

ICU stay before bacteremia, median (IQR), days 11 (4-20) 13 (5-22) 5 (3-16) 0.002

LOS in ICU, median (IQR), days 18 (8-29) 20 (10-33) 15 (8-24) 0.014

LOS of hospital stay, median (IQR), days 25 (14-39) 25 (14-39) 22 (13-36) 0.893

28-day mortality, n (%) 54 (24.4) 30 (22.7) 21 (28.4) 0.535

APACHE II: Acute Physiology and Chronic Health Evaluation II; BMI: Body Mass Index; CAD: Coronary Artery Disease; CHF: Congestive Heart Failure; CLA-BSI: 
Central Line-Associated Bloodstream Infection; COPD: Chronic Obstructive Pulmonary Disease; COVID-19: Coronavirus Disease 2019; CVD: Cerebrovascular 
Disease; DM: Diabetes Mellitus; ICU: Intensive Care Unit; IMV: Invasive Mechanical Ventilation; IQR: Interquartile Range; LOS: Length of Stay.
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disease was more common among patients with gram-
negative BSI (9.5% vs. 1.5%, p=0.007). ICU length of 
stay was shorter in patients with gram-positive BSI 
compared to those with gram-negative BSI (median 15 
vs. 20 days, p=0.014).

Among the healthcare-associated BSIs, 164 (74.2%) were 
central catheter-related, five (2.3%) were secondary to 
pneumonia, and the primary source was unknown in 52 
cases (23.5%). Regarding empirical treatment, the most 
commonly used antibiotics were carbapenems [106/221 
(48.9%)], followed by cephalosporins [54/221 (24.4%)], 
quinolones [44/221 (19.9%)], piperacillin-tazobactam 
[38/221 (17.2%)], and vancomycin [13/221 (5.9%)]. Em-
pirical antifungal treatment was administered to 6.8% of 
the patients.

Pathogens and Antimicrobial Susceptibility 
Patterns
Among the 221 patients diagnosed with healthcare-as-
sociated BSI, gram-negative microorganisms were iden-
tified in 132 (59.7%), gram-positive microorganisms in 
74 (33.5%), and Candida spp. in 15 (6.8%) patients. The 
most frequently detected gram-negative pathogens 
were Klebsiella pneumoniae [48 (21.7%)], Acinetobacter 
baumannii [25 (11.3%)], and Stenotrophomonas maltophilia 
[20 (9%)]. Among gram-positive pathogens, Enterococ-
cus spp. [41 (18.5%)] and coagulase-negative staphylo-
cocci (CNS) [28 (12.6%)] were most common. Fungal 
pathogens were isolated in 6.8% of cases, with non-al-
bicans Candida species (4.1%) being more common than 
Candida albicans (2.7%).

Among gram-negative pathogens, A. baumannii [24/25 
(96%)] and K. pneumoniae [42/48 (87.5%)] showed the 
highest rates of carbapenem resistance. These were fol-
lowed by Enterobacter spp. (33.3%) and Pseudomonas 
aeruginosa (30%). In K. pneumoniae, 77% (37/48) of iso-
lates were XDR, and 10.4% (5/48) were PDR. Among A. 
baumannii isolates, 96% (24/25) were classified as PDR. 
Vancomycin resistance was observed in 2 out of 41 (4.8%) 
Enterococcus spp. isolates. All Enterococcus spp. were sus-
ceptible to linezolid (100%). Among S. aureus isolates, the 
rate of methicillin-resistant S. aureus (MRSA) was 1 out 
of 5 (20%). All S. aureus isolates were susceptible to both 
vancomycin and linezolid (100%). Detected pathogens 
and their antimicrobial resistance rates are shown in 
Table 2.

Factors Associated with Mortality
Fifty-four (24.4%) of the 221 patients died within 28 
days of BSI onset. Non-survivors had significantly 
higher APACHE II scores (median 25 vs. 20, p=0.047). 
The development of sepsis was significantly more com-
mon in non-survivors (29.6% vs. 4.8%, p<0.001). Central 

Table 2. Isolated pathogens and antibiotic susceptibilities

   Total Patients (n=221)

Gram-Negative Bacteria, n (%) 132 (59.7)

 Klebsiella pneumoniae 48 (21.7)

 Carbapenem-resistant 42 (87.5)

  XDR 37 (77)

  PDR 5 (10.4)

 Acinetobacter baumannii 25 (11.3)

  Carbapenem-resistant 24 (96)

  XDR 0

  PDR 24 (96)

 Escherichia coli 12 (5.4)

  Carbapenem-resistant 0

  XDR 0

  PDR 0

 Pseudomonas aeruginosa 10 (4.5)

  Carbapenem-resistant 3 (33.3)

  XDR 0

  PDR 0

 Other Gram-Negative Bacteria 6 (4.5)

  Enterobacter spp. 3 (1.3)

  Proteus spp. 2 (0.9)

  Serratia spp. 1 (0.45)

  Carbapenem-resistant 1 (16.6)

  XDR 1 (16.6)

  PDR 0

 Stenotrophomonas maltophilia 20 (9.0)

 Burkholderia cepacia 11 (4.97)

Gram-Positive Bacteria, n (%) 74 (33.5)

 Enterococcus spp. 41 (18.5)

  VRE 2 (4.8)

 Staphylococcus aureus 5 (2.2)

  MRSA 1 (20)

 Coagulase-Negative Staphylococcus 28 (12.6)

  MRCNS 10 (35)

Fungal Pathogens, n (%) 15 (6.8)

 Candida spp. 6 (2.7)

 Non-albicans Candida spp. 9 (4.1)

MRCNS: Methicillin-Resistant Coagulase-Negative Staphylococcus; MRSA: 
Methicillin-Resistant Staphylococcus aureus; XDR: Extensively Drug-Resistant; 
PDR: Pan Drug-Resistant; VRE: Vancomycin-Resistant Enterococcus.
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venous catheter use was less frequent in non-survivors 
compared to survivors (63.0% vs. 77.8%, p=0.030). Fac-
tors associated with mortality are presented in Table 
3. In the multivariate logistic regression analysis, the 
presence of sepsis was identified as the only indepen-
dent predictor of ICU mortality (odds ratio [OR]: 5.492, 
95% confidence interval [CI]: 1.836-16.424, p=0.002) 
(Table 4). 

Discussion

In this study, we analyzed the causative microorgan-
isms and resistance profiles of healthcare-associated 
BSIs in a tertiary hospital ICU. The 28-day mortality rate 
was 24.4%. BSIs caused by gram-negative pathogens 
were the most common. The most frequently detected 
pathogens were K. pneumoniae, Enterococcus spp., and 
A. baumannii, respectively. The highest rates of car-
bapenem resistance among gram-negative pathogens 
were observed in A. baumannii and K. pneumoniae, with 
resistance rates of 96% and 87.5%, respectively. In the 
comparison between non-survivors and survivors, sep-
sis and higher APACHE II scores were more common in 
the non-survivors group. In multivariate logistic regres-
sion analysis, sepsis was identified as the only indepen-
dent predictor of ICU mortality.

In our study, the most common BSIs were caused by 
gram-negative pathogens (59.7%). In a retrospective ob-
servational study that evaluated 150,948 ICU patients di-
agnosed with BSI between 2009 and 2015, the most fre-
quently detected pathogens were S. aureus, S. pneumoniae, 
and E. coli.[8] In a prospective observational cohort study 
conducted in Spain between 2016 and 2017, E. coli, S. au-

Table 3. Factors associated with mortality

  Survivors (n=167) Non-Survivors (n=54) p

Age, median (IQR), years 70 (58-75) 71 (63-79) 0.851

Gender, male, n (%) 104 (62.3) 35 (64.8) 0.737

BMI, median (IQR), kg/m2 24.5 (22.2-27.8) 24.4 (22.0-27.7) 0.876

COVID-19, n (%) 93 (55.7) 23 (42.6) 0.094

Gram-negative bacteremia, n (%) 102 (61.1) 30 (55.6) 0.367

Gram-positive bacteremia, n (%) 53 (31.7) 21 (38.9) 

Comorbidities, n (%)

 DM 43 (25.9) 12 (22.2) 0.587

 COPD 61 (36.5) 15 (27.8) 0.239

 CHF 24 (14.5) 9 (17.0) 0.655

 ESKD 14 (8.4) 5 (9.3) 0.851

 Solid tumor 32 (19.3) 16 (29.6) 0.110

Sepsis, n (%) 8 (4.8) 16 (29.6) <0.001

IMV, n (%) 126 (75.4) 45 (83.3) 0.229

Central venous catheter, n (%) 130 (77.8) 34 (63.0) 0.030

APACHE II score, median (IQR) 20 (14-25) 25 (16-29) 0.047

APACHE II: Acute Physiology and Chronic Health Evaluation II; BMI: Body Mass Index; CHF: Congestive Heart Failure; COPD: Chronic Obstructive Pulmonary 
Disease; COVID-19: Coronavirus Disease 2019; DM: Diabetes Mellitus; ESKD: End-Stage Kidney Disease; ICU: Intensive Care Unit; IMV: Invasive Mechanical 
Ventilation; IQR: Interquartile Range.

Table 4. Multivariate logistic regression analysis for intensive care unit 
(ICU) mortality

  OR (95% CI) p

Age 1.006 (0.979-1.034) 0.668

Gender (male) 0.636 (0.264-1.534) 0.314

BMI 0.974 (0.907-1.046) 0.470

Gram-negative bacteremia 0.559 (0.239-1.307) 0.180

IMV 1.253 (0.472-3.323) 0.651

Sepsis 5.492 (1.836-16.424) 0.002

APACHE II Score 1.027 (0.978-1.078) 0.282

APACHE II: Acute Physiology and Chronic Health Evaluation II; BMI: Body Mass 
Index; CI: Confidence Interval; IMV: Invasive Mechanical Ventilation; OR: Odds 
Ratio.
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reus, and Klebsiella spp. were the most commonly isolated 
pathogens.[9] Similarly, in a prospective international 
cohort study involving 2,600 patients diagnosed with 
healthcare-associated BSI between 2019 and 2021, Kleb-
siella spp., Enterococcus spp., and S. aureus were reported 
as the most frequent pathogens.[10] In light of these data, 
it can be concluded that while gram-positive pathogens 
have declined in prevalence among healthcare-associated 
BSI cases over the years, gram-negative pathogens have 
become increasingly dominant. Studies from India and 
other parts of Asia have also reported gram-negative or-
ganisms as the most common pathogens in BSIs.[11,12] Simi-
lar to our study, Liao et al.[12] found that K. pneumoniae was 
the most common microorganism associated with nosoco-
mial BSIs, whereas in the study conducted by Mathur et 
al.,[13] Acinetobacter spp. was reported as the predominant 
microorganism in nosocomial BSIs. In a recent prospec-
tive observational study conducted in Türkiye, 67.1% of 
599 isolated pathogens were gram-negative, 21.5% were 
gram-positive, and 11.2% were fungal.[14]

In this study, antimicrobial resistance rates were gener-
ally high, with carbapenem resistance particularly fre-
quent among gram-negative bacteria. The increasing 
antimicrobial resistance in gram-negative pathogens rep-
resents a serious global public health threat.[15,16] In our 
cohort, carbapenem resistance was especially prevalent 
in K. pneumoniae and A. baumannii, with resistance rates 
of 87.5% and 96%, respectively. In a prospective multina-
tional observational cohort study, carbapenem resistance 
rates for A. baumannii and K. pneumoniae were reported as 
84.6% and 37.8%, respectively.[10]. The World Health Or-
ganization (WHO) European Antimicrobial Resistance 
Surveillance 2023 data reported the carbapenem resis-
tance rate in Türkiye for 2021 as 93.3% in Acinetobacter 
spp. and 49.1% in Klebsiella spp.[17] In a retrospective study 
including 414 BSI cases, the carbapenem resistance rate 
in Acinetobacter spp., similar to our findings, was reported 
as 77.8%.[18] Consistent with the literature, the gram-neg-
ative microorganism with the highest carbapenem resis-
tance in our study was A. baumannii. In contrast to these 
findings, a retrospective cohort study involving 155 pa-
tients reported an A. baumannii resistance rate of 1.94%.
[19] The carbapenem resistance rate for K. pneumoniae in 
the same study was 80%.[19] In our study, the MRSA rate 
was 20%. According to the WHO European Antimicro-
bial Resistance Surveillance 2023 report, the MRSA rate 
in Türkiye for 2021 was 30%.[17] In the study by Aslan et 
al.,[14] the MRSA rate was reported as 42.9%. 

In our study, 74.2% of BSIs were associated with central 
venous catheters. Of the 164 catheter-related infections, 
101 (61.5%) involved central venous catheters placed in 
the femoral vein, 50 (30.4%) in the subclavian vein, and 
13 (7.9%) in the jugular vein. The compliance rate with 
hand hygiene protocols before and after catheterization 
was high. A survey study on the prevention and control 
of central line-associated BSIs, covering 201 ICUs, re-
ported that the subclavian vein was the most frequently 
used site for catheterization in 65% of ICUs.[20] It was also 
reported that 81% and 77% of ICUs had standardized 
hand hygiene protocols before and after catheterization, 
respectively.[20] The risk of infection can be minimized 
through catheter bundle practices, which include select-
ing the jugular or subclavian vein for catheterization, ap-
plying skin antisepsis beforehand, and adhering to hand 
hygiene protocols.

In our study, when factors associated with 28-day mor-
tality were analyzed, sepsis emerged as the only inde-
pendent predictor of mortality. This finding is consistent 
with previous studies, in which the presence of sepsis 
and septic shock has been associated with increased 
mortality.[19-21] Sepsis has been reported as a predic-
tor of mortality in patients diagnosed with BSI.[22] In a 
multicenter prospective observational study conducted 
in Türkiye, high Sequential Organ Failure Assessment 
(SOFA) scores in monomicrobial gram-negative BSIs 
were associated with increased mortality in patients with 
healthcare-associated BSI.[14] Similarly, in a retrospective 
study including 179 patients diagnosed with BSI, sepsis 
and septic shock at the onset of infection were identified 
as independent predictors of mortality, aligning with our 
findings.[11]

Limitations
The most significant limitation of this study is that it was 
conducted in a single center. Other limitations include 
its retrospective design, the lack of analysis of carbapen-
emase types in carbapenem-resistant pathogens, and the 
inability to assess antifungal resistance.

Conclusion

In this study, gram-negative pathogens were the most 
frequently detected pathogens in patients with health-
care-associated BSI. Carbapenem resistance rates were 
high among gram-negative isolates. The presence of sep-
sis was identified as an independent predictor of mortal-
ity in patients diagnosed with BSI.



Journal of Critical and Intensive Care - Volume 16, Issue 1, April 2025 17

Tatli Kis et al., Bloodstream Infections in Intensive Care Unit

Ethics Committee Approval: Ethics committee approval 
was obtained from Health Sciences of University İzmir Dr. 
Suat Seren Chest Diseases and Surgery Training and Research 
Hospital Clinical Research Ethics Committee on 07.12.2022 
(Approval Number: 2022/68-77, Date: 07.12.2022).
Informed Consent: Informed consent could not be obtained 
due to the retrospective nature of the study.
Conflict of Interest: The authors have no conflicts of interest 
to declare.
Funding: The authors declared that this study received no fi-
nancial support.
Use of AI for Writing Assistance: The authors declare that 
no artificial intelligence tools were used in the preparation of 
this manuscript.
Author Contributions: Concept – T.T.K.; Design – T.T.K.; 
Supervision – C.K.; Materials – C.B.; Data Collection and/or 
Processing - F.T.T., Y.T.; Analysis and/or Interpretation - T.T.K., 
S.Y.; Literature Review – T.T.K., S.Y.; Writing – T.T.K.; Critical 
Review – C.K.
Peer-review: Externally peer-reviewed.

References

1. Munro C, Zilberberg MD, Shorr AF. Bloodstream infection in the 
intensive care unit: Evolving epidemiology and microbiology. An-
tibiotics (Basel) 2024;13(2):123. [CrossRef]

2. Timsit JF, Ruppé E, Barbier F, Tabah A, Bassetti M. Bloodstream 
infections in critically ill patients: An expert statement. Intensive 
Care Med 2020;46(2):266−84. [CrossRef]

3. Tabah A, Lipman J, Barbier F, Buetti N, Timsit JF, On behalf of 
the escmid study group for infections in critically ill patients-es-
gcip. Use of antimicrobials for bloodstream infections in the in-
tensive care unit, a clinically oriented review. Antibiotics (Basel) 
2022;11(3):362. [CrossRef]

4. Vallés J, Rello J, Ochagavía A, Garnacho J, Alcalá MA. Communi-
ty-acquired bloodstream infection in critically ill adult patients: 
Impact of shock and inappropriate antibiotic therapy on survival. 
Chest 2003;123(5):1615−24. [CrossRef]

5. US Centers for Disease Control and Prevention. 2018 National and 
State Healthcare-Associated Infections Progress Report. https://
archive.cdc.gov/www_cdc_gov/hai/data/archive/2018-HAI-
progress-report.html (Accessed June 10, 2025).

6. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, 
Bauer M, et al. The Third International Consensus Definitions for Sep-
sis and Septic Shock (Sepsis-3). JAMA 2016;315(8):801−10. [CrossRef]

7. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, 
Giske CG, et al. Multidrug-resistant, extensively drug-resistant and 
pandrug-resistant bacteria: An international expert proposal for in-
terim standard definitions for acquired resistance. Clin Microbiol 
Infect 2012;18(3):268−81. [CrossRef]

8. Gouel-Cheron A, Swihart BJ, Warner S, Mathew L, Strich JR, Mancera 
A, et al. Epidemiology of ICU-onset bloodstream infection: Preva-
lence, pathogens, and risk factors among 150,948 ICU patients at 85 

U.S. hospitals. Crit Care Med 2022;50(12):1725−36. [CrossRef]

9. Pérez-Crespo PMM, Lanz-García JF, Bravo-Ferrer J, Cantón-Bulnes 
ML, Sousa Domínguez A, Goikoetxea Aguirre J, et al. Revisiting the 
epidemiology of bloodstream infections and healthcare-associated 
episodes: Results from a multicentre prospective cohort in Spain (PRO-
BAC Study). Int J Antimicrob Agents 2021;58(1):106352. [CrossRef]

10. Tabah A, Buetti N, Staiquly Q, Ruckly S, Akova M, Aslan AT, et 
al. Epidemiology and outcomes of hospital-acquired bloodstream 
infections in intensive care unit patients: The EUROBACT-2 inter-
national cohort study. Intensive Care Med 2023;49(2):178−90. 

11. Kumar D, Chaudhary M, Midha NK, Bohra GK, Meena DS, Tak V, 
et al. Pathogenic burden, antimicrobial resistance pattern and clini-
cal outcome of nosocomial bloodstream infections in intensive care 
unit. J Intensive Care Med 2025;40(5):556−64. [CrossRef]

12. Liao WC, Chung WS, Lo YC, Shih WH, Chou CH, Chen CY, et al. 
Changing epidemiology and prognosis of nosocomial bloodstream 
infection: A single-center retrospective study in Taiwan. J Microbiol 
Immunol Infect 2022;55(6):1293−300. [CrossRef]

13. Mathur P, Varghese P, Tak V, Gunjiyal J, Lalwani S, Kumar S, et al. 
Epidemiology of blood stream infections at a level-1 trauma care 
center of India. J Lab Physicians 2014;6(1):22−7. [CrossRef]

14. Aslan AT, Tabah A, Köylü B, Kalem AK, Aksoy F, Erol Ç, et al. 
Epidemiology and risk factors of 28-day mortality of hospital-
acquired bloodstream infection in Turkish intensive care units: A 
prospective observational cohort study. J Antimicrob Chemother 
2023;78(7):1757−68. [CrossRef]

15. World Health Organization. The World Health Organization. 
https://www.who.int/publications/i/item/9789241515061 (Ac-
cessed June 10, 2025).

16. Aslan AT, Akova M, Paterson DL. Next-generation polymyxin class 
of antibiotics: A ray of hope illuminating a dark road. Antibiotics 
(Basel) 2022;11(12):1711. [CrossRef]

17. World Health Organization. Antimicrobial resistance surveillance 
in Europe 2023–2021 data https://www.who.int/europe/publica-
tions/i/item/9789289058537 (Accessed June 10, 2025).

18. Amanati A, Sajedianfard S, Khajeh S, Ghasempour S, Mehrangiz S, 
Nematolahi S, et al. Bloodstream infections in adult patients with 
malignancy, epidemiology, microbiology, and risk factors asso-
ciated with mortality and multi-drug resistance. BMC Infect Dis 
2021;21(1):636. [CrossRef]

19. Sathya Kumar AM, George MM, Bhanuprasad K, John GM, Korula 
A, Abraham A, et al. Persistent bacteremia predicts poor outcomes 
among neutropenic patients with carbapenem-resistant gram-neg-
ative bloodstream infections receiving appropriate therapy. Ann 
Clin Microbiol Antimicrob 2023;22(1):12. [CrossRef]

20. Shen Y, Tai Z, Bai X, Song X, Chen M, Guo Q, et al. Prevention 
and control status of central line-associated bloodstream infec-
tion in intensive care unit in Shandong province: A cross-sec-
tional survey analysis. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue 
2024;36(12):1315−20. [Article in Chinese] 

21. Shah S, Nadeem MD, Ali J, Ahmad U, Mahmood A, Ikhlas Z. Risk fac-
tors and mortality outcomes in elderly patients with bloodstream in-
fections: A retrospective analysis. Cureus 2024;16(7):e65275. [CrossRef]

22. Huang C, Lin L, Kuo S. Risk factors for mortality in stenotrophomonas 
maltophilia bacteremia–A meta-analysis. Infect Dis 2024;56:335–47. 
[CrossRef]

https://doi.org/10.3390/antibiotics13020123
https://doi.org/10.1007/s00134-020-05950-6
https://doi.org/10.3390/antibiotics11030362
https://doi.org/10.1378/chest.123.5.1615
https://archive.cdc.gov/www_cdc_gov/hai/data/archive/2018-HAI-progress-report.html
https://archive.cdc.gov/www_cdc_gov/hai/data/archive/2018-HAI-progress-report.html
https://archive.cdc.gov/www_cdc_gov/hai/data/archive/2018-HAI-progress-report.html
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1097/CCM.0000000000005662
https://doi.org/10.1016/j.ijantimicag.2021.106352
https://doi.org/10.1177/08850666241305043
https://doi.org/10.1016/j.jmii.2021.09.015
https://doi.org/10.4103/0974-2727.129086
https://doi.org/10.1093/jac/dkad167
https://www.who.int/publications/i/item/9789241515061
https://doi.org/10.3390/antibiotics11121711
https://www.who.int/europe/publications/i/item/9789289058537
https://www.who.int/europe/publications/i/item/9789289058537
https://doi.org/10.1186/s12879-021-06243-z
https://doi.org/10.1186/s12941-023-00561-7
https://doi.org/10.7759/cureus.65275
https://doi.org/10.1080/23744235.2024.2324365

