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Abstract 
Introduction: This study investigated the clinical characteristics, causative microorganisms, and antibiotic resistance patterns of catheter-related 
bloodstream infections (CRBSIs) in hemodialysis patients at a tertiary healthcare institution. 
Methodology: A retrospective analysis of 300 patients treated for CRBSIs between January 2018 and December 2023 was conducted. Patients 
were divided into two groups: those with less than 1 year of hemodialysis (Group 1) and those with more than 1 year of hemodialysis (Group 
2). Risk factors for intensive care unit (ICU) transfer and 28-day mortality were analyzed. 
Results: The median age was 68 years. Gram-positive bacteria were the predominant pathogens (69%), with Staphylococcus aureus being the 
most frequent. Group 1 had significantly higher rates of recent hospitalization (p = 0.014) and a history of previous ICU admission (p = 0.001). 
However, no significant differences were found in causative microorganisms or antimicrobial resistance between the two groups. Risk factors 
for ICU transfer included carbapenem resistance (OR: 7.657, p = 0.013), history of catheter revision (OR: 4.632, p = 0.022), and leukocytosis 
(OR: 1.150, p = 0.004). The 28-day mortality rate was 8%. Significant risk factors for mortality were ICU transfer (OR: 17.29; p = 0.001) and 
Vancomycin-Resistant Enterococcus (VRE) infection (OR: 14.10; p = 0.002). 
Conclusions: Despite shorter-term dialysis patients having more frequent hospitalizations, the distribution and resistance of pathogens remain 
similar regardless of hemodialysis duration. Empirical therapy should prioritize broad anti-staphylococcal coverage and be tailored to specific 
risk factors such as VRE or carbapenem resistance rather than hemodialysis duration. 
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Introduction 

Bloodstream infections (BSIs) are among the most 
significant complications in patients with chronic 
kidney disease (CKD) undergoing hemodialysis. 
Systemic infections, sepsis, and subsequent 
hospitalization and mortality rates increase following 
BSIs [1,2]. The risk of infectious complications may 
vary depending on factors such as catheter duration, 
catheter location, prior infections, prior antibiotic use, 
and comorbidities [3-6]. Infectious complications 
associated with tunneled catheters are more common, 
particularly during the initial period of catheter use [7]. 
Prospective studies have reported infection rates for 
tunneled central venous catheters to range from 0.51 to 
1.59 per 1000 catheter-days [8,9]. The most frequently 
isolated microorganism in catheter-related bloodstream 
infections (CRBSIs) is Staphylococcus aureus. 
Methicillin resistance in this patient population is a 
significant concern and should not be overlooked [10]. 
In non-staphylococcal CRBSIs, enterococci and Gram-

negative bacilli are also common pathogens [11]. 
There are no specific symptoms in CRBSIs. 

Patients usually present with complaints such as high 
fever, hypotension, and tachycardia that begin during 
hemodialysis. In the absence of local signs of infection 
at the catheter site (e.g., redness, warmth, tenderness, or 
discharge), a diagnosis is made by excluding other 
potential sources of infection [12]. Initiating empirical 
anti-staphylococcal therapy is a crucial component of 
treatment recommendations for patients with these 
infections. However, decisions regarding coverage for 
methicillin-resistant strains and Gram-negative 
organisms should be guided by local resistance rates 
and patient-specific risk factors [13]. 

The first year of treatment for patients new to 
hemodialysis is an adaptation period, during which they 
become accustomed to catheter care, and their overall 
health may be more vulnerable. During this period, the 
risk of infection, along with other complications, and 
mortality rates is higher [14,15]. Our study aimed to 
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investigate whether there are differences in 
microbiological and resistance profiles, as well as 
prognosis, between patients in this initial, high-risk 
period and those in the more stable, longer-term period. 

 
Methodology 

This retrospective study included patients who 
underwent hemodialysis and were treated for CRBSI at 
a 90-bed Nephrology Clinic between January 2018 and 
December 2023. Only the first episode was included for 
patients hospitalized with CRBSI on more than one 
occasion. 

 
Case Definition, Inclusion and Exclusion Criteria 

Patients aged 18 and older who were diagnosed 
with CRBSI and treated in the Nephrology Department 
during the specified period were included in the study.  

Inclusion criteria were as follows: 
• Receiving hemodialysis via a central catheter 
• Being diagnosed with a catheter-associated 

bloodstream infection 
• Having the causative microorganism isolated 

by the same hospital microbiology unit 
 
Exclusion criteria were as follows: 
• Patients who completed their treatment at 

another center 
• Patients whose causative microorganisms were 

isolated at another center 
• Patients whose data were unavailable 
• Patients with tunnel infections 
• Patients with contamination 
 

Data Collection 
Patient characteristics, including age, gender, 

underlying diseases, and the duration, location, and type 
of hemodialysis catheter, were recorded. Outcomes 
such as catheter replacement or removal, transition to 
other hemodialysis methods, the presence of septic 
embolic complications, and 28-day mortality were also 
documented. The distribution of causative 
microorganisms, their antibiotic resistance profiles, the 
appropriateness of empirical treatment, and patient 
prognosis were analyzed. Patients were divided into 
two groups based on their duration of hemodialysis. 
Group 1 included patients with less than 1 year of 
hemodialysis, while Group 2 included those with more 
than 1 year of hemodialysis. We compared 
demographic data, comorbidities, risk factors for CKD, 
laboratory findings, causative microorganisms, 
resistance profiles, and prognoses between the two 

groups. 
 

Definitions 
• Catheter-Related Bloodstream Infection: 

Defined as the presence of fever or systemic 
signs of infection in a patient with a tunneled 
catheter, with no other evident source of 
infection, and the isolation of identical 
microorganisms from blood cultures obtained 
from both a peripheral vein and the catheter. 

• Appropriate Empirical Antibiotic Therapy: 
Defined as the in vitro effectiveness of the 
empirically administered antibiotic(s) against 
the subsequently isolated microorganism. 

• Contamination: Results with a single positive 
coagulase-negative staphylococcus growth, for 
which the clinician considered contamination 
and did not initiate antibiotic treatment, were 
considered contamination and were not 
included in the microorganism and antibiogram 
results. 

• Tunnel Infection: Tenderness, erythema, or 
induration (without accompanying bacteremia 
or sepsis) in an area greater than 2 cm along the 
catheter from the catheter exit site was accepted 
as a tunnel infection and excluded from the 
study. 

• Polymicrobial CRBSI: Infections that met the 
definition of CRBSI and in which more than 
one microorganism was isolated were included. 
Susceptibility of microorganisms was 
determined based on whether they were Gram-
positive or Gram-negative. 

• Recent hospitalization: Having received at least 
48 hours of hospital inpatient treatment for any 
reason within the last 90 days before applying 
to the hospital with a diagnosis of CRBSI. 

 
Microbiological Analysis 

Following clinical suspicion of CRBSI, paired 
blood cultures were aseptically collected from both a 
peripheral vein and the catheter lumen. Samples were 
incubated in a BACTEC™ FX automated blood culture 
system (Becton Dickinson, USA) until a positive result 
was obtained or for up to five days. Positive cultures 
were subjected to Gram staining and sub-cultured onto 
standard media. 

From January 2018 to March 2020, bacterial 
identification (ID) and antimicrobial susceptibility 
testing (AST) were performed using the Vitek 2 
(bioMérieux, France) and Phoenix M50 (Becton 
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Dickinson, USA) automated systems. From April 2020 
to December 2023, species-level ID was enhanced by 
the implementation of MALDI-TOF Mass 
Spectrometry systems (Vitek MS Prime, bioMérieux; 
BD Sirius, Bruker). 

Antimicrobial susceptibility tests were conducted to 
determine Minimum Inhibitory Concentration (MIC) 
values. The results were interpreted according to the 
clinical breakpoint tables provided by the European 
Committee on Antimicrobial Susceptibility Testing 
(EUCAST) for the year in which the isolate was tested. 
Methicillin resistance in Staphylococcus aureus was 
confirmed using the cefoxitin screen test. Phenotypic 
confirmatory tests, such as the combination disk test, 
were used to detect Extended-Spectrum Beta-
Lactamase (ESBL) production in Enterobacterales, 
where appropriate.  

 
Statistical Analysis 

Data were analyzed using SPSS 27. The 
Kolmogorov-Smirnov and Shapiro-Wilk tests were 
used to assess the normality of data distribution. Data 
were presented as mean ± standard deviation or 
percentages, as appropriate. The Student's t-test or 
Mann-Whitney U-test was used for the analysis of 
continuous variables, while the chi-square or Fisher's 
exact test was used for categorical variables. To identify 
independent risk factors for ICU transfer and 28-day 
mortality, multivariate logistic regression analysis was 
performed. Results from the regression analysis were 
presented as Odds Ratios (OR) with 95% Confidence 
Intervals (CI). A p < 0.05 was considered statistically 
significant. 

 
Results 

Three hundred patients were included in the study. 
The median age was 68 years, and 134 patients (44.7%) 
were male. The median duration of CKD was 5 years, 
and the median duration of hemodialysis was 18 
months. The duration of hemodialysis was less than one 
year in 136 patients. The most common comorbidities 
were hypertension (73%), diabetes mellitus (48%), 
coronary artery disease (36%), and chronic lung 
diseases (21%). Three-quarters of the patients received 
hemodialysis three times a week.  

Tunneled catheters were used in 291 patients 
(97%), while 51 individuals had previously used non-
tunneled catheters. Before the index infection, catheters 
had been changed for various reasons in 141 patients; 
of these, 113 (37.7%) were due to previous CRBSI. 
Among previously isolated CRBSI agents, 65% were 
Gram-positive, and 34% were Gram-negative bacteria. 

A total of 128 patients had been hospitalized for any 
reason within the last three months, with 18 of these 
hospitalizations involving an intensive care unit (ICU). 

Empirically initiated antibiotic therapy was 
appropriate for the isolated microorganism in 200 
patients; empirical treatment was changed in 155 
patients; and most subsequent treatment changes were 
for de-escalation (in 72 patients). Following treatment, 
infected catheters were removed in 173 patients. Of 
these, 86 had a new catheter placed in a different 
location, 45 in the same area, and 42 transitioned to an 
arteriovenous (A-V) fistula. The time to catheter 
removal after an index positive culture was 11 days 
(Table 1). Complications included abscesses in nine 
patients, endocarditis in ten, and metastatic infections 

Table 1. General characteristics of patients. 
Characteristics Total 

(n = 300) 
Age (years), median (min-max) 68 (18-93) 
Male sex 134 (44.7) 
Living in rural areas 100 (33.3) 
Duration of CKD (months), median (min-max) 60 (1-360) 
Duration of hemodialysis (months), median (min-
max) 18 (1-348) 

Hypertension 218 (72.7) 
Diabetes Mellitus 144 (48.0) 
Coronary Artery Diseases 108 (36.0) 
Chronic Lung Diseases 65 (21.7) 
Malignancy 39 (13.0) 
Corticosteroid Use 29 (9.7) 
History of Renal Transplantation 28 (9.3) 
Hypothyroidism 23 (7.7) 
Hemodialysis session  
2/7 75 (25.0) 
3/7 225 (75.0) 
History of peritoneal dialysis 22 (7.3) 
History of arteriovenous fistula 74 (24.7) 
Non-tunneled catheter 51 (17.0) 
Tunneled catheter 291 (97.0) 
History of any catheter revision 141 (47.0) 
History of catheter revision after CRBSI 113 (37.7) 
The median number of the CRBSI attacks median 
(min-max) 2 (1-11) 

Previous CRBSI history 113 (37.7) 
Previous Causes of CRBSI Attacks n = 113 
Gram Positive Bacteria 74 (65.4) 
Gram Negative Bacteria 38 (33.6) 
Yeast 1 (0.8) 
Hospitalization in the last 3 months 128 (42.7) 
ICU Hospitalization in the last 3 months 18 (6.0) 
Appropriate empirical treatment rate 200 (66.6) 
Change in empirical treatment 155 (51.7) 
De-escalation 72 (46.5) 
Side effect 13 (8.4) 
Prognosis of the catheter  
Catheter removal 173 (57.6) 
Catheter removal and replacement with another region 86 (28.0) 
Catheter removal and replacement in the same region 45 (15.0) 
Transition of arteriovenous fistula 42 (14.0) 
Time to catheter removal (n = 173) (days median min-
max) 11 (2-28) 

Mortality (28-day) 24 (8.0) 
CKD: chronic kidney disease; CRBSI: Catheter-related bloodstream 
infection; ICU: intensive care unit. 
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in fifteen. Catheters were removed in all patients who 
developed complications. A total of 45 patients were 
transferred to the ICU, and 24 patients died within 28 
days of treatment. The annual distribution of cases 
showed that the highest number of admissions occurred 
in 2021 and 2022 (Figure 1). This increase in the 
number of cases during the pandemic period was 
statistically significant (p < 0.001). 

Comparison of patients according to hemodialysis 
duration is shown in Table 2. Patients with a 
hemodialysis duration of 1 year or less were categorized 
as Group 1; those with a duration of hemodialysis 
longer than 1 year were categorized as Group 2. 
Accordingly, the median age was higher in Group 1 
than in Group 2 (69 years vs. 67 years; p = 0.043). The 
rate of coronary artery disease among chronic diseases 
was significantly higher in Group 1 compared to Group 
2 (42.6% vs. 30.5%; p = 0.03). The rate of three-times-
weekly hemodialysis sessions was higher in Group 2. 
Among the tunneled catheter hemodialysis patients, the 
rates were 94% in Group 1 and 99.4% in Group 2 (p = 
0.013). The history of catheter changes for any reason, 
as well as catheter changes due to CRBSI, was 
significantly higher in Group 2 (p = 0.001). However, 
the history of hospitalization in the previous 3 months 
(p = 0.014) and history of treatment in the intensive care 
unit (ICU) (p = 0.001) were higher in Group 1. No 
significant differences were observed between the two 
groups in terms of suitability for empirical treatment, 
treatment change rates, need for ICU, and mortality. 

When laboratory findings were compared, the 

median platelet count (p = 0.005) and creatinine (p = 
0.001) were lower in Group 1 than in Group 2 (Table 
3). 

Table 4 presents the isolated microorganisms and 
their comparison by hemodialysis duration. 
Accordingly, 69% of the organisms were Gram-
positive and 30% were Gram-negative, and 1% were 
yeasts. Among Gram-positive bacteria, Staphylococcus 
aureus was the most frequently isolated, with the 
majority methicillin-susceptible (92 MSSA and 41 
MRSA). Enterococcus spp. was isolated in 30 patients. 

Table 2. Comparison of patients' demographic data, infection risk factors and prognosis according to hemodialysis duration. 
 Group 1 HD year ≤ 1 Year 

(n = 136) 
Group 2 HD year > 1 Year 

(n = 164) p 

Age median (min-max) 69 (18-93) 67 (23-92) 0.043 
Male gender 60 (20.0) 74 (24.7) 0.907 
Duration of CKD (months) median (min-max) 34 (1-300) 108 (13-360) 0.001 
Hypertension 105 (77.2) 113 (68.9) 0.119 
Diabetes Mellitus 70 (51.5) 74 (45.1) 0.297 
Coronary Artery Diseases 58 (42.6) 50 (30.5) 0.030 
Chronic Lung Diseases 35 (25.7) 30 (18.3) 0.124 
Malignancy 23 (16.9) 16 (9.8) 0.084 
HD session    
2/7 49 (36.0) 26 (15.9) 0.001 
3/7 87 (64.0) 138 (84.1)  
History of peritoneal dialysis 5 (3.7) 17 (10.4) 0.043 
History of A-V fistula 14 (10.3) 60 (36.6) 0.001 
Non-tunneled catheter 25 (18.4) 26 (15.9) 0.644 
Tunneled catheter 128 (94.1) 163 (99.4) 0.013 
History of any catheter revision 34 (25.0) 107 (65.2) 0.001 
History of catheter revision after CRBSI 33 (24.3) 80 (48.8) 0.001 
Hospitalization in the last 3 months 69 (50.7) 59 (36.0) 0.014 
ICU Hospitalization in the last 3 months 15 (11.0) 3 (1.8) 0.001 
Appropriate empirical treatment rate 73 (53.7) 99 (60.4) 0.291 
Change in empirical treatment 62 (45.6) 93 (56.7) 0.064 
Transferring to the ICU 24 (17.6) 21 (12.8) 0.259 
Mortality (28-day) 13 (9.6) 11 (6.7) 0.398 
HD: hemodialysis; CKD: Chronic Kidney Diseases; CRBSI: Catheter-related bloodstream infection; ICU: intensive care unit. 

Figure 1. Distribution of the number of patients treated over the 
years. 
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No significant difference was observed between Groups 
1 and 2 regarding ampicillin-resistant and vancomycin-
resistant enterococci. Among Gram-negative bacteria, 
Escherichia coli was the most frequently isolated 
(6.6%). Klebsiella pneumoniae (5%) and Enterobacter 
cloacae (5%) were then isolated, respectively. Among 
non-fermenting bacteria, the frequencies of 
Pseudomonas aeruginosa and Acinetobacter baumannii 
were 4.3% and 3.6%, respectively. In Gram-negative 
bacteria, fluoroquinolone resistance was 17.3%, 
piperacillin-tazobactam resistance was 18.3%, and 
carbapenem resistance was 10.6%. No difference in 
antimicrobial resistance was observed among Gram-
negative microorganisms (Figure 2). 

In empirical therapy, combination treatments (n = 
173) were more frequently preferred than monotherapy 
(n = 127). The most common empirical combination 
was piperacillin-tazobactam + vancomycin, which was 
used in 100 (57.8%) of all combination regimens, 
followed by a carbapenem + vancomycin (26.5%). 
Among empirical monotherapies, vancomycin was the 
most selected agent (35.4%). After the causative agent 
was identified and susceptibility results were available, 
a shift towards monotherapy was observed: 197 patients 

received single-agent therapy compared with 103 
receiving combination therapy. In agent-specific 
monotherapy, cefazolin (19.2%), carbapenems 
(16.2%), and piperacillin-tazobactam (15.7%) were the 
most used antibiotics. When combination therapy was 

Table 3. Comparison of the laboratory findings of the groups. 
 Total 

(n = 300) 
Group 1HD year ≤ 1 Year 

(n = 136) 
Group 2 HD year > 1 Year 

(n = 164) p 

White Blood Cell (103/µL), median (min-max) 9.2 (1.9-34.4) 9.2 (1.9-32.3) 9.3 (2.2-34.4) 0.781 
Hemoglobin (g/dL), median (min-max) 10.0 (4.6-16.3) 10.0 (4.6-15.0) 10.1 (4.6-16.3) 0.893 
Platelet (103/µL), median (min-max) 183 (8-524) 169 (8-514) 190 (62-524) 0.005 
C-Reactive Protein (mg/L), median (min-max) 122 (2-413) 121 (3-413) 124 (2-380) 0.976 
Procalcitonin (ng/mL), median (min-max) 4.5 (0.11-100) 4.9 (0.1-100.0) 3.7 (0.1-100.0) 0.430 
Alanine aminotransferase (u/L), median (min-max) 12 (1-456) 13 (2-456) 11 (1-139) 0.056 
Sedimentation, median (min-max) 63 (3-140) 59 (3-140) 64 (13-133) 0.300 
Blood Urea Nitrogen (mg/dL) (min-max) 43 (8-130) 41 (8-118) 45 (9-130) 0.503 
Creatinine (mg/dL), median (min-max) 4.5 (0.7-14.0) 3.9 (0.7-12.5) 5.4 (1.1-14.0) 0.001 
HD: hemodialysis. 
 
 
 
Table 4. Causative microorganisms, antimicrobial susceptibilities, and comparison according to hemodialysis duration. 

 Total 
Group 1 Group 2 

p HD year ≤ 1 Year HD year > 1 Year 
(n = 136) (n = 164) 

Gram-positive bacteria 207 (69) 85 (62.5) 122 (74.3) 0.095 
Coagulase negative staphylococci 31 (14.9) 13 (15.2) 18 (14.7) 0.658 
Methicillin Resistant Staphylococcus aureus 41(19.8) 18 (21.1) 23 (18.8) 0.853 
Methicillin Susceptible Staphylococcus aureus 92 (44.5) 41 (48.2) 51 (41.8) 0.798 
Enterococcus spp. 30 (14.5) 12 (14.1) 18 (14.7) 0.185 
Vancomycin Resistant Enterococcus 13 (6.2) 6 (4.4) 7 (4.2) 0.999 
Gram negative bacteria 89 (30) 44 (32.0) 45 (33.5) 0.715 
Escherichia coli 19 (21.3) 7 (15.9) 12 (26.6) 0.38 
Klebsiella pneumoniae 15 (16.8) 9 (20.4) 6 (13.3) 0.25 
Enterobacter cloacae 15 (16.8) 8(18.2) 7 (15.5) 0.516 
Pseudomonas aeruginosa 13 (14.6) 7 (15.9) 6 (13.3) 0.523 
Acinetobacter baumannii 10 (11.2) 5 (12.2) 5 (11.1) 0.74 
Ralstonia pickettii 5 (5.6) 3 (6.8) 2 (4.4) 0.999 
Stenotrophomonas maltophilia 6 (6.7) 2 (4.5) 4 (8.8) 0.3 
Other 6 (6.7) 3 (6.8) 3 (6.6) 0.99 
Yeast 4 (1.0) 3 (1.5) 1 (0.6) 0.592 
HD: hemodialysis. 

Figure 2. Antimicrobial susceptibilities of Gram-negative bacteria 
and comparison of susceptibilities. 
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required for a specific agent, carbapenem + vancomycin 
was the most frequent choice (25.2%). A comparison 
between the two groups based on hemodialysis duration 
did not reveal significant differences in the selection of 
empirical or agent-specific antibiotic regimens 
(Supplementary Table 1). 

A multivariate analysis was conducted to identify 
risk factors for poor outcomes (Table 5). The analysis 
identified carbapenem resistance (OR: 7.657, 95% CI: 
1.525-38.452, p = 0.013), a history of any catheter 
revision (OR: 4.632, 95% CI: 1.248-17.199, p = 0.022), 
and leukocytosis (> 10 × 10³/µL) (OR: 1.150, 95% CI: 
1.046-1.266, p = 0.004) as significant risk factors for 
being transferred to the intensive care unit (ICU). For 
28-day mortality, significant risk factors were transfer 
to the ICU (OR: 17.29, 95% CI: 2.54-139.39, p = 0.001) 
and infection with Vancomycin-Resistant Enterococcus 
(VRE) (OR: 14.10, 95% CI: 1.67-32.64, p = 0.002). 

 
Discussion 

This study was conducted at a university hospital 
with a capacity of 90 beds. It accepts complicated 
patients referred from peripheral health institutions and 
hemodialysis centers. All patients included in this study 
did not have their catheters placed in the same center. 
Therefore, the CRBSI rate was not calculated. The 
higher median patient age, longer hemodialysis 
duration, and greater comorbidities were attributed to 
the center's treatment of more complex cases. The 
median age of patients in this study was 68 years. In a 
study examining the incidence of CRBSI among 
hemodialysis patients in Spain between 2010 and 2014, 
the median age was reported as 54.9 years. In that study, 
the Aboriginal and Torres Strait Islander rate was 
reported as 60% and the CRBSI rate was reported to be 
higher in this patient group [10]. In a study examining 
1-year CRBSIs at the largest tertiary health care facility 
in Ghana, the mean age was reported as 45 years [16]. 
The high number of geriatric patients in the study group 
suggested deficiencies in catheter care at home and in 
hemodialysis centers. Inadequate home catheter care 
and hygiene practices have been identified as 
significant contributors to catheter-related bloodstream 
infections in hemodialysis patients. Several studies 

have demonstrated that patients’ or caregivers’ 
insufficient training on aseptic techniques during home-
based catheter maintenance increases the risk of 
infection and readmission rates [7,14]. 

In 37% of patients with a history of catheter revision 
due to CRBSI, 65% of the isolated microorganisms 
were Gram-positive. A study investigating risk factors 
for recurrent CRBSI in a pediatric intensive care unit 
found a 1.7-fold increased risk associated with an 
interval of less than 4 days between negative blood 
culture and the reinsertion of the second central venous 
catheter [17]. The duration of antimicrobial treatment, 
severity score, and advanced age were identified as risk 
factors for recurrent CRBSI in a study conducted in an 
adult ICU [18]. In a retrospective analysis of 
hemodialysis patients' tunneled catheter-associated 
bacteremia, 13 of 17 recurrences involved Gram-
positive bacteria in the second instance, and Gram-
positive bacteria were found in all recurrences after 
three [13]. Inadequate therapies, particularly in cases of 
Staphylococcus aureus bacteremia, may potentially 
contribute to recurrent CRBSI, even if the 
predominance of Gram-positive bacteria in the skin 
flora is the most relevant determinant [19]. 

It was demonstrated that the coronavirus disease 
2019 (COVID-19) pandemic seasons of 2020, 2021, 
and 2022 were associated with higher case counts. In 
many studies evaluating the impact of the COVID-19 
pandemic on healthcare-associated infections, 
significant increases were expressed, especially in 
CRBSI and S. aureus bacteremia [20,21]. In a meta-
analysis of 21 clinical studies, primarily using national 
health registration system data, a statistically significant 
increase in the incidence of CRBSI was observed in 17 
clinical studies compared to the pre-pandemic period 
[22]. The CLABSI rate decreased from 0.82 per 1,000 
catheter days between February and May 2019 to 0.20 
per 1,000 catheter days between February and May 
2020 in a retrospective observational study comparing 
CRBSI rates seen in 71 hemodialysis patients [23]. 

This discrepancy in the literature likely reflects the 
variable impact of the pandemic on different healthcare 
settings. While some well-controlled outpatient units 
may have successfully enhanced their preventive 

Table 5. Risk factors for intensive care transfer and mortality. 
Transferring to the ICU Multivariate analysis OR (95% CI) p 
Carbapenem resistance 7.657 (1.525-38.452) 0.013 
History of any catheter revision 4.632 (1.248-17.199) 0.022 
Leukocytosis (> 10 × 103/µL) 1.150 (1.046-1.266) 0.004 
28-Day Mortality Multivariate analysis OR (95% CI) p 
Transferring to the ICU 17.29 (2.54-139.39) 0.001 
VRE infection 14.10 (1.67-32.64) 0.002 
VRE: vancomycin-resistant enterococcus. 
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measures due to heightened awareness, the increased 
workload and patient density in a tertiary referral 
hospital such as ours likely overshadowed any potential 
benefits from universal precautions, contributing to the 
rise in infections observed in our cohort. When the 
groups were compared according to the duration of 
hemodialysis, it was seen that the average age, chronic 
diseases, and hospital and ICU stays were higher in 
patients whose HD duration was shorter than one year. 
It was thought that these results might be due to the 
treatment the patient group received during the 
COVID-19 pandemic period. A review examining the 
effect of the COVID-19 pandemic on the prognosis of 
chronic kidney disease emphasized that chronic kidney 
disease worsened COVID-19 severity, and severe 
COVID-19 was associated with increased acute kidney 
injury and the need for hemodialysis [24]. When 3697 
patients with COVID-19 disease in Japan were divided 
into 3 groups according to their kidney functions as 
normal, acute kidney failure (AKF) without a history of 
CKD, and AKF with a history of CKD, it was seen that 
the rate of progression to critical findings was highest 
in AKF with a history of CKD [25]. 

The most frequently isolated microorganism in both 
groups, regardless of the duration of hemodialysis, was 
Gram-positive bacteria, particularly methicillin-
susceptible Staphylococcus aureus (MSSA). Phillips et 
al. [26] reported that 66% of bloodstream infections 
among 99 patients treated between 2005 and 2018 were 
caused by Gram-positive bacteria, mostly 
Staphylococcus aureus. In the same study, patients with 
Gram-positive and Gram-negative causative agents 
were compared, and no difference in hemodialysis 
duration was observed between the groups [26].  

One of the most significant findings of our study is 
the lack of difference in pathogen distribution and 
antimicrobial resistance between the groups, despite 
patients with shorter hemodialysis duration (Group 1) 
having a significantly higher frequency of recent 
hospitalizations and ICU stays—well-established risk 
factors for acquiring multi-drug resistant (MDR) 
organisms. This seemingly paradoxical result is best 
explained by the unique and dominant pathogenesis of 
CRBSI in the outpatient hemodialysis population. 

The primary mechanism of CRBSI is colonization 
of the catheter by the patient's endogenous skin flora, 
which leads to the formation of a biofilm that serves as 
a reservoir for infection [27]. As Soi et al. highlight in 
their review, this process typically involves 
microorganisms migrating from the skin at the catheter 
exit site (extraluminal colonization) or contamination of 
the catheter hub (intraluminal colonization). This 

constant microbiological pressure from the patient's 
own commensal bacteria, particularly Staphylococcus 
aureus, appears to override the intermittent risk of 
acquiring a different, nosocomial pathogen during a 
recent hospital stay [27]. Therefore, our results strongly 
suggest that for CRBSI in hemodialysis outpatients, the 
immediate and persistent risk posed by skin flora is a 
more powerful determinant of the causative pathogen 
than recent exposure to an inpatient hospital 
environment [27,28]. 

Our analysis identified key risk factors for ICU 
transfer, which in turn are major predictors of mortality. 
These factors included leukocytosis (> 10 × 10³/µL), a 
history of any catheter revision, and carbapenem 
resistance. Leukocytosis is a direct indicator of a severe 
systemic inflammatory response [29]. The association 
with a history of catheter revision may suggest that 
patients with recurrent catheter-related issues are more 
vulnerable to severe infections [30,31]. Most notably, 
carbapenem resistance as a risk factor for ICU 
admission, similar to the VRE finding for mortality, 
underscores the challenge of managing infections 
caused by MDROs. These infections can lead to 
delayed appropriate therapy and clinical deterioration, 
necessitating intensive care [32,33]. These findings 
underscore the critical need for robust infection control 
measures to prevent the spread of VRE and 
carbapenem-resistant organisms, and emphasize the 
importance of promptly identifying and effectively 
treating these high-risk infections. 

 
Limitations 

This study has several key limitations that should be 
acknowledged. First, its retrospective and single-center 
design may limit the generalizability of our findings to 
other healthcare settings with different patient 
populations or infection control practices. Furthermore, 
the lack of a catheter-day denominator prevented the 
calculation of standardized infection incidence rates, 
which makes direct comparisons of infection burden 
over time and with other studies challenging. 

 
Conclusions 

In conclusion, data from hemodialysis patients 
treated for CRBSI diagnoses at the Nephrology 
Department of a tertiary hospital over a 6-year period 
were retrospectively examined. It was observed that the 
number of cases increased significantly in 2021-2022. 
This increase was likely due to the increased workload 
of healthcare workers during the COVID-19 pandemic, 
inadequate catheter care, and higher inpatient 
admissions from peripheral hospitals. 
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There were no differences in the causative 
microorganisms or antibiotic resistance rates by 
hemodialysis duration. This study also identified 
specific risk factors for poor outcomes: ICU transfer 
and VRE infection were significant predictors of 28-
day mortality. At the same time, carbapenem resistance 
and a history of catheter revision were associated with 
ICU transfer. Therefore, empirical treatment should 
prioritize anti-staphylococcal coverage and consider 
these identified risk factors (such as potential VRE 
infection or carbapenem resistance) rather than relying 
on the duration of hemodialysis. 

 
 
Acknowledgements 
We would like to thank the Proofreading & Editing Office of 
the Dean for Research at Erciyes University for copy-editing 
and proofreading service for this manuscript. 
 
Ethics approval and consent to participate 
This study was approved by the Erciyes University Non-
Interventional Clinical Research Ethics Committee, 
04.10.2023, No:2023/652. 
 
Authors' contributions 
Dr Zeynep Ture: Data curation, investigation, methodology, 
writing – original draft preparation. Dr. Alparslan Demiray, 
Dr. Kadir Demirkutlu, Dr. Beyza Hayırlıdağ: 
Conceptualization, project administration, supervision, 
validation. Dr. Fatma Cevahir: Visualization, formal 
analysis. Dr İsmail Koçyiğit: Writing, review, and editing. 
 
Corresponding author 
Assoc. Prof. Zeynep TURE, MD 
Eskişehir Private Gürlife Hospital Infectious Diseases Clinic 
Eskişehir, Türkiye 
26630 
Tel: +90 4369779  
E-mail: dr.zeynepture@gmail.com 
 
Conflict of interest 
No conflict of interest is declared. 
 
References 
1. Ball M, Singh A (2024) Care of a central line. In: StatPearls 

[Internet]. Treasure Island (FL): StatPearls Publishing; PMID: 
33232068. 

2. Alshahrani KM, Alhuwaishel AZ, Alangari NM, Asiri MA, Al-
Shahrani NA, Alasmari AA, Alzahrani OJ, Ayedh AY, Qitmah 
MM (2023) Clinical impacts and risk factors for central line-
associated bloodstream infection: a systematic review. Cureus 
15: e40954. doi: 10.7759/cureus.40954.  

3. Moriyama K, Ando T, Kotani M, Tokumine J, Nakazawa H, 
Motoyasu A, Yorozu T (2022) Risk factors associated with 
increased incidences of catheter-related bloodstream infection. 
Medicine 101: e31160. doi: 10.1097/MD.0000000000031160. 

4. Leeman H, Cosgrove SE, Williams D, Keller SC (2020) 
Assessing burden of central line-associated bloodstream 
infections present on hospital admission. Am J Infect Control 
48: 216-218. doi: 10.1016/j.ajic.2019.08.010. 

5. Yew MS, Leong AMWM (2020) Contemporary management 
and outcomes of infective tunnelled haemodialysis catheter-
related right atrial thrombi: a case series and literature review. 
Singapore Med J 61: 331-337. doi: 10.11622/smedj.2019124. 

6. Lafuente Cabrero E, Terradas Robledo R, Civit Cuñado A, 
García Sardelli D, Hidalgo López C, Giro Formatger D, 
Lacueva Perez L, Esquinas López C, Tortosa Moreno A (2023) 
Risk factors of catheter-associated bloodstream infection: 
systematic review and meta-analysis. PLoS One 18: e0282290. 
doi: 10.1371/journal.pone.0282290. 

7. Weldetensae MK, Weledegebriel MG, Nigusse AT, Berhe E, 
Gebrearegay H (2023) Catheter-related blood stream infections 
and associated factors among hemodialysis patients in a 
tertiary care hospital. Infect Drug Resist 16: 3145-3156. doi: 
10.2147/IDR.S409400.  

8. Marty Cooney R, Manickam N, Becherer P, Zbolian K (2020) 
The use of 3.15% chlorhexidine gluconate/70% alcohol hub 
disinfection to prevent central line-associated bloodstream 
infections in dialysis patients. Br J Nurs 29: S24-S26. doi: 
10.12968/bjon.2020.29.2.S24. 

9. Pallotto EK, Piazza AJ, Smith JR, Grover TR, Chuo J, Provost 
L, Mingrone T, Holston M, Moran S, DNP, Morelli L, LNCC, 
Zaniletti I, Brozanski B (2017) Sustaining SLUG Bug CLABSI 
reduction: does sterile tubing change technique really work? 
Pediatrics 140: e20163178. doi: 10.1542/peds.2016-3178. 

10. Krishnan A, Irani K, Swaminathan R, Varma M (2019) A 
retrospective study of tunnelled haemodialysis central line-
associated bloodstream infections. J Chemother 31: 132-136. 
doi: 10.1080/1120009X.2019.1595894. 

11. Schweiger A, Trevino S, Marschall J (2015) Nosocomial 
infections in dialysis access. Contrib Nephrol 184: 205-211. 
doi: 10.1159/000366120. 

12. Haq A, Patel D, Gutlapalli SD, Hernandez GN, Seffah KD, 
Zaman MA, Awais N, Satnarine T, Ahmed A, Khan S (2023) 
A systematic review of the impact of antibiotic and 
antimicrobial catheter locks on catheter-related infections in 
adult patients receiving hemodialysis. Cureus 15: e45000. doi: 
10.7759/cureus.45000. 

13. Almenara-Tejederas M, Rodríguez-Pérez MA, Moyano-
Franco MJ, de Cueto-López M, Rodríguez-Baño J, Salgueira-
Lazo M (2023) Tunneled catheter-related bacteremia in 
hemodialysis patients: incidence, risk factors and outcomes. A 
14-year observational study. J Nephrol 36: 203-212. doi: 
10.1007/s40620-022-01408-8. 

14. Lok CE, Foley R (2013) Vascular access morbidity and 
mortality: trends of the last decade. Clin J Am Soc Nephrol 8: 
1213-9. doi: 10.2215/CJN.01690213. 

15. Arslan M, Kahraman E, Menekşe E (2025) Tunneled catheter-
related bloodstream infections in chronic hemodialysis 
patients: frequency, risk factors, and outcomes-a 10-year 
analysis. APMIS 133: e70016. doi: 10.1111/apm.70016. 

16. Opoku-Asare B, Boima V, Ganu VJ, Aboagye E, Asafu-
Adjaye O, Asare AA, Kyeremateng I, Kwakyi E, Agyei A, 
Sampane-Donkor E, Puplampu P (2023) Catheter-related 
bloodstream infections among patients on maintenance 
haemodialysis: a cross-sectional study at a tertiary hospital in 
Ghana. BMC Infect Dis 23: 664. doi: 10.1186/s12879-023-
08581-6. 



Ture et al. – Bloodstream Infections in Hemodialysis Patients J Infect Dev Ctries 2026; 20(6):869-877. 
 

877 

17. İşgüder R, Devrim İ, Ceylan G, Kara A, Gülfidan G, Ağın H 
(2017) Risk factors for recurrent central line-associated 
bloodstream infections in a pediatric intensive care unit. Turk 
J Med Sci 47: 1128-1136. doi: 10.3906/sag-1602-4. 

18. Huerta LE, Nelson GE, Stewart TG, Rice TW (2018) Factors 
associated with recurrence and mortality in central line-
associated bloodstream infections: a retrospective cohort 
study. Crit Care 22: 266. doi: 10.1186/s13054-018-2206-7. 

19. Holland TL, Bayer AS, Fowler VG Jr (2022) Persistent 
methicillin-resistant Staphylococcus aureus bacteremia: 
Resetting the clock for optimal management. Clin Infect Dis 
75: 1668-1674. doi: 10.1093/cid/ciac364. 

20. Baker MA, Sands KE, Huang SS, Kleinman K, Septimus EJ, 
Varma N, Blanchard J, Poland RE, Coady MH, Yokoe DS, 
Fraker S, Froman A, Moody J, Goldin L, Isaacs A, Kleja K, 
Korwek KM, Stelling J, Clark A, Platt R, Perlin JB, CDC 
Prevention epicenters program (2022) The impact of 
coronavirus disease 2019 (COVID-19) on healthcare-
associated infections. Clin Infect Dis 74: 1748-1754. doi: 
10.1093/cid/ciab688. 

21. Fakih MG, Bufalino A, Sturm L, Huang RH, Ottenbacher A, 
Saake K, Winegar A, Fogel R, Cacchione J (2022) Coronavirus 
disease 2019 (COVID-19) pandemic, central-line-associated 
bloodstream infection (CLABSI), and catheter-associated 
urinary tract infection (CAUTI): The urgent need to refocus on 
hardwiring prevention efforts. Infect Control Hosp Epidemiol 
43: 26-31. doi: 10.1017/ice.2021.70. 

22. Satta G, Rawson TM, Moore LSP (2023) Coronavirus disease 
2019 (COVID-19) impact on central-line-associated 
bloodstream infections (CLABSI): a systematic review. Infect 
Prev Pract 5: 100313. doi: 10.1016/j.infpip.2023.100313. 

23. Heidempergher M, Sabiu G, Orani MA, Tripepi G, Gallieni M 
(2021) Targeting COVID-19 prevention in hemodialysis 
facilities is associated with a drastic reduction in central venous 
catheter-related infections. J Nephrol 34: 345-353. doi: 
10.1007/s40620-020-00900-3. 

24. Long JD, Strohbehn I, Sawtell R, Bhattacharyya R, Sise ME 
(2022) COVID-19 survival and its impact on chronic kidney 
disease. Transl Res 241: 70-82. doi: 
10.1016/j.trsl.2021.11.003. 

25. Tanaka H, Chubachi S, Asakura T, Namkoong H, Azekawa S, 
Otake S, Nakagawara K, Fukushima T, Lee H, Watase M, 
Sakurai K, Kusumoto T, Masaki K, Kamata H, Ishii M, 
Hasegawa N, Okada Y, Koike R, Kitagawa Y, Kimura A, 
Imoto S, Miyano S, Ogawa S, Kanai T, Fukunaga K (2024) 

Prognostic significance of chronic kidney disease and impaired 
renal function in Japanese patients with COVID-19. BMC 
Infect Dis 24: 527. doi: 10.1186/s12879-024-09414-w. 

26. Phillips J, Chan DT, Chakera A, Etherton C, Irish AB (2023) 
Haemodialysis vascular catheter-related blood stream 
infection: Organism types and clinical outcomes. Nephrology 
28: 249-253. doi: 10.1111/nep.14147. 

27. Soi V, Moore CL, Kumbar L, Yee J (2016) Prevention of 
catheter-related bloodstream infections in patients on 
hemodialysis: challenges and management strategies. Int J 
Nephrol Renovasc Dis 9: 95-103. doi: 
10.2147/IJNRD.S76826. 

28. Zanoni F, Pavone L, Binda V, Tripepi G, D'Arrigo G, 
Scalamogna A, Messa P (2021) Catheter-related bloodstream 
infections in a nephrology unit: Analysis of patient- and 
catheter-associated risk factors. J Vasc Access 22: 337-343. 
doi: 10.1177/1129729820939762. 

29. Baddam S, Burns B (2025) Systemic inflammatory response 
syndrome. 2025 Jun 20. In: StatPearls. Treasure Island (FL): 
StatPearls Publishing. 

30. Guo H, Zhang L, He H, Wang L (2024) Risk factors for 
catheter-associated bloodstream infection in hemodialysis 
patients: a meta-analysis. PLoS One 19: e0299715. doi: 
10.1371/journal.pone.0299715. 

31. Chin BS, Han SH, Lee HS, Jeong SJ, Choi H, Kim CO, Choi 
JY, Song YG, Kim JM (2010) Risk factors for recurrent 
catheter-related infections after catheter-related bloodstream 
infections. Int J Infect Dis 14: e16-21. doi: 
10.1016/j.ijid.2009.01.016. 

32. Lin YC, Yang KY, Peng CK, Chan MC, Sheu CC, Feng JY, 
Wang SH, Huang WH, Chen CM, Chen DH, Chen CL, 
TCARE (Taiwan Critical Care and Infection) Group (2025) 
Clinical outcomes of carbapenem-resistant Gram-negative 
bacterial bloodstream infection in patients with end-stage renal 
disease in intensive care units: a multicenter retrospective 
observational study. Infection 53: 197-207. doi: 
10.1007/s15010-024-02343-5. 

33. Huh K, Chung DR, Ha YE, Ko JH, Huh HJ, Lee NY, Cho SY, 
Kang CI, Peck KR, Song JH, Korean Antimicrobial Resistance 
Surveillance Network (KARS-Net) investigators (2023) 
Impact of vancomycin resistance in Enterococcus faecium 
bloodstream infection on mortality: A retrospective analysis of 
nationwide surveillance data. Int J Infect Dis 134: 8-14. doi: 
10.1016/j.ijid.2023.04.411. 

 



Ture et al. – Bloodstream Infections in Hemodialysis Patients J Infect Dev Ctries 2026; 20(6):869-877. 
 

 

Annex – Supplementary Items 
 
Supplementary Table 1. Evaluation of empirical and agent-specific treatments. 
 Total 

(n = 300) 
Group 1 HD year ≤ 1 Year 

(n = 136) 
Group 2 HD year > 1 Year 

(n = 164) 
Empirical antibiotics    
Monotherapy n = 127 n = 51 n = 76 
Ampicillin sulbactam 20 (15.7) 10 (19.6) 10 (13.1) 
Cefazolin 10 (7.8) 4 (7.8) 6 (7.8) 
Piperacillin Tazobactam 25(19.6) 11 (21.5) 14 (18.4) 
Carbapenem 12 (9.4) 5 (9.8) 7 (9.2) 
Vancomycin 45 (35.4) 19 (37.2) 26 (34.2) 
Daptomycin 9 (7) - 9 (11.8) 
Ceftriaxone 6 (4.7) 2 (3.9) 4 (5.2) 
Combination Treatment n = 173 n = 86 n = 87 
Piperacillin-tazobactam + Vancomycin 100 (57.8) 51 (59.3) 49 (56.3) 
Carbapenem + Vancomycin 46 (26.5) 25 (29) 21 (24.1) 
Daptomycin + Carbapenem 12 (6.9) 5 (5.8) 7 (8) 
Piperacillin Tazobactam + Daptomycin 9 (5.2) 3 (3.4) 6 (6.8) 
Aminoglycoside + Vancomycin 6 (3.4) 2 (2.3) 4 (4.5) 
Agent-specific treatment antibiotics    
Monotherapy n = 197 n = 95 n = 102 
Ampicillin sulbactam 18 (9.1) 8 (8.4) 10 (9.8) 
Cefazolin 38 (19.2) 20 (21) 18 (17.6) 
Piperacillin-tazobactam 31 (15.7) 15 (15.7) 16 (15.6) 
Carbapenem 32 (16.2) 12 (12.6) 20 (19.6) 
Vancomycin 28 (14.2) 18 (18.9) 10 (9.8) 
Teicoplanin 11 (5.5) 3 (3.1) 8 (7.8) 
Daptomycin 8 (4) 3 (3.1) 5 (4.9) 
Ceftriaxone 6 (3) 2 (2.1) 4 (3.9) 
Ciprofloxacin 12 (6) 8 (8.4) 4 (3.9) 
Other 13 (6.5) 6 (6.3) 7 (6.8) 
Combination Treatment n = 103 n = 35 n = 68 
Piperacillin-tazobactam +Vancomycin 10 (9.7) 10 (28.5) 0 
Carbapenem + vancomycin 26 (25.2) 9 (25.7) 17 (25) 
Daptomycin + carbapenem 14 (13.5) 5 (14.2) 9 (13.2) 
Piperacillin tazobactam + daptomycin 8 (7.7) 3 (8.5) 5 (7.3) 
Ampicillin-sulbactam + rifampicin 14 (13.5) 4 (11.4) 10 (14.7) 
Daptomycin + rifampin 14 (13.5) 2 (5.7) 12 (17.6) 
Cefazolin + linezolid 8 (7.7) 1 (2.8) 7 (10.2) 
Other 9 (8.7) 1 (2.8) 8 (11.7) 
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