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ABSTRACT 
Objective: The COVID-19 pandemic significantly disrupted infection control practices in 
healthcare settings. Previous studies have reported increased rates of central line-associat-
ed bloodstream infections (CLABSI), particularly during the early stages and peak periods of 
the pandemic. This multicenter study aimed to evaluate the impact of the COVID-19 pan-
demic on CLABSI rates in Türkiye over a four-year period from 2019 to 2022.

Materials and Methods: We conducted a retrospective analysis of prospectively collected 
CLABSI data from hospitals across various regions of Türkiye between 2019 and 2022. The 
study period was divided into three phases: pre-pandemic, early pandemic, and late pan-
demic. Demographic and clinical characteristics, mortality rates, and microbiological data 
were analyzed. Pathogen distribution and antibiotic resistance patterns were compared 
between the pre-pandemic and pandemic periods. 

Results: A total of 25 hospitals participated in the study. The CLABSI rates per 1000 catheter 
days were 4.26 in 2019, 4.13 in 2020, 3.68 in 2021, and 3.53 in 2022. Across all periods, 3238 
pathogens were identified. Gram-negative bacteria predominated both before and during 
the pandemic, with Acinetobacter baumannii (18.6%) and Klebsiella pneumoniae (17.8%) being 
the most common. Notably, an increase in carbapenem and colistin resistance in K. pneu-
monia was observed during the pandemic compared to the pre-pandemic period.

Conclusions: In Türkiye, the predominant causative agents of CLABSI did not change during 
the pandemic, with Klebsiella spp. and A. baumannii being most frequently isolated. However, 
the rise in CLABSI-associated mortality during the pandemic highlights the broader impact 
of healthcare system disruptions. 

Keywords: Antimicrobial resistance, COVID-19 pandemic, central line-associated blood-
stream infections, healthcare-associated infections.
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INTRODUCTION

Healthcare-associated infections (HAIs) are 
common yet largely preventable through 
adherence to evidence-based guidelines. 

In 2005, Türkiye implemented a national infection 
control program, which led to significant reduc-
tions in HAI rates, including a 50% decrease in cen-
tral line-associated bloodstream infections (CLAB-
SIs) between 2008 and 2017 (1). This result was in 
parallel with data from the U.S. Centers for Disease 
Control and Prevention (CDC) National Healthcare 
Safety Network (NHSN), which also showed signifi-
cant progress in HAI prevention (2). 

However, the coronavirus disease 2019 (COVID-19) 
pandemic disrupted infection control practices in 
healthcare settings worldwide. In particular, the 
rapid surge in critically ill patients overwhelmed 
hospital capacities, making it difficult to sustain 
proper infection control protocols (3). Multiple 
studies have reported increased CLABSI rates 
during the pandemic, particularly in its early 
phases and at the height of COVID-19 prevalence 
(4-10).

Central line-associated bloodstream infections are 
a significant ongoing problem, contributing to in-
creased mortality, morbidity, prolonged hospital 
stay, and higher healthcare costs. Understanding 
the impact of the COVID-19 pandemic on CLABSI 
rates may help inform infection prevention prior-
ities and guide future preparedness efforts in the 
event of new epidemics or pandemics. In this study, 
we aimed to evaluate the impact of the COVID-19 
pandemic on CLABSI in Türkiye, a country with one 
of the highest antibiotic resistance rates among 
Organisation for Economic Co-operation and De-
velopment (OECD) member states, over a four-year 
period from 2019 to 2022 (11).

MATERIALS AND METHODS
Study Population
This retrospective, multicenter study included 25 
hospitals in Türkiye, categorized by bed capacity 
as follows: 150–500 beds (n=11), 500–1000 beds 
(n=10), and >1000 beds (n=4). At least one center 
from each geographical region in Türkiye partic-
ipated: Marmara Region (n=11), Central Anatolia 

Region (n=4), Black Sea Region (n=3), Aegean Re-
gion (n=3), Eastern Anatolia Region (n=2), South-
eastern Anatolia Region (n=1), and Mediterranean 
Region (n=1). All hospitalized patients diagnosed 
with CLABSI according to the NHSN criteria of the 
CDC, between January 2019 and December 2022, 
were included. 

Study Design
A retrospective analysis was conducted using pro-
spectively collected CLABSI data from routine sur-
veillance over a four-year period. The study time-
line was divided into three intervals: the pre-pan-
demic period (January 1, 2019–March 10, 2020), the 
early pandemic period (March 11, 2020–December 
31, 2021), and the late pandemic period (January 1, 
2022–December 31, 2022). 

Demographic and clinical characteristics of the 
study population, as well as CLABSI-related fatality 
rates, were analyzed. Microorganism distributions 
and antibiotic resistance rates were compared be-
tween the pre-pandemic and pandemic periods. 
Additionally, trends in resistance rates of multi-

HIGHLIGHTS

•	 During the COVID-19 pandemic, reduced compli-
ance with infection control practices and inap-
propriate antimicrobial use in healthcare settings 
negatively affected central line-associated blood-
stream infection (CLABSI) rates.

•	 Central line-associated bloodstream infection-re-
lated mortality increased during both early and 
late pandemic periods compared to the pre-pan-
demic period. 

•	 In Türkiye, the distribution of CLABSI patho-
gens remained predominantly Gram-negative 
throughout the pandemic, with Acinetobacter bau-
mannii and Klebsiella pneumoniae being the most 
common.

•	 Centralline-associated bloodstream infection 
caused by K. pneumoniae, A. baumannii, Enterococ-
cus faecium, and Candida albicans was significantly 
associated with higher mortality.

•	 Resistance to colistin and carbapenems in K. 
pneumoniae showed a notable increase during the 
pandemic.
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drug-resistant (MDR) pathogens were examined 
across the same time intervals. 

Definitions
In Türkiye, nationwide prospective, patient-based, 
and active surveillance of HAIs and their caus-
ative microorganisms is mandatory in all intensive 
care units and optionally in general wards. Surveil-
lance definitions are standardized and aligned with 
CDC NHSN criteria (12,13). Central line-associated 
bloodstream infection was defined as a positive 
blood culture in a patient who had a central line in 
place within 48 hours prior to the onset of blood-
stream infection, not attributable to another infec-
tion site. 

Microorganisms were identified using automated 
systems routinely used in each center. Antibiotic 
susceptibility was assessed via disc diffusion or 
minimum inhibitory concentration testing, and 
results were interpreted according to the Euro-
pean Committee on Antimicrobial Susceptibility 
Testing (EUCAST) guidelines (14). Multidrug-resis-
tant pathogens were defined as those exhibiting 
acquired resistance to at least one agent in three 
or more antimicrobial categories (15). According to 
the World Health Organization (WHO) classifica-
tion, Acinetobacter spp., Pseudomonas spp., and En-
terobacteriaceae are critical and high-priority MDR 
pathogens due to the urgent need for new antibi-
otics (16).

Statistical Analysis
Statistical analyses were performed using Stu-
dent’s t-test for comparisons between two groups 
and one-way analysis of variance (ANOVA) for com-
parisons among more than two groups for contin-

uous variables. The chi-square test was used for 
categorical variables. The normality of distribu-
tion was assessed using the Shapiro-Wilk test. For 
non-normally distributed continuous variables, the 
Mann-Whitney U test (for two groups) and the Kru-
skal-Wallis test (for more than two groups) were ap-
plied. Pearson’s correlation coefficient was used to 
analyze the relationship between CLABSI rates and 
catheter utilization rates. 

Time series analysis was performed to show trends 
in CLABSI and catheter utilization rates throughout 
the study period. All analyses were performed us-
ing STATA software (version 15, StataCorp, College 
Station, TX, USA), with statistical significance set at 
p<0.05.

RESULTS

Central line–associated bloodstream infection rates 
per 1000 catheter days were 4.26 in 2019, 4.13 in 
2020, 3.68 in 2021, and 3.53 in 2022. Catheter uti-
lization and CLABSI rates by year are presented in 
Table 1. There was no significant correlation be-
tween CLABSI and catheter utilization rates (Pear-
son’s r = –0.725; p=0.275). 

A total of 2863 CLABSI cases were included in the 
study, of which 2666 (93%) occurred in intensive 
care units (ICUs). Of these, 28.4% occurred during 
the pre-pandemic period, 44.6% during the early 
pandemic, and 27% during the late pandemic pe-
riod. Time series analysis revealed a statistically 
significant decrease in CLABSI rates over the study 
period (multiple R²=0.9475; adjusted R²= 0.9212; F 
(1, 2)=36.07; p=0.027). However, the change in cath-
eter utilization rates was not statistically signifi-

Parameter 2019 2020 2021 2022

CLABSI (n) 807 787 770 866

Patients-days 2,451,665 2,051,339 2,386,990 2,423,418

Catheter-days 189,179 190,343 209,171 245,091

Catheter utilization rate (catheter-days/patient-days) 0.077 0.092 0.087 0.101

CLABSI rate (per 1000 catheter-days) 4.26 4.13 3.68 3.53

Table 1. Demographic characteristics, clinical signs and symptoms, and surgical procedures in patients with 
COVID-19-associated mucormycosis (CAM) (n=28).
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cant (multiple R²=0.7463; adjusted R²=0.6195. F(1, 
2)=5.883; p=0.136).

The gender distribution of patients with CLABSI 
was consistent across the three periods: 470 of 812 
(57.9%) in the pre-pandemic period, 744 of 1276 
(58.3%) in the early pandemic period, and 452 of 
775 (58.3%) in the late pandemic period (p=0.97). 
The median age of the patients was 66 years during 
the pre-pandemic period, 65 years during the early 
pandemic, and 68 years during the late pandemic 
(p=0.0001). A total of 392 patients had been diag-
nosed with COVID-19 within 30 days prior to their 
CLABSI diagnosis, and 321 of these had a positive 
severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) PCR test. Hospital mortality rates 

increased from 60.1% the pre-pandemic period to 
70.8% and 71.7% in the early and late pandemic pe-
riods, respectively (Table 2).

In total, 3238 pathogens were identified. Gram-neg-
ative bacteria were the most common pathogens 
in both the pre-pandemic and pandemic periods. 
The most prevalent pathogens were A. baumannii 
(18.6%), K. pneumoniae (17.8%), and Candida non-al-
bicans (11.5%). Among Gram-positive organisms, 
methicillin-resistant coagulase-negative staph-
ylococci (MRCoNS) were most common in the 
pre-pandemic and early pandemic periods, while 
Enterococcus faecium predominated in the late pan-
demic period. The other pathogens are presented 
in Table 3. 

Pre-pandemic
n=812
n (%)

Early pandemic
n=1276

n (%)

Late pandemic
n=775
n (%)

p

Age, median (IQR), years 66 (53–77) 65 (53–74) 68 (57–79) 0.0001

Sex (male) 470 (57.9) 744 (58.3) 452 (58.3) 0.97

Chronic illness 525 (64.7) 831 (65.1) 544 (70.2 0.03

Cancer 111 (13.7) 166 (13) 122 (15.7) 0.22

Immunosuppressive drug use 60 (7.4) 111 (9.3) 72 (9.3) 0.28

Neutropenia 38 (3.5) 49 (3.8) 31 (4) 0.84

Diabetes mellitus 220 (27.1) 362 (28.4) 247 (31.9) 0.09

Hypertension 283 (34.9) 505 (39.6) 350 (45.2) <0.001

Chronic kidney disease 116 (14.3) 148 (11.6) 96 (12.4) 0.19

Hemodialysis 68 (8.4) 102 (8) 64 (8.3) 0.95

Chronic liver disease 8 (1) 24 (1.9) 11 (1.4) 0.25

Autoimmune disease 9 (1.1) 26 (2) 14 (1.8) 0.27

Catheter insertion site

Jugular 241 (29.7) 440 (34.5) 266 (34.3) 0.052

Subclavian 166 (20.4) 157 (12.3) 65 (8.4) <0.001

Femoral 193 (23.8) 329 (25.8) 183 (23.6) 0.43

Unknown 212 (26.1) 350 (27.4) 261 (33.7) -

Additional central catheter insertion 519 (63.9) 813 (63.7) 498 (64.3) 0.97

ICU admission 750 (92.4) 1198 (93.9) 719 (92.8) 0.36

Fatality 488 (60.1) 903 (70.8) 556 (71.7) <0.001

Table 2. Demographic and clinical features of the study population.

IQR: Interquartile range, ICU: Intensive care unit.
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Microorganism Pre-pandemic
n (%)

Early pandemic
n (%)

Late pandemic
n (%)

Total
n (%)

Gram-negative bacteria 437 (48.2) 779 (53.7) 466 (52.9) 1682 (51.9)

A. baumannii 158 (17.4) 291 (20) 153 (17.4) 602 (18.6)

K. pneumoniae 150 (16.5) 248 (17.1) 180 (20.4) 578 (17.8)

P. aeruginosa 62 (6.8) 79 (5.4) 58 (6.6) 199 (6.1)

Stenotrophomonas spp. 21 (2.3) 92 (6.3) 26 (3) 139 (4.3)

E. coli 27 (3) 50 (3.4) 28 (3.2) 105 (3.2)

Enterobacter spp. 19 (2.1) 19 (1.3) 21 (2.4) 59 (1.8)

Gram-positive bacteria 192 (21.2) 313 (21.6) 202 (22.9) 707 (21.8)

E. faecium 50 (5.5) 81 (5.6) 74 (8.4) 205 (7.2)

Coagulase-negative Staphylococcus 64 (7.1) 107 (7.4) 46 (5.2) 217 (6.7)

E. faecalis 41 (4.5) 90 (6.2) 54 (6.1) 185 (5.7)

S. aureus 37 (4.1) 35 (2.4) 28 (3.2) 100 (3.1)

Fungi 180 (19.8) 234 (16.1) 156 (17.7) 570 (17.6)

C. non-albicans 111 (12.2) 160 (11) 103 (11.7) 374 (11.5)

C. albicans 69 (7.6) 74 (5.1) 53 (6) 196 (6.3)

Other pathogens* 98 (10.8) 124 (8.6) 57 (6.5) 279 (8.6)

Total (n) 907 1450 881 3238

Table 3. Distribution of pathogens isolated from patients with central line-associated bloodstream infection (CLABSI) 
by study period.

*Other pathogens include Aeromonas spp. (n=1), Achromobacter spp. (n=3), Acinetobacter spp. (other than A. baumannii, n=10), Bacillus spp. (n=1), 
Burkholderia spp. (n=23), Candida spp. (n=55), Citrobacter spp. (n=5), Corynebacterium spp. (n=5), Enterococcus spp. (n=17), Klebsiella oxytoca (n=15), 
Morganella spp. (n=4), Myroides spp. (n=2), Proteus spp. (n=30), Ralstonia pickettii (n=4), Serratia spp. (n=30), Sphingomonas spp. (n=12), Staphylococcus 
spp. (n=41), Providencia spp. (n=8), Gram-negative bacilli (n=7), and undefined (n=6).

Quinolone resistance Meropenem resistance Colistin resistance

Pathogen
Pre-

pandemic 
(%)

Early 
pandemic 

(%)

Late 
pandemic 

(%)
p

Pre-
pandemic 

(%)

Early 
pandemic 

(%)

Late 
pandemic 

(%)
p

Pre-
pandemic 

(%)

Early 
pandemic 

(%)

Late 
pandemic 

(%)
p

K. pneumoniae 111/144 (77) 208/245 (85) 151/178 (85) 0.1 84/146 (58) 170/237 (72) 120/176 (68) 0.015 23/112 (21) 69/188 (37) 55/142 (39) 0.004

E. coli 14/24 (58) 29/47 (62) 20/27 (74) 0.4 2/22 (9) 3/44 (7) 2/25 (8) 0.9 2/15 (13) 1/34 (3) 1/14 (7) 0.39

P. aeruginosa 28/58 (48) 37/75 (49) 32/58 (55) 0.7 29/58 (50) 34/74 (46) 33/57 (58) 0.4 7/45 (15) 2/54 (4) 3/43 (7) 0.1

A. baumannii 147/150 (98) 281/283 (99) 145/148 (98) 0.5 147/156 (94) 278/282 (99) 145/150 (97) 0.38 4/148 (3) 17/255 (7) 5/130 (4) 0.84

Table 4. Antibiotic resistance rates of selected pathogens causing central line-associated bloodstream infection (CLABSI) in the  
pre-pandemic and pandemic periods.
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Although quinolone resistance in Gram-negative 
pathogens showed a continuous upward trend, 
the change was not statistically significant (p=0.2). 
A. baumannii exhibited the highest carbapenem 
resistance, increasing from 94% to 97%. Notably, 
K. pneumonia showed a significant increase in resis-
tance to both carbapenems (p=0.015) and colistin 
(p=0.004) during the pandemic periods compared 
to the pre-pandemic period. Changes in colistin re-
sistance in Escherichia coli (p=0.39) and P. aeruginosa 
(p=0.1) were not statistically significant. 

Ceftazidime-avibactam resistance in K. pneumoniae 
also increased during the pandemic, and resistance 
was detected in 33% of P. aeruginosa isolates. The 
changes in antibiotic resistance rates of pathogens 
between the pre-pandemic and pandemic periods 
are summarized in Table 4.

DISCUSSION

The surge in critically ill patients in ICUs during the 
COVID-19 pandemic had a detrimental effect on 
essential infection control practices within health-
care institutions. Several factors contributed to the 
rise in healthcare-associated infections, including 
the restructuring of hospitals to accommodate 
increasing admissions, heightened workloads for 
healthcare workers, the use of immunomodulato-
ry treatments in COVID-19 patients, and prolonged 
catheter use. 

Studies from various countries have demonstrated 
that CLABSI showed the most significant increase 
among HAIs during the pandemic (4-10). In our 
multicenter study, which included four years of 
data from 25 hospitals across TÜrkiye, 44.6% of all 
CLABSI cases occurred during the early pandemic 
period. However, unlike many international reports, 
we did not observe an overall increase in CLABSI 
rates during the pandemic in Türkiye. 

One potential reason for the stable CLABSI rates is 
the disruption of routine surveillance practices, par-
ticularly during the early stages of the pandemic. 
Central line-associated bloodstream infection cas-
es may have been underdiagnosed due to hesitancy 
in obtaining blood cultures—especially during peri-
ods of patient surges—and because bacteremia in 

patients with COVID-19 pneumonia often did not 
meet standardized diagnostic surveillance criteria. 

This finding contrasts with other studies. For in-
stance, a seven-country evaluation examining 
the impact of COVID-19 on HAIs in ICUs reported 
an 85% increase in CLABSI rates during the pan-
demic's first year compared to 2019 (17). Similar-
ly, national data from the United States indicated 
significant increases in HAI rates during the first 
year of the pandemic, with CLABSI showing the 
most pronounced rise (10). A global review assess-
ing the impact of COVID-19 on CLABSI revealed 
that 17 out of 21 studies reported a significant in-
crease in CLABSI incidence and rates during the 
pandemic (18). 

Recurrent risk factors identified in previous studies, 
such as increased workloads, the redeployment of 
staff, and overwhelmed healthcare personnel, neg-
atively impacted essential infection control practic-
es and likely contributed to the globally increased 
CLABSI rates during the pandemic. In contrast, the 
absence of a marked increase in CLABSI rates in our 
study may be partly explained by the heterogene-
ity of the participating centers. Several of the hos-
pitals included were state institutions with lower 
patient volumes, and many experienced significant 
decreases in hospital admissions during the peak 
phases of the pandemic.

Studies conducted during the pandemic period in-
dicate that CLABSI developed more readily in pa-
tients infected with SARS-CoV-2. One study from 
Türkiye demonstrated that, despite shorter lengths 
of stay in COVID-19 ICUs, CLABSI rates were higher 
compared to general ICUs, with infections devel-
oping more quickly in patients with COVID-19 (19). 
Central line-associated bloodstream infection sig-
nificantly increases patient morbidity and mortal-
ity. A multinational study comparing CLABSI out-
comes between critically ill patients with ot with-
out COVID-19 found that those with SARS-CoV-2 
were more susceptible to CLABSI and had signifi-
cantly higher mortality rates (58.7% vs 40%) (20). In 
line with these findings, our study observed an in-
crease in CLABSI-related mortality during both the 
early and late pandemic periods compared to the 
pre-pandemic period.
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In TÜrkiye, the distribution of CLABSI pathogens 
remained predominantly Gram-negative during 
the pandemic, with A. baumannii and K. pneumoni-
ae being the most frequently identified pathogens 
(19,21,22). In contrast, some studies reported a 
predominance of Gram-positive bacteria, particu-
larly Enterococcus species and coagulase-negative 
staphylococci, during the pandemic period (20,23-
25). The pandemic also significantly impacted glob-
al patterns of antibiotic resistance. Our findings 
demonstrated a notably high and increasing rate 
of colistin resistance in K. pneumoniae, along with 
rising trend in carbapenem resistance. A system-
atic review of studies published from December 
2019 to May 2022 reported colistin resistance rates 
during the pandemic period as 2.5% for A. bauman-
nii, 21.1% for K. pneumoniae, and 4% for P. aeruginosa 
(26). In comparison, our study found higher colistin 
resistance among K. pneumoniae isolates, with resis-
tance continuing to rise following the pandemic. In 
Türkiye, Ergönül et al. (27) reported a colistin resis-
tance rate of 6% in K. pneumoniae in 2013, whereas 
our study documented a rate of 39% in 2022. Sim-
ilarly, carbapenem resistance in K. pneumoniae in-
creased sharply, from 38% in 2013 to 68% in 2022.

Our study has several limitations. Firstly, in addi-
tion to hospitals that managed COVID-19 patients 
during the pandemic, state hospitals not designat-

ed as pandemic centers were also included. Second, 
because of its retrospective design, data on patients’ 
baseline clinical severity, prognostic scores, and an-
timicrobial treatment regimens were not available. 
Third, CLABSI rates were not compared separately 
for wards and ICUs, which may introduce variabil-
ity due to heterogeneity in care settings. Finally, 
our findings could not be directly compared with 
national surveillance data, which are reported an-
nually and stratified by ICU type, whereas our study 
was based on pandemic phases.

In conclusion, this multicenter study demostrated 
that CLABSI rates in Türkiye decreased from 4.26 
to 3.53 per 1000 catheter days between 2019 and 
2022, contrary to global trends that reported in-
creases during the COVID-19 pandemic. Gram-neg-
ative bacteria—notably A. baumannii (18.6%) and K. 
pneumoniae (17.8%)—remained the most common 
pathogens. A significant increase in antimicrobial 
resistance was observed, especially for carbapen-
ems (68%) and colistin (39%) in K. pneumoniae, com-
pared to pre-pandemic levels. Additionally, hospital 
mortality linked to CLABSI increased from 60.1% 
pre-pandemic to 71.7% in the late pandemic period. 
These findings underscore the importance of sus-
tained infection prevention efforts and antimicro-
bial stewardship, particularly during disruptions to 
the healthcare system, such as pandemics.
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