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a b s t r a c t 

Objectives: Catheter-associated bloodstream infections (CABSI) cause preventable morbidity. We com- 

pared the microbiological etiology of CABSI across different types of central and peripherally-inserted 

catheters. 

Methods: We analyzed prospectively collected CABSI data in a 2100-bed hospital network in Switzerland 

between 2016 and 2022. We included: short-term non-tunneled central venous catheters (CVC); long- 

term catheters (tunneled, or peripherally-inserted central catheters); arterial catheters; dialysis catheters; 

and peripheral venous catheters (PVC). We used multivariable logistic regression models to describe the 

risk of Staphylococcus aureus and Gram-negative pathogens according to catheter type. 

Results: Overall, 416 CABSI episodes were included, including 60 episodes of S. aureus and 92 episodes of 

Gram-negative CABSI. Microbiological profiles differed between catheter types. Together, PVC and dialysis 

catheters accounted for 43/60 (72%) of all S. aureus CABSI. After adjusting for age, sex, and hematol- 

ogy/oncology care, the odds of S. aureus were higher for hemodialysis catheters (odds ratio [OR] 17.3, 

95% confidence interval [CI] 5.75-52.2, P < 0.01) and PVC (OR 2.96, 95% CI 1.22-7.20, P = 0.02) compared 

to short-term non-tunneled CVC. Odds of Gram-negative organism as the cause of CABSI were higher in 

long-term catheters versus short-term non-tunneled CVC (OR 2.70, 95% CI 1.37-5.24). 

Conclusions: CABSI in catheters other than short-term non-tunneled CVC is more commonly caused by 

virulent organisms including S. aureus and Gram-negative bacteria. Catheter type should be considered 

when selecting empirical antimicrobial therapies. 

© 2024 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Catheter-associated bloodstream infections (CABSI) cause sub- 

tantial morbidity and mortality yet are largely preventable [ 1 ]. 

Routine surveillance by infection prevention and control (IPC) 

ervices is crucial to monitor and prevent CABSI. Existing surveil- 

ance systems focus on central line-associated BSI (CLABSI), pri- 

arily in patients with non-tunneled short-term central venous 

atheters (CVC) [ 2 , 3 ]. This is a consequence of landmark studies
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hat demonstrated CLABSI to be preventable through best-practice 

PC measures, in turn leading to mandatory CLABSI reporting in 

any jurisdictions [ 4–6 ]. In contrast, peripheral venous catheters 

PVC) are often overlooked by routine surveillance [ 7 ]. Long-term 

atheters, such as peripherally-inserted central catheters (PICC) 

ines, and tunneled catheters such as Hickman-type or implantable 

orts, are also poorly captured [ 8 ]. 

Overall, this has resulted in a surveillance focus on short-term 

on-tunneled CVC at the expense of other catheter types [ 2 , 3 ].

owever, CABSI associated with other catheter types represents an 

mportant clinical problem requiring further study. For example, 

VCs are the most frequently used invasive devices in hospitalized 

atients [ 7 ] and collectively account for the vast majority of all 

atheters inserted in hospitals. Despite the lower relative risk of 
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ABSI, the absolute burden of PVC-BSI is considerable and may be 

qual to that of CLABSI [ 3 , 7 , 9 ]. 

Understanding the microbiological etiology of CABSI is essential 

o guide empiric antibiotic therapy, assess the severity of infection, 

nd attempt catheter salvage. Differences between catheter types 

ay exist. A voluntary surveillance study of hospital-acquired bac- 

eremia in the United Kingdom in 1997-2001 reported higher rates 

f Staphylococcus aureus in PVC than CVC, as did a single-center 

ohort study in Tokyo [ 10 , 11 ]. However, there is a lack of data de-

cribing CABSI microbiology across diverse catheter types. 

We aimed to compare the microbiological etiology of CABSI in 

atients with different types of central and peripherally-inserted 

atheters. 

ethods 

tudy design 

We performed a cohort study of CABSI episodes across Geneva 

niversity Hospitals (HUG) from January 1, 2016, to December 31, 

022. HUG is a 2100-bed, 10-site, tertiary hospital network in 

eneva, Switzerland. CABSI was prospectively investigated by in- 

ection prevention clinicians as previously described and data were 

nalyzed retrospectively [ 12 ]. 

nclusion criteria 

All CABSI episodes during the study period were considered for 

nclusion. Exclusion criteria were: patient age < 18 years; catheter 

ype not documented; and multiple catheters of different types in 

itu at the time of BSI. In the case of repeat CABSI episodes with

he same organism within 14 days, only the first episode was in- 

luded. Arterial catheter-associated BSIs were excluded from mul- 

ivariable analysis due to low numbers. 

utcomes and definitions 

The primary outcome was CABSI, defined by the European Cen- 

re for Disease Control (ECDC) definitions (supplementary meth- 

ds) [ 13 ]. 

Catheter type was classified as follows: short-term CVC (non- 

unneled, e.g., jugular or subclavian CVC); long-term catheter (PICC 

r tunneled catheter such as Hickman or implantable port); arterial 

atheter (central or peripheral); dialysis catheter (short- or long- 

erm); PVC. 

tatistical analysis 

Descriptive analysis was reported as n (%), mean (standard de- 

iation [SD]), and median (interquartile range [IQR]). Group com- 

arisons were made using Chi-square or Fisher’s exact tests for 

qual proportion, and Kruskal-Wallis for continuous variables. We 

erformed exploratory analyses using univariable and multivari- 

ble logistic regression models to describe the risk of S. aureus and 

ram-negative pathogens according to catheter type, adjusting for 

ge, sex, and care under a cancer service (hematology/oncology), 

ith results expressed as odds ratios (ORs) and 95% confidence in- 

ervals (95% CIs). We conducted two sensitivity analyses: excluding 

atients admitted after the COVID-19 pandemic (2020-2022) and 

xcluding patients admitted to an intensive care unit (ICU). 

esults 

We included 416 CABSI in 395 individual patients. Catheter 

ypes were short-term CVC (119/416, 29%); long-term catheters 

128/416, 32% of which 24 PICC and 104 tunneled catheters); 
2

rterial catheters (10/416, 2%); PVC (133/416, 32%); and dialysis 

atheters (26/416, 6%, of which 14 short-term and 12 long-term 

ialysis catheters). CABSI was polymicrobial in 55 (13%) cases. 

verall, 491 individual organisms were isolated. (Supplementary 

igures 1 and 2.) 

Patient characteristics are reported in Supplementary Table 1. 

atients with PVC-CABSI were the oldest (median 68 years, IQR 

9-77 years), and dialysis patients were the youngest (median 59 

ears, IQR 43-71 years). 

icrobiological etiology 

Marked differences in the microbiological etiology of CABSI be- 

ween catheter types were observed ( Figure 1 ). S. aureus was iso- 

ated in 60 CABSI (including in polymicrobial infections), most fre- 

uently in episodes associated with dialysis catheters and PVCs 

hich together accounted for 43/60 (72%) of all S. aureus CABSI. 

he proportion of all CABSI isolating S. aureus was short-term CVC 

/119 (8%), long-term catheter 7/128 (5%), arterial catheters 1/10 

10%), PVC 27/133 (20%), and dialysis catheters 16/26 (62%). 

Compared to short-term CVC, univariable odds of S. aureus as 

he causative pathogen in dialysis catheters were 19.56, (95% CI 

.90-55.4, P < 0.01) and in PVC 3.11 (95% CI 1.40-6.93, P < 0.01). 

fter adjusting for age, sex, and hematology/oncology care, this 

emained significant (hemodialysis catheters OR 17.3, 95% CI 5.75- 

2.2, P < 0.01; PVC OR 2.96, 95% CI 1.22-7.20, P = 0.02, Figure 2 ,

upplementary Table 2). Eleven (18%) of all S. aureus CABSI were 

aused by methicillin-resistant isolates (MRSA), with no significant 

ifference between catheter types ( P = 0.11, Supplementary Table 

). 

Gram-negative organisms were isolated more frequently in 

ABSI associated with long-term catheters. The proportion of all 

ABSI isolating Gram-negative organisms (including in polymi- 

robial infections) was short-term CVC 15/119 (13%); long-term 

atheters 38/128 (30%); arterial catheters 4/10 (40%); PVC 29/133 

22%); dialysis catheters 6/26 (23%). Compared to short-term 

VC, univariable odds of a Gram-negative pathogen in long-term 

atheters were 2.93 (95% CI 1.51-5.67, P < 0.01). This remained sig- 

ificant after adjustment for age, sex, and hematology/oncology 

are (OR 2.70, 95% CI 1.37-5.24, Figure 2 , Supplementary Table 

). Resistant Gram-negative organisms were uncommon (extended- 

pectrum beta-lactamase: n = 9, multidrug-resistant Pseudomonas 

eruginosa n = 5, Supplementary Table 4). 

ensitivity analyses 

The overall distribution of microorganisms remained similar be- 

ore and after the COVID-19 pandemic. The distribution also re- 

ained similar after the exclusion of patients admitted to ICU 

Supplementary Figures 3 and 4). 

iscussion 

We analyzed the microbiological etiology of 416 CABSI episodes 

nd found substantial differences in causative pathogens between 

atheter types. Compared to short-term CVC, S. aureus was a more 

requent cause of CABSI in PVC and dialysis catheters, which to- 

ether accounted for over half of all S. aureus CABSI. Gram-negative 

ABSI were more commonly associated with long-term catheters, 

fter controlling for confounders. 

We observed high proportions of virulent organisms in non-CVC 

ABSI episodes which may not be captured in current surveillance 

ystems; previous calls have been made to extend surveillance to 

ll catheter types [ 14 ]. In clinical practice, CABSI occurring in these 

ine types may require aggressive management and a high index of 

uspicion for virulent organisms. 
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Figure 1. Microbiological etiology of catheter-associated bloodstream infections according to different catheter types. 

CVC, central venous catheter; PVC, peripheral venous catheter; CoNS, coagulase-negative staphylococci. 

Figure 2. Odds of causative pathogens for CABSI by catheter type. (a) Odds of Staphylococcus aureus. (b) Odds of Gram-negative organism. 

CABSI, catheter-associated bloodstream infection; CI, confidence interval; CVC, central venous catheter; ICU, Intensive care unit; PVC, peripheral venous catheter. 

Long-term line = tunneled catheter or peripherally inserted central catheter. 
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Previous single-center studies have reported high rates of S. au- 

eus in PVC-associated BSI [ 10 , 15 ] but lack a comparison with other

atheter types. In patients with end-stage kidney disease (includ- 

ng those without hemodialysis catheters), high rates of S. aureus 

acteremia have been previously reported [ 16 ], possibly relating to 

mpaired specific adaptive immunity [ 17 ], and high rates of inter- 

ittent colonization [ 18 ]. In our institution, screening and decolo- 

ization of S. aureus is performed every 2 months in hemodialysis 

atients, and overall bacteremia rates have substantially reduced 

ince this practice began in 2001 [ 19 ]. However, in the present 

nalysis, the proportion of CABSI in patients with hemodialysis 

atheters remained high. There are several possible explanations 

or this. Patients with dialysis catheters represent only a small sub- 

et of all dialysis patients, and over half of the dialysis catheters as- 

ociated with CABSI in this study were short-term catheters. There- 

ore, proportionally high rates of S. aureus infection in this group 

ight occur in patients undergoing early or urgent in-hospital dial- 
3

sis, not subject to the institutional S. aureus BSI prevention pro- 

ram. Additionally, patients receiving dialysis in external centers 

ho receive treatment for CABSI in our institution do not receive 

. aureus screening and decolonization. 

Relatively high rates of Gram-negative CABSI in tunneled 

atheters were also reported in the PROBAC study, an observa- 

ional cohort study of BSI in Spain, however a formal compari- 

on of catheter types was not performed [ 20 ]. Importantly, Gram- 

egative hospital-acquired infections were associated with severe 

nfections and high rates of septic shock in the same study [ 20 ]. 

Differences in microbiology of CABSI across catheter types may 

esult from differences in physical catheter properties, insertion 

echnique, catheter site, dwell time, antibiotic exposure, or catheter 

se as well as uncaptured patient characteristics. A lack of detailed 

atient-level and catheter-level data is a limitation of this analysis. 

lso, our study period overlaps with a local intervention, where a 

olicy of clinically indicated PVC replacement was trialed for 18 



A. MacPhail, M.-N. Chraïti, M.-C. Zanella et al. International Journal of Infectious Diseases 148 (2024) 107247

m

B  

i

C

c

v

r

g

D

F

A

P

s

n

E

l

l

A

A

A

l

y

B

D

s

M

N

C

A

s

m

a

S

f

R

 

 

 

[  

[

[

onths and was associated with a transient rise in S. aureus PVC- 

SI [ 12 ]. This may be a source of bias, and further investigations

ncluding multicenter data are needed. 

In conclusion, we identified differences in the microbiology of 

ABSI across catheter types. CABSI associated with PVC, dialysis 

atheters, and long-term catheters are more commonly caused by 

irulent organisms including S. aureus and Gram-negative bacte- 

ia, and increased surveillance effort s are warranted to better tar- 

et prevention and treatment. 

eclarations of competing interest 

The authors have no competing interests to declare 

unding 

No funding was sought for this study. AM is supported by an 

ustralian National Health and Medical Research Council (NHMRC) 

ostgraduate Scholarship (GNT2022415). AN has received salary 

upport from the European Union’s Horizon 2020 research and in- 

ovation program under grant agreement N 965265 (REVERSE). 

thical approval 

Analysis was performed on anonymized non-genetic surveil- 

ance data. Ethical consent was not required according to the Swiss 

aw for human research (Article 33, Paragraph 2, Human Research 

ct). 

cknowledgments 

We thank the HUG IPC team for providing data on BSI. 

uthors contributions 

Concept and design: Niccolò Buetti, Aleece MacPhail; Data col- 

ection: Marie-Noëlle Chraïti, Gaud Catho; Data and statistical anal- 

sis: Niccolò Buetti, Aleece MacPhail; Data interpretation: Niccolò

uetti, Aleece MacPhail, Stephan Harbarth, Nasreen Hassoun-Kheir; 

rafting of the manuscript: Aleece MacPhail, Niccolò Buetti; Revi- 

ion of the manuscript: Niccolò Buetti, Maire-Céline Zanella, Aleece 

acPhail, Stephan Harbarth, Aude Nguyen, Marie-Noëlle Chraïti, 

asreen Hassoun-Kheir, Gaud Catho. 

onsent for publication 

Not applicable. 

vailability of data and materials 

The datasets generated and/or analyzed during the current 

tudy are not publicly available due to patient confidentiality. Data 

ay be made available on reasonable request, and these can be 

ddressed to the corresponding author. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi:10.1016/j.ijid.2024.107247 . 
4

eferences 

[1] Schreiber PW, Sax H, Wolfensberger A, Clack L, Kuster SP, Swissnoso. The pre- 

ventable proportion of healthcare-associated infections 2005–2016: system- 

atic review and meta-analysis. Infect Control Hosp Epidemiol 2018; 39 :1277–95. 
doi: 10.1017/ice.2018.183 . 

[2] National Healthcare Safety Network Bloodstream infection event (central line- 
associated bloodstream infection and non-central line-associated bloodstream in- 

fection) ; 2023 https:// www.cdc.gov/ nhsn/ PDFs/ pscManual/ 4PSC_CLABScurrent.pdf
[accessed DD February 2023] . 

[3] Maki DG, Kluger DM, Crnich CJ. The risk of bloodstream infection in adults 

with different intravascular devices: a systematic review of 200 published 
prospective studies. Mayo Clin Proc 2006; 81 :1159–71. doi: 10.4065/81.9.1159 . 

[4] Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM. CDC definitions for 
nosocomial infections, 1988. Am J Infect Control 1988; 16 :128–40. doi: 10.1016/ 

0196- 6553(88)90053- 3 . 
[5] Pronovost P, Needham D, Berenholtz S, Sinopoli D, Chu H, Cosgrove S, et al. An

intervention to decrease catheter-related bloodstream infections in the ICU. N 
Engl J Med 2006; 355 :2725–32. doi: 10.1056/NEJMoa061115 . 

[6] Stone PW, Glied SA, McNair PD, Matthes N, Cohen B, Landers TF, et al. CMS

changes in reimbursement for HAIs: setting a research agenda. Med Care 
2010; 48 :433–9. doi: 10.1097/MLR.0b013e3181d5fb3f . 

[7] Mermel LA. Short-term peripheral venous catheter–related bloodstream infec- 
tions: a systematic review. Clin Infect Dis 2017; 65 :1757–62. doi: 10.1093/cid/ 

cix562 . 
[8] Rinke ML, Bundy DG, Milstone AM, Deuber K, Chen AR, Colantuoni E, 

et al. Bringing central line-associated bloodstream infection prevention home: 

CLABSI definitions and prevention policies in home health care agencies. Jt 
Comm J Qual Patient Saf 2013; 39 :361–70. doi: 10.1016/s1553- 7250(13)39050- 3 . 

[9] Zingg W, Pittet D. Peripheral venous catheters: an under-evaluated problem. 
Int J Antimicrob Agents 2009; 34 :S38–42. doi: 10.1016/S0924- 8579(09)70565- 5 . 

[10] Tatsuno K, Ikeda M, Wakabayashi Y, Yanagimoto S, Okugawa S, Moriya K. 
Clinical features of bloodstream infections associated with peripheral ver- 

sus central venous catheters. Infect Dis Ther 2019; 8 :343–52. doi: 10.1007/ 

s40121-019-00257-6 . 
[11] Coello R, Charlett A, Ward V, Wilson J, Pearson A, Sedgwick J, et al. Device-

related sources of bacteraemia in English hospitals—opportunities for the pre- 
vention of hospital-acquired bacteraemia. J Hosp Infect 2003; 53 :46–57. doi: 10. 

1053/jhin.2002.1349 . 
12] Buetti N, Abbas M, Pittet D, de Kraker ME, Teixeira D, Chraiti M-N, et al.

Comparison of routine replacement with clinically indicated replacement of 

peripheral intravenous catheters. JAMA Intern Med 2021; 181 :1471–8. doi: 10. 
1001/jamainternmed.2021.5345 . 

13] European Centre for Disease Prevention and Control (ECDC) Point prevalence 
survey of healthcare-associated infections and antimicrobial use in European acute 

care hospitals – protocol version 6.1 . Stockholm: European Centre for Disease 
Prevention and Control; 2022 . 

[14] Garcia R, Septimus EJ, LeDonne J, Sturm LK, Moureau N, DeVries M, et al. 

Prevention of vascular access device-associated hospital onset bacteremia and 
fungemia: a review of emerging perspectives and synthesis of technical as- 

pects. Clin Infect Dis 2024. doi: 10.1093/cid/ciae245 . 
[15] Tsuboi M, Hayakawa K, Mezaki K, Katanami Y, Yamamoto K, Kutsuna S, et al. 

Comparison of the epidemiology and microbiology of peripheral line- and cen- 
tral line-associated bloodstream infections. Am J Infect Control 2019; 47 :208–

10. doi: 10.1016/j.ajic.2018.08.016 . 

[16] Nielsen LH, Jensen-Fangel S, Benfield T, Skov R, Jespersen B, Larsen AR, et al. 
Risk and prognosis of Staphylococcus aureus bacteremia among individuals 

with and without end-stage renal disease: a Danish, population-based cohort 
study. BMC Infect Dis 2015; 15 :6. doi: 10.1186/s12879- 014- 0740- 8 . 

[17] Darbouret-Hervier A, Assi N, Asensio M-J, Bernabe B, Lechevallier A, 
Iantomasi R, et al. Anti-staphylococcus aureus adaptive immunity is impaired 

in end-stage renal disease patients on hemodialysis: one-year longitudinal 
study. Front Immunol 2023; 14 :1123160. doi: 10.3389/fimmu.2023.1123160 . 

[18] Vanegas JM, Salazar-Ospina L, Gallego MA, Jiménez JN. A longitudinal study 

shows intermittent colonization by Staphylococcus aureus with a high genetic 
diversity in hemodialysis patients. Int J Med Microbiol 2021; 311 :151471. doi: 10. 

1016/j.ijmm.2020.151471 . 
[19] Hassoun-Kheir N, Buetti N, Olivier V, Perez M, Frossard J, Renzi G, et al. Tar- 

geted Mupirocin-based decolonization for Staphylococcus aureus carriers and 
the subsequent risk of Mupirocin resistance in haemodialysis patients– a lon- 

gitudinal study over 20 years. J Hosp Infect 2023; 135 :55–8. doi: 10.1016/j.jhin. 

2023.01.019 . 
20] Calò F, Retamar P, Martínez Pérez-Crespo PM, Lanz-García J, Sousa A, 

Goikoetxea J, et al. Catheter-related bloodstream infections: predictive factors 
for Gram-negative bacteria aetiology and 30 day mortality in a multicentre 

prospective cohort. J Antimicrob Chemother 2020; 75 :3056–61. doi: 10.1093/jac/ 
dkaa262 . 

https://doi.org/10.1016/j.ijid.2024.107247
https://doi.org/10.1017/ice.2018.183
https://www.cdc.gov/nhsn/PDFs/pscManual/4PSC_CLABScurrent.pdf
https://doi.org/10.4065/81.9.1159
https://doi.org/10.1016/0196-6553(88)90053-3
https://doi.org/10.1056/NEJMoa061115
https://doi.org/10.1097/MLR.0b013e3181d5fb3f
https://doi.org/10.1093/cid/cix562
https://doi.org/10.1016/s1553-7250(13)39050-3
https://doi.org/10.1016/S0924-8579(09)70565-5
https://doi.org/10.1007/s40121-019-00257-6
https://doi.org/10.1053/jhin.2002.1349
https://doi.org/10.1001/jamainternmed.2021.5345
http://refhub.elsevier.com/S1201-9712(24)00318-7/sbref0013
https://doi.org/10.1093/cid/ciae245
https://doi.org/10.1016/j.ajic.2018.08.016
https://doi.org/10.1186/s12879-014-0740-8
https://doi.org/10.3389/fimmu.2023.1123160
https://doi.org/10.1016/j.ijmm.2020.151471
https://doi.org/10.1016/j.jhin.2023.01.019
https://doi.org/10.1093/jac/dkaa262

	Microbiology of catheter-associated bloodstream infection: differences according to catheter type
	Introduction
	Methods
	Study design
	Inclusion criteria
	Outcomes and definitions
	Statistical analysis

	Results
	Microbiological etiology
	Sensitivity analyses

	Discussion
	Declarations of competing interest
	Funding
	Ethical approval
	Acknowledgments
	Authors contributions
	Consent for publication
	Availability of data and materials
	Supplementary materials
	References


