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Abstract: Background: The use of peripherally inserted central catheters (PICCs) as an alternative to
central venous catheters (CVCs) has steadily risen over the last two decades. However, there is an
ongoing debate regarding research evidence that supports any clear advantages or disadvantages of
them compared to traditional central venous lines. The present study was conducted to compare
the indwelling time of CVC and PICC placements leading to microbial colonization by multidrug-
resistant microorganisms (MDROs) in critically ill patients. Methods: A single-center retrospective
descriptive study was performed that reviewed the medical records of critically ill patients with
colonized CVCs and PICCs who were hospitalized during a 24-month period (May 2019–May 2021).
To evaluate the association between indwelling time of catheter placement and colonization rates,
events were categorized into three groups, each representing a one-week time interval of catheter
indwelling time: group 1: ≤7 days, group 2: 8–14 days, and group 3: >14 days. Results: A total of
207 hospitalized patients with colonized PICCs or CVCs were included in the study. Of these, 144
(69.5%) had a CVC placement and 63 (30.5%) had a PICC placement. The overall colonization rate
(per 1.000 catheter/days) was 14.73 in the CVC and 5.67 in the PICC cohort (p = 0.003). In the group
of PICCs, 12/63 (19%) of the pathogens were MDROs and 51/63 (81%) were non-MDROs, while in
the group of CVCs, 86/144 (59.7%) were MDROs and 58/144 (40.3%) were non-MDROs (p < 0.001).
The colonization rate in the CVC cohort, was 6.98 for group 1, 21.57 for group 2, and 21.6 for group 3
(p = 0.019). The colonization rate of MDROs was 3.27 for group 1, 14.47 for group 2, and 12.96 for
group 3 (p = 0.025). Regarding the PICC cohort, the colonization rate was 1.49 for group 1, 3.19 for
group 2, and 8.99 for group 3 (p = 0.047). No significant difference existed between the three groups
in terms of MDRO pathogens, with the colonization rate being 0 for group 1, 0.8 for group 2, and 1.69
for group 3 (p = 0.78). Within the CVC cohort, the most common isolated microorganism was MDR
Acinetobacter baumannii (n = 44; 30.6%), followed by MDR Klebsiella pneumoniae (n = 27; 18.7%). In
the PICC cohort, the predominant isolated microorganism was Candida non-albicans (n = 15; 23.8%),
followed by Candida albicans, coagulase-negative staphylococci, and MDR Klebsiella pneumoniae in
equal numbers (n = 6; 9.5%). Conclusions: Our findings show that while the indwelling time of PICC
placement was longer compared to CVCs, its colonization rate was considerably lower. Furthermore,
high colonization rates by microorganisms, especially MDROs, arose later during catheterization
in PICCs compared to CVCs, suggesting that in terms of vascular infections, PICCs may be a safer
alternative to conventional CVCs for long-term intravenous access.

Keywords: catheterization; central venous catheter; colonization; peripherally inserted central
catheter; catheter duration; indwelling time
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1. Introduction

Central venous catheters (CVCs) and peripherally inserted central venous catheters
(PICCs) play a crucial role in daily medical practice, particularly in intensive care units
(ICUs). CVCs are frequently employed in the management of severely ill hospitalized
patients, facilitating the administration of therapeutic and supportive treatments when
dealing with challenging venous access or the need for prolonged or frequent infusions.
Commonly used devices include short-term CVCs, placed in the internal jugular, femoral,
or subclavian vein, medium-term catheters, like PICCs, and long-term tunneled CVCs with
fully implanted ports [1].

The utilization of PICCs as an alternative to CVC access has gradually increased
over the past two decades, primarily due to the straightforward insertion and removal
procedures, enhanced safety, potential cost-effective benefits, and their suitability for
intravenous therapy in home care patients [2–4]. Despite their widespread use, numerous
studies have examined whether PICCs offer advantages or disadvantages compared to
CVCs in routine medical practice, particularly concerning potential complications [5,6].
However, apart from a tendency toward a higher incidence of thrombotic cases compared
to implantable devices [7] and a reduced risk for catheter occlusion with PICCs [8], research
evidence supporting any clear advantage or disadvantage of PICCs over traditional central
venous lines is still debated [9,10]. Specifically regarding the risk for catheter-related
infections and sepsis, although there is support for the view that PICCs are safer than
CVCs, there is insufficient evidence to routinely recommend a specific type of CVC over the
other [11,12]. Significant discrepancies exist in the reported rates of central line-associated
bloodstream infections (CLABSIs) among studies, while limited data exist regarding the
distinct effects of risk factors associated with each catheter type, including variables such as
the site of catheter insertion [13], the duration of catheterization [14], patient comorbidities,
and catheter colonization [15].

Our recently published study [16] regarding the existing research evidence for catheter
colonization of CVCs and PICCs has reported that PICC lines exhibited significantly lower
colonization rates and a lower prevalence of multidrug-resistant (MDR) Gram-negative
organisms compared to CVCs in critically ill patients. Following this, we conducted
the present study to further examine the differences in the indwelling time of CVC and
PICC placements leading to microbial colonization by multidrug-resistant microorganisms
(MDROs) in critically ill patients. We compared colonization rates between CVCs and
PICCs at three different time intervals during catheter placements. Additionally, our goal
was to provide information about the distribution and species identification of common
pathogens and MDROs across distinct time intervals.

2. Materials and Methods

We conducted a retrospective analysis of data obtained from consecutive admissions
of critically ill patients to Metropolitan Hospital, a tertiary care private hospital in Athens,
Greece. The data cover a 24-month period from May 2019 to May 2021. To assess the
relationship between the indwelling time of catheter placement and colonization rates, we
categorized events into three groups, each representing a 1-week time interval: group 1
(≤7 days), group 2 (8–14 days), and group 3 (>14 days). This observational study received
approval from the hospital’s institutional review board.

2.1. Data Collection

After insertion, catheters were checked using a check-box form containing the patient’s
diagnosis, operator’s name, site chosen, date placed and removed, date of ICU discharge or
death, mechanical ventilation, arterial catheters, parenteral nutrition, vasopressor support,
and daily clinical assessment (e.g., induration, discharge, erythema, and tenderness) of
possible catheter infection. The operator inserting the catheter entered the initial data,
nurse personnel entered data the following days, and the infection control nurse monitored
data collection 3–4 times per week. We retrospectively collected study data from three
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different data sources: (1) the ICU database (for demographic and clinical data related to
the patient’s admission and clinical course); (2) the clinical laboratory, and (3) the hospital
infection control team database.

2.2. Catheter Care

Standardized catheter care was achieved by highly trained nursing staff proficient in all
aspects of catheter care. All insertion sites were maximally visualized for potential dressing
contamination. Every couple of days or earlier if clinically required, the nursing staff
changed the dressing, cleaned the skin site and the catheter hub with iodine solution, and
changed the intravenous accessory tubing. Furthermore, the nursing staff independently
enforced a sterile insertion technique.

2.3. Indications for Catheter Removal

Catheters were removed under the following circumstances: (a) when there was a
suspicion of infection, (b) when the catheter was no longer needed, and (c) after 15 days
of insertion in the case of CVCs. The 15-day indwelling time aligns with our institutional
policy aimed at preventing CVC infections arising from prolonged catheter use. This policy
is based on the incidence of CVC infections from the institution’s infection control program.
In certain situations, CVCs were retained beyond 15 days if the risk of acquiring new
venous access outweighed the potential risks of leaving the current CVC in place. This time
criterion was not applicable to PICCs, which were not removed unless the first two criteria
were met.

2.4. Culture Techniques

All catheters were examined for the presence of pathogens either as a routine after
removal or after suspicion of infection. After disinfecting skin around the catheter entry
site, the proximal 4–5 cm part of the tip was cut off using sterile scissors. The specimen
was placed in a sterile container and transported to the microbiology laboratory within
15 min at room temperature. The intradermal and intravascular portion of the catheter
was analyzed by the semiquantitative culture technique described by Maki et al. [17].
According to Maki’s technique, catheter tip culture is considered positive in the presence
of ≥15 colony-forming unit (CFU) growth of any organism. Blood cultures were incu-
bated in Becton Dickinson Bactec (BD Bio-sciences, San Jose, CA, USA) in aerobic and
anaerobic broth media. Identification of isolates and antimicrobial resistance patterns were
determined by the VITEK®2Automated Compact System (BioMérieux Co., Lyon, France).
An E-test (BioMérieux Co., Lyon, France) was performed as an additional test in order to
confirm the resistance phenotypes reported by the VITEK System, according to the standard
laboratory procedures.

2.5. Definitions

A CVC was defined as any central venous access device inserted into the internal jugu-
lar, subclavian, or femoral vein that terminated in the inferior vena cava or right atrium.

PICCs were defined as catheters inserted in the basilic, cephalic, or brachial veins of
the upper extremities with tips that terminated in the superior vena cava or right atrium.

Catheter days were defined as the number of CVCs/PICCs present among all units’
patients at 08:00 h each morning.

Multidrug-resistant organisms (MDROs) were defined as the species of microorganisms
that exhibit antimicrobial resistance to at least one antimicrobial drug in three or more
antimicrobial categories [18]. This definition concerns both Gram-positive and Gram-
negative bacteria.

Catheter colonization was considered by the presence of a semi-quantitative culture of
≥15 CFU of at least a single organism per catheter, according to Maki et al. [14].
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2.6. Statistical Analysis

Descriptive analyses to characterize the patient population were reported as count
(percent) or mean value (+/− standard deviation) for qualitative and quantitative variables,
respectively. Comparisons between the three groups were carried out using chi-square, an
independent samples t-test, or a one-way ANOVA test, as appropriate. A p-value of <0.05
was considered statistically significant.

3. Results
3.1. Participants Characteristics

A total of 207 hospitalized patients with colonized PICCs and CVCs were included in
the study. Of them, 144 (69.5%) had a CVC placement and 63 (30,5%) had a PICC place-
ment. The mean indwelling time of catheterization was 14.05 ± 9.7 days for CVCs (range:
1–55 days) and 26.67 ± 10.6 days for PICCs (range: 5–72 days) (t-test, p = 0.001). The total
patients’ demographic and clinical characteristics are presented in Table 1. No differences
in demographic characteristics were determined between the two groups (Table 1). Also,
no differences existed in the proportion of catheterization sites—femoral, internal jugular,
and subclavian—among the three sites in the CVC cohort.

Table 1. Study populations’ demographic and clinical characteristics.

Variable
N of Patients (%)

PICCs (n = 63) CVCs (n = 144) p-Value *

Age, mean ± SD, (years) 53.90 ± 17.98 55.62 ± 18.36 NS

Gender (M/F) 41/18 80/64 NS

Obesity 25 (39.6) 59 (41) NS

Diabetes mellitus 15 (23.8) 31 (21.5) NS

Pulmonary disease 8 (12.7) 18 (12.5) NS

Hypertension 35 (55.5) 70 (48.6) NS

Renal disease 10 (15.8) 27 (18.7) NS

Oncologic disease 12 (19) 25 (17.3) NS

Immune deficiency/suppression 18 (28.5) 39 (27) NS

Admission category

Medical 40 (63.5) 85 (59) NS

Surgery 23 (36.5) 59 (41) NS

Mechanical ventilation 7 (11.1) 15 (10.4) NS

Cardiovascular disease 23 (36.5) 40 (27.7) NS

Neurological disease 23 (36.5) 45 (31.2) NS

Gastroenterological disease 15 (23.8) 38 (26.3) NS

Hospital death 2 (3.1) 4 (2.7) NS

APACHE score 13.22 ± 3.48 13.18 ± 3.1 NS
* A p-value of <0.05 was considered statistically significant. Abbreviations: SD, standard deviation; M/F,
male/female; N, number; NS, not significant; PICCs, peripherally inserted central venous catheters; CVCs, central
venous catheters.

3.2. Colonization Incidence Rates and MDROs/Non-MDROs Proportion in the CVC and
PICC Cohorts

A significantly higher colonization rate was determined in CVCs compared to PICCs.
Specifically, the overall colonization rate (per 1.000 catheter/days) was 14.73 in the CVC
cohort and 5.67 in the PICC cohort (t-test, p = 0.003). Among all microorganisms isolated
from both PICCs and CVCs, 109/207 (52.7%) were non-MDROs and 98/207 (47.3%) were
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MDROs. A significantly higher proportion of MDROs were isolated from CVCs compared
to PICCs. More specifically, in the cohort of PICCs, 12/63 (19%) of the pathogens were
MDROs and 51/63 (81%) were non-MDROs, while in the cohort of CVCs, 86/144 (59.7%)
were MDROs and 58/144 (40.3%) were non-MDROs (X2, p < 0.001).

3.3. Colonization Incidence Rates among the Three Groups in the CVC Cohort

Within the CVC cohort, the colonization rate was significantly higher in groups 2 and 3
than in group 1. Specifically, the colonization rate was 6.98 per 1.000 catheter/days for group
1, 21.57 per 1.000 catheter/days for group 2, and 21.60 per 1.000 catheter/days for group 3
(one-way ANOVA, p = 0.019). The same trend was observed in terms of MDROs among the
three groups, with groups 2 and 3 presenting significantly higher rates of colonization than
group 1. More specifically, the colonization rate in group 1 was 3.27 per 1.000 catheter/days,
14.47 per 1.000 catheter/days in group 2, and 12.96 per 1.000 catheter/days in group 3
(one-way ANOVA, p = 0.025). In contrast, no significant difference existed between the
three groups in terms of non-MDRO pathogens. Specifically, the colonization rate was 3.71
per 1.000 catheter/days for group 1, 7.31 per 1.000 catheter/days for group 2, and 8.64 per
1.000 catheter/days for group 3 (one-way ANOVA, p = 0.5; Table 2).

Table 2. Colonization and MDRO incidence rates among groups in the CVC cohort.

Variables ≤7 Days 8–14 Days >14 Days Total p-Value *

No. of catheters 904 202 81 1187

Catheter days 4585 2874 2315 9774

Colonization (No) 32 62 50 144

Colonization (%) 3.5 30.7 61.7 12.1

Colonization incidence rate
(per 1.000 catheter/days) 6.98 21.57 21.60 14.73 0.019

MDROs (No.) 15 41 30 86

MDROs (%) 1.7 20.3 37.0 7.2

MDROs incidence rate
(per 1.000 catheter/days) 3.27 14.27 12.96 8.79 0.025

non-MDROs (No.) 17 21 20 58

non-MDROs (%) 1.9 10.4 24.7 4.8

non-MDRO incidence rate
(per 1.000 catheter/days) 3.71 7.31 8.64 5.93 0.5

* A p-value of <0.05 was considered statistically significant. Abbreviations: MDROs, multidrug-resistant organisms;
No., number; CVCs, central venous catheters.

3.4. Colonization Incidence Rates among the Three Groups in the PICC Cohort

Regarding the distribution of colonization among the groups of PICCs, the incidence
rate was significantly higher in group 3 compared to the other two groups, i.e., 1.49 per
1.000 catheter/days for group 1, 3.19 per 1.000 catheter/days for group 2, and 8.99 per
1.000 catheter/days for group 3 (one-way ANOVA, p = 0.047). No significant difference
existed between the three groups in terms of MDRO pathogens, with the colonization rate
being 0 per 1.000 catheter/days for group 1, 0.8 per 1.000 catheter/days for group 2, and
1.69 per 1.000 catheter/days for group 3 (t-test, p = 0.78). The colonization rate due to
non-MDROs among the three groups was 1.49 per 1.000 catheter/days for group 1, 2.40
per 1.000 catheter/days for group 2, and 7.30 per 1.000 catheter/days for group 3 (one-way
ANOVA, p = 0.054) (Table 3).
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Table 3. Colonization and MDRO incidence rates among groups in the PICC cohort.

Variables ≤7 Days 8–14 Days >14 Days Total p-Value *

No. of catheters 86 378 175 639

Catheter days 2014 3756 5340 11,110

Colonization (No.) 3 12 48 63

Colonization (%) 3.49 3.17 27.43 9.8

Colonization incidence rate
(per 1.000 catheter/days) 1.49 3.19 8.99 5.67 0.047

MDRO (No) 0 3 9 12

MDRO (%) 0.0 0.8 5.1 1.8

MDRO incidence rate
(per 1.000 catheter/days) 0.0 0.8 1.69 1.08 0.78

non-MDRO (No.) 3 9 39 51

non-MDRO (%) 3.5 2.4 22.3 7.9

non-MDRO incidence rate
(per 1.000 catheter/days) 1.49 2.40 7.30 4.59 0.054

* A p-value of <0.05 was considered statistically significant. Abbreviations: MDROs, multidrug-resistant organisms;
No., number; PICCs, peripherally inserted central venous catheters.

3.5. Comparison of Colonization Events, MDROs, and Non-MDROs between the Three Groups in
the CVC and PICC Cohorts

A significant difference in the distribution of colonization events was determined
between the three groups in PICCs and CVCs. More specifically, in the CVC cohort, 32/144
(22.2%) colonization events were in group 1, 62/144 (43.1%) were in group 2, and 50/144
(34.7%) were in group 3, while in the PICC cohort, 3/63 (4.8%) colonization events were in
group 1, 12/63 (19%) were in group 2, and 48/63 (76.2%) were in group 3 (X2, p < 0.001;
Figure 1a). A significant difference in the proportion of MDROs was identified between
the three groups in the cohorts of PICCs and CVCs. In the CVC cohort, 15 (17.4%) cases
of MDROs were isolated in group 1, 41 (47.7%) were isolated in group 2, and 30 (34.9%)
were isolated in group 3. In the PICC cohort, zero (0%) cases of MDROs were isolated in
group 1, three (25%) were isolated in group 2, and nine were isolated (75%) from group 3
(X2, p = 0.023; Figure 1b).

A statistically significant difference was also established in the proportion of non-
MDROs between the three groups in the PICC and CVC cohorts. In the CVC cohort, 17/58
(29.3%) patients with non-MDROs were classified in group 1, 21/58 (36.2%) were classified
in group 2, and 20/58 (34.5%) were classified in group 3, while in the PICC cohort, 3/51
(5.9%) were classified in group 1, 9/51 (17.6%) were classified in group 2, and 39/51 (76.5%)
were classified in group 3 (X2, p < 0.001; Figure 1c).

3.6. Comparison of MDRO/Non-MDRO Proportions between the Three Groups in the CVC and
PICC Cohorts

There was no significant difference in the proportion of MDROs to non-MDROs within
each of the three groups in both the CVC and PICC cohorts. More specifically, in the PICC
cohort, zero (0.0%) MDROs and three (5.9%) non-MDROs were isolated in group 1, nine
(17.6%) MDROs and three (25%) non-MDROs were isolated in group 2, and thirty-nine
(76.5%) MDROs and nine (75%) non-MDROs were isolated in group 3 (X2, p = 0.61; Figure 2).
Concerning the cohort of patients with CVCs, the distribution of MDROs and non-MDROs
(%) was as follows: 17 (29.3%) MDROs and 15 (17.4%) non-MDROs in group 1, 21 (36.2%)
MDROs and 41 (47.7%) non-MDROs in group 2, and 20 (34.5%) MDROs and 30 (34.9%)
non-MDROs in group 3 (X2, p = 0.196; Figure 3).



Antibiotics 2024, 13, 89 7 of 13Antibiotics 2024, 13, x FOR PEER REVIEW 7 of 13 
 

 
(a) 

 
(b) 

Figure 1. Cont.



Antibiotics 2024, 13, 89 8 of 13Antibiotics 2024, 13, x FOR PEER REVIEW 8 of 13 
 

 
(c) 

Figure 1. Distribution of (a) colonization events and (b) MDROs and (c) non-MDROs among the 
groups in the CVC and PICC cohorts. Group 1: ≤7 days, group 2: 8–14 days, group 3: >14 days. 
Abbreviations: MDROs, multidrug-resistant organisms; PICCs, peripherally inserted central venous 
catheters; CVCs, central venous catheters. 

3.6. Comparison of MDRO/Non-MDRO Proportions between the Three Groups in the CVC and 
PICC Cohorts 

There was no significant difference in the proportion of MDROs to non-MDROs 
within each of the three groups in both the CVC and PICC cohorts. More specifically, in 
the PICC cohort, zero (0.0%) MDROs and three (5.9%) non-MDROs were isolated in group 
1, nine (17.6%) MDROs and three (25%) non-MDROs were isolated in group 2, and thirty-
nine (76.5%) MDROs and nine (75%) non-MDROs were isolated in group 3 (X2, p = 0.61; 
Figure 2). Concerning the cohort of patients with CVCs, the distribution of MDROs and 
non-MDROs (%) was as follows: 17 (29.3%) MDROs and 15 (17.4%) non-MDROs in group 
1, 21 (36.2%) MDROs and 41 (47.7%) non-MDROs in group 2, and 20 (34.5%) MDROs and 
30 (34.9%) non-MDROs in group 3 (X2, p = 0.196; Figure 3). 

 

Figure 1. Distribution of (a) colonization events and (b) MDROs and (c) non-MDROs among the
groups in the CVC and PICC cohorts. Group 1: ≤7 days, group 2: 8–14 days, group 3: >14 days.
Abbreviations: MDROs, multidrug-resistant organisms; PICCs, peripherally inserted central venous
catheters; CVCs, central venous catheters.

Antibiotics 2024, 13, x FOR PEER REVIEW 8 of 13 
 

 
(c) 

Figure 1. Distribution of (a) colonization events and (b) MDROs and (c) non-MDROs among the 
groups in the CVC and PICC cohorts. Group 1: ≤7 days, group 2: 8–14 days, group 3: >14 days. 
Abbreviations: MDROs, multidrug-resistant organisms; PICCs, peripherally inserted central venous 
catheters; CVCs, central venous catheters. 

3.6. Comparison of MDRO/Non-MDRO Proportions between the Three Groups in the CVC and 
PICC Cohorts 

There was no significant difference in the proportion of MDROs to non-MDROs 
within each of the three groups in both the CVC and PICC cohorts. More specifically, in 
the PICC cohort, zero (0.0%) MDROs and three (5.9%) non-MDROs were isolated in group 
1, nine (17.6%) MDROs and three (25%) non-MDROs were isolated in group 2, and thirty-
nine (76.5%) MDROs and nine (75%) non-MDROs were isolated in group 3 (X2, p = 0.61; 
Figure 2). Concerning the cohort of patients with CVCs, the distribution of MDROs and 
non-MDROs (%) was as follows: 17 (29.3%) MDROs and 15 (17.4%) non-MDROs in group 
1, 21 (36.2%) MDROs and 41 (47.7%) non-MDROs in group 2, and 20 (34.5%) MDROs and 
30 (34.9%) non-MDROs in group 3 (X2, p = 0.196; Figure 3). 

 

Figure 2. Distribution (%) of MDROs and non-MDROs among groups in the CVC cohort. Group
1: ≤7 days, group 2: 8–14 days, group 3: >14 days. Abbreviations: MDROs, multidrug-resistant
organisms; CVCs, central venous catheters.



Antibiotics 2024, 13, 89 9 of 13

Antibiotics 2024, 13, x FOR PEER REVIEW 9 of 13 
 

Figure 2. Distribution (%) of MDROs and non-MDROs among groups in the CVC cohort. Group 1: 
≤7 days, group 2: 8–14 days, group 3: >14 days. Abbreviations: MDROs, multidrug-resistant 
organisms; CVCs, central venous catheters. 

 
Figure 3. Distribution (%) of MDROs and non-MDROs among the three groups in the PICC cohort. 
Group 1: ≤7 days, group 2: 8–14 days, group 3: >14 days. Abbreviations: MDROs, multidrug-
resistant organisms; PICCs, peripherally inserted central venous catheters. 

3.7. MDRO Identification and Distribution among the Three Groups in the CVC and PICC 
Cohorts 

Microbial identification and distribution in PICCs and CVCs are presented in Table 
4. The five most common microorganisms isolated from total patients were MDR 
Acinetobacter baumannii (n = 47, 22.7%), MDR Klebsiella pneumoniae (n = 33; 15.9%), Candida 
non-albicans (n = 25, 12.1%), MDR Pseudomonas aeruginosa (n = 15; 7.2%), and non-MDR 
Pseudomonas aeruginosa, sharing equal numbers with E. coli (n = 10; 4.8%).  

Table 4. Microbial identification and distribution in the PICC and CVC cohorts. 

Microorganisms  CVCs (Νo. = 144) PICCs (Νo. = 63) Total  
Gram-negative bacilli 

Esherichia coli 10 (6.9%) 0 (0.0%) 10 (4.8%) 
Enterobacter cloacae 2 (1.4%) 3 (4.8%) 5 (2.4%) 

Klebsiella pneumoniae 3 (2.1%) 3 (4.8%) 6 (2.9%) 
Morganella morganii 1 (0.7%) 0 (0.0%) 1 (0.5%) 

Pseudomonas aeruginosa 7 (4.9%) 3 (4.8%) 10 (4.8%) 
Proteus. mirabilis 3 (2.1%) 0 (0.0%) 3 (1.4%) 

Serratia marcescens 3 (2.1%) 3 (4.8%) 6 (2.9%) 
MDR Acinetobacter baumannii 44 (30.6%) 3 (4.8%) 47 (22.7%) 

MDR Klebsiella pneumoniae 27 (18.7%) 6 (9.5%) 33 (15.9%) 
MDR Pseudomonas aeruginosa 12 (8.3%) 3 (4.8%) 15 (7.2%) 

Gram-positive cocci 
CNS 3 (2.1%) 6 (9.5%) 9 (4.3%) 

MRSA 3 (2.1%) 0 (0.0%) 3 (1.4%) 
Enterococcus faecalis 2 (1.4%) 3 (4.8%) 5 (2.4%) 

Staphylococcus aureus 1 (0.7%) 3 (4.8%) 4 (1.9%) 
Staphylococcus haemolyticus 4 (2.8%) 3 (4.8%) 7 (3.4%) 

Figure 3. Distribution (%) of MDROs and non-MDROs among the three groups in the PICC cohort.
Group 1: ≤7 days, group 2: 8–14 days, group 3: >14 days. Abbreviations: MDROs, multidrug-
resistant organisms; PICCs, peripherally inserted central venous catheters.

3.7. MDRO Identification and Distribution among the Three Groups in the CVC and
PICC Cohorts

Microbial identification and distribution in PICCs and CVCs are presented in Table 4.
The five most common microorganisms isolated from total patients were MDR Acinetobacter
baumannii (n = 47, 22.7%), MDR Klebsiella pneumoniae (n = 33; 15.9%), Candida non-albicans
(n = 25, 12.1%), MDR Pseudomonas aeruginosa (n = 15; 7.2%), and non-MDR Pseudomonas
aeruginosa, sharing equal numbers with E. coli (n = 10; 4.8%).

Table 4. Microbial identification and distribution in the PICC and CVC cohorts.

Microorganisms CVCs (No. = 144) PICCs (No. = 63) Total

Gram-negative bacilli

Esherichia coli 10 (6.9%) 0 (0.0%) 10 (4.8%)

Enterobacter cloacae 2 (1.4%) 3 (4.8%) 5 (2.4%)

Klebsiella pneumoniae 3 (2.1%) 3 (4.8%) 6 (2.9%)

Morganella morganii 1 (0.7%) 0 (0.0%) 1 (0.5%)

Pseudomonas aeruginosa 7 (4.9%) 3 (4.8%) 10 (4.8%)

Proteus. mirabilis 3 (2.1%) 0 (0.0%) 3 (1.4%)

Serratia marcescens 3 (2.1%) 3 (4.8%) 6 (2.9%)

MDR Acinetobacter baumannii 44 (30.6%) 3 (4.8%) 47 (22.7%)

MDR Klebsiella pneumoniae 27 (18.7%) 6 (9.5%) 33 (15.9%)

MDR Pseudomonas aeruginosa 12 (8.3%) 3 (4.8%) 15 (7.2%)
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Table 4. Cont.

Microorganisms CVCs (No. = 144) PICCs (No. = 63) Total

Gram-positive cocci

CNS 3 (2.1%) 6 (9.5%) 9 (4.3%)

MRSA 3 (2.1%) 0 (0.0%) 3 (1.4%)

Enterococcus faecalis 2 (1.4%) 3 (4.8%) 5 (2.4%)

Staphylococcus aureus 1 (0.7%) 3 (4.8%) 4 (1.9%)

Staphylococcus haemolyticus 4 (2.8%) 3 (4.8%) 7 (3.4%)

Streptococcus mitis 1 (0.7%) 0 (0.0%) 1 (0.5%)

Fungi

Candida albicans 7 (4.9%) 6 (9.5%) 13 (6.3%)

Candida non-albicans 10 (6.9%) 15 (23.8%) 25 (12.1%)

Other fungi 0 (0.0%) 3 (4.8%) 3 (1.4%)

Other

Bacillus spp. 1 (0.7%) 0 (0.0%) 1 (0.5%)

Total 144 63 207
Abbreviations: PICCs, peripherally inserted central venous catheters; CVCs, central venous catheters; No., number;
CNS, coagulase-negative staphylococci; MRSA, methicillin-resistant Staphylococcus aureus; MDR, multidrug-
resistant; spp., subspecies.

The microorganisms isolated from colonized CVCs were Gram-negative bacteria
(n = 112; 77.7%), Gram-positive bacteria (n = 14; 9.7%), and fungi (n = 17; 11.8%). The
microorganisms isolated from colonized PICCs were Gram-negative bacteria (n = 24; 38.1%),
Gram-positive bacteria (n = 15; 23.8%), and fungi (n = 24; 38.1%). Within the CVC group,
the most common microorganism isolated was MDR Acinetobacter baumannii (n = 44; 30.6%),
followed by MDR Klebsiella pneumoniae (n = 27; 18.7%). In the PICC group, the predominant
microorganism isolated was Candida non-albicans (n = 15; 23.8%), followed by Candida
albicans, coagulase-negative staphylococci, and MDR Klebsiella pneumoniae in equal numbers
(n = 6; 9.5%).

4. Discussion

Infections related to intravenous catheters significantly contribute to prolonged hos-
pital stays, increased morbidity and mortality, and escalating healthcare costs. Therefore,
it is crucial for researchers to investigate the risk factors to identify ways to reduce the
incidence and impact of these serious complications on patients [19]. Many clinical stud-
ies frequently use catheter tip colonization as a surrogate endpoint for catheter-related
bloodstream infections [20,21]. Specifically, short-term CVC-associated bacteremia most
commonly originates from bacteria colonizing the catheter insertion site and migrating
along the outer surface of the catheter into the bloodstream. In contrast, the intraluminal
route (e.g., via the catheter hub) is considered more common for catheter colonization in
long-term catheters [22,23].

To the best of our knowledge, our study is the first to examine CVCs and PICCs in
terms of the time required for them to become colonized by common microorganisms and
MDROs. According to our findings, the overall colonization rate of PICCs was noticeably
lower than CVCs, despite the longer placement of the former. In CVCs, a high colonization
rate initially occurred during the time period of 8–14 days after catheter insertion (group 2)
and remained high in the following period. In contrast, for PICCs, the highest coloniza-
tion rate appeared later CVCs, during the period from 2 to 3 weeks after catheterization
(group 3). This pattern was also evident in MDROs rates, with the highest values observed
in group 2 of the CVC and group 3 of the PICC cohorts. Moreover, the prevalence of
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MDROs was notably higher than non-MDROs in the CVC cohort. Conversely, in the PICC
cohort, non-MDROs were the predominant category of isolates.

Findings from previous studies addressing the association between catheter indwelling
time and the risk of developing infections are contradictory. While some researchers
argue in favor of an increased risk of infection over time [24,25], others do not believe
that these infections are influenced by the indwelling time of catheterization [26,27]. We
cannot directly compare our results with these studies, as the reported associations mainly
pertain to CLABSIs rather than colonization events. Furthermore, most studies on catheter
colonization focus on CVCs rather than PICCs [28,29]. Additionally, the patient populations
examined in other studies consist of specific subgroups that are highly heterogeneous,
making it challenging to draw comparisons with our study population [30].

Regarding the microbial distribution of our colonized catheters, our findings revealed
that the majority of isolated microorganisms in CVCs were MDR Acinetobacter baumannii.
This contrasts with most previous studies, which report Gram-positive bacteria, primarily
Staphylococcus spp., as accounting for most colonization events, followed by Gram-negative
bacteria and Candida spp. [31,32]. This discrepancy may be justified by existing differences
in geographical regions, antimicrobial resistance epidemiology, and hospital environments
worldwide [33]. Additionally, the isolation of MDR Gram-negatives aligns with the global
increase in rates of MDROs in hospitals, especially ICUs.

On the contrary, in the PICC cohort, the bacterial distribution presented a different
profile, with Candida spp. being the predominant isolate. This could be attributed to the
longer indwelling time in patients with PICCs compared to those with CVCs [34]. Candida
spp. has been reported as one of the most frequent opportunistic microorganisms causing
nosocomial bloodstream infections over the last two decades [35].

The present study has specific limitations that need addressing. The retrospective
data analysis of the two patient populations may have potential selection bias concerning
different patient demographic characteristics, clinical signs and symptoms, and various
therapeutic schemes. However, according to the data presented in Table 1, there were no
significant differences in the mentioned characteristics. This is reasonable, as the indications
for catheter use are the same for both types in our hospital—specifically, only for critically
ill patients—to ensure patient safety and proper management during hospitalization. Ad-
ditionally, there was no difference in APACHE score between the two groups, a variable
that we consider the most straightforward indicator of illness severity.

5. Conclusions

The results of the current study indicate that colonization and the rates of MDROs in
PICCs were significantly lower compared to CVCs, despite the longer indwelling time of
their placement. Additionally, the colonization by microorganisms, particularly MDROs, oc-
curred later during the course of catheterization in PICCs compared to CVCs. This suggests
that in terms of vascular infections, PICC lines may be a safer option than conventional
CVCs for long-term intravenous access.

Our findings underscore the need for enhanced control and the implementation of
measures to prevent intravenous catheter colonization in all hospital units, particularly in
the ICU. Moreover, considering the notably high MDRO rates in microbial colonization pat-
terns, we should thoroughly assess the clinical significance of catheter colonization through
additional multicenter clinical studies. This will help strengthen the monitoring of catheter-
ization and update the current guidelines based on evidence-based decision making.

Author Contributions: Conceptualization, V.C.P., G.S. and A.T.; methodology, V.C.P., J.B., E.C., P.K.
and K.S.; formal analysis, V.C.P., J.B., E.C., P.K. and K.S.; investigation, V.C.P., J.B., E.C., P.K. and
K.S.; writing—original draft, V.C.P., G.S. and A.T. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.



Antibiotics 2024, 13, 89 12 of 13

Institutional Review Board Statement: The current retrospective and observational study was
conducted in accordance with the Declaration of Helsinki, and received approval from the hospital’s
institutional review board (2545 (22.02.2019)).

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Mermel, L.A.; Allon, M.; Bouza, E.; Craven, D.E.; Flynn, P.; O’Grady, N.P.; Raad, I.I.; Rijnders, B.J.; Sherertz, R.J.; Warren, D.K.

Clinical practice guidelines for the diagnosis and management of intravascular catheter-related infection: 2009 Update by the
Infectious Diseases Society of America. Clin. Infect. Dis. 2009, 49, 1–45, Erratum in Clin. Infect. Dis. 2010, 50, 1079; Dosage error in
article text. Erratum in Clin. Infect. Dis. 2010, 50, 457. [CrossRef]

2. Al Raiy, B.; Fakih, M.G.; Bryan-Nomides, N.; Hopfner, D.; Riegel, E.; Nenninger, T.; Rey, J.; Szpunar, S.; Kale, P.; Khatib, R.
Peripherally inserted central venous catheters in the acute care setting: A safe alternative to high-risk short-term central venous
catheters. Am. J. Infect. Control 2010, 38, 149–153. [CrossRef]

3. Fearonce, G.; Faraklas, I.; Saffle, J.R.; Cochran, A. Peripherally inserted central venous catheters and central venous catheters in
burn patients: A comparative review. J. Burn. Care Res. 2010, 31, 31–35. [CrossRef]

4. Adrian, M.; Borgquist, O.; Kröger, T.; Linné, E.; Bentzer, P.; Spångfors, M.; Åkeson, J.; Holmström, A.; Linnér, R.; Kander, T.
Mechanical complications after central venous catheterisation in the ultrasound-guided era: A prospective multicentre cohort
study. Br. J. Anaesth. 2022, 129, 843–850. [CrossRef]

5. Puri, A.; Dai, H.; Giri, M.; Wu, C.; Huang, H.; Zhao, Q. The incidence and risk of venous thromboembolism associated with
peripherally inserted central venous catheters in hospitalized patients: A systematic review and meta-analysis. Front. Cardiovasc.
Med. 2022, 9, 917572. [CrossRef]

6. Santos, F.K.Y.; Flumignan, R.L.G.; Areias, L.L.; Sarpe, A.K.P.; Amaral, F.C.F.; Ávila, R.B.; Vasconcelos, V.T.; Guedes Neto, H.J.;
Amorim, J.E.; Nakano, L.C.U. Peripherally inserted central catheter versus central venous catheter for intravenous access: A
protocol for systematic review and meta-analysis. Medicine 2020, 99, e20352. [CrossRef]

7. Bonizzoli, M.; Batacchi, S.; Cianchi, G.; Zagli, G.; Lapi, F.; Tucci, V.; Martini, G.; Di Valvasone, S.; Peris, A. Peripherally inserted
central venous catheters and central venous catheters related thrombosis in post-critical patients. Intensive Care Med. 2011, 37,
284–289. [CrossRef]

8. Revel-Vilk, S.; Yacobovich, J.; Tamary, H.; Goldstein, G.; Nemet, S.; Weintraub, M.; Paltiel, O.; Kenet, G. Risk factors for central
venous catheter thrombotic complications in children and adolescents with cancer. Cancer 2010, 116, 4197–4205. [CrossRef]

9. Lv, Y.; Huang, X.; Lan, Y.; Xia, Q.; Chen, F.; Wu, J.; Li, W.; Cao, H.; Xie, C.; Li, L.; et al. Peripherally inserted central catheters have
a protective role and the effect of fluctuation curve feature in the risk of bloodstream infection compared with central venous
catheters: A propensity-adjusted analysis. BMC Infect. Dis. 2022, 22, 289. [CrossRef]

10. Chopra, V.; O’Horo, J.; Rogers, M.; Maki, D.; Safdar, N. The Risk of Bloodstream Infection Associated with Peripherally Inserted
Central Catheters Compared with Central Venous Catheters in Adults: A Systematic Review and Meta-Analysis. Infect. Control
Hosp. Epidemiol. 2013, 34, 908–918. [CrossRef]

11. Maki, D.G.; Kluger, D.M.; Crnich, C.J. The risk of bloodstream infection in adults with different intravascular devices: A systematic
review of 200 published prospective studies. Mayo Clin. Proc. 2006, 81, 1159–1171. [CrossRef]

12. Patel, A.R.; Patel, A.R.; Singh, S.; Singh, S.; Khawaja, I. Central Line Catheters and Associated Complications: A Review. Cureus
2019, 11, e4717. [CrossRef]

13. Pitiriga, V.; Kanellopoulos, P.; Bakalis, I.; Kampos, E.; Sagris, I.; Saroglou, G.; Tsakris, A. Central venous catheter-related
bloodstream infection and colonization: The impact of insertion site and distribution of multidrug-resistant pathogens. Antimicrob.
Resist. Infect. Control 2020, 9, 189. [CrossRef]

14. Pitiriga, V.; Bakalis, J.; Kampos, E.; Kanellopoulos, P.; Saroglou, G.; Tsakris, A. Duration of central venous catheter placement
and central line-associated bloodstream infections after the adoption of prevention bundles: A two-year retrospective study.
Antimicrob. Resist. Infect. Control 2022, 11, 96. [CrossRef]

15. 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. Risk factors of catheter- associated bloodstream infection: Systematic review
and meta-analysis. PLoS ONE 2023, 18, e0282290. [CrossRef]

16. Pitiriga, V.; Bakalis, J.; Theodoridou, K.; Dimitroulia, E.; Saroglou, G.; Tsakris, A. Comparison of microbial colonization rates
between central venous catheters and peripherally inserted central catheters. Antimicrob. Resist. Infect. Control 2023, 12, 74.
[CrossRef]

17. Maki, D.G.; Weise, C.E.; Sarafin, H.W. A semiquantitative culture method for identifying intravenous-catheter-related infection.
N. Engl. J. Med. 1977, 296, 1305–1309. [CrossRef]

https://doi.org/10.1086/599376
https://doi.org/10.1016/j.ajic.2009.06.008
https://doi.org/10.1097/BCR.0b013e3181cb8eaa
https://doi.org/10.1016/j.bja.2022.08.036
https://doi.org/10.3389/fcvm.2022.917572
https://doi.org/10.1097/MD.0000000000020352
https://doi.org/10.1007/s00134-010-2043-x
https://doi.org/10.1002/cncr.25199
https://doi.org/10.1186/s12879-022-07265-x
https://doi.org/10.1086/671737
https://doi.org/10.4065/81.9.1159
https://doi.org/10.7759/cureus.4717
https://doi.org/10.1186/s13756-020-00851-1
https://doi.org/10.1186/s13756-022-01131-w
https://doi.org/10.1371/journal.pone.0282290
https://doi.org/10.1186/s13756-023-01285-1
https://doi.org/10.1056/NEJM197706092962301


Antibiotics 2024, 13, 89 13 of 13

18. Magiorakos, A.-P.; Srinivasan, A.; Carey, R.B.; Carmeli, Y.; Falagas, M.E.; Giske, C.G.; Harbarth, S.; Hindler, J.F.; Kahlmeter, G.;
Olsson-Liljequist, B.; et al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: An international expert
proposal for interim standard definitions for acquired resistance. Clin. Microbiol. Infect. 2012, 18, 268–281. [CrossRef]

19. Stevens, V.; Geiger, K.; Concannon, C.; Nelson, R.E.; Brown, J.; Dumyati, G. Inpatient costs, mortality and 30-day re-admission in
patients with central-line-associated bloodstream infections. Clin. Microbiol. Infect. 2014, 20, O318–O324. [CrossRef]

20. Rijnders, B.J.A.; Van Wijngaerden, E.; Peetermans, W.E. Catheter-Tip Colonization as a Surrogate End Point in Clinical Studies on
Catheter-Related Bloodstream Infection: How Strong Is the Evidence? Clin. Infect. Dis. 2002, 35, 1053–1058. [CrossRef]

21. Mermel, L.A. Short-term Peripheral Venous Catheter-Related Bloodstream Infections: A Systematic Review. Clin. Infect. Dis. 2017,
65, 1757–1762. [CrossRef] [PubMed]

22. Mermel, L.A. What is the predominant source of intravascular catheter infections? Clin. Infect. Dis. 2011, 52, 211–212. [CrossRef]
[PubMed]

23. Raad, I. Intravascular-catheter-related infections. Lancet 1998, 351, 893–898. [CrossRef] [PubMed]
24. McLaws, M.; Berry, G. Nonuniform Risk of Bloodstream Infection with Increasing Central Venous Catheter-Days. Infect. Control

Hosp. Epidemiol. 2005, 26, 715–719. [CrossRef] [PubMed]
25. Park, S.; Moon, S.; Pai, H.; Kim, B. Appropriate duration of peripherally inserted central catheter maintenance to prevent central

line-associated bloodstream infection. PLoS ONE 2020, 15, e0234966. [CrossRef]
26. Caris, M.G.; de Jonge, N.A.; Punt, H.J.; Salet, D.M.; de Jong, V.M.T.; Lissenberg-Witte, B.I.; Zweegman, S.; Vandenbroucke-Grauls,

C.M.J.E.; van Agtmael, M.A.; Janssen, J.J.W.M. Indwelling time of peripherally inserted central catheters and incidence of
bloodstream infections in haematology patients: A cohort study. Antimicrob. Resist. Infect. Control 2022, 11, 37. [CrossRef]

27. Wang, L.; Ren, Y.; Gao, X. Relationship between central line-associated bloodstream infection and catheter dwell time in neonates.
Zhonghua Wei Zhong Bing Ji Jiu Yi Xue 2022, 34, 320–324. (In Chinese) [CrossRef]

28. Pérez-Granda, M.J.; Guembe, M.; Cruces, R.; Barrio, J.M.; Bouza, E. Assessment of central venous catheter colonization using
surveillance culture of withdrawn connectors and insertion site skin. Crit. Care 2016, 20, 32. [CrossRef]

29. He, Y.; Zhao, H.; Wei, Y.; Gan, X.; Ling, Y.; Ying, Y. Retrospective Analysis of Microbial Colonization Patterns in Central Venous
Catheters, 2013–2017. J. Health Eng. 2019, 2019, 8632701. [CrossRef]

30. Böll, B.; Schalk, E.; Buchheidt, D.; Hasenkamp, J.; Kiehl, M.; Kiderlen, T.R.; Kochanek, M.; Koldehoff, M.; Kostrewa, P.; Claßen,
A.Y.; et al. Central venous catheter–related infections in hematology and oncology: 2020 updated guidelines on diagnosis,
management, and prevention by the Infectious Diseases Working Party (AGIHO) of the German Society of Hematology and
Medical Oncology (DGHO). Ann. Hematol. 2021, 100, 239–259. [CrossRef]

31. Sohail, M.; Latif, Z. Molecular analysis, biofilm formation, and susceptibility of methicillin-resistant Staphylococcus aureus strains
causing community-and health care-associated infections in central venous catheters. Rev. Soc. Bras. Med. Tropical. 2018, 51,
603–609. [CrossRef] [PubMed]

32. Alonso, B.; Latorre, M.C.; Cruces, R.; Ampuero, D.; Haces, L.; Martín-Rabadán, P.; Sánchez-Carrillo, C.; Rodríguez, B.; Bouza, E.;
Muñoz, P.; et al. Evaluation of the Alfred™ turbidity monitoring system (Alifax®) following sonication in the diagnosis of central
venous catheter colonization. Eur. J. Clin. Microbiol. Infect. Dis. 2019, 38, 1737–1742. [CrossRef] [PubMed]

33. Rodrigues, F.S.; Clemente de Luca, F.A.; Ribeiro da Cunha, A.; Fortaleza, C.M.C.B. Season, weather and predictors of healthcare-
associated gram-negative bloodstream infections: A case-only study. J. Hosp. Infect. 2019, 101, 134–141. [CrossRef] [PubMed]

34. Bassetti, M.; Merelli, M.; Ansaldi, F.; de Florentiis, D.; Sartor, A.; Scarparo, C.; Callegari, A.; Righi, E. Clinical and therapeutic
aspects of candidemia: A five-year single centre study. PLoS ONE 2015, 10, e0127534. [CrossRef]

35. Chen, C.-Y.; Sheng, W.-H.; Huang, S.-Y.; Chou, W.-C.; Yao, M.; Tang, J.-L.; Tsay, W.; Tien, H.-F.; Hsueh, P.-R. Clinical characteristics
and treatment outcomes of patients with candidaemia due to Candida parapsilosis sensulato species at a medical centre in Taiwan,
2000–2012. J. Antimicrob. Chemother. 2015, 70, 1531–1538. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1111/1469-0691.12407
https://doi.org/10.1086/342905
https://doi.org/10.1093/cid/cix562
https://www.ncbi.nlm.nih.gov/pubmed/29020252
https://doi.org/10.1093/cid/ciq108
https://www.ncbi.nlm.nih.gov/pubmed/21288845
https://doi.org/10.1016/S0140-6736(97)10006-X
https://www.ncbi.nlm.nih.gov/pubmed/9525387
https://doi.org/10.1086/502608
https://www.ncbi.nlm.nih.gov/pubmed/16156329
https://doi.org/10.1371/journal.pone.0234966
https://doi.org/10.1186/s13756-022-01069-z
https://doi.org/10.3760/cma.j.cn121430-20211111-01688
https://doi.org/10.1186/s13054-016-1201-0
https://doi.org/10.1155/2019/8632701
https://doi.org/10.1007/s00277-020-04286-x
https://doi.org/10.1590/0037-8682-0373-2017
https://www.ncbi.nlm.nih.gov/pubmed/30304265
https://doi.org/10.1007/s10096-019-03606-y
https://www.ncbi.nlm.nih.gov/pubmed/31209648
https://doi.org/10.1016/j.jhin.2018.06.015
https://www.ncbi.nlm.nih.gov/pubmed/29940215
https://doi.org/10.1371/journal.pone.0127534
https://doi.org/10.1093/jac/dku540

	Introduction 
	Materials and Methods 
	Data Collection 
	Catheter Care 
	Indications for Catheter Removal 
	Culture Techniques 
	Definitions 
	Statistical Analysis 

	Results 
	Participants Characteristics 
	Colonization Incidence Rates and MDROs/Non-MDROs Proportion in the CVC and PICC Cohorts 
	Colonization Incidence Rates among the Three Groups in the CVC Cohort 
	Colonization Incidence Rates among the Three Groups in the PICC Cohort 
	Comparison of Colonization Events, MDROs, and Non-MDROs between the Three Groups in the CVC and PICC Cohorts 
	Comparison of MDRO/Non-MDRO Proportions between the Three Groups in the CVC and PICC Cohorts 
	MDRO Identification and Distribution among the Three Groups in the CVC and PICC Cohorts 

	Discussion 
	Conclusions 
	References

