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Abstract: Introduction: Vascular access devices (VADs), namely peripheral VADs (PVADs) and central
venous VADs (CVADs), are crucial in both intensive care unit (ICU) and non-ICU settings. However,
VAD placement carries risks, notably catheter-related bloodstream infections (CRBSIs). Candida
spp. is a common pathogen in CRBSIs, yet its clinical and microbiological characteristics, especially
in non-ICU settings, are underexplored. Methods: We conducted a monocentric, retrospective
observational study at Luigi Sacco Hospital from 1 May 2021 to 1 September 2023. We reviewed
medical records of non-ICU adult patients with CVADs and PVADs. Data on demographics, clinical
and laboratory results, VAD placement, and CRBSI occurrences were collected. Statistical analysis
compared Candida spp. CRBSI and bacterial CRBSI groups. Results: Out of 1802 VAD placements in
1518 patients, 54 cases of CRBSI were identified, and Candida spp. was isolated in 30.9% of episodes.
The prevalence of CRBSI was 3.05%, with Candida spp. accounting for 0.94%. Incidence rates were
2.35 per 1000 catheter days for CRBSI, with Candida albicans and Candida non-albicans at 0.47 and
0.26 per 1000 catheter days, respectively—patients with Candida spp. CRBSI had more frequent
SARS-CoV-2 infection, COVID-19 pneumonia, and hypoalbuminemia. Conclusions: During the
COVID-19 pandemic, Candida spp. was a notable cause of CRBSIs in our center, underscoring the
importance of considering Candida spp. in suspected CRBSI cases, including those in non-ICU settings
and in those with PVADs.

Keywords: candidemia; catheter-related bloodstream infection (CRBSI); catheter-associated blood-
stream infection (CABSIs); central line-associated bloodstream infection (CLABSI); peripherally
inserted central catheter (PICC); midline; femorally inserted central catheter (FICC); centrally inserted
central catheter (CICC)

1. Introduction

Vascular access devices (VADs) are widely used in intensive care unit (ICU) and
non-ICU wards for hydration, blood sampling, supportive therapies, and the infusion of
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medications and solutions compatible with the chosen venous route. Peripheral VADs
(PVADs) are the standard care for non-ICU patients and include short peripheral cannulas
(less than 6 cm), long peripheral cannulas or “mini-midlines” (6–15 cm), and midline
catheters (20–25 cm). Central venous VADs (CVADs) are selected for patients with com-
plex needs, such as those that require multiple infusions, administration of vasopressors,
chemotherapeutic drugs, hypertonic solutions, or hemodynamic monitoring [1–3]. These
CVADs can be peripherally inserted central catheters (PICCs), femorally inserted central
catheters (FICCs), or centrally inserted central catheters (CICCs); however, the peripheral
and femoral exit sites are becoming increasingly popular, particularly in non-ICU settings,
and have recently become the standard of care due to the security of the insertion and the
absence of pneumothorax risk [4]. The placement of VADs is not without risks. Complica-
tions might be local, such as phlebitis, exit-site infections, and tissue damage, or systemic,
like venous thrombosis and bloodstream infections (BSIs) [5].

Data on BSI episodes in patients with a VAD can be reported using either surveillance
terms, which are not established diagnostic criteria, or using the catheter-related BSI (CRBSI)
definition, which confirms the catheter as the source of infection [6].

CRBSI is diagnosed when the same organism is isolated from both a blood culture and
the tip culture and the quantity of organisms isolated from the tip is greater than 15 colony-
forming units (CFUs). Alternatively, differential time to positivity (DTP) requires isolating
the same organism from a peripheral vein and a catheter lumen blood culture, with growth
detected 2 h earlier (i.e., 2 h less incubation) in the sample drawn from the catheter. CRBSIs
are particularly concerning since they are typically associated with increased morbidity,
mortality, and prolonged hospital stays [6].

The diagnosis of CRBSI requires microbiological evidence, with Coagulase-negative
Staphylococci (CoNS), Staphylococcus aureus (S. aureus), Gram-negative bacteria, and Candida
species (spp.) being the most frequently isolated pathogens [7]. Nosocomial CRBSIs carry
a high mortality risk. Candida spp., in particular, has been identified as an independent
mortality risk factor. Therefore, prompt catheter removal and the initiation of appropriate
antifungal therapy are essential [8].

Patients who did not undergo complete microbiological examinations required by the
CRBSI definition were not classified as having CRBSIs, even if the BSI episode was clearly
related to the catheter; instead, they were categorized using surveillance terms.

Numerous studies on CRBSIs involving CVADs have been published in recent years,
particularly for those caused by S. aureus and CoNS, as well as for ICU-acquired infections,
where FICCs and CICCs are primarily employed [9,10]. Conversely, there is a limited but
growing body of evidence about the infectious risks associated with midline catheters and
PICCs [11]. Moreover, while Candida spp. remains a leading cause of CRBSIs, the clinical
and microbiological characteristics and specific risk factors of Candida-related CRBSIs have
seldom been explored, particularly in non-ICU settings [12].

The main goal of this study is to describe the epidemiology of Candida spp. CRBSI
and these infections’ clinical and microbiological features in hospitalized non-ICU patients
undergoing CVAD and PVAD placement.

This risk information about Candida CRBSI could aid clinicians in identifying at-risk
patients who may benefit from empirical antifungal therapies in non-intensive care settings.
Additionally, we hope this study will generate increased interest in this topic, encouraging
more research on Candida spp. CRBSIs beyond the typical patient groups, such as those in
intensive care units or home parenteral nutrition programs.

2. Materials and Methods
2.1. Study Design and Clinical Setting

This monocentric, retrospective, observational study was conducted at Luigi Sacco
Hospital from 1 May 2021 to 1 September 2023, after a vascular access team (VAT) with
standardized procedures and data reporting formats was established in 2018. All the
devices were positioned following the protocol “Safe insertion of PICCs (SIP)” [13].
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2.2. Study Population

Medical records of hospitalized non-ICU adult patients undergoing CVAD (PICC,
FICC, CICC) and PVAD (mini-midline, midline) placement were retrospectively retrieved.

Inclusion criteria were hospitalized adults over 18 years old who had CVAD or PVAD
placement. Meanwhile, the exclusion criteria were

• Patients who received only short peripheral catheters.
• Those who received both VAD placement and CRBSI diagnosis in the ICU or within

48 h of being transferred to a non-ICU department.

Furthermore, for patients with CRBSI, only the first episode was included in the analyses.

2.3. Ethics

All subjects gave their written informed consent for inclusion. The study was con-
ducted according to the Declaration of Helsinki, and the protocol was approved by the
Luigi Sacco Hospital Institutional Review Board (Research Ethics Committee approval
number 2021/ST/180).

2.4. Definitions

Confirmed deep-seated candidiasis consisted of a specialist-driven diagnosis of Can-
dida spp. invasion of the eye, lungs, heart, gastrointestinal tract, central nervous system,
or other parenchymal organs, and at least one positive blood culture for Candida spp.,
according to international guidelines [14].

Suspected deep-seated candidiasis consisted of candidemia combined with clinical
suspicion of involvement of any of the body sites mentioned above, for which appropriate
diagnostic techniques were not performed or provided inconclusive results in a patient
with suggestive clinical features (e.g., candidemia and critical post-surgical intra-abdominal
infection nonresponding to maximal antibiotic therapy).

The terms CABSI and CLABSI were defined as indicated in the 2024 Infusion Nursing
Society Standards of Practice and by the Centers for Disease Control and Prevention’s
National Healthcare Safety Network [6]. CABSIs refer to BSIs originating from either
PVADs and/or CVADs unrelated to an infection at another site. The CLABSI refers to BSI
originating from CVADs unrelated to an infection at another site. Both definitions are not
established diagnostic criteria because they refer to a primary BSI in a patient who had a
VAD the day of or the day before infection and had a vascular access device for more than
two days.

CRBSI was defined with the presence of the following criteria:

• Differential time to positivity (DTP): The same microorganism is isolated in blood
cultures drawn from a peripheral vein and the VAD, which were taken simultaneously.
VAD cultures become positive at least two hours before peripheral vein cultures.

• Isolation of the same microorganism from the catheter’s tip and blood cultures drawn
from a peripheral vein [15].

2.5. Available Data

Patients’ electronic records comprised demographics (age, sex), clinical data (past
medical history, comorbidities, treatments, outcomes), and laboratory results. The latter
included biochemistry (albuminemia) and microbiology data such as SARS-CoV-2 tests,
blood cultures, urine cultures, colonization surveillance swabs, and susceptibility testing
with minimum inhibitory concentration (MIC) values for first-line antimicrobial and anti-
fungal agents, according to international standards [16]. Furthermore, VAD placement data
were obtained from the standardized data collection sheet, which included both catheter
(type, number of lumens) and placement (body site, date of placement and removal, intra-
procedural complications) data, as well as the occurrence of CABSI/CLABSI and CRBSI,
and the reason for catheter removal.
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2.6. Outcomes

The study’s primary outcome was determining the incidence and prevalence of Candida
albicans and non-albicans Candida spp. CRBSI in non-ICU hospitalized patients.

The secondary outcomes were

(1) To describe the clinical and microbiological characteristics of Candida spp. CRBSI patients.
(2) To compare the clinical characteristics of patients with Candida-related CRBSI vs.

bacterial CRBSI.

2.7. Statistical Analysis

Continuous variables are expressed as medians (interquartile range [IQR]) and categor-
ical variables as counts and percentages. Differences between CRBSI groups (Candida spp.
Vs. bacterial etiology) were tested with the Mann–Whitney test for continuous variables
and Fisher’s exact test or the Chi-square test, as appropriate, for categorical variables. Data
were analyzed using R software, version 4.3.3, and statistical significance was accepted at
the 5% level.

3. Results
3.1. General Population and VAD Data

During the study period, 1802 VAD placements were performed on 1518 patients.
Clinical and microbiological data for these cases were obtained from electronic medical
records, which revealed that CRBSI complicated 54 placements.

The study population consisted of a nearly equal number of males and females, with
52.7% of the participants being female. The median age was 78 years (IQR: 64, 85) (Table 1).

Three hundred thirty-seven patients (22.2%) infected with SARS-CoV-2 underwent
VAD placement, of which 70.3% had COVID-19-related pneumonia. Additionally, 20% of
the patients were colonized by multidrug-resistant pathogens, and 3.7% had a history of
previous CRBSI.

Midline catheters were the most frequently placed VADs, accounting for 1233 place-
ments (68.4%); 553 had mid-thigh exit sites and 680 had upper-limb exit sites. PICCs (401,
22.3%) came in second, with other central venous catheters (CICCs and FICCs) accounting
for 9.3% of instances. These catheters were used for more than two days of parenteral
nutrition in 322 patients (21.3%).

Candida spp. was involved in 17 venous catheter-related infections (30.9%) and 5
co-infections with other bacteria (Figure 1) (Table 2).

Nine Candida spp. CRBSIs occurred in patients with midlines out of 1233 midline
placements (0.73%); there were six in PICC carriers (6/401, 1.5%), and two patients had
other CVADs. Among the 54 bacterial isolates collected (Figure 2), nearly half (25 isolates,
46.3%) were CoNS, predominantly Staphylococcus epidermidis, followed by Enterococci, both
often resistant to first-line agents (53.8% Methicillin-resistant S. epidermidis or MRSE, and
25% Vancomycin-resistant Enterococci or VRE rates, respectively).

During the study period, 228 patients (15%) died, including 16 from the CRBSI group,
resulting in a mortality rate of 29.6% for this group. Seven of these sixteen deaths (43.8%)
were attributed to the CRBSI event.

When looking at the Candida spp. CRBSI group (Table 3), 5 out of 17 patients died, and
three deaths (60%) were deemed to be closely related to the Candida spp. CRBSI event.

The overall prevalence of CRBSI was 3.05%, while the prevalence of Candida spp.
CRBSI was 0.94%. Furthermore, the incidence was 2.35 per 1000 catheter days for CRBSI,
with specific incidences of 0.47 and 0.26 per 1000 catheter days for CRBSIs caused by
Candida albicans and non-albicans isolates, respectively (Table 1).

When looking at the different VAD types, Candida spp. CRBSI incidence was 0.55
per 1000 catheter days for central venous catheters and 0.17 per 1000 catheter days for
midline catheters.
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Figure 2. Bacterial isolates in CRBSI episodes. MSSA: Methicillin-sensitive S. aureus, MRSA:
Methicillin-resistant S. aureus, MSSE: Methicillin-sensitive S. epidermidis, MRSE: Methicillin-resistant
S. epidermidis, Enterobacterales WT: E. Cloacae Sensitive to III gen. cefalosporins, ESBL: Resistant
to III gen. cefalosporins and piperacillin-tazobactam, VSE: Vancomycin-sensitive Enterococci, VRE:
Vancomycin-resistant Enterococci, CoNS: Coagulase-negative Staphylococci.
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Table 1. Characteristics of the study population who underwent VAD placement.

Total

Number of patients 1518
Number of VAD placements 1802
VAD placements per patient 1.18

Age (Q1, Q3) 78 (64, 85)
Male sex (%) 717 (47.23%)

Transferred from the ICU (%) 62 (4.08%)
SARS-CoV-2 infection (%) 337 (22.2%)

COVID-19-related pneumonia (%) 237 (15.61%)
Overall CRBSI prevalence 3.05%
Overall CABSI prevalence 4.5%

Candida spp. CRBSI prevalence 17 events (0.94%)
Candida spp. CRBSI prevalence in midline catheters 0.22%

Candida spp. CRBSI prevalence in central venous catheters 0.72%
Overall CRBSI incidence (per 1000 catheter days) 2.35
Overall CABSI incidence (per 1000 catheter days) 3.46

Candida albicans CRBSI incidence (per 1000 catheter days) 0.47
Non-albicans Candida CRBSI incidence (per 1000 catheter days) 0.26

Candida spp. CRBSI incidence in midline catheters (per 1000
catheter days) 0.17

Candida spp. CRBSI incidence in central venous catheters (per
1000 catheter days) 0.55

Median dwell time VAD days (Q1, Q3) 13 (8, 21)
VAD type (%)

Midline with upper-limb exit site 680 (37.74%)
Midline with mid-thigh exit site 553 (30.68%)

PICC 401 (22.25%)
CICC 72 (3.99%)
FICC 96 (5.33%)

Median albuminemia (g/L) 27 (23, 30)
Parenteral nutrition (%) 322 (21.21%)
MDR colonization (%) 303 (19.96%)

Outcomes
Transferred to the ICU (%) 45 (2.96%)

Death (%) 228 (15.02%)
CRBSI-related death (%) 17 (7.46%)

History of CABSI or CRBSI consisted of any patient whose medical record included an accurate description of previous
catheter-related infections, ICU: Intensive care unit, VAD: Vascular access device, MDR: Multidrug-resistant.

3.2. Description of Candida spp. CRBSI Events

In the 17 fungal CRBSIs, C. albicans was isolated in most cases, accounting for 11 of
the Candida spp. CRBSI episodes. Non-albicans Candida spp. isolates were retrieved in six
cases—two Candida glabrata (C. glabrata) isolates, two Candida parapsilosis (C. parapsilosis)
isolates, one Candida kefyr isolate, and one Candida tropicalis isolate (Figure 1).

Median age was 79 (IQR: 64, 88), and more than half of the patients (9, 52.9%) were in-
fected with SARS-CoV-2, five of whom had pneumonia. Two-thirds (64.7%) were colonized
by Candida spp., though only four had colonization at two different body sites, notably
at the urinary tract, airways, and skin. Sixteen patients had a bacterial infection in the
preceding 28 days, with 18.8% progressing to septic shock and 37.5% receiving five or more
antimicrobial agents before the candidemia diagnosis. Among the known candidemia
risk factors, no patients underwent dialysis, but 10 (58.8%) met the KDIGO criteria for
acute kidney injury (AKI) with a mean score of 1.6. Additionally, 47.1% of patients had
abdominal surgery, while alcohol abuse and gastrointestinal perforation were noted in one
patient each (Table 2).
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Table 2. Clinical and microbiological features of patients with Candida spp. CRBSI.

Total Number of Patients = 17

Candida spp. colonization 64.71%
Number of colonized sites (Mean ± SD) 0.88 ± 0.76

Previous bacterial infection 94.12%
Previous septic shock 17.65%

Candida spp. and bacterial co-infection (%) 29.41%
Median AKI score (Q1, Q3) 1 (0, 2)

Abdominal surgery (%) 47.06%
Alcohol abuse (%) 5.88%

Gastrointestinal perforation (%) 5.88%
Five or more previous antibiotics (%) 35.29%

Non-albicans candidemia (%) 35.29%
Confirmed deep-seated infection (%) 23.5%
Suspected deep-seated infection (%) 23.5%
Caspofungin empirical therapy (%) 84.62%

Fluconazole CLSI S or I (%) 75%
Caspofungin CLSI S or I (%) 100%

VAD removed after CRBSI diagnosis 88.24%

Four individuals had confirmed deep-seated candidiasis, three of whom presented
with endophthalmitis. Four more patients were diagnosed with suspected deep-seated
candidiasis, all with suspected post-surgical Candida infection of the gastrointestinal tract.

Treatment, as well as second- or third-line diagnostic techniques, were not pursued
due to a palliative approach in two patients, and there was a rapid deterioration leading
to death before obtaining microbiology results in the remaining two cases. Thus, of the
17 patients, only 13 received treatment. Caspofungin was used as a first empiric agent in
11 cases (84.6%). Upon the availability of susceptibility testing, echinocandin treatment was
either continued as monotherapy (four patients), switched to fluconazole monotherapy
(five patients), or combined with fluconazole in two severe candidemia cases with en-
dophthalmitis. All Candida spp. isolates were sensitive to caspofungin, but only 75% were
sensitive to fluconazole. Timely VAD removal, according to international guidelines and
clinical expertise, was performed in all but two patients since a palliative approach with
intravenous supportive therapies had already been started for concurrent comorbidities.
Data on susceptibility to first-line antifungal agents for the three most common isolates are
depicted in Table 4.

3.3. Comparison between Candida spp. and Bacterial CRBSI

When comparing the Candida spp. and bacterial CRBSI groups (Table 3), SARS-
CoV-2 infection, COVID-19-related pneumonia, and hypoalbuminemia were significantly
associated with Candida spp. CRBSI (p-values of 0.002, 0.002, and 0.038, respectively).
Longer catheter dwelling times were related to bacterial CRBSI (p = 0.005).

Table 3. Comparison between the patients with Candida and bacterial CRBSI events. Followed
by statistical significance of the Mann–Whitney test and Fisher’s exact test assessing inter-group
differences between bacterial and fungal infections (right column).

Candida spp. CRBSI (N = 17) Bacterial CRBSI (N = 37) p-Value

Age (Q1, Q3) 79 (64, 88) 73 (60, 81) 0.268
Male sex (%) 8 (47.06%) 16 (43.24%) 1.000

History of CABSI/CRBSI (%) 2 (11.76%) 3 (8.11%) 0.645
Charlson comorbidity Index (Q1, Q3) 6 (4, 7) 6 (4, 7) 0.764

Comorbidity count (Q1, Q3) 3 (2, 4) 3 (2, 3) 0.703
Diabetes (%) 5 (29.41%) 9 (24.32%) 0.745

CVD (%) 7 (41.2%) 15 (40.54%) 1.000
COPD (%) 6 (35.29%) 6 (16.22%) 0.162
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Table 3. Cont.

Candida spp. CRBSI (N = 17) Bacterial CRBSI (N = 37) p-Value

Neurological disorder (%) 8 (47.06%) 17 (45.95%) 1.000
Liver cirrhosis (%) 1 (5.88%) 2 (5.41%) 1.000

Immunosuppression 6 (35.29%) 21 (56.76%) 0.241
CKD (%) 2 (11.76%) 3 (8.11%) 0.645

Obesity (%) 1 (5.88%) 1 (2.70%) 0.535
Transferred from the ICU (%) 2 (11.76%) 2 (5.41%) 0.582

SARS-CoV-2 infection (%) 9 (52.94%) 4 (10.8%) 0.002
COVID-19-related pneumonia (%) 5 (29.41%) 0 (0%) 0.002

Median VAD days (Q1, Q3) 10 (8, 20) 22 (15, 34) 0.005
Parenteral nutrition (%) 9 (52.94%) 23 (62.16%) 0.563

VAD type (%) 0.374
Midline 9 (52.94%) 11 (29.73%) -

PICC 6 (35.29%) 21 (56.76%) -
CICC 1 (5.88%) 2 (5.41%) -
FICC 1 (5.88%) 3 (8.11%) -

Median albuminemia (g/L) 24 (22, 27) 28 (24, 33) 0.038
MDR colonization (%) 5 (29.41%) 10 (27.03%) 1.000

Death (%) 5 (29.41%) 10 (27.03%) 1.000
CRBSI-related death (%) 3 (60.0%) 5 (50.0%) 1.000

Transferred to the ICU (%) 1 (5.88%) 2 (5.41%) 1.000

History of CABSI or CRBSI consisted of any patient whose medical record included an accurate description of
previous catheter-related infections, CVD: Cardiovascular disease, COPD: Chronic obstructive pulmonary disease,
CKD: Chronic kidney disease, ICU: Intensive care unit, VAD: Vascular access device, MDR: Multidrug-resistant.

Table 4. Susceptibility to first-line antifungal agents of the three most common Candida spp. isolates
according to Clinical Laboratory and Standards Institute (CLSI) version M60, 2017.

C. albicans CLSI MIC (Number of Isolates = 10)
0.03 0.06 0.12 0.25 0.5 1 2 4 >=8

Fluconazole 1 - 1 4 3 1 - - -
Caspofungin 2 6 2 - - - - - -

C. glabrata CLSI MIC (Number of isolates = 2)
0.03 0.06 0.12 0.25 0.5 1 2 4 >=8

Fluconazole - - - 1 - - - - 1
Caspofungin 2 - - - - - - - -

C. parapsilosis CLSI MIC (Number of isolates = 2)
0.03 0.06 0.12 0.25 0.5 1 2 4 >=8

Fluconazole - - 1 - 1 -- - -
Caspofungin - - 1 -- 1 - - - -

4. Discussion

In the study population, we identified 17 Candida spp. CRBSI episodes; there were six
in PICC carriers and nine in midline catheter carriers, with an overall prevalence rate of
0.94%. The incidence rates of Candida albicans and non-albicans Candida CRBSIs were 0.47
and 0.26 per 1000 catheter days, respectively.

Furthermore, when comparing Candida spp. and bacterial CRBSI cases, there were
no statistically significant differences in demographics or underlying comorbidities. On
the other hand, Candida spp. CRBSI was significantly associated with SARS-CoV-2 infec-
tion, COVID-19-related pneumonia, lower median albumin levels, and shorter catheter
dwell times.

Midlines and PICCs were widely used, with the latter being twice more frequently in-
fected than the former, displaying three-times-higher CRBSI incidence per 1000 catheter days.

Interestingly, no specific comparison is available for Candida spp. CRBSI risk, but a
two- to four-fold overall increase in catheter-related BSI risk for PICCs over midlines has
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been recently described [17]. These results are consistent with the different indications
for the two VAD types since PICC catheters are preferred to midlines when parenteral
nutrition and longer dwell times are expected.

Despite the non-ICU setting and a well-structured VAT, our study population pre-
sented CRBSI rates at the upper end of the range defined in the literature. Maki et al.’s
extensive review identified CRBSI incidence rates as being the lowest in peripheral VAD
carriers (0.2 per 1000 catheter days) and the highest in CVAD carriers (2.7 per 1000 catheter
days) [18].

This observation may be attributed to the study’s timeframe, which coincided with
the SARS-CoV-2 pandemic, which greatly exacerbated hospital-acquired infections (HAIs)
in Northern Italy [19].

Solid evidence supports the increase in CRBSIs and candidemia during pandemics,
linking the rise in HAIs to healthcare system overload, prolonged hospital stays, and the
increased usage of immunosuppressive treatments [20–22]. Nonetheless, this is, to our best
knowledge, the first study to report Candida spp. CRBSI incidence and prevalence rates in
non-ICU settings.

Comparing our data to another multicentric retrospective study performed during the
first wave of the COVID-19 pandemic, we can confirm the higher risk of CRBSI in those
patients [23].

Furthermore, existing evidence on this topic shows very high mortality rates in COVID-
19 patients who then develop candidemia, describing pooled in-hospital mortality rates
above 60% in emergency settings in Northern Italy during the first COVID-19 waves [24].

In our study, we describe Candida spp. CRBSI mortality rates of almost 30% (29.4%),
even though statistical significance was not reached when compared to mortality rates of
bacterial CRBSI (27%). The Candida spp. superinfection in the COVID-19 subgroup was not
analyzed specifically due to limited sample sizes; nonetheless, the numbers remain high.

Lastly, SARS-CoV-2 infection and COVID-19-related pneumonia were associated
with a higher likelihood of Candida spp. than bacterial CRBSI. This has been described
indirectly, but no study directly links SARS-CoV-2 infection or COVID-19 pneumonia to
this phenomenon. These considerations stress the importance of correctly managing VADs
in critical or immunosuppressed patients in non-ICU settings [25].

Unexpectedly, hypoalbuminemia was more frequently encountered in Candida spp.
than in bacterial CRBSI. Scarce evidence on this association is currently available, although
recent in vitro data endorse it [26]. Hypoalbuminemia is more commonly observed in
critical patients, as well as in those who underwent abdominal surgery or have other
gastrointestinal (pancreatitis, GI perforation, alcohol abuse, conditions requiring parenteral
nutrition) or nephrological (AKI, dialysis) disorders. Accordingly, all these conditions,
for which we noted high prevalences in our cohort, have already been associated with
candidemia [27].

Patients with Candida spp. CRBSI did not have longer catheter indwelling times
than those with bacterial etiology CRBSIs. These data would lead us not to consider the
hospitalization time and the placement of the VAD as decisive in calculating the risk of
infection by Candida spp. Furthermore, the isolation of Candida spp. in a single blood
culture obtained from any catheter warrants prompt removal of the VAD, whereas a more
conservative approach, leading to 5 days of lock therapy and retention of VAD, is accepted
today for most bacterial isolates when successful [28].

Thus, in our experience, clinical management was complex and followed international
guidelines, with almost all patients undergoing timely VAD removal and empiric echinocan-
din antimycotic treatment. Although non-albicans Candida spp. isolates accounted for more
than one-third of the total, MIC values were favorable, and no resistance to echinocandins
and little resistance to fluconazole were observed (Table 4), in line with the non-intensive
care setting of the study.

Some limitations must be declared. Firstly, the study’s retrospective nature may have
introduced inherent biases and limitations in data collection and analysis. Secondly, the
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single-center design makes the study’s findings not fully generalizable to other settings,
populations, or healthcare contexts, limiting the external validity.

Moreover, the study’s timeframe included the COVID-19 pandemic, which undoubt-
edly increased the number of catheter-related infections outside the ICU [23]. However,
collecting data throughout the SARS-CoV-2 pandemic hampers the generalizability of the
findings, mainly since our hospital was a COVID-19 reference center for the metropolitan
area of Milan.

Finally, the limited number of Candida spp. infections did not allow for extensive
sub-group analyses. On the other hand, the main strength of our study is the in-depth
characterization of almost 2000 VAD placements focused on correct identification and
comprehensive characterization of Candida spp. CRBSI and other concurring infective
episodes. All VAD placements were performed by the same VAD team that completed data
entry on standardized data collection forms.

To our knowledge, this is the first study to provide Candida spp. CRBSI rates in non-
ICU settings. Finally, our study is one of the few that assesses Candida spp. infections in
PVADs or CVADs. These findings add to the current body of evidence demonstrating a
substantial risk of CRBSI in non-ICU patients with PICCs and midlines [17,29].

5. Conclusions

Our data from a large Northern Italian hospital during the COVID-19 pandemic
revealed a high prevalence of CRBSI infections caused by Candida spp. We found that
COVID-19 and hypoalbuminemia were more frequently associated with Candida spp.
CRBSI compared to bacterial CRBSI.

These two factors can be interpreted as markers of patient frailty and severity rather
than direct infection causes. Thus, in high-risk patients deteriorating under appropriate
empirical therapy, Candida spp. should be considered as a potential CRBSI cause even in
non-ICU wards.

Author Contributions: Conceptualization, A.F., G.S. and M.C. (Marta Colaneri); methodology, V.B.,
F.F. and J.L.; formal analysis, M.O.; investigation, M.S.; resources, C.G. and R.F.; data curation, F.C.,
M.C. (Maria Calloni) and A.T.; writing—original draft preparation, G.S.; writing—review and editing,
M.C. (Marta Colaneri) and A.G. (Antonio Gidaro); visualization, L.G. and F.B.; supervision, C.C. and
A.G. (Andrea Gori); project administration, A.F. and A.G. (Antonio Gidaro). All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The complete dataset is available and can be shared upon reasonable
request from the corresponding author for privacy and data safety purposes.

Acknowledgments: The authors would like to sincerely thank all the healthcare workers and
volunteers in service at Luigi Sacco Hospital for their precious contribution during the toughest
periods of the COVID-19 pandemic.

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

References
1. Kehagias, E.; Galanakis, N.; Tsetis, D. Central venous catheters: Which, when and how. Br. J. Radiol. 2023, 96, 20220894. [CrossRef]

[PubMed]
2. Borgonovo, F.; Quici, M.; Gidaro, A.; Giustivi, D.; Cattaneo, D.; Gervasoni, C.; Calloni, M.; Martini, E.; La Cava, L.; Antinori,

S.; et al. Physicochemical Characteristics of Antimicrobials and Practical Recommendations for Intravenous Administration: A
Systematic Review. Antibiotics 2023, 12, 1338. [CrossRef] [PubMed]

3. Qin, K.R.; Nataraja, R.M.; Pacilli, M. Long peripheral catheters: Is it time to address the confusion? J. Vasc. Access 2019, 20,
457–460. [CrossRef] [PubMed]

4. Annetta, M.G.; Elli, S.; Marche, B.; Pinelli, F.; Pittiruti, M. Femoral venous access: State of the art and future perspectives. J. Vasc.
Access 2023, 2023, 11297298231209252. [CrossRef]

5. Simon, E.M.; Summers, S.M. Vascular Access Complications: An Emergency Medicine Approach. Emerg. Med. Clin. N. Am. 2017,
35, 771–788. [CrossRef] [PubMed]

https://doi.org/10.1259/bjr.20220894
https://www.ncbi.nlm.nih.gov/pubmed/37191031
https://doi.org/10.3390/antibiotics12081338
https://www.ncbi.nlm.nih.gov/pubmed/37627758
https://doi.org/10.1177/1129729818819730
https://www.ncbi.nlm.nih.gov/pubmed/31416409
https://doi.org/10.1177/11297298231209253
https://doi.org/10.1016/j.emc.2017.06.004
https://www.ncbi.nlm.nih.gov/pubmed/28987428


Microorganisms 2024, 12, 1597 11 of 11

6. Nickel, B.; Gorski, L.; Kleidon, T.; Kyes, A.; DeVries, M.; Keogh, S.; Meyer, B.; Sarver, M.; Crickman, R.; Ong, J.; et al. Infusion
Therapy Standards of Practice, 9th Edition. J. Infus. Nurs. 2024, 47, S1–S285. [CrossRef] [PubMed]

7. Inagaki, K.; El Feghaly, R.E. Catheter-Related Bloodstream Infections (CRBSIs). Introduction to Clinical Infectious Diseases; Springer
International Publishing: Cham, Switzerland, 2019; pp. 315–325. [CrossRef]

8. Saliba, P.; Hornero, A.; Cuervo, G.; Grau, I.; Jimenez, E.; García, D.; Tubau, F.; Martínez-Sánchez, J.M.; Carratalà, J.; Pujol, M.
Mortality risk factors among non-ICU patients with nosocomial vascular catheter-related bloodstream infections: A prospective
cohort study. J. Hosp. Infect. 2018, 99, 48–54. [CrossRef] [PubMed]

9. Muff, S.; Tabah, A.; Que, Y.-A.; Timsit, J.-F.; Mermel, L.; Harbarth, S.; Buetti, N. Short-Course Versus Long-Course Systemic Antibiotic
Treatment for Uncomplicated Intravascular Catheter-Related Bloodstream Infections due to Gram-Negative Bacteria, Enterococci or
Coagulase-Negative Staphylococci: A Systematic Review. Infect. Dis. Ther. 2021, 10, 1591–1605. [CrossRef] [PubMed]

10. Buetti, N.; Timsit, J.-F. Management and Prevention of Central Venous Catheter-Related Infections in the ICU. Semin. Respir. Crit.
Care Med. 2019, 40, 508–523. [CrossRef] [PubMed]

11. Swaminathan, L.; Flanders, S.; Horowitz, J.; Zhang, Q.; O’Malley, M.; Chopra, V. Safety and Outcomes of Midline Catheters vs
Peripherally Inserted Central Catheters for Patients With Short-term Indications. JAMA Intern. Med. 2022, 182, 50. [CrossRef]

12. Nagao, M.; Hotta, G.; Yamamoto, M.; Matsumura, Y.; Ito, Y.; Takakura, S.; Ichiyama, S. Predictors of Candida spp. as causative
agents of catheter-related bloodstream infections. Diagn. Microbiol. Infect. Dis. 2014, 80, 200–203. [CrossRef] [PubMed]

13. Brescia, F.; Pittiruti, M.; Spencer, T.R.; Dawson, R.B. The SIP protocol update: Eight strategies, incorporating Rapid Peripheral
Vein Assessment (RaPeVA), to minimize complications associated with peripherally inserted central catheter insertion. J. Vasc.
Access 2024, 25, 5–13. [CrossRef] [PubMed]

14. Clancy, C.J.; Nguyen, M.H. Diagnosing Invasive Candidiasis. J. Clin. Microbiol. 2018, 56, 10–1128. [CrossRef] [PubMed]
15. NHSN. 2024. Available online: https://www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf (accessed on 1 June 2024).
16. CLSI. 2024. Available online: https://clsi.org/meetings/antifungal/ (accessed on 1 June 2024).
17. Urtecho, M.; Torres Roldan, V.D.; Nayfeh, T.; Espinoza Suarez, N.R.; Ranganath, N.; Sampathkumar, P.; Chopra, V.; Safdar, N.;

Prokop, L.J.; O’Horo, J.C. Comparing Complication Rates of Midline Catheter vs Peripherally Inserted Central Catheter. A
Systematic Review and Meta-analysis. Open Forum Infect. Dis. 2023, 10, ofad024. [CrossRef] [PubMed]

18. 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] [PubMed]

19. Grasselli, G.; Scaravilli, V.; Mangioni, D.; Scudeller, L.; Alagna, L.; Bartoletti, M.; Bellani, G.; Biagioni, E.; Bonfanti, P.; Bottino, N.;
et al. Hospital-Acquired Infections in Critically Ill Patients With COVID-19. Chest 2021, 160, 454–465. [CrossRef] [PubMed]

20. Zanella, M.-C.; Pianca, E.; Catho, G.; Obama, B.; De Kraker, M.E.A.; Nguyen, A.; Chraiti, M.N.; Sobel, J.; Fortchantre, L.; Harbarth,
S.; et al. Increased Peripheral Venous Catheter Bloodstream Infections during COVID-19 Pandemic, Switzerland. Emerg. Infect.
Dis. 2024, 30, 159. [CrossRef]

21. Omrani, A.S.; Koleri, J.; Ben Abid, F.; Daghfal, J.; Odaippurath, T.; Peediyakkal, M.Z.; Baiou, A.; Sarsak, E.; Elayana, M.; Kaleeckal,
A.; et al. Clinical characteristics and risk factors for COVID-19-associated Candidemia. Med. Mycol. 2021, 60, 1262–1266. [CrossRef]
[PubMed]

22. Lastinger, L.M.; Alvarez, C.R.; Kofman, A.; Konnor, R.Y.; Kuhar, D.T.; Nkwata, A.; Patel, P.R.; Pattabiraman, V.; Xu, S.Y.; Dudeck,
M.A. Continued increases in the incidence of healthcare-associated infection (HAI) during the second year of the coronavirus
disease 2019 (COVID-19) pandemic. Infect. Control Hosp. Epidemiol. 2023, 44, 997–1001. [CrossRef] [PubMed]

23. Gidaro, A.; Vailati, D.; Gemma, M.; Lugli, F.; Casella, F.; Cogliati, C.; Canelli, A.; Cremonesi, N.; Monolo, D.; Cordio, G.; et al.
Retrospective survey from vascular access team Lombardy net in COVID-19 era. J. Vasc. Access 2022, 23, 532–537. [CrossRef]

24. Colaneri, M.; Giusti, E.M.; Genovese, C.; Galli, L.; Lombardi, A.; Gori, A. Mortality of Patients With Candidemia and COVID-19:
A Systematic Review With Meta-analysis. Open Forum Infect. Dis. 2023, 10, ofad358. [CrossRef]

25. Hohmann, F.B.; Chaves RC de, F.; Olivato, G.B.; Souza GM de Galindo, V.B.; Silva, M.; Martino, M.D.V.; Menezes, F.G.D.; Corrêa,
T.D. Characteristics, risk factors, and outcomes of bloodstream Candida infections in the intensive care unit: A retrospective
cohort study. J. Int. Med. Res. 2023, 51, 3000605221131122. [CrossRef]
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