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Abstract 

Background While SARS-CoV2 infection has been shown to be a significant risk-factor for several secondary bacte-
rial, viral and Aspergillus infections, its impact on intensive care unit (ICU)-acquired candidemia (ICAC) remains poorly 
explored.

Method Using the REA-REZO network (French surveillance network of ICU-acquired infections), we included all 
adult patients hospitalized for a medical reason of admission in participating ICUs for at least 48 h from January 2020 
to January 2023. To account for confounders, a non-parsimonious propensity score matching was performed. Rates 
of ICAC according to SARS-CoV2 status were compared in matched patients. Factors associated with ICAC in COVID-
19 patients were also assessed using a Fine-Gray model.

Results A total of 55,268 patients hospitalized at least 48 h for a medical reason in 101 ICUs were included 
along the study period. Of those, 13,472 were tested positive for a SARS-CoV2 infection while 284 patients developed 
an ICAC. ICAC rate was higher in COVID-19 patients in both the overall population and the matched patients’ cohort 
(0.8% (107/13,472) versus 0.4% (173/41,796); p < 0.001 and 0.8% (93/12,241) versus 0.5% (57/12,241); p = 0.004, respec-
tively). ICAC incidence rate was also higher in those patients (incidence rate 0.51 per 1000 patients-days in COVID-19 
patients versus 0.32 per 1000 patients-days; incidence rate ratio: 1.58 [95% CI:1.08–2.35]; p = 0.018). Finally, patients 
with ICAC had a higher ICU mortality rate (49.6% versus 20.2%; p < 0.001).

Conclusion In this large multicenter cohort of ICU patients, although remaining low, the rate of ICAC was higher 
among COVID-19 patients.
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Background
The clinical spectrum of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV2) infections can lead 
to severe acute respiratory distress syndrome (ARDS), 
responsible for numerous hospitalizations in intensive 
care units (ICUs) with prolonged mechanical ventilation 
and high mortality [1]. Since the beginning of the SARS-
CoV2 pandemic, critically ill patients have emerged as a 
population at high risk for secondary infections. Primar-
ily studies focused on bacterial [2–4] (notably ventila-
tor associated pneumonia and bloodstream infections) 
and on coronavirus disease 2019 (COVID-19) associ-
ated pulmonary aspergillosis [5, 6], evidencing a nega-
tive impact of such ICU-acquired infections on patients’ 
prognosis [7–10]. However, ICU-acquired candidemia 
(ICAC) has also been shown to have a high incidence in 
severe COVID-19 patients [5, 11–13]. Candida diges-
tive colonization, occurring in about one-half of ICU 
patients [14, 15], is frequently reported to precede can-
didemia. In addition, the assessment of fecal mycobiome 
of severe COVID-19 patients showed an enrichment 
with members of the genus Candida along with pro-
longed decreased mycobiota diversity [16, 17]. Beyond 
the digestive manifestation of COVID-19 [18, 19], the 
high proportion of severe patients receiving broad spec-
trum antibiotics (either on initial case-management of 
severe COVID-19 patients or to treat bacterial second-
ary infection) may contribute to such a higher Candida 
colonization and could favor ICAC. In addition, the over-
occupation of ICUs and compromised infection control 
measures during the SARS-CoV2 pandemic might have 
contributed to subsequent high incidence of ICAC and 
global higher incidence of candidemia cases along with 
the emergence of fluconazole-resistant Candida species 
[20, 21].

However, although Candida sp. is the most common 
fungal infection in ICU patients [22, 23], its incidence in 
ICU patients remains low making it challenging to inves-
tigate. We therefore sought to assess the relationship 
between SARS-CoV2 infection and the rate of ICAC in a 
large-scale multicenter nationwide cohort study.

Method
Study setting
This study was conducted using the REA-REZO prospec-
tive continuous multicenter cohort surveillance. This 
patient-based surveillance focusing on ICU-acquired 
infections is carried out on a voluntary basis by collecting 
data of all adult patients hospitalized for more than 48 h 
in any of the contributing ICUs to the REA-REZO net-
work for more than 15  years using a standardized form 
completed for each patient. Detailed protocol for data 
collection and monitoring is available at: https:// reare zo. 

chu- lyon. fr/. All patients received specific information 
about the potential use of their personal data for research 
purposes and were given the opportunity to refuse it. 
The study was carried out in accordance with the ethical 
standards of the Declaration of Helsinki, and the data-
base was approved by the National Data Protection Com-
mission (Commission nationale de l’informatique et des 
libertés, Number 919149) and by the institutional review 
board (CPP SUD ESTdIRB 00009118).

Study population and surveillance data
For the present analysis, all patients hospitalized for at 
least 2 days between January 2020 and January 2023 were 
included. Patients transferred from another ICU, patients 
having missing variable data needed for analysis, with 
a traumatic or nonmedical reason of admission (either 
elected or urgent surgery) as well as patients with possi-
ble COVID-19 (since at the beginning of the pandemic 
tests were not systematically available) were excluded 
(Fig.  1). Patients were prospectively evaluated and fol-
lowed until ICU discharge or death. General patient char-
acteristics analyzed included: age, sex severity assessed 
by the Simplified Acute Physiological Score II [24], anti-
biotherapy ± 2  days before or after ICU admission, ori-
gin of the patient (community or long term-care versus 
nosocomial), immunosuppression according to the Acute 
Physiology and Chronic Health Evaluation II definition 
[25], exposition to central venous catheter before ICAC 
onset, type of ICU and whether ExtraCorporeal Mem-
brane Oxygenation was performed in the ICU (ECMO 
center).

Definitions
COVID-19 was diagnosed with a positive RT-PCR (naso-
pharyngeal swabs, sputum, endotracheal aspiration, 
bronchoalveolar lavage). ICAC was defined by at least 
one positive blood culture positive for Candida sp. sam-
pled after more than 48 h of ICU stay [26].

ICU were classified as medical when > 80% of patients 
admitted to the ICU had a medical reason for admis-
sion, surgical when > 80% of patients admitted to the ICU 
had a surgical reason for admission, and medical-surgi-
cal when > 80% of admissions were neither surgical nor 
medical.

Objectives
Our primary objective was to compare the rate of can-
didemia according to the exposure to SARS-CoV2 
infection.

Secondary objectives included the comparison of 
clinical outcomes including the cumulative incidence of 
ICAC up to day-90 after ICU admission, ICU length of 
stay, duration of mechanical ventilation, the development 

https://rearezo.chu-lyon.fr/
https://rearezo.chu-lyon.fr/
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of ventilator associated pneumonia (VAP) or bacterial 
bloodstream infection (BSI) as well as ICU mortality rate 
according to SARS-CoV2 infection status. Finally, we 
aimed to assess the risk -factors for ICAC in COVID-19 
patients.

Statistical analysis
Data were reported as numbers (percentages) for categor-
ical variables or medians (interquartile ranges: 25th–75th 
percentiles) for continuous variables. A propensity score 
(PS) matched analysis with a 1:1 ratio was performed to 
account for intergroup imbalance between COVID-19 
and non-COVID-19 patients. PS was calculated using 
a non-parsimonious logistic regression model includ-
ing every variable available during the period at risk for 
candidemia. Therefore, the following variables were 
included in PS calculation: Year of ICU admission, age, 
sex, SAPS II, type of ICU (Medical, Surgical or Medical-
Surgical), ECMO center, provenance from community/
nursing home, immunosuppression (both neutropenia 
and other kinds of immunosuppression), early treatment 
with antibiotics, use of central venous catheter and ICU 
length of stay before ICAC. Matching was performed 

based on a nearest-neighbor matching procedure with a 
1:1 ratio and a caliper of 0.1 using the “MatchIt” package. 
Satisfactory matching was defined as an absolute value 
of the standardized mean difference (SMD) < 0.1 for all 
variables. In the matched population, we also estimated 
and compared the incidence rate (expressed as number 
of events per 1000 patients × ICU days) of ICAC during 
the first 90  days after ICU admission according to the 
COVID-19 status using ICU length-of-stay (censored at 
90  days) as offset variable. In addition, competing risk 
analysis was used to estimate the cumulative incidence 
of the first episodes of ICAC between study groups 
considering death within 90  days and ICU discharge as 
competing events in order to take into account the time-
dependent nature of ICAC. Curves until day 90 after ICU 
admission were compared using the gray test and hazard 
ratio (HR) with their 95% confidence interval (95%CI) 
was estimated using the fine and gray subdistribution 
hazard function. Patients with missing data needed were 
excluded from the analysis (n = 1413).

Finally, the fine-gray competing risk regression was also 
used to assess factors associated with the occurrence of 
ICAC in COVID-19 patients. Covariables achieving a p 

Fig. 1 Flow Chart
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value < 0.2 in the univariable analysis were entered in the 
multivariable analysis.

Statistical analyses were performed with the statistical 
software R 4.1.1. All tests were two-sided, and p < 0.05 
was considered statistically significant. The design of this 
study followed the Strengthening in Reporting of Obser-
vational Studies in Epidemiology (STROBE) guidelines 
[27].

Results
Entire cohort characteristics
During the study period, 55,268 patients admitted to 101 
different ICUs for medical reasons were included in the 
present analysis (Fig. 1). The median age was 66 years old 
(IQR:56–74) and 35.7% were female. The epidemiologi-
cal and clinical features of COVID-19 patients and non-
COVID-19 patients are displayed in Table 1.

At least one episode of ICAC occurred in 280 patients 
(0.5%) at a median delay from ICU admission of 12 days 
(IQR:7–24). The crude rate of ICAC was higher in 
COVID-19 patients (0.8% vs. 0.4%; p < 0.001). The most 

common Candida species identified from blood cul-
ture was Candida albicans accounting for 62.9% of all 
Candida species (176/280). Catheter related ICAC was 
the source of candidemia observed in 31.9% of all ICAC 
cases.

Patients with ICAC also experienced VAP and BSI 
more frequently compared to those without ICAC (55.7% 
versus 12.1%; p < 0.001 and 48.2% vs. 4.5%; p < 0.001, 
respectively). Noteworthy, among patients with ICAC, 
the proportion of VAP and BSI preceding ICAC were 
61.5% (96/156) and 60.7% (82/135), respectively. The 
median time from the diagnosis of ICAC to catheter 
removal in patients with catheter-related ICAC was 2 
(IQR 0.5–11) days. Finally, patients with ICAC had a 
higher ICU mortality rate (49.6% versus 20.2%; p < 0.001) 
as presented in Supplementary Table 1.

Propensity score matched analysis
In order to overcome baseline differences between 
groups, a propensity score matched analysis was per-
formed. The density plot of the propensity score of 

Table 1 Characteristics of patients according to COVID-19 status

Data are presented as median (IQR: interquartiles), n (%)

COVID-19: Coronavirus disease 2019; ICU: Intensive Care Unit; ICAC: ICU-acquired candidaemia; SMD: Standardized Mean Difference

Before propensity score matching After propensity score matching

Non-COVID-19
n = 41,796

COVID-19
n = 13,472

SMD Non-COVID-19
n = 12,241

COVID-19
n = 12,241

SMD

Baseline characteristics

Age (years) 66 [55–74] 66 [57–73] 0.0444 67 [56–74] 66 [56–73] − 0.0118

Male sex 26,382 (63.1) 9132 (67.8) 0.0998 8166 (66.7) 8221 (67.2) 0.0096

Immunosuppression

No immunodepression 35,161 (84.1) 11,513 (85.5) 0.0378 10,360 (84.6) 10,432 (85.2) 0.0167

Neutropenia 1034 (2.5) 117 (0.9) − 0.1730 119 (1.0) 115 (0.9) − 0.003

Other immunosuppression 5601 (13.4) 1842 (13.7) 0.0079 1762 (14.4) 1694 (13.8) − 0.0162

Simplified acute physiology score II 46 [34–60] 37 [29–48] − 0.5473 38 [29–50] 37 [29–48] − 0.0164

Year of ICU admission

2020 15,398 (36.8) 3284 (24.4) − 0.2903 3135 (25.6) 3218 (26.3) 0.0158

2021 11,974 (28.6) 7169 (53.2) 0.4923 6286 (51.4) 6107 (49.9) − 0.0293

2022 14,424 (34.5) 3019 (22.4) − 0.2902 2820 (23.0) 2916 (23.8) 0.0188

Type of ICU

Medical-surgical 12,979 (31.1) 4302 (31.9) 0.0189 3919 (32.0) 3923 (32.0) 0.0007

Medical 28,502 (68.2) 9085 (67.4) − 0.0162 8232 (67.2) 8237 (67.3) 0.0009

Surgical 315 (0.8) 85 (0.6) − 0.0155 460 (3.7) 471 (3.8) − 0.0093

ECMO Center 38,683 (92.6) 12,375 (91.9) − 0.0254 11,211 (91.6) 11,267 (92.0) 0.0167

Provenance from community or nursing home 27,649 (66.1) 7210 (53.5) − 0.2533 6698 (54.7) 6739 (55.1) 0.0067

ICU management

Need for mechanical ventilation 22,801 (54.6) 7119 (52.8) − 0.0343 6084 (49.7) 6214 (50.8) 0.0213

Antibiotherapy ± 2 days before or after ICU admission 25,662 (61.4) 8485 (63.0) 0.0328 7813 (63.8) 7686 (62.8) − 0.0215

Central venous catheter before ICAC 27,391 (65.5) 8069 (59.9) − 0.1151 7005 (57.2) 7160 (58.5) 0.0258

ICU length of stay before ICAC (days) 5 [3–10] 9 [5–19] 0.4082 6 [3–14] 9 [5–17] 0.0554
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included patients is presented in Supplementary 
Fig. 1. Of the 55 268 included patients, 12 241 patients 
among non-COVID-19 patients were matched with 
12  241 COVID-19 patients. The baseline character-
istics between the two groups were reassessed after 
propensity score matching and appeared well balanced 
(SMD < 0.1) as displayed in Table 1 and in Supplemen-
tary Fig. 2. In the matched population, the rate of ICAC 
was higher in COVID-19 patients as compared to non-
COVID-19 patients (0.8% vs. 0.5%; p = 0.004) as pre-
sented in Table  2. The distribution of Candida species 
as well as sources of ICAC were comparable between 
groups (Table 2). The delay between ICU admission and 
ICAC did not differ between COVID-19 patients and 
non-COVID-19 patients (20  days (IQR 11–31) versus 
16 days (IQR 8–25); p = 0.067). In addition, the propor-
tion of patients developing either VAP or bacterial BSI 
was higher in COVID-19 patients (7.7% versus 5.5%; 

p < 0.001 and 22.3% versus 13.1%; p < 0.001). Veno-
venous ECMO were also more frequent in COVID-
19 patients (2.7% versus 1.1%; p < 0.001). Cumulative 
incidence analysis also showed an increased incidence 
of ICAC in COVID-19 patients (gray test p = 0.005) 
(Fig. 2). Furthermore, when performing competing risk 
analysis to take into account the time dependent nature 
of ICAC, such an association between COVID-19 and 
the increased incidence of ICAC was also observed 
(sdHR = 1.61 [95% CI:1.14–2.28]; p = 0.006). Notably, 
COVID-19 patients had a higher ICU mortality rate 
(21.9% versus 15.7%; p < 0.001). Finally, the incidence 
rate of ICAC was higher in COVID-19 patients (inci-
dence rate 0.51 per 1000 patients-days versus 0.32 per 
1000 patients-days; incidence rate ratio: 1.58 [95% 
CI:1.08–2.35]; p = 0.018).

Of note, among unmatched non-COVID-19 patients, 
the ICAC rate was 0.4% (116/29 555).

Table 2 Clinical course and outcomes of patients according to COVID-19 status

Data are presented as median (IQR: interquartiles), n (%)

Abbreviations: COVID-19: Coronavirus disease 2019; ICU: Intensive Care Unit; OR: Odds Ratio; 95%CI: 95% confidence interval

* Source of candidemia was assessed when colonization with the same Candida Spp was identified as causative pathogen

Before propensity score matching After propensity score matching

Non-COVID-19
n = 41,796

COVID-19
n = 13,472

p-value Non-COVID-19
n = 12,241

COVID-19
n = 12,241

p-value

Clinical outcomes

Candidaemia 173 (0.4) 107 (0.8)  < 0.001 57 (0.5) 93 (0.8) 0.004

Candida species isolated 0.126 0.804

Candida albicans 109 (63.0) 67 (62.6) 38 (66.7) 60 (64.5)

Candida parapsilosis 14 (8.1) 19 (17.8) 7 (12.3) 16 (17.2)

Candida glabrata 24 (13.9) 12 (11.2) 5 (8.8) 8 (8.6)

Candida krusei 6 (3.5) 1 (0.9) 0 (0.0) 1 (1.1)

Candida tropicalis 4 (2.3) 1 (0.9) 2 (3.5) 1 (1.1)

Other Candida species 16 (9.2) 7 (6.5) 5 (8.8) 7 (7.5)

Suspected sources of candidaemia* 0.113 0.669

Catheter 51 (29.5) 36 (33.6) 15 (26.3) 30 (32.2)

Digestive 25 (14.5) 5 (4.7) 3 (5.3) 4 (4.3)

Pleuro-pulmonary 16 (9.2) 15 (14.0) 6 (10.5) 14 (15.1)

Urinary 7 (4.0) 5 (4.7) 2 (3.5) 4 (4.3)

Skin/soft tissue 2 (1.2) 0 (0.0) 1 (1.8) 0 (0.0)

Other 5 (2.9) 1 (0.9) 2 (3.5) 1 (1.1)

Unknown 67 (38.7) 45 (42.1) 28 (49.1) 40 (43.0)

Median delay of candidaemia 9 [6–18] 21 [11–35]  < 0.001 16 [8–25] 20 [11–31] 0.067

Need for a dialysis catheter 4202 (10.1) 1077 (8.0)  < 0.001 1118 (9.1) 907 (7.4)  < 0.001

Bacteremia 1364 (3.3) 1230 (9.1)  < 0.001 669 (5.5) 945 (7.7)  < 0.001

Ventilator associated pneumonia 3411 (8.2) 3423 (25.4)  < 0.001 1603 (13.1) 2729 (22.3)  < 0.001

Venoarterial ECMO 172 (0.4) 33 (0.2) 0.005 40 (0.3) 29 (0.2) 0.185

Venovenous ECMO 382 (0.9) 385 (2.9)  < 0.001 130 (1.1) 332 (2.7)  < 0.001

Duration of mechanical ventilation 1 [0–5] 2 [0–14]  < 0.001 0 [0–8] 0 [1–11]  < 0.001

ICU case fatality 8283 (19.8) 2970 (22.0)  < 0.001 1923 (15.7) 2683 (21.9)  < 0.001
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Sensitivity analysis
When analysing variables associated with ICAC in 
COVID-19 patients, need for mechanical ventilation 
(sdHR 5.11 [95%CI:1.16–22.43; p = 0.03]) and bactere-
mia before ICAC onset (sdHR 2.25 [95%CI:1.52–3.32; 
p < 0.001]) were the only variables that remained inde-
pendently associated with the occurrence of ICAC while 
immunosuppression (either neutropenia or other kind of 
immunosuppression) was not found to be a risk-factor 
for ICAC as exposed in Supplementary Table 2.

Discussion
This large cohort study including adult patients admitted 
to ICUs for a medical reason evidenced an increased rate 
of ICAC in COVID-19 patients.

The SARS-CoV2 pandemic has changed the global 
medical landscape, resulting in severe illness and millions 
of deaths worldwide with large populations of patients 
needing ICU supportive care and prolonged mechanical 
ventilation [1, 28]. Beyond direct viral lethality and the 
initial management of patients with COVID-19, clini-
cians have had to contend with high rates of secondary 
infections with a high proportion of ICU-related deaths 
attributable to those secondary infections.

In the present study, the rate of ICAC appeared 
increased in COVID-19 patients compared to non-
COVID-19 patients. Similarly, high rates of bacterial 
VAP were previously observed in COVID-19 patients. 
Such an increased risk for acquired infections might 
have been promoted by several factors. Firstly, the SARS-
COV2 virus drives a myriad of immune disorders that 
could contribute to higher susceptibility and severity of 

secondary infections [29]. Secondly, although therapeu-
tic interventions initially focused on treatments to reduce 
the viral load of SARS-COV2[30], the most effective 
drugs for preventing severe forms of COVID-19 proved 
to be immunosuppressive treatments (namely corticos-
teroids and interleukin-6 receptor antagonists) [31, 32]. 
Those treatments which aim to control the consequences 
of immune activation caused by SARS-CoV2 tissue inva-
sion, may also increase the risk of secondary infections 
by reducing the ability of patients’ immune systems to 
prevent and eliminate the microorganisms involved in 
secondary infections [5, 33–35]. Thirdly, severe COVID-
19 patients are often placed under prolonged mechani-
cal ventilation, needing prolonged central venous and 
urinary catheters. The use of these invasive procedures 
can also increase the penetration of microorganisms, 
and consequently the risk of nosocomial infection [36, 
37]. Along these lines COVID-19 patients appeared to 
require veno-venous ECMO more frequently than non-
COVID-19 patients. This could be due to the clinical 
presentation of critically ill patients with common severe 
ARDS in COVID-19 patients, making them more likely 
to require veno-venous ECMO assistance. Conversely, 
veno-arterial ECMO was less frequent in COVID-19 
patients, and SAPS II scores prior to propensity score 
matching appeared lower in these patients.

The present study using an extensive surveillance net-
work, confirms the conclusions of other smaller cohort 
studies [5, 11–13]. Furthermore, the large cohort of 
patients included in the present analysis allows us to 
compare the risk of ICAC between COVID-19 and 
non-COVID-19 patients. The increased rate of ICAC 

Fig. 2 Cumulative incidence of candidaemia in matched patients according to COVID-19 status
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in COVID-19 patients is noteworthy. Although being 
uncommon, affecting less than 1% of severe COVID-19 
patients, the consequences of these infections deserve to 
be emphasized with a survival rate dropping from 79.8% 
to 50.7% in patients developing ICAC. Such an impact 
on patients’ outcomes makes it necessary to explore 
potentially avoidable risk factors. Nonetheless, the direct 
impact of ICAC on patient’s survival should be inter-
preted with caution as patients with ICAC also often 
developed other ICU-acquired infections (namely BSI 
and VAP) which preceded ICAC in nearly 60% of cases 
and may have also contributed to the mortality rate in 
these critically ill patients. Previous studies reported 
increased ICU mortality related to bacterial VAP and 
invasive pulmonary aspergillosis [5, 7, 38] which could 
encourage clinicians to prevent them whether by rein-
forcing hygiene measures or through other preventive 
measures such as selective digestive decontamination 
given its effect on the occurrence of ICU-acquired infec-
tions (either bacterial or fungal) [39–41]. Beyond the 
increase in incidence, the emergence of fluconazole-
resistant Candida species, already highlighted, could 
contribute to a crucial change in the ICAC landscape in 
the COVID-19 era, underlining the need for constant 
vigilance [20, 21]. It should be noted that when assess-
ing risk-factors for ICAC in COVID-19 patients, neither 
immunosuppression nor SAPS II score were identified 
as independent predictors. While previous studies have 
shown these covariates to be independent predictors of 
candidemia in non-COVID-19 patients [42, 43], inves-
tigations in COVID-19 patients have consistently found 
no association between ICU admission severity, immu-
nosuppression and candidemia [42, 43], in the context 
of COVID-19 patients, investigations of risk factors 
for ICAC have already found no association between 
severity on ICU admission or immunosuppression and 
candidemia [44–46]. This lack of association warrants 
particular attention to candidemia, even in non-severe, 
non-immunocompromised COVID-19 patients.

Although several other cohort studies have already 
attempted to decipher the ICAC landscape in the 
COVID-19 era, most were retrospective, and involved 
smaller sample sizes, which may affect their ability to 
control for confounding bias [11, 13, 35, 47]. In contrast, 
the present study accounted for both the time-dependent 
nature of ICAC and competing events (enabling to con-
trol for events “competing” with the event of interest). 
In ICU patients, failing to account for these competing 
events when assessing the relationship between COVID-
19 status and ICAC could result in biased estimates [48, 
49].

Interestingly, in the assessment of independent risk 
factors for ICAC in COVID-19 patients, common risk 

factors such as central venous catheter, immunosuppres-
sion, antibiotic therapy or severity on ICU admission 
were not identified as significant [42, 43]. However, anti-
biotic therapy tended to be associated with ICAC, while 
mechanical ventilation and bacteremia prior to ICAC 
were the only covariates that remained independent 
risk factors for ICAC in multivariable analysis. The need 
for mechanical ventilation may increase the likelihood 
of receiving corticosteroids and interleukin-6 receptor 
antagonists, which have been previously linked to ICAC 
in COVID-19 patients [45, 46]. Furthermore, bacteremia 
prior to ICAC might have favored antimicrobial use as 
well as sepsis-induced immune dysfunction that could 
promote the development of ICAC [42, 43, 50, 51].

Although being the largest study to explore ICAC in 
COVID-19 and non-COVID-19 patients our study suf-
fers from limitations that must be acknowledged.

Firstly, despite performing a non-parsimonious pro-
pensity score in order to overcome baseline differences 
between groups, residual confounding factors are inher-
ent to the observational nature of our study which may 
limit conclusions from being drawn. Secondly, the surge 
of ICU that was promoted by the SARS-CoV2 pandemic 
might have resulted in significant changes in care prac-
tice with increased workload that may have prevented 
strict and thorough implementation of preventive bun-
dles. However, when comparing the different years of 
ICU admission, we did not notice an increased risk of 
ICAC during the first waves of the SARS-CoV2 pan-
demic. Thirdly, due to limited data availability, we were 
unable to assess several relevant covariates that could be 
risk factors for ICAC such as the need for vasopressors, 
Charlson’s comorbidity index, abdominal surgery, and 
the use of interleukin-6 receptor antagonists or corticos-
teroids. Consequently, residual confounding factors may 
remain, making it challenging to draw definitive conclu-
sions. In addition, although only patients admitted to 
the ICU for a medical reason were included, sensitivity 
analyses based on the different medical reasons for ICU 
admission could not be performed. Such analyses would 
have added greater homogeneity to the patient groups. 
Conversely, our results cannot be generalized to surgical 
or trauma patients. Fourthly, as diagnosing the sources 
of ICAC can be difficult (with the exception of catheter-
related candidiasis), uncertainties may remain when eval-
uating this parameter. As a result, a significant number 
of ICAC cases had an unknown suspected source, which 
could have limited the assessment of source control in 
this specific pathology. Finally, by limiting the follow-up 
of included patients to ICU stay, the long-term impact of 
COVID-19 on ICAC occurrence could not be assessed.

In conclusion, although our study has several limita-
tions, through this large exploratory cohort we observed 
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an increased risk of ICAC in COVID-19 patients 
although crude incidence remained low.
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