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A B S T R A C T

Background: Patients with severe Coronavirus Disease 2019 (COVID-19) are treated with

corticosteroids.

Aim: We aimed to evaluate the role of corticosteroid treatment in candidemia development

during the COVID-19 pandemic.

Methods: This retrospective study was conducted in a Greek ICU, from 2010 to August 2021,

encompassing a pre-pandemic and a pandemic period (pandemic period: April 2020 to

August 2021). All adult patients with candidemia were included.

Results: During the study period, 3,572 patients were admitted to the ICU, 339 patients during

the pandemic period, of whom 196 were SARS-CoV-2-positive. In total, 281 candidemia epi-

sodes were observed in 239 patients, 114 in the pandemic period. The majority of candidemias

in both periods were catheter-related (161; 50.4%). The incidence of candidemia in the pre-pan-

demic period was 5.2 episodes per 100 admissions, while in the pandemic period was 33.6 (p <

0.001). In the pandemic period, the incidence among COVID-19 patients was 38.8 episodes per

100 admissions, while in patients without COVID-19 incidence was 26.6 (p = 0.019). Corticoste-

roid administration in both periods was not associated with increased candidemia incidence.

Conclusions: A significant increase of candidemia incidence was observed during the pan-

demic period in patients with and without COVID-19. This increase cannot be solely attrib-

uted to immunosuppression (corticosteroids, tocilizumab) of severe COVID-19 patients, but

also to increased workload of medical and nursing staff.

� 2022 Sociedade Brasileira de Infectologia. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Candida species are a significant cause of healthcare infec-
tions especially among patients hospitalized at Intensive
Care Units (ICU).1 Several explanations exist for such an
increased incidence of candidemia among critically ill
patients, such as presence of intravascular lines, prolonged
antimicrobial treatment, comorbidities, and immunosuppres-
sion, including corticosteroid treatment.2-4 An association
between corticosteroids and increased incidence of candide-
mia is already established.4

Since the beginning of the Coronavirus Disease 2019
(COVID-19) pandemic, a significant proportion of patients
developed severe respiratory insufficiency requiring ICU hos-
pitalization; corticosteroids are increasingly prescribed for
managing COVID-19 in patients with respiratory insufficiency
due to their beneficial effects.5 Therefore, as previously
shown, patients hospitalized at ICU and treated with cortico-
steroids for severe COVID-19 are at high risk of invasive fun-
gal infections, including pulmonary aspergillosis and
candidemia.3−5,6

In the present study, we evaluated the epidemiological
and clinical characteristics of patients with candidemia dur-
ing the COVID-19 pandemic and the role of corticosteroid
treatment in the development of such infection.
Material andmethods

The retrospective study was conducted in the ICU of the
University General Hospital of Patras, Greece from Janu-
ary 2010 to August 2021. From January 2010 to April 2020,
the ICU comprised 13 beds. During the pandemic period
(April 2020 to August 2021), the number of ICU beds grad-
ually increased to 33 beds. The study was approved by
the Ethics Committee of our institution that waived the
need for informed consent (HEC n° 3324).

All adult patients admitted to the ICU with at least one
positive blood culture for Candida spp. were included in the
study, during the pre-pandemic (2010 to March 2020) and the
pandemic period. Patients in both periods were subdivided
into two groups depending on whether they had received cor-
ticosteroid treatment (for > 3 days). Patients in the second
period were subsequently categorized according to the result
of SARS-CoV-2 PCR. Data regarding demographic characteris-
tics, chronic illnesses, length of hospitalization, prior surgery,
administration of antimicrobial and antifungal were collected
from ICU’s computerized database and patients’ chart
reviews.

Two blood culture sets (one from peripheral site and
one from the central venous line) were obtained from ICU
patients with fever (≥38.0 °C) or clinical presentation sug-
gestive of infection and sent off to the clinical laboratory
of the Microbiology Department. In case of blood culture
positivity (Bact/Alert 3D, Biomerieux, Marcy l’Etoile,
France) they were further inoculated on Sabouraud dex-
trose agar. Plates were incubated at 37 °C for 96 h before
assessed as negative. Yeasts from positive cultures were
identified to species level using the API 20C AUX System
(bioMerieux) or Vitek 2 YST card (bioMerieux).

SPSS version 23.0 (SPSS, Chicago, IL) software was used
for data analysis. Categorical variables were analyzed
using the Fisher’s exact test and continuous variables
using Mann-Whitney U; p < 0.05 was considered statisti-
cally significant.
Results

In total, 3572 patients were admitted to the ICU during the
study, 339 during the pandemic period, of whom 196 were
SARS-CoV-2-positive. Overall, 281 candidemia episodes were
documented in 239 patients, 114 during the pandemic and
167 in the pre-pandemic period.

The incidence of candidemia in the pre-pandemic period
was 5.2 episodes per 100 admissions (3.7 in patients without
vs. 6.2 in those with corticosteroids; p = 0.003), while in the
pandemic period it was 33.6 episodes per 100 admissions
(Table 1). In the pandemic period, the incidence among
COVID-19 patients was 38.8 episodes per 100 admissions (21.4
in patients without vs. 40.1 in patients with corticosteroids;
p = 0.167), while in patients without COVID-19 the incidence
was 26.6 episodes per admission (24.7 in patients without vs.
29.3 in patients with corticosteroids; p = 0.543); the difference
between COVID-19 and non-COVID-19 patients was statisti-
cally significant (p = 0.019)

Candida non-albicans species predominated in both periods
(206 isolates; 73.0%) with C. parapsilosis being the most com-
monly isolated (152 isolates; 53.9%) followed by C. glabrata
(Nakaseomyces glabrataa; 24; 8.5%), C. tropicalis (23; 8.2%), C. lusi-
taniae (Clavispora lusitaniae; 3; 1.1%), C. krusei (Pichia kudriavze-
vii; 3; 1.1%) and C. guilliermondii (Meyerozyma guilliermondii; 1;
0.4%).The majority of candidemias in both periods repre-
sented catheter-related (161; 50.4%), followed by unknown
origin candidemia (111; 39.4%).

Univariate analyses of patients’ characteristics accord-
ing to the period of hospitalization and SARS-CoV-2 infec-
tion are shown in Table 2. The comparison of pandemic
patients with and without SARS-CoV-2 infection showed
that those with SARS-CoV-2 infection had higher rates of
overweight or obesity, prior corticosteroid or tocilizumab
administration and lower rates of prior antifungal admin-
istration. The same factors were identified in the compari-
son of patients with SARS-CoV-2 infection and patients in
the pre-pandemic period.

While ICU mortality in patients with COVID-19 was
higher than that in patients without (58.2% vs. 37.1%; p <
0.001), no statistically significant difference was found for
candidemia in aforementioned groups (66.2% vs. 50.0%;
p = 0.107). ICU mortality (14-day and overall) was similar
between periods.

Median number of days since ICU admission until the
first candidemia episode was similar (p = 0.101) between
COVID-19 positive (13 days; 6‒18.5) and negative patients
(combined pandemic and pre-pandemic periods; 15-days;
6‒29.5) (Fig. 1).
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Discussion

In the present study, a significant increase of candidemia
incidence was observed during the pandemic period in
patients both positive and negative for COVID-19. Such an
increase in incidence of candidemia among critically ill
COVID-19 patients has been reported from different parts of
the world.7-9,10,11

The link of immunosuppressive treatment (corticoste-
roids, tocilizumab) and candidemia development in
COVID-19 patients was previously mentioned, but not
been established.7,12 In the present study, although immu-
nosuppressive treatment (corticosteroids, tocilizumab) was
more common in COVID-19 patients, this could not
explain the increased candidemia incidence in COVID-19
negative patients during the pandemic period. There are
two possible explanations for this increase. First, to cover
the needs for extended ICU capacity, the nurse workforce
was increased by either hiring new nurses or allocating
others from different departments, many of whom had no
prior experience with critically ill patients or work experi-
ence overall. Even though rapid critical care training was
implemented by the nurse leaders, this could not compen-
sate for the lack of experience in a highly specialized envi-
ronment.13 Second, femoral access for central venous
catheter insertion was increasingly used during the pan-
demic, in both SARS-CoV-2-positive and negative patients.
This practice that was previously associated with candide-
mia, originated from the increased workload of ICU spe-
cialists since the medical personnel was not increased.14

Candida non-albicans predominated before and during the
pandemic period with C. parapsilosis being the most common
in all groups.4 In contrast to other studies, the increased can-
didemia was not due to C. auris dissemination.15,16

ICU mortality (14-day and overall) was similar between
periods and groups (with or without COVID-19). However,
patients with COVID-19 had a higher mortality rate than
those without; development of candidemia did not affect
mortality in those patients. This finding contradicts two stud-
ies that have shown that candidemia in COVID-19 patients
was associated with higher mortality than in patients without
COVID-19.8,9 In the present study, the majority of candide-
mias in patients with and without COVID-19 were catheter-
related or unknown origin (most of them being catheter-
related); in all but five patients the central venous catheter
was removed within 48 h from candidemia onset, leading to
prompt and early source control.17

The timing of candidemia development was indepen-
dent of COVID-19. Two previous studies presented different
results related to the timing of candidemia development;
one study showed that COVID-19 patients developed candi-
demia later than patients without COVID-19,9 and another
reported that candidemia was developed earlier in COVID-
19 patients.8

The present study has several limitations. First, it was a
retrospective study with data from a single ICU. The per-
centage of patients with femoral central venous catheters
was not calculated for the pandemic and pre-pandemic
periods.



Table 2 – Univariate analyses of patients’ characteristics according to period of hospitalization and COVID-19 infection.

Characteristics Pandemic period Pre-pandemic period

Without
COVID-19 (n = 38)

With COVID-19
(n = 77)

pa All patients
(n = 167)

pb pc

Demographics
Age (years) 63.5 (55.0‒72.0) 68.0 (59.0‒77.0) 0.063 58.0 (45.5‒71.0) 0.081 <0.001
Male sex 24 (63.2%) 48 (62.3%) 1.000 103 (61.7%) 1.000 1.000

Comorbidities
Diabetesmellitus 8 (21.1%) 22 (28.6%) 0.500 26 (15.6%) 0.468 0.024
Chronic obstructive pulmonary disease 3 (7.9%) 12 (15.6%) 0.379 17 (10.2%) 1.000 0.287
Chronic heart failure 1 (2.6%) 1 (1.3%) 1.000 7 (4.2%) 1.000 0.441
Chronic kidney disease 0 (0%) 5 (6.5%) 0.169 9 (5.6%) 0.215 0.770
Malignancy 4 (10.5%) 73 (9.1%) 0.217 23 (13.8%) 0.792 0.024
Immunosuppressive therapy

(before admission)
1 (2.6%) 6 (7.8%) 0.422 13 (7.8%) 0.475 1.000

Obesity 9 (23.7%) 30 (39.0%) 0.143 38 (22.8%) 1.000 0.014
Overweight or obese 25 (65.8%) 67 (87.0%) 0.012 111 (66.5%) 1.000 0.001
Charlson Co-morbidity Index 3.0 (1.0‒7.0) 4.0 (2.0‒7.0) 0.107 3.0 (1.0‒5.0) 0.686 0.003

Hospitalization data
Corticosteroid administration 17 (44.7%) 73 (94.8%) <0.001 117 (70.1%) 0.004 <0.001
Tocilizumab 0 (0%) 62 (80.5%) <0.001 0 (0%) ‒ <0.001
Days at risk (from ICU admission to

first episode of candidemia)d
21.5 (12.8‒39.0) 13.0 (6.0‒18.5) <0.001 12.0 (6.0‒25.0) 0.003 0.426

Prior hospitalization 15 (39.5%) 54 (70.1%) 0.002 51 (30.5%) 0.337 <0.001
Days at risk (from hospital admission to

first episode of candidemia) d
30.0 (16.0‒49.0) 18.0 (12.0‒26.0) <0.001 20.0 (10.0‒33.0) 0.005 0.756

Prior surgery (within a month form
candidemia)

17 (44.7%) 6 (7.8%) <0.001 71 (42.5%) 0.857 <0.001

Prior antimicrobial administration
(within a month form candidemia)

38 (100%) 77 (100%) ‒ 167 (100%) ‒ ‒

Prior antifungal administration
(within a month form candidemia)

26 (68.4%) 31 (40.3%) 0.006 101 (60.5%) 0.460 0.004

Azoles 4 (10.5%) 1 (1.3%) 26 (15.6%)
Fluconazole 4 (10.5%) 0 (0%) 25 (15.0%)
Voriconazole 0 (0%) 1 (1.3%) 2 (1.2%)

Echinocandins 24 (63.2%) 23 (29.9%) 92 (55.1%)
Anidulafungin 19 (50.0%) 20 (26.0%) 43 (25.7%)
Caspofungin 2 (5.3%) 2 (2.6%) 31 (18.6%)
Micafungin 5 (13.2%) 2 (2.6%) 25 (15.0%)

Liposomal-Amphotericin B 2 (5.3%) 11 (14.3%) 10 (6.0%)
Infection data
Type of candidemia
Unknown origin 14 (36.8%) 35 (45.5%) 0.427e 62 (37.1%) 1.000e 0.260e

Catheter-related 21 (55.3%) 37 (48.1%) 84 (50.3%)
Secondaryf 3 (7.9%) 5 (6.5%) 21 (12.6%)

Candida spp
C. albicans 3 (7.9%) 25 (32.5%) 0.005g 48 (28.7%) 0.004g 0.552g

C. parapsilosis 28 (73.7%) 39 (50.5%) 85 (50.9%)
C. glabrata (N. glabrataa) 5 (13.2%) 5 (6.5%) 14 (8.4%)
C. tropicalis 2 (5.3%) 5 (6.5%) 16 (9.6%)
Other speciesh 0 (0%) 3 (3.9%) 4 (2.4%)

Outcome
14-day mortality 11 (28.9%) 24 (31.2%) 1.000 38 (22.8%) 0.407 0.205
ICUmortality 19 (50.0%) 51 (66.2%) 0.107 93 (55.7%) 0.590 0.126

Data are number (%) of patients or median (Q1−3).
a Comparison of pandemic patients with and without SARS-CoV-2 infection.
b Comparison of pandemic patients without SARS-CoV-2 infection and pre-pandemic patients.
c Comparison of pandemic patients with SARS-CoV-2 infection and pre-pandemic patients.
d Among 239 episodes of candidemia.
e Unknown origin compared to known origin candidemia.
f 18 urinary tract infection, 9 intra-abdominal infection, 2 nosocomial meningitis.
g C. albicans compared to non-albicans Candida.
h Three C. lusitaniae (Clavispora lusitaniae), three C. krusei (Pichia kudriavzevii), one C. guilliermondii (Meyerozyma guilliermondii).
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Fig. 1 –Histogram of days since ICU admission until the first candidemia episode between COVID-19 positive and negative
patients (combined pandemic and pre-pandemic period).
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Conclusions

A significant increase of candidemia incidence in ICU patients
was observed during the pandemic period independently of
COVID-19. This increase cannot be solely attributed to the
immunosuppression (corticosteroids, tocilizumab) of severe
COVID-19 patients but also to increased workload of medical
and nursing staff. The role immunosuppression to candidemia
development in COVID-19 patients requires further evaluation.
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11. Arastehfar A, €Unal N, Hoşbul T, €Ozarslan MA, Karakoyun AS,
Polat F, et al. Candidemia among Coronavirus Disease 2019
patients in Turkey admitted to intensive care units: a
retrospective multicenter study. Open Forum Infect Dis.
2022;9:ofac078.
12. Riche CVW, Cassol R, Pasqualotto AC. Is the frequency of
candidemia increasing in COVID-19 patients receiving
corticosteroids? J Fungi (Basel). 2020;6:286.

13. Brickman D, Greenway A, Sobocinski K, Thai H, Turick A,
Xuereb K, et al. Rapid critical care training of nurses in the
surge response to the coronavirus pandemic. Am J Crit Care.
2020;29:e104–7.

14. MacDonald L, Baker C, Chenoweth C. Risk factors for
candidemia in a children's hospital. Clin Infect Dis.
1998;26:642–5.

15. Prestel C, Anderson E, Forsberg K, Lyman M, Perio MA, Kuhar
D, et al. Candida auris outbreak in a COVID-19 specialty care
unit - Florida, July-August 2020. MMWRMorb Mortal Wkly
Rep. 2021;70:56–7.

16. Moin S, Farooqi J, Rattani S, Nasir N, Zaka S, Jabeen K. C. auris
and non-C. auris candidemia in hospitalized adult and
pediatric COVID-19 patients; single center data from Pakistan.
Med Mycol. 2021;59:1238–42.

17. Horn DL, Ostrosky-Zeichner L, Morris MI, Ullmann AJ, Wu C,
Buell DN, et al. Factors related to survival and treatment
success in invasive candidiasis or candidemia: a pooled
analysis of two large, prospective, micafungin trials. Eur J Clin
Microbiol Infect Dis. 2010;29:223–9.

http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0006
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0006
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0006
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0006
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0007
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0007
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0007
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0007
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0007
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0008
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0008
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0008
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0008
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0010
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0010
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0010
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0010
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0010
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0010
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0010
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0012
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0012
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0012
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0013
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0013
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0013
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0013
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0014
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0014
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0014
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0015
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0015
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0015
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0015
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0016
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0016
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0016
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0016
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0017
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0017
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0017
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0017
http://refhub.elsevier.com/S1413-8670(22)00041-1/sbref0017

	Increased incidence of candidemia in critically ill patients during the Coronavirus Disease 2019 (COVID-19) pandemic
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	Funding
	Conflicts of interest
	CRediT authorship contribution statement
	References


