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Background. We evaluated the epidemiology of candidemia among coronavirus disease 2019 (COVID-19) patients admitted to 
intensive care units (ICUs).

Methods. We conducted a retrospective multicenter study in Turkey between April and December 2020.
Results. Twenty-eight of 148 enrolled patients developed candidemia, yielding an incidence of 19% and incidence rate of 

14/1000 patient-days. The probability of acquiring candidemia at 10, 20, and 30 days of ICU admission was 6%, 26%, and 50%, re-
spectively. More than 80% of patients received antibiotics, corticosteroid, and mechanical ventilation. Receipt of a carbapenem (odds 
ratio [OR] = 6.0, 95% confidence interval [CI] = 1.6–22.3, P = .008), central venous catheter (OR = 4.3, 95% CI = 1.3–14.2, P = .02), 
and bacteremia preceding candidemia (OR = 6.6, 95% CI = 2.1–20.1, P = .001) were independent risk factors for candidemia. The 
mortality rate did not differ between patients with and without candidemia. Age (OR = 1.05, 95% CI = 1.01–1.09, P = .02) and me-
chanical ventilation (OR = 61, 95% CI = 15.8–234.9, P < .0001) were independent risk factors for death. Candida albicans was the 
most prevalent species overall. In Izmir, Candida parapsilosis accounted for 50% (2 of 4) of candidemia. Both C parapsilosis isolates 
were fluconazole nonsusceptible, harbored Erg11-Y132F mutation, and were clonal based on whole-genome sequencing. The 2 in-
fected patients resided in ICUs with ongoing outbreaks due to fluconazole-resistant C parapsilosis.

Conclusions. Physicians should be aware of the elevated risk for candidemia among patients with COVID-19 who require ICU 
care. Prolonged ICU exposure and ICU practices rendered to COVID-19 patients are important contributing factors to candidemia. 
Emphasis should be placed on (1) heightened infection control in the ICU and (2) developing antibiotic stewardship strategies to 
reduce irrational antimicrobial therapy.

Keywords. bacteremia; candidemia; COVID-19; fluconazole resistance; infection control.

Invasive fungal infections, especially those due to Candida 
spp, are associated with huge economical burdens and high 
mortality rate [1]. Furthermore, emergence of drug-resistant 
Candida species, such as Candida auris, Candida parapsilosis, 
and Candida glabrata, imposes a growing threat due to lim-
ited options of antifungal therapy [2]. The classic risk factors 
associated with candidemia include leukopenia, chronic renal 

failure, abdominal surgery, intensive care unit (ICU) stay, cen-
tral venous catheters (CVCs), mechanical ventilation, and long-
term use of corticosteroids [3]. Most recently, the coronavirus 
disease 2019 (COVID-19) pandemic has predisposed millions 
of patients to secondary infections, including fungal infections 
[4–7]. Indeed, an increased incidence of candidemia associated 
with COVID-19 and its associated high mortality rate has been 
reported [8–10]. Recent outbreaks due to multidrug-resistant 
C auris have also been noted in some centers [11, 12]. How 
COVID-19 patients are at risk for Candida infections is not 
fully understood. The reasons may be multifactorial, including 
immune dysregulation and organ damage resulting from severe 
acute respiratory syndrome coronavirus 2, acquired immuno-
deficiency state stemming from immunomodulatory agents ad-
ministered to treat severe cases of COVID-19, and breach in 
standard healthcare practices of infection prevention and anti-
biotic stewardship [13].
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To provide a further insight into candidemia associated with 
COVID-19, we conducted a multicenter study in Turkey to as-
sess the incidence rate and cumulative risk of ICU-acquired 
candidemia, identify factors predisposing to candidemia, and 
evaluate the risk factors for mortality.

MATERIALS AND METHODS

Patients

This retrospective study was conducted at 3 hospitals in Turkey 
(Adana City Hospital, Adana; Ege University Medical Faculty 
Hospital, Izmir; and Gülhane Training and Research Hospital, 
Ankara). From April through December 2020, all patients with 
COVID-19 admitted to the participating ICUs were included 
in the study.

Definitions

Candidemia was defined as positive blood culture for Candida 
species. Candida isolates were speciated using matrix-assisted 
laser desorption ionization-time of flight mass spectrometry 
at individual centers; however, antifungal susceptibility was 
not performed as per standard of care. For this study, sus-
ceptibility testing was performed in accordance with Clinical 
and Laboratory Standards Institute (CLSI) M60-A3 [14], and 
nonsusceptibility to azole agents was defined according to CLSI 
breakpoints [4, 7, 14, 15]. Immunosuppressed was defined as 
presence of an active malignancy or immunocompromised 
state (primary or secondary due to human immunodeficiency 
virus, hematopoetic stem cell or solid organ transplant, receipt 
of corticosteroid or other immunosuppressed agents, including 
biologics). Because steroid was administered to almost all pa-
tients in this study, we only included patients receiving ste-
roid (>20 mg prednisone-equivalent daily for >10 days) before 
COVID-19 diagnosis in the definition.

Data Collection

We reviewed patients’ electronic medical records and collected 
demographic characteristics and underlying medical condi-
tions. Established risk factors for candidemia from published 
studies were also collected, including the presence CVCs (and 
their duration), mechanical ventilation, renal replacement 
therapy, and use of antibacterial agents [3, 16]. Data on bacte-
rial blood stream infections were also included.

ERG11 Sequencing

Fluconazole-resistant C parapsilosis isolates were subjected to 
ERG11 Sanger sequencing using primers and polymerase chain 
reaction conditions reported elsewhere [17].

Whole-Genome Sequencing 

The genomes of 2 C parapsilosis isolates from Izmir Hospital (iso-
lates 35 and 37) underwent Illumina whole genome-sequencing 

(WGS) using NovaSeq 6000 [18]. Eight previously sequenced 
C parapsilosis isolates, including 2 clonal pairs recovered from 
the same patient, were included in the analysis of genomic vari-
ants for comparison [19, 20]. Single-nucleotide polymorphisms 
(SNPs) were identified using Freebayes [21] as implemented 
within the PerSVade version 0.10 pipeline [18]. The genome 
CDR-317 was used as reference. A multiple correspondence 
analysis was performed as previously described [19].

Statistical Analysis

Data analyses were conducted using Stata/SE v16.1 (StataCorp 
LLC, College Station, TX) and GraphPad Prism, version 
8.0 (GraphPad Software). Comparisons between 2 groups 
(candidemia versus no candidemia, and dead versus alive) were 
performed by Mann-Whitney U test for continuous variables 
and Fisher’s exact test for categorical variables. Variables sig-
nificant by univariate analysis (P ≤ .05) were entered into a 
backward elimination in logistic regression model to determine 
independent risk factors for candidemia or death. Kaplan-Meier 
curves were used to estimate candidemia-free survival and 
overall survival, and a log-rank test was used to compare curves 
between groups. Significance was defined as P ≤ .05 (2-tailed).

Patient Consent Statement

The study protocol was first approved by the Ministry of Health 
of Turkey and then by the local ethical committees of each center 
(Adana City Hospital [No. 78/1362], Gülhane Training and 
Research Hospital [No. 2021/164], and Ege University Hospital 
[No. 21-6.1T/60]). The study protocol conforms to standards 
currently applied in Turkey. Due to retrospective nature of the 
study, it does not include factors necessitating patient consent.

RESULTS

Over the study period, 148 patients were admitted to the ICU 
(Adana City Hospital, 99 patients; Ege University Hospital, 24 
patients; and Gülhane Hospital, 25 patients). Demographics 
and underlying diseases are presented in Table 1. Twenty-
eight COVID-19 patients developed candidemia, yielding a 
candidemic rate of 19%. This rate was 13-fold higher than the 
rate of patients without COVID-19 admitted to the ICU in the 
same study period (1.5%) (Table 2). The probability of acquiring 
candidemia among COVID-19 patients within 10 days of ICU 
admission was 6%, but this rate increased to 26% at 20 days and 
50% at 30 days (Figure 1). The median duration from hospital 
admission for COVID-19 to ICU admission was 20 days (inter-
quartile range [IQR], 12–28 days), and from ICU admission to 
candidemia was 12 days (IQR, 8–18 days) (Figure 1).

Candida albicans was the most common species recovered 
(43%, 12 of 28), followed by C parapsilosis (25%, 7 of 28), C 
tropicalis (21%, 6 of 28), and C glabrata, Candida krusei, and 
Candida lusitaniae (4%, 1 each) (Supplemental Figure 1 
and Supplemental Table 1). Forty-three percent (3 of 7) of C 

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac078#supplementary-data
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parapsilosis isolates was nonsusceptible to fluconazole (min-
imum inhibitory concentration ≥4 µg/mL) (Supplemental 
Tables 1 and 2). All fluconazole-nonsusceptible C parapsilosis 
isolates harbored Y132F mutation in the 14α-demethylase 
Erg11p. Of note, both fluconazole nonsusceptible C parapsilosis 
isolates from Izmir (isolates 35 and 37) were recovered from 
azole-naive patients who resided in units with an ongoing 
clonal outbreak of fluconazole-resistant C parapsilosis that 
started in 2015 [22]. To evaluate the genetic relatedness of these 
2 isolates, we performed Illumina WGS. For comparison, we in-
cluded WGS data from 8 C parapsilosis strains from 2 previous 
studies: 5 isolates from the same patient (including 2 pairs of 
clonal isolates) in one study [19], and 3 unrelated strains from 
clinical and environmental sources in the second study [20]. 
Our genomic analyses demonstrated that the 2 isolates in this 
study were closely related. A multidimensional analysis of all 10 
isolates showed that the isolates 35 and 37 from the 2 patients 
in this study were highly related and clustered as close as the 2 
known pairs of clonal isolates [19] (Figure 2), suggesting noso-
comial transmission. In fact, the isolates 35 and 37 differed by 
261 SNPs. This SNP difference is within the range of differences 
found among clonal pairs of isolates from the same patient in 
our previous study [19], that is, 115 SNPs in one pair (bsc.1700 

and nsc.1701) and 407 SNPs in the second pair (ncc.1701 and 
tcc.1702). These SNP differences are far lower than the differ-
ences found between them and the closest unrelated isolates (ie, 
1183 SNPs between 35 and bsc.1700).

Table 2. Characteristics of Centers Participated in the Current Study

Characteristics Adana City Hospital 
Ege University Medical 
Faculty Hospital, Izmir 

Gulhane Training and 
Research Hospital, Ankara 

Number of hospital beds 1550 1800 1350

Number of ICU beds 310 322 140

Number of candidemia cases before and after COVID-19 periodsa 135 and 246 131 and 148 75 and 90

Rate of candidemia before and after COVID-19 periodsa 3.4% and 19.2% 1.1% and 16.7% 1.5% and 17.9%

Mortality rates of patients with candidemia before and after COVID-
19 periodsa

59% and 95% 42% and 50% 49% and 80%

Abbreviations: COVID-19, coronavirus disease 2019; ICU, intensive care unit.
aThe timeline before COVID-19 period was between January 1, 2019 and December 31, 2019, and during COVID-19 the period was between April 1, 2020 and March 31, 2021.
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In the entire patient cohort, 26% (39 of 148) had at least 1 
episode of bacteremia. Seventy-one percent (20 of 28) of pa-
tients with candidemia and only 16% (19 of 120) of patients 
without candidemia had bacteremia (P = .0001). Furthermore, 
31% percent (12 of 39) of patients had more than 1 episode of 
bacteremia: 6 patients had 2 episodes of bacteremia and 6 had 
3 episodes of bacteremia. Altogether, 43% (12 of 28) of patients 
with candidemia and none of those without candidemia had 
more than an episode of bacteremia (P = .0001). Bacteremia 
were most commonly caused by Gram-positive bacteria (60%, 
34 of 57), especially coagulase-negative Staphylococcus (46%, 26 
of 57) (Supplemental Figure 2).

Univariate analysis identified immunosuppressed status 
(P = .049), receipt of a carbapenem (P = .025), presence of CVC 
(P < .0001), and bacteremia preceding candidemia (P ≤ .0001) 
as risk factors for candidemia (P < .0001) (Table 1). The dura-
tion of indwelling CVC was significantly longer among patients 
with candidemia than those without (18.5 versus 8 days, re-
spectively; P = .0001). Using logistic regression analysis, receipt 
of a carbapenem and bacteremia (overall or due to coagulase-
negative Staphylococcus or Acinetobacter baumannii complex) 
were independent risk factors for candidemia (Table 1).

Information of antifungal therapy was available for 25 pa-
tients. Two patients were not treated with antifungals (1 of whom 
died on the day of candidemia detection). Among the 3 patients 
infected with fluconazole-resistant Candida isolates, 2 were in-
itially treated with fluconazole, which was then transitioned 
to amphotericin B, and one to an anidulafungin, whereas the 
other one was azole-naive. Among the 19 patients infected with 
fluconazole-susceptible isolates, 13 were treated with fluconazole, 
2 with an echinocandin, and 4 were initially treated with 
fluconazole, which was transitioned to amphotericin B (2 pa-
tients) or to an echinocandin (2 patients). The overall in-hospital 
mortality rate was 84% (125 of 148). There was no significant 
difference in mortality rate between patients with or without 

candidemia (86%, 24 of 28 versus 84%, 101 of 120; P = 1.0). The 
median time from candidemia diagnosis to death was 14 days 
(IQR, 4–23 days). Older age (P = .03) and requirement of me-
chanical ventilation (P < .0001) were independent risk factors for 
death among critically ill COVID-19 patients in ICU (Table 3).

DISCUSSION

This multicenter study of critically ill COVID-19 patients re-
quiring ICU admission identified several important findings. 
First, 19% of patients developed candidemia, a rate that is higher 
than previously reported in the literature (range, 2.5% to 14%) 
[23]. This rate was increased by 13-fold among non-COVID-19 
patients admitted to the same hospitals in the same time period. 
Second, COVID-19 patients with candidemia had prolonged 
hospital stay, with a median time of 12 days from ICU admis-
sion to candidemia diagnosis. Our finding is in line with a re-
cent study by the Center for Disease Control and Prevention, 
which showed that most candidemia was acquired more than 
1 week after COVID-19 [7]. The estimated cumulative risk for 
candidemia among our patients increased with longer ICU 
stay, from 6% at day 10 to 26% at day 20 and 50% at day 30 
(Figure 1). Third, the majority of patients with candidemia re-
ceived antibiotics (99%) and corticosteroid therapy (84%) and 
required mechanical ventilation (84%), all of which are well 
established risk factors for candidemia. Finally, we identified 
bacterial bloodstream infection (especially due to coagulase-
negative Staphylococcus and A baumannii complex), receipt of a 
carbapenem, and presence of CVC as independent risk factors 
for candidemia. Altogether, our data support the notion that 
prolonged ICU exposure and healthcare therapeutic interven-
tions of COVID-19 patients were responsible for a higher rate 
of candidemia observed in our study.

During the COVID-19 pandemic, to limit patient con-
tact, hospitals used mobile and out-of-room monitoring and 

Table 3. Factors Associated With Mortality

Factors Factors Present Factor Absent 
Univariate Analysis

P Values 
Logistic Regression

P Values 
Odds Ratio
 (95% CI) 

Male sex 85% (82/96) 83% (43/52) .64

No known underlying diseases 75% (12/16) 86% (113/132) .28

Renal disease 96% (27/28) 82% (98/120) .08

Hypertension 88% (65/74) 80% (60/74) .36

Diabetes 77% (41/53) 88% (84/95) .10

Underlying immunosuppression 96% (25/26) 82% (100/122) .08

Previous bacteremia 84% (26/31) 85% (99/117) 1.0

Receipt of steroid 86% (107/125) 78% (18/23) .36

Candidemia 86% (24/28) 84% (101/120) 1.0

Candida albicans 83% (10/12) 88% (14/16) 1.0

Candida parapsilosis 86% (6/7) 86% (18/21) 1.0

Requirement of mechanical ventilation 95% (119/125) 26% (6/23) <.0001 <.0001 61 (15.8–234.9)

Abbreviations: CI, confidence interval; IQR, interquartile range.

By univariate analysis, the median age (IQR) of patients who died was higher (70 years [61–78] than the age of patients who survived (60 years [40–72]); P = .03). 

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac078#supplementary-data
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device controls and extended dwell intravenous catheters [24]. 
Such approaches could impact infection control practices. 
Furthermore, the presence of airborne and contact isolation 
and cumbersome personal protective equipment might have 
rendered CVC placement more technically difficult. Along the 
same line, the increase in ICU patient census might have inter-
fered with routine infection control practice such as surveillance 
and maintenance of CVC devices and favored utilization of these 
devices for regular blood draws. All of these factors likely ad-
versely increase the risk of catheter contamination and catheter-
associated infection. Indeed, 26% (39 of 148) of our patients had 
at least 1 episode of bacteremia, which were most commonly 
caused by Gram-positive bacteria, especially coagulase-negative 
Staphylococcus, a finding that echoes published studies [25, 26]. 
In our study, 71% (20 of 28) of candidemic patients had pre-
ceding bacteremia, and bacteremia was an independent risk 
factor for subsequent candidemia. All the candidemic cases in 
our study were primary blood stream infection, because there 
was no apparent infection at another site, and 86% (24 of 28) of 
these cases was central line-associated bloodstream infections 
(CLABSIs). Increase in Candida-associated CLABSIs among 
hospitalized COVID-19 patients has been previously reported 
[27].

More than 80% of our patients received broad spectrum 
antibiotics, corticosteroid, and mechanical ventilation, which 
are all classic risk factors for candidemia [3, 16]. Utilization of 
corticosteroid has significantly improved outcome in severely 
ill hospitalized patients with COVID-19 [28], and mechanical 
ventilation is required for patients with COVID-19-associated 
respiratory failure, thus their use is unlikely to be modifiable. 
However, the fact that 99% of patients received antibiotics 
is very concerning. Literature to date showed that bacterial 
co-infection with COVID-19 occurred in only ~14% of patients 
in ICU [29], which is less prevalent than in patients with in-
fluenza [30]. Nevertheless, empiric antibiotic prescription in 
COVID-19 patients was widespread [31], and, similar to our 
finding, >90% of hospitalized COVID-19 patients were noted 
to receive empirical antibiotics [32]. Because the manifestations 
of COVID-19 patients with cytokine release syndrome mimic 
bacterial sepsis, it could be difficult for physicians to withhold 
antibiotics in this setting.

The association with prolonged ICU acquisition, preceding 
bacteremia (especially with coagulase-negative Staphylococcus), 
and Candida CLABSI suggest that candidemia is linked to in-
fection control issues. Indeed, breach in infection prevention 
practices has been linked to outbreaks of C auris throughout 
the globe [11, 25, 33]. Furthermore, the high rate of adminis-
tration of antibacterial agents, especially carbapenem (80%), 
might impact bacterial flora and promote Candida growth [34] 
and, along with corticosteroid utilization, lead to the selection 
of Candida superinfection in these critically ill and medically 
complexed COVID-19 patients.

Overall, C albicans was the most common species recovered, 
followed by C parapsilosis and C tropicalis. Two patients 
from Izmir were infected with genetically related fluconazole 
nonsusceptible C parapsilosis isolates carrying a Y132F mu-
tation in Erg11p. The clonal outbreaks due to this particular 
strain of C parapsilosis have been reported in numerous coun-
tries [35–38] and present a particular challenge as the strains 
persist, and cause outbreaks despite application of disinfectants 
[39]. Centers dealing with clonal outbreak due to C parapsilosis 
like ours should closely monitor the emergence of fluconazole 
resistance, given its association with poorer outcomes [39]. In a 
recent study, C parapsilosis isolates with Erg11-Y132F mutation 
has also been linked to echinocandin resistance, which further 
complicates treatment strategy [40]. Because these strains re-
tain susceptibility to amphotericin B [40], and the efficacy of 
this agent has been shown in in vivo study [41], we recommend 
amphotericin B as empiric antifungal therapy until suscepti-
bility data are available among centers experiencing problems 
with fluconazole-resistant C parapsilosis.

The mortality rates of COVID-19 in the ICU ranged from 50% 
to 65%, and the rates were higher among patients requiring me-
chanical ventilation. Age and need for mechanical ventilation 
were predictors for mortality among our patients. Unlike previous 
studies [5, 7, 42], we did not detect a worse outcome among pa-
tients with candidemia compared with those without (mortality of 
86% vs 84%, respectively). It is possible that, with an overall mor-
tality rate of 84%, it is difficult to distinguish attributable mortality 
from death caused by candidemia or underlying diseases. Previous 
studies have suggested that the mortality attributed to candidemia 
is not significant in a population of patients with high expected 
mortality [43]. Moreover, in this setting, candidemia might merely 
be a marker for severity of illness. Along this line, our data showed 
that the mortality rate for patients with candidemia was ~2-fold 
higher among patients with COVID-19 than those without (84% 
versus 50%). This finding suggests that COVID-19 may amplify 
the risk of death due to candidemia.

It is important to acknowledge that our study is limited by its 
retrospective design, and results may have been influenced by 
practices and patient populations at our hospitals. Experiences 
at other centers may be different. Furthermore, the number of 
candidemia among COVID-19 patients was small, and we do 
not have detailed clinical data associated with non-COVID-19 
candidemic patients during the pandemic for comparison. 
Nevertheless, our study implicates patient management fac-
tors that might have elevated the risk for candidemia among 
COVID-19 patients requiring ICU care. 

CONCLUSIONS

Our study underscores that prolonged ICU exposure and ICU 
practices rendered to COVID-19 patients are important con-
tributing factors to candidemia. Emphasis should be placed on 
(1) heightened infection control protocols in the ICU as well as 
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(2) developing hospital antibiotic stewardship strategies to re-
duce irrational antimicrobial utilization. Given the large hetero-
geneity among ICU COVID-19 patients, it is difficult to evaluate 
the impact of candidemia on patient’s outcome. Research with 
larger multicenter studies is needed for matching candidemia 
and control groups to derive more accurate estimates of mor-
tality attributable to candidemia.
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