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1  |  INTRODUC TION

Candidemia is one of the most common nosocomial bloodstream 
infections in critically ill patients, accounting for 7%– 15% of the epi-
sodes, and is associated with increased mortality, prolonged hospital 

stays, and increased cost.1,2 Non- neutropenic intensive care unit 
(ICU) patients undergoing multiple invasive procedures, and immu-
nocompromised patients are at high risk for the development of 
candidemia.3,4 The COVID- 19 pandemic caused an increase in the 
number of patients who need to be followed up in ICU, creating a 
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Abstract
Background: Critically ill COVID- 19 patients have a high risk for the development 
of candidemia due to being exposed to both well- defined classical risk factors and 
COVID- 19- specific risk factors in ICU.
Objectives: In this study, we investigated the incidence of candidemia in critically 
COVID- 19 patients, and the independent risk factors for candidemia.
Patients/methods: COVID- 19 patients hospitalised in ICU during 1- year period 
(August 2020 to August 2021) were included. Clinical and laboratory characteristics 
of all COVID- 19 patients, applied treatments, and invasive procedures that may pre-
dispose to candidemia were recorded.
Results: Of 1229 COVID- 19 patients, 63 developed candidemia. Candidemia in-
cidence rate was 4.4 episodes per 1000 ICU days. The most common species was 
Candida albicans (52.3%). Only 37 patients (58.7%) received antifungal therapy. The 
presence of central venous catheter (OR 4.7, 95% CI 1.8– 12.2, p < .005), multifo-
cal candida colonisation (OR 2.7, 95% CI 1.4– 5.2, p < .005), a prolonged ICU stay 
(≥14 days) (OR 1.9, 95% CI 1.08– 3– 37, p < .05), the absence of chronic lung disease 
(OR 0.4, 95% CI 0.1– 0.9, p < .05) and the absence of corticosteroid use (OR 0.3, 95% 
CI 0.14– 0.52, p < .0001) were significantly associated with candidemia.
Conclusions: Our study filled the knowledge gap in the literature about the impact of 
COVID- 19- associated risk factors for the development of candidemia. The classical 
risk factors for candidemia had a significant effect on candidemia, and contrary to 
expectations, corticosteroids had a protective effect against the development of can-
didemia. The results of these studies showing interesting effects of corticosteroids in 
critically ill COVID- 19 patients should be confirmed by further studies.
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great burden on the capacity of the intensive care bed and health-
care services.3 Approximately 5% of COVID- 19 patients experience 
critical illness requiring follow- up in ICU where the risk of candi-
demia is high.3– 5 Additionally, ICU patients with COVID- 19 have a 
higher incidence of candidemia resulting in higher mortality rates 
compared with those without COVID- 19.6 Therefore, considering 
candidemia in the early period and the initiation of appropriate treat-
ment in patients at high risk for the development of candidemia is 
crucial to reducing mortality in severe COIVD- 19 patients.6– 9 In pre-
vious studies, some risk factors were defined for the development 
of candidemia, but almost all were performed in the pre- COVID- 19 
period.1,10,11 Since severe COVID- 19 is a disease with its different 
characteristics and treatment options, there may be changing or 
newly added risk factors for the development of candidemia. In this 
study, we aimed to describe the clinical characteristics of COVID- 19 
patients with candidemia and risk factors for the development of 
candidemia in COVID- 19 ICU.

2  |  PATIENTS AND METHOD

2.1  |  Study design and participant

This retrospective study was carried out in COVID- 19 ICUs of 
Ankara City Hospital and approved by Ankara City Hospital Ethical 
Committee 1. The hospital with a capacity of 3810 beds, 696 of 
which are intensive care beds, served as the reference pandemic 
centre in Ankara. We planned to collect the data about clinical char-
acteristics of all confirmed COVID- 19 cases with and without candi-
demia followed up in certain ICUs and to determine the risk factors 
for candidemia. The three COVID- 19 ICUs that were visited daily by 
infectious disease specialists were chosen for the study. All patients 
over the age of 18 who were hospitalised with a definitive diagnosis 
of COVID- 19 for 1- year period (August 15, 2020, to August 15, 2021) 
in the ICUs were included in the study. The definitive diagnosis of 
SARS- CoV- 2 infection was made by reverse transcriptase polymer-
ase chain reaction (RT- PCR), which was performed according to the 
protocol determined by the World Health Organization (WHO) in-
terim guideline.12 Patients requiring ICU follow- up were considered 
as severe COVID- 19 infection because they met the criteria for se-
vere illness according to the WHO COVID- 19 disease severity classi-
fication.13 In our study, the primary outcome was the development of 
candidemia. All intensive care patients were divided into two groups 
based on the presence of candidemia as patients with and without 
candidemia and were compared of demographic characteristics, co-
morbidities, and the possible risk factors for candidemia.

2.2  |  Collecting and processing of data

In routine clinical practice, a standardised patient form is used for 
the follow- up of COVID- 19 patients, and all clinical and laboratory 
features of patients, and daily changes in their clinical conditions 

and administered therapies are prospectively recorded. All patients 
in ICUs are followed up daily by infectious disease specialists until 
discharge or death. This standardised patient form includes de-
mographic characteristics (age, gender), and underlying comorbid 
diseases of the patients (hypertension, diabetes mellitus, coronary 
artery disease, cardiac failure, chronic renal disease, chronic liver 
disease, haemodialysis, surgical history, immunosuppression, and 
other diseases), laboratory and radiological test results. Infection 
episodes and culture results are closely monitored. Invasive proce-
dures including central venous catheter (CVC), urinary catheter and 
mechanical ventilation, and their implementation duration and other 
risk factors for invasive candidiasis are also recorded. Concomitant 
bacteraemia, sepsis, total parenteral nutrition (TPN), gastrointesti-
nal instrumentation/surgery, the use of prior antibiotics, the use of 
corticosteroids, and other immunosuppressive drugs are included in 
the form.

Data were collected retrospectively via special patient forms 
and the hospital automation system. The treatments given for 
COVID- 19 and other drugs were noted in detail. Antibiotics used be-
fore the development of candidemia were recorded. Cephalosporin, 
piperacillin- tazobactam, anti- pseudomonal carbapenems, colistin, 
fosfomycin, and tigecycline were categorised as broad- spectrum an-
tibiotics. Vancomycin, teicoplanin, and daptomycin were combined 
under the heading of anti- methicillin- resistant Staphylococcus au-
reus (MRSA) therapy. Methylprednisolone (MTP) used in the treat-
ment of severe patients was classified as low- dose (40 or 80 mg) 
and high dose (250– 500– 1000 mg). Anakinra and tocilizumab com-
bined under the heading of anti- cytokine therapy. Time from ICU 
admission to documentation of candidemia was noted. The clinical 
outcomes (discharge or death), and length of ICU stay were also re-
corded into the patient's forms.

2.3  |  Definitions

Isolation of one or more Candida species from at least one blood 
culture in a patient with findings consistent with infection was de-
fined as candidemia. Blood culture bottles were monitored by BacT/
Alert (bioMerieux) automated blood culture system during the 
study period. Candida species isolated blood culture, urine, deep 
tracheal aspirate, or other samples were identified at species level 
using VitekMS (bioMerieux) device and MALDI- TOF MS method. 
Candidemia incidence was calculated as the number of episodes per 
1000 ICU days.

Multifocal candida colonisation, candida colonization index, and 
candida score were recorded in patients' forms. Detection of can-
dida strains at least two cultures obtained from urine, oropharyngeal 
mucosa, deep tracheal aspirate, and skin (inguinal and/or axillary 
sites) were defined as multifocal candida colonisation. Candida colo-
nization index (CCI), candida score, and clinical prediction rule were 
also calculated for each patient. CCI was calculated by the follow-
ing formula: the ratio of the number of distinct body sites colonised 
by candida strains /the total number of distinct body site cultures 
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tested. The threshold is 0.5.11 Total candida score was obtained from 
the following: multifocal candida colonization (1 point), surgery (1 
point), TPN (1 point), and sepsis (2 points).10 Variables were coded 
as 0 if they did not exist, and as valid points, if they did. A value of 
2.5 was the threshold value for high risk for candidemia. We also 
used the clinical prediction rule to predict nosocomial invasive can-
didiasis in patients hospitalised in ICUs. The patients were classified 
as meeting or not meeting the rule.1 The rule is defined as follows: 
Any systemic antibiotic (days 1– 3) or presence of a CVC (days 1– 3) 
and at least two of the following— TPN (days 1– 3), any dialysis (days 
1– 3), any major surgery (days −7– 0), pancreatitis (days −7– 0), any use 
of steroids (days −7– 3), or use of other immunosuppressive agents 
(days −7– 0).

An increase of ≥2 points in the Sequential Organ Failure 
Assessment (SOFA) scoring compared to a baseline condition in a 
patient with suspicious or definite infection was defined as sepsis.14 
The chronic pulmonary disease category includes chronic obstruc-
tive disease, asthma, and interstitial lung disease.

2.4  |  Potential risk factors

In this study, we recorded previously defined risk factors for candi-
demia, and possible clinical features and treatments of COVID- 19 
patients that may be associated with candidemia. These factors 
were chronic renal disease, haemodialysis, the presence of CVC, me-
chanical ventilation, bacteraemia, sepsis, TPN, immunosuppression, 
the use of corticosteroids or other immunosuppressive treatment, 
multifocal candida colonization, previous gastrointestinal instru-
mentation/surgery. COVID- 19 specific factors such as low- dose 
or high- dose corticosteroid use, anti- cytokine treatment, and ex-
tracorporeal membrane oxygenation (ECMO) were also evaluated. 
Prolonged hospitalisation was considered a potential risk factor for 
candidemia, and a stay equal to or longer than 14 days in ICU was 
accepted as a prolonged ICU stay.

2.5  |  Statistical analysis

Statistical analysis was carried out using IBM SPSS Statistics for 
Windows version 23.0 and R Studio 1.4.1106 and R software 4.0.4. 
Comparisons of candidemia groups (absent, exist) in terms of nu-
merical variables were made by using the Mann- Whitney U test due 
to the violation of the parametric test assumptions. The relation-
ship between candidemia and categorical variables was investigated 
using the Pearson Chi- square test when the test assumptions were 
satisfied. Otherwise, Fisher's Exact Test was used. Univariable and 
multivariate logistic regression analyses were applied to estimate 
the association between demographical and clinical variables and 
candidemia. Several independent risk factors such as CVC and use 
of the broad- spectrum antibiotics caused quasi- complete sepa-
ration problems due to relatively imbalanced sample size (a rare 
event). Therefore, univariable penalised logistic regression analysis 

was applied to those variables. Hence, multiple logistic regression 
analysis was carried out using penalised maximum likelihood esti-
mation approach with optimal penalisation parameters using the R 
rms package. A p- value <.05 is considered statistically significant. 
All variables which are significant in the univariable logistic regres-
sion analysis were considered as candidates for multivariate logistic 
regression analysis.

3  |  RESULTS

Of the 1229 COVID- 19 patients followed during the study period, 
63 developed candidemia. The candidemia incidence rate was 4.4 
episodes per 1000 ICU days, and candidemia was detected after a 
median of 12 days (IQR 3– 16) from the first admission to ICU. The 
most common species were C. albicans (52.3%) and C. tropicalis 
(16.9%). Only 37 of candidemia cases (58.7%) had received antifun-
gal therapy. Echinocandins, especially anidulafungin, were the most 
commonly used antifungal therapy in patients having documented 
candidemia (Table 1).

There was no difference in terms of age and gender between 
patients with and without candidemia (p > .05 for both). At least one 
comorbidity was present in 82.5% of patients with candidemia and 
87.1% of patients without candidemia (p > .05). The two groups were 
similar in terms of comorbidities, except hypertension and chronic 
lung disease, which were detected to be higher in patients without 
candidemia than in those with candidemia (p < .05 for both). Further 
details are presented in Table 2.

Compared with the non- candidemia group, invasive procedures 
were applied at a higher rate in the candidemia group. Mechanical 
ventilation rate was statistically higher in patients with candidemia 
(88.9%) than in those without candidemia (48.8%) (p < .001). The 
patients with candidemia needed CVC use more frequently (95.2% 
vs. 48.6%, p < .001). There was no history of gastrointestinal in-
strumentation/surgery and pancreatitis in both candidemia and 
non- candidemia cases (Table 2). ECMO was not used in any of the 
patients followed up.

We obtained the data upon colonization index, candida score, 
and clinical prediction rule from all of the patients included in the 
study. In our routine practice, urine, rectal swab, and blood cul-
tures are taken from all patients admitted to the intensive care 
unit on the day of admission. If the patient is admitted to the ICU 
as intubated from another unit, deep tracheal aspirate culture is 
also taken. The multifocal candida colonisation rate was statisti-
cally significantly higher in patients with candidemia (52.4%) than 
in non- candidemia cases (8.5%) (p < .001). Although the rate of 
patients with a candidemia score of 3 and above was quite low in 
both groups, the rate was statistically lower in the non- candidemia 
group (20.6% vs 10.8%, p < .05). The clinical prediction rule for 
candidemia was met at a higher rate in candidemia patients 
(p < .05) (Table 2).

Prior nosocomial infection and bacteraemia were more common 
in the candidemia cases (p < .001 for all), and nearly all cases in the 
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candidemia group received antibiotics during their hospitalisation in 
ICU before the documentation of candidemia (Table 2). The rates 
of steroid use at any dose and high doses were lower in candidemia 
patients (p < .001 for both). The median day of ICU stay was statis-
tically longer in the patients with candidemia (p < .001). The 28- day 
mortality and overall mortality rates were statistically higher in the 
candidemia patients. Forty- nine (77.8%) of 63 patients with can-
didemia died during ICU follow- up (within the first 28- day), 24 of 
whom had not received any antifungal treatment yet. These patients 
could not receive any antifungal treatment because they were diag-
nosed with candidemia after their death.

In the univariate regression analysis, several variables were 
detected to be significantly associated with the development of 
candidemia. However, in multivariate regression analysis, the only 
presence of CVC, multifocal candida colonisation, the absence of 
chronic lung disease and absence of corticosteroids (at any dose) or 
high- dose steroid use, and a prolonged ICU stay were significantly 
associated with candidemia. The results of univariate and multivari-
ate regression analysis are shown in Table 3.

4  |  DISCUSSION

Severe COVID- 19 patients are at high risk for secondary nosocomial 
infections including candidemia due to mostly requiring ICU follow-
 up. Previous studies reported an increased incidence of candidemia 
in critically ill COVID- 19 cases.6,8,9,15 Current guidelines recommend 
initiation of empirical antifungal therapy for candida in critically ill 
patients at high risk of candidemia.16,17 However, the selection of 

TA B L E  1  Candida species and antifungal treatments in COVID- 19 
patients with candidemia

Characteristics
Distribution 
(n = 63)

Candida species (65 isolates in 63 patients)

C. albicans 34 (52.3)

C. parapsilosis 8 (12.3)

C. glabrata 9 (13.8)

C. tropicalis 11 (16.9)

C. cefyr 2 (3.1)

C. dubliniensis 1 (1.5)

Time (days) from ICU admission to candidemia, 
median (IQRa)

9 (3– 16)

Antifungal treatment in patients with candidemia

Received 37 (58.7)

Not received 26 (41.3)

Number of patients received antifungal treatment 
for more than 4 days

25 (39.7)

Duration (days) of antifungal treatment in patients 
received antifungal treatment, median (IQR)

3 (0– 10)

Antifungal treatment (n = 37)

Anidulafungin 21 (56.7)

Micafungin 4 (10.8)

Caspofungin 1 (2.7)

Fluconazole 10 (27.0)

Amphotericin B 1 (2.7)

Note: Data are presented as n (%) unless noted otherwise.
aIQR: Interquartile range (25% and 75%).

TA B L E  2  Baseline demographic and clinical characteristics of COVID- 19 patients with and without candidemia followed in ICU and risk 
factors for candidemia

Characteristics

All patients (n = 1229)

Candidemia

p- valueVariables Absent (n = 1166) Present (n = 63)

Age, median (IQRa) 72 (61– 81) 72 (62– 81) 74 (57– 81) .38

Age, equal and above 65 years 821 (66.8) 780 (66.9) 41 (65.1) .766

Gender, male 768 (62.5) 731 (62.9) 37 (58.7) .52

Any comorbidity 1068 (86.9) 1016 (87.1) 52 (82.5) .29

Diabetes 397 (32.3) 379 (32.5) 18 (28.6) .52

Hypertension 652 (53.1) 627 (53.8) 25 (39.7) .03

Coronary artery diseaseb 331 (26.9) 316 (27.1) 15 (23.8) .57

Heart failure 183 (14.9) 175 (5.0) 8 (12.7) .62

Chronic pulmonary disease 208 (16.9) 205 (17.6) 3 (4.8) .008

Chronic renal disease 127 (10.3) 120 (10.3) 7 (11.1) .83

Haemodialysis 67 (5.5) 65 (5.6) 2 (3.2) .57

Malignancy 133 (10.8) 126 (10.8) 7 (11.1) .94

Immunosuppression 69 (5.6) 66 (5.7) 3 (4.8) 1

Cerebrovascular events 102(8.3) 98 (8.4) 4 (6.3) .56

(continues)
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Characteristics

All patients (n = 1229)

Candidemia

p- valueVariables Absent (n = 1166) Present (n = 63)

Mechanical ventilation 625 (50.9) 569 (48.8) 56 (88.9) <.001

Duration of mechanical ventilation, median day (IQR) 5 (3– 9) 5 (3– 9) 5 (2– 9) .709

Sepsis 532 (43.3) 498 (42.7) 34 (54.0) .08

Central venous catheter 627 (51.0) 567 (48.6) 60 (95.2) <.001

Total parenteral nutrition 62 (5.0) 51 (4.4) 11 (17.5) <.001

Gastrointestinal instrumentation or surgery – – – 

Pancreatitis – – – 

Presence of Candida spp in urine sample 178 (14.5) 153 (13.1) 25 (39.7) <.001

Presence of Candida spp in DTA sample 139 (11.3) 119 (10.2) 20 (31.7) <.001

Presence of Candida spp in other samplesc 33 (2.7) 30 (2.6) 3 (4.8) .24

Multifocal candida colonisation 114 (9.3) 97 (8.3) 17 (27.0) <.001

Candida colonization indexd

<0.5 1097 (89.3) 1067 (91.5) 30 (47.6) <.001

≥0.5 132 (10.7) 99 (8.5) 33 (52.4)

Candida scoree

≤2 points 1089 (88.7) 1039 (89.2) 50 (79.4) .017

≥3 points 139 (11.3) 126 (10.8) 13 (20.6)

Positive of clinical prediction rule for candidemiaf 296 (24.1) 274 (23.5) 22 (34.9) .039

Presence of nosocomial infection 689 (56.1) 637 (54.6) 52 (82.5) <.001

Presence of prior bacteraemia 273 (22.2) 246 (21.1) 27 (42.9) <.001

Prior medication

Any antibiotic 985 (80.1) 923 (79.2) 62 (98.4) .001

Extended spectrum antibioticg 966 (78.6) 904 (77.5) 62 (98.4) <.001

Antifungal agent 97 (7.9) 60 (5.1) 37 (58.7) <.001

Corticosteroid at any dose 805 (65.5) 778 (66.7) 27 (42.9) <.001

High- doses corticosteroidh 288 (23.5) 277 (23.8) 11 (17.5) .016

Anti- cytokine therapyi 116 (9.4) 112 (9.6) 4 (6.3) .39

Length of stay in ICU 9 (5– 14) 9 (5– 14) 18 (9– 36) <.001

Overall death 611 (49.7) 565 (48.4) 51 (81.0) <.001

28- day mortality 598 (48.6) 549 (47.1) 49 (77.8) <.001

Note: Data are presented as n (%) unless noted otherwise. Bold values were detected to be statistically significant.
Abbreviation: DTA, Deep tracheal aspirate.
aIQR: Interquartile range (25% and 75%).
bThe chronic pulmonary disease category includes chronic obstructive disease, asthma and interstitial lung disease.
cOther samples contain cerebrospinal fluid, sputum and pleural fluid.
dCandida colonization index: Ratio of the number of distinct body sites colonised with Candida strain/the total number of distinct body sites cultures 
tested. Threshold 0.5.
eCandida score: The total score obtained from the following: Multifocal colonisation with Candida species (1 point), surgery (1 point), total parenteral 
nutrition (1 point), sepsis (2 points). Threshold 2.5.
fA positive clinical prediction rule for candidemia: Any systemic antibiotic (days 1– 3) or presence of a central venous catheter (days 1– 3) and at least 
two of the following— total parenteral nutrition (days 1– 3), any dialysis (days 1– 3), any major surgery (days −7– 0), pancreatitis (days −7– 0), any use of 
steroids (days −7– 3), or use of other immunosuppressive agents (days −7– 0).
gExtended spectrum antibiotic includes anti- pseudomonal cephalosporins, piperacillin- tazobactam, carbapenems, fosfomycin, colistin and tigecycline.
hHigh- dose corticosteroid: Methylprednisolone doses of 250– 500– 1000 mg.
iAnti- cytokine therapy includes anakinra and tocilizumab.

TA B L E  2  (Continued)
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patients with high risk for candidemia who should be given antifun-
gal treatment is difficult due to the broad application of known risk 
factors in ICUs. Additionally, considering the complex clinical char-
acteristics of COVID- 19, the empirical treatment decision becomes 
more difficult. There are limited data investigating the effects of 
classical risk factors and specific risk factors for COVID- 19 together 
on the development of candidemia in COVID- 19 patients. In the pre-
sent study, we investigated the incidence of candidemia and the in-
dependent risk factors that are associated with the development of 
candidemia in critically ill COVID- 19 patients.

This study contributes to our limited knowledge on the epi-
demiology of candidemia in the COVID ICU by adding some new 

observational data. Firstly, data of all COVID- 19 patients followed in 
ICU over a 1- year period was included, and the estimated incidence 
of candidemia was determined. The high incidence of candidemia in 
our study with 4.4 per 1000 ICU day supported the previous data 
regarding higher incidence of candidemia reported in COVID- 19 
studies.4,6,8,9,15 Omrani et al reported candidemia incidence as 2.34 
episodes per 1000 ICU days in COVID- 19 patients.18 Kayaaslan 
et al reported a 2- fold increase in the episodes of candidemia in 
patients with COVID- 19 followed in the ICU compared to those 
without COVID- 19 (2.16 vs 1.06 per 1000 hospital day, p < .001) in 
the same or near period.6 The incidence of candidemia may change 
according to the characteristics of units and patients, blood culture 

TA B L E  3  Multivariate logistic regression analysis of the risk factors for candidemia in COVID- 19 ICU patients

Variable

Univariate Multivariate

OR 95% CI L 95% CI U p OR 95% CI L 95% CI U p

Age 1.0 0.98 1.01 .3791

Age, (equal or above 65 years) 0.9 0.54 1.57 .7657

Sex, female 1.2 0.71 1.98 .5273

Comorbidity, at least one 0.7 0.36 1.37 .2947

Diabetes mellitus 0.8 0.47 1.45 .5161

Hypertension 0.6 0.34 0.95 .0309 0.7 0.39 1.14 .1373

Cardiac failure 0.8 0.39 1.76 .6164

Coronary artery disease 0.8 0.46 1.52 .5666

Chronic renal disease 1.1 0.49 2.44 .8352

Haemodialysis 0.6 0.13 2.32 .4203

Chronic lung disease 0.2 0.07 0.75 .0150 0.4 0.15 0.95 .0393

Malignancy 1.0 0.46 2.31 .9395

Immunodeficiency 0.8 0.25 2.73 .7632

History of cerebrovascular event 0.7 0.26 2.08 .5660

Central venous catheter 19.1 6.38 57.30 <.0001 4.7 1.83 12.17 .0013

Sepsis 1.6 0.95 2.62 .0812

Total parenteral nutrition 4.6 2.28 9.39 <.0001 1.3 0.62 2.70 .4971

Mechanical ventilation 8.4 3.79 18.57 <.0001 2.1 0.92 4.76 .0790

Duration of mechanical ventilation 1.0 1.02 1.07 .0002

Multifocal candida colonisation 4.1 2.25 7.38 <.0001 2.7 1.41 5.21 .0027

Prior or concurrent nosocomial 
infection

3.9 2.03 7.60 <.0001 0.9 0.45 1.95 .8541

Prior bacteraemia 2.8 1.67 4.71 <.0001 1.3 0.70 2.22 .4523

Corticosteroid use at any dose 0.3 0.19 0.63 .0005 0.3 0.14 0.52 <.0001

High- dose corticosteroid use (equal 
or above 250 mg)

0.4 0.21 0.86 .0163 0.3 0.16 0.66 .0019

Broad- spectrum antibiotic use 13.9 2.59 75.04 .0043 2.1 0.61 6.92 .2453

Narrow- spectrum antibiotic use 1.2 0.62 2.36 .5838

Anti- cytokine treatment 0.6 0.23 1.79 .3930

Anti- MRSA treatment 5.1 2.95 8.90 <.0001 1.5 0.84 2.84 .1632

Length of ICU stay 1.1 1.04 1.08 <.0001

Length of ICU stay (equal or above 
14 days)

4.9 2.88 8.23 <.0001 1.9 1.08 3.37 .0260

Abbreviation: OR, Odds ratio. Bold values were detected to be statistically significant.
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routines (frequency, number of bottles, etc) and blood culture tech-
nics. Nevertheless, it is clear that COVID- 19 patients in ICU at high 
risk for the development of candidemia. Another important result 
of the study was that a considerable amount of the patients with 
candidemia had died before the detection of candidemia and had not 
been received any antifungal treatment. This result also highlights 
the need to identify risk factors for the development of candidemia 
in COVID- 19 patients.

During ICU follow- up, COVID- 19 patients are frequently ex-
posed to many risk factors for the development of candidemia. 
However, COVID- 19 cases may exhibit differences in risk factors 
for the development of candidemia compared to patients with-
out COVID- 19 due to the unique characteristics of the disease. 
Some risk factors, such as abdominal surgery, are less common in 
COVID- 19 patients, while others, such as the need for mechanical 
ventilation and CVC, and corticosteroids use, may be more com-
mon.19 A recent report comparing 64 candidemia cases with a di-
agnosis of COVID- 19 and 187 candidemia cases without COVID- 19 
found that liver disease, solid organ malignancies, and previous sur-
gery were not as common in patients with COVID- 19 as in patients 
without COVID- 19. On the other hand, mechanical ventilation, 
presence of CVC, corticosteroids and immunosuppressant use were 
more common in COVID- 19 patients compared to non- COVID- 19 
patients.19 In this study, none of the COVID- 19 patients, with and 
without candidemia, had recent gastrointestinal surgery and an ep-
isode of pancreatitis.

The risk factors for the candidemia associated with COVID- 19 
may be classified as two groups, the well- established classical 
risk factors, and COVID- 19- specific risk factors. Besides classical 
risk factors, COVID- 19 patients are also exposed to specific risk 
factors such as the use of low- dose or high- dose corticosteroids, 
anti- cytokine treatment, and ECMO.20 In this study, we evaluated 
the risk factors in both groups. In univariate analysis, multiple risk 
factors were found to be associated with candidemia, but only five 
of them were found as an independent risk factor in multivari-
ate analysis. Unsurprisingly, our study showed that many of the 
classic risk factors have a significant effect on the development 
of candidemia in patients with COVID- 19. In support of previous 
studies, the presence of CVC and multifocal candida colonisation, 
and prolonged ICU stay were the most significant risk factors for 
the development of candidemia.4,21,22 In a recent meta- analysis in-
cluding 34 studies performed in the pre- COVID- 19 period, 29 pos-
sible risk factors for invasive Candida infection had been evaluated 
and reported that comorbid conditions and medical interventions 
had a significant impact in the development of invasive Candida 
infection, while demographical factors did not play a role. Candida 
colonisation, broad- spectrum antibiotics, CVC, blood transfusion 
and TPN were reported as the risk factors associated with the 
highest risk for invasive Candida infection.21 Indeed, CVC is a his-
torically well- established risk factor for candidemia, and are fre-
quently needed in COVID- 19 patients followed up in ICU.4,6,20,22 
Therefore, defining CVC as a risk factor is an expected result of 
the study.

Broad- spectrum antibiotics are frequently added to the treat-
ment of the patients whose clinical worsening continues by the phy-
sicians following the patients, although it is well known that bacterial 
co- infections are rare in SARS- CoV- 2 infection and that the virus 
can cause sepsis without any secondary infectious pathogen.6,22,23 
Before adding antibiotics to the standard therapy in COVID- 19 
patients, the risk of superinfection with Candida spp., having high 
mortality, should be kept in the mind. Previous studies pointed out 
the impact of broad- spectrum antibiotic on candidemia.20,22 In our 
study it was a possible risk factor candidemia in univariate analysis, 
however, it had not been detected as an independent risk factor 
in univariate analysis. Multifocal candida colonisation provides a 
strong prediction for the development of invasive candida infec-
tion.10,11,20 Similarly, multifocal candida colonisation was detected 
as an independent risk factor for candidemia in our study.

Surprisingly, the absence of chronic lung disease and cortico-
steroid use were the independent risk factors for the candidemia. 
Previous studies have drawn attention to the beneficial effects 
of systemic corticosteroid use, as well as its predisposing role in 
the development of secondary infections such as invasive candi-
demia.6,20,24 Kayaaslan et al reported that corticosteroid use was 
an independent risk factor for the mortality in the patients with 
candidemia. Corticosteroids were used in 36.8% of patients who 
died and 17.5% of those who survived.6 However, the authors em-
phasised that their study could not investigate the predictive risk 
factors for the development of candidemia because of the diffi-
culty of including COVID- 19 patients without candidemia. In a re-
cent study investigating the risk factors for candidemia associated 
with COVID- 19, it was reported that the use of corticosteroids 
and tocilizumab was not an independent frequent factor for the 
development of candidemia.18 The protective effect of cortico-
steroids on candidemia may be explained by the fact that their 
mortality- reducing effect in critically ill COVID- 19 patients.25– 28 
Corticosteroids have anti- inflammatory and immunosuppressive 
effect on key cells on the immune system. On the other hand, 
systemic corticosteroid use results in clinical improvement in 
critically ill COVID- 19 patients, and reduce the length of hospital 
and ICU stay.29 The reduced risk of patients' exposure to invasive 
medical procedures that pose a risk for the development of candi-
demia may be an acceptable explanation for the protective effect 
of corticosteroids for candidemia. Similar to the study by Omrani, 
anti- cytokine treatment was not found as an independent factor 
for candidemia.18

The independent association between the absence of chronic 
lung disease and candidemia is another unexpected result of our 
study. Chronic lung disease has been rarely reported as a predispos-
ing factor for candidemia. Omrani et al reported that chronic lung 
disease was not detected as an independent factor for candidemia 
in COVID- 19 cases.18 Chronic lung disease has been identified as a 
predisposing factor for severe COVID- 19 causing high mortality.30,31 
This can be explained by the paradoxical situation that COVID- 19 
patients with chronic lung disease with a high mortality rate do not 
have enough time for candidemia to occur.
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The present study has a number of limitations. Firstly, the study 
was performed retrospectively. Therefore, we could not fully re-
cord some baseline information of the patients such as the Acute 
Physiology and Chronic Health Evaluation II (APACHE II) score. 
Second, due to the decision to include COVID- 19 patients from the 
only defined ICUs, a relatively small number of patients who were 
diagnosed candidemia were included in the study.

In conclusion, candidemia is a highly fatal infection in ICU pa-
tients. The higher incidence of candidemia in COVID- 19 patients 
compared to non- COVID- 19 patients and the importance of early 
antifungal treatment in patients with high risk is emphasised from 
the beginning of the pandemic. However, there is limited data about 
the determining of independent risk factors for candidemia in this 
special patient population. In this study, we investigated the inci-
dence of candidemia and the independent risk factors for its devel-
opment in COVID- 19 ICU patients. Our study filled the knowledge 
gap in the literature, especially about the impact of COVID- 19 asso-
ciated risk factors for the development of candidemia. We showed 
that the classical risk factors for candidemia such as CVC, multifocal 
candida colonisation, and broad- spectrum antibiotic have a signifi-
cant effect on candidemia. On the other hand, contrary to expec-
tations, corticosteroid use was found to have a protective effect 
against the development of candidemia. The mortality- reducing ef-
fect of corticosteroids in critically ill COVID- 19 patients and provid-
ing of early improvement may result in a decrease in candidemia in 
COVID- 19 patients followed up in ICU. Corticosteroids have highly 
interesting effects upon COVID- 19, a newly emerged disease. The 
results of these studies should be confirmed by further studies.
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