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IMPORTANCE: COVID-19 can cause serious illness requiring multimodal treatment 
and is associated with secondary infections. Studies have suggested an increased 
risk of fungal infections, including candidemia following severe COVID-19 though 
understanding of risk factors and clinical outcomes remains unclear.

OBJECTIVES: To describe clinical characteristics, outcomes and risk factors of 
candidemia among patients hospitalized with severe COVID-19.

DESIGN, SETTING, AND PARTICIPANTS: A multicenter, case-control study 
of patients with severe COVID-19 was conducted to evaluate risk factors and 
clinical outcomes in patients who developed candidemia between August 2020 
and August 2021.

MAIN OUTCOMES AND MEASURES: Chart review evaluating institutional 
and patient demographics, clinical and mycological characteristics, concomitant 
interventions (antibiotics, immunosuppressive agents, parenteral nutrition, degree 
of oxygen support, mechanical ventilation, surgery), treatment regimens, and out-
comes (length of stay and discharge disposition)

RESULTS: A total of 275 patients were enrolled in the study, including 91 
patients with severe COVID-19 and subsequent candidemia and 184 with se-
vere COVID-19 without candidemia. Most patients received antibiotics prior to 
candidemia episode (93%), while approximately one-quarter of patients received 
biologic for COVID-19. In-hospital mortality was significantly higher in the cases 
compared with the controls (68% vs 40%; p < 0.01). Candida albicans was the 
most common (53%), followed by C. glabrata (19%). Use of central lines, bio-
logic, and paralytics were independent risk factors for candidemia.

CONCLUSIONS AND RELEVANCE: Candidemia following COVID-19 infec-
tion is a concern that requires clinical consideration and patient monitoring. Risk 
factors for the development of candidemia in the setting of COVID-19 infection 
are largely consistent with traditional risk factors for candidemia in hospitalized 
patients.

KEY WORDS: candidemia; co-infection; COVID-19; severe acute respiratory 
syndrome coronavirus 2 infection

Since its declaration as a pandemic by the World Health Organization in 
March 2020, COVID-19 has surpassed over 444 million cases and resulted 
in over 5.9 million deaths as of early March 2022 (1). While strides have 

been made in preventative and therapeutic interventions, including vaccines, 
antivirals, and anti-inflammatory medications (2), there is much to be under-
stood about managing patients with COVID-19.

Secondary infections present a serious concern in patients with prolonged 
illness. Research regarding secondary infections in COVID-19 initially focused 
on bacterial infections (3–6), but attention on the relevance of secondary fungal 
infection in COVID-19 management is growing. Candidemia in patients with 
COVID-19 has been reported in variable rates, ranging from 0.8% to 14%, 
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which is three to eight times that reported in histor-
ical, non-COVID-19 populations (7). Furthermore, in 
COVID-19 patients with secondary candidemia, the 
mortality rates range from 40% to 70%, underlining 
the urgency for a better understanding of the relation-
ship between these infections.

Early recognition of candidemia has long been iden-
tified as key to minimizing morbidity and mortality 
(8). Therefore, it is essential to understand the unique 
characteristics, prevalence and risk factors for fungal co-
infection among patients with COVID-19. Many tradi-
tional risk factors for candidemia are present among 
patients with severe and critical COVID-19 including 
prolonged hospital length of stay, critical illness, immu-
nosuppressive treatment, and presence of central venous 
catheters (9); however, whether unique risk factors exist 
for fungal co-infections among patients with COVID-
19 is unclear. The study aims to describe clinical char-
acteristics, outcomes and risk factors of candidemia 
among patients hospitalized with severe COVID-19.

MATERIALS AND METHODS

Study Design and Setting

This multicenter, retrospective, case-control study in-
cluded patients with severe COVID-19 who were also 
diagnosed with secondary candidemia from eight aca-
demic medical centers between August 2020 and August 
2021. Participating centers were in New York/New Jersey, 
United States. All study sites received approval for conduct 
of this study with waivers of informed consent from their 
Institutional Review Boards (IRBs). Each site was listed 
within the IRB approval from Robert Wood Johnson 
University Hospital Office for Human Subject Protection 
(STUDY ID Pro2021000676), which functioned as the 
coordinating site. All procedures were in accordance with 
the ethical standards of the institutional IRB and with the 
Helsinki Declaration of 1975. The study was approved 
on May 18, 2021. The guidelines for reporting observa-
tional studies with the Strengthening the Reporting of 
Observational Studies in Epidemiology checklist was 
used to strengthen the reporting of our findings.

Study patients were adults (≥ 18 yr) with blood cul-
tures drawn during the study period and had severe 
COVID-19, defined as individuals with respiratory rate 
greater than 30, oxygen saturation less than 94% on 
room air or the need for supplemental oxygen, Pao2/Fio2  

less than 300 or more than 50% lung involvement on 
imaging with confirmed diagnosis of COVID-19 by 
a positive severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) polymerase chain reaction 
test via a nasopharyngeal swab. The control group 
consisted of patients with severe COVID-19 without 
candidemia, and case patients were those with severe 
COVID-19 with confirmed candidemia. An episode 
of candidemia was defined as a positive blood culture 
for any Candida species identified by the microbiology 
laboratory. Controls were randomly selected from the 
same day of admission as cases in a 2:1 ratio.

Patient demographics, clinical and mycological 
characteristics, as well as comorbidities, concomitant 
interventions (antibiotics, immunosuppressive agents, 
parenteral nutrition, degree of oxygen support, me-
chanical ventilation, surgery), treatment regimens, and 
outcomes (length of stay and discharge disposition) 
were extracted retrospectively from each institution’s 
electronic medical record and entered into a single 
Research Electronic Data Capture database. We sought 
to compare characteristics and outcomes among cases 
and controls and describe management of candidemia 
among cases.

Data Collection

Data on baseline, infection and demographic charac-
teristics were assessed from the time of the COVID-19 
diagnosis. The U.S. Centers for Disease Control and 
Prevention criteria to define infections were used to 
identify appropriate study patients by individual inves-
tigators; these determinations were then reviewed by 
the primary investigators to validate selection (10). 
Bloodstream infections was defined as fungal infec-
tion identified on blood cultures. Blood cultures were 
performed using BACTEC FX (Becton, Dickinson 
and Co., Franklin Lakes, NJ) Blood Culture Systems. 
Scores for several clinical indices were calculated, in-
cluding the Charlson Comorbidity Index (CCI) for the 
degree of comorbid illness, Sequential Organ Failure 
Assessment (SOFA) scores for the severity of failed 
organs, and the respiratory rate oxygenation (ROX) 
index for the risk of intubation. The CCI and ROX 
scores were calculated for all study patients at the time 
of hospital admission. The SOFA score was calculated 
within 24 hours of ICU admission for patients admit-
ted to the ICU only.
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Statistical Analysis

All study measures and outcomes were first summa-
rized overall and by case-control groups using range, 
median with interquartile range (IQR) for continuous 
measures, or frequency with percentage for categorical 
measures. Ordinal measures were summarized using 
median with IQR or frequency with percentage. The 
number of cases with missing data for each measure was 
tracked where applicable. Bivariate analyses using inde-
pendent t tests or Wilcoxon rank-sum tests (depending 
on the result of Shapiro-Wilk normality testing) for con-
tinuous measures, Pearson chi-square or Fisher exact 
tests for categorical measures, and Wilcoxon rank-sum 
tests for ordinal measures were completed prior to any 
multivariable analyses. A multivariable logistic regres-
sion model with Akaike information criterion-based 
stepwise selection was then used to evaluate the de-
velopment of candidemia in addition to COVID-19. 
Predictors included study site, patient demographics 
and prior medical history and clinical and pharmaco-
therapies received while hospitalized.

Statistical analyses were performed using R Version 
4.1.1 (11), including the “MatchIt,” “survival,” and 
“DescTools” packages, and all two-sided p values of 
less than 0.05 were considered statistically significant 
(12–14).

RESULTS

A total of 275 patients were included in the study—
184 control patients with severe COVID-19 and 91 
case patients with severe COVID-19 and candidemia. 
Three of the eight hospital sites accounted for more 
than 50% of the study population. Baseline charac-
teristics including demographics and comorbidi-
ties are summarized in Table  1. Most patients were 
male (61%) and median age was 65 years (IQR, 57–75 
yr). The median CCI score was higher in COVID-
19 patients without candidemia as compared with 
those with candidemia (4 vs 3; p = 0.02). Rates of in-
dividual comorbidities were similar between groups, 
except for a higher incidence of coronary artery di-
sease in the control group of study patients without 
candidemia. Diabetes mellitus was present in approx-
imately 40% of study patients, although other immu-
nocompromising conditions such as malignancy, 
transplantation, and chronic corticosteroid use were 
less common.

Patients reported symptoms consistent with SARS-
CoV-2 infection for a median of 6 days prior to hos-
pital admission. Median ROX index score on hospital 
admission was 10.3 (IQR, 5.4–17.8 ROX index) in the 
control group (without candidemia) and 6.2 (IQR, 
3.9–15 ROX index) in the cases with candidemia  
(p = 0.01). Patients with candidemia were more likely 
to require nonrebreather, high-flow nasal cannula, or 
mechanical ventilation at time of admission (Table 2). 
Case patients with candidemia also had a higher in-
cidence of admission to the ICU (87.9% vs 58.2%;  
p < 0.01) and prolonged ICU length of stay (21 vs 10 d; 
p < 0.01) as compared with those without candidemia. 
Of the patients admitted to the ICU, median SOFA 
score at the time of ICU admission was 8 (IQR, 4–10) 
and comparable between groups.

Steroids, most commonly dexamethasone, were pre-
scribed for almost two-thirds of all study patients with 
a median duration of 10 days (IQR, 5–13 d) (Table 2). 
COVID-19 patients with candidemia were signifi-
cantly more likely to receive biologic therapy than 
patients without candidemia (44% vs 18.5%; p < 0.01), 
with tocilizumab most prescribed. Approximately 
one-quarter of the total study population required 
continuous paralytic therapy, with more frequent use 
in the cases with candidemia. Similarly, overall antimi-
crobial exposure was notably higher in study patients 
with candidemia, as they were more likely to receive 
antimicrobial therapy, with higher numbers of pre-
scribed medications, and for longer durations. Median 
hospital length of stay was significantly longer (30 d 
[IQR, 21.5–57 d] vs 15 d [IQR, 8–26 d]; p < 0.01) and 
in-hospital mortality was higher (68.1% vs 40.2%;  
p < 0.01) in the cases with candidemia.

There were total of 101 unique Candida isolates 
identified in the 91 case patients with candidemia 
(Table  3). Candidemia was diagnosed a median of 
18 days (IQR, 11–26 d) after both hospital admission 
and COVID-19 diagnosis. The rate and duration of 
central line placement were both significantly higher 
in case patients with candidemia (Table 2). Less than 
10% of the study population received parenteral nu-
trition, although total parenteral nutrition (TPN) du-
ration was longer in patients with candidemia. Almost 
half of patients with candidemia received hemodial-
ysis or continuous renal replacement therapy prior to 
first positive blood culture. Two patients with candi-
demia received extracorporeal membrane oxygenation 
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TABLE 1. 
Demographics and Baseline Characteristics of Study Patients With Severe Acute  
Respiratory Syndrome Coronavirus 2 Positive With or Without Candidemia

Demographics Total (n = 275) Controls (n = 184) Cases (n = 91) p

Age (yr) 65 (57–75) 67 (59–76) 62 (54.5–72) 0.01

Gender    0.16

 Male 168 (61.1) 107 (58.2) 61 (67.0)  

 Female 107 (38.9) 77 (41.8) 30 (33.0)  

Primary race    0.19

 Black or African American 126 (45.8) 87 (47.3) 39 (42.9)  

 White 64 (23.3) 45 (24.5) 19 (20.9)  

 Hispanic or Latino 47 (17.1) 30 (16.3) 17 (18.7)  

 Asian 17 (6.2) 12 (6.5) 5 (5.5)  

 Native Hawaiian or other Pacific Islander 3 (1.1) 2 (1.1) 1 (1.1)  

 Other 5 (1.8) 4 (2.2) 1 (1.1)  

 Unknown 13 (4.7) 4 (2.2) 9 (9.9)  

Body mass index 29.1 (26–34) 28.9 (25.6–34.1) 29.8 (27.1–33.8) 0.32

Study site    Not applicable

 University hospital 53 (19.3) 35 (19.0) 18 (19.8)  

 Robert Wood Johnson University Hospital 50 (18.2) 34 (18.5) 16 (17.6)  

 Newark Beth Israel Medical Center 42 (15.3) 28 (15.2) 14 (15.4)  

 Saint Barnabas Medical Center 33 (12.0) 22 (12.0) 11 (12.1)  

 BronxCare Health System 33 (12.0) 22 (12.0) 11 (12.1)  

 Saint Peter’s University Hospital 21 (7.6) 14 (7.6) 7 (7.7)  

 SUNY Downstate Medical Center 16 (5.8) 11 (6.0) 5 (5.5)  

 Jersey Shore Medical Center 27 (9.8) 18 (9.8) 9 (9.9)  

Underlying medical conditions

 Congestive heart failure 41 (14.9) 29 (15.8) 12 (13.2) 0.57

 Coronary artery disease 55 (20.0) 45 (24.5) 10 (11.0) 0.01

 Diabetes 118 (42.9) 80 (43.5) 38 (41.8) 0.77

 End-stage liver disease 4 (1.5) 3 (1.6) 1 (1.1) 1.0

 HIV infection 8 (2.9) 5 (2.7) 3 (3.3) 0.72

 Hyperlipidemia 91 (33.1) 66 (35.9) 25 (27.5) 0.16

 Hypertension 185 (67.3) 127 (69.0) 58 (63.7) 0.41

 Lung disease 42 (15.3) 30 (16.3) 12 (13.2) 0.50

 Malignancy 27 (9.8) 17 (9.2) 10 (11.0) 0.65

 Renal disease     
  Acute kidney injury 13 (4.7) 6 (3.3) 7 (7.7) 0.13
  Chronic kidney disease 31 (11.3) 23 (12.5) 8 (8.8) 0.36
 End-stage renal disease 22 (2.0) 15 (8.2) 7 (7.7) 0.89
 Stroke 27 (9.8) 21 (11.4) 6 (6.6) 0.21
 Transplantation (solid organ) 7 (2.5) 5 (2.7) 2 (2.2) 1.0
 Chronic steroid use 13 (4.7) 10 (5.4) 3 (3.3) 0.55
 Immunosuppressant use 9 (3.3) 8 (4.3) 1 (1.1) 0.28

Charlson Comorbidity Index score at admission 4 (2–6) 4 (2–7) 3 (2–5) 0.02

All data provided as n (%) or median (interquartile range).
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TABLE 2. 
Hospitalization Details and Outcomes

Outcomes Total (n = 275) Controls (n = 184) Cases (n = 91) p

Duration of COVID symptoms prior to admission (d) 6 (3–7) 5 (3–7) 7 (3–7) 0.74

Acute steroid usea,b 196 (71.3) 128 (69.6) 68 (74.7) NA
 Dexamethasone 121 (61.7) 81 (63.3) 40 (58.8)  
 Hydrocortisone 36 (18.4) 18 (14.1) 18 (26.5)  
 Methylprednisolone 73 (37.2) 48 (37.5) 25 (36.8)  
 Prednisone 18 (9.2) 17 (13.3) 1 (1.5)  
Total duration of acute steroids (d) 10 (5–13) 9 (5–12.2) 10 (7–14) 0.06
Biologic useb 74 (26.9) 74 (26.9) 40 (44.0) < 0.01
 Infliximab 1 (1.4) 0 (0.0) 1 (2.5)  
 Sarilumab 4 (5.4) 4 (11.8) 0 (0.0)  
 Siltuximab 1 (1.4) 0 (0.0) 1 (2.5)  
 Tocilizumab 66 (89.2) 30 (88.2) 36 (90.0)  
Antimicrobial useb 256 (93.1) 165 (89.7) 91 (100.0) < 0.01
Number of antimicrobials used    < 0.01
 Zero 19 (6.9) 19 (10.3) 0 (0.0)  
 One 31 (11.3) 30 (16.3) 1 (1.1)  
 Two 43 (15.6) 36 (19.6) 7 (7.7)  
 Three 43 (15.6) 35 (19.0) 8 (8.8)  
 Four 53 (19.3) 31 (16.9) 22 (24.2)  
 Five 26 (9.5) 14 (7.6) 12 (13.2)  
 Six or more 60 (21.8) 19 (10.3) 41 (45.0)  
Total duration of antimicrobials (d) 12.5 (6–23) 8 (5–15) 20 (14–39) < 0.01
Total parenteral nutrition given 23 (8.4) 14 (7.6) 9 (9.9) 0.52
Total duration of total parenteral nutrition (d) 11 (6–14.5) 10.5 (6–11) 14 (11–32) 0.048
Central line presentb 174 (63.3) 88 (47.8) 86 (94.5) < 0.01
Total duration of central line (d) 14 (8–25) 11 (8–22) 18 (10–28) 0.01
Supplemental oxygen used during COVID admission
 Nasal cannula 185 (67.3) 128 (69.6) 57 (62.6) 0.25
 Nonbreather 133 (48.4) 78 (42.4) 55 (60.4) 0.01
 High-flow nasal cannula 106 (38.5) 60 (32.6) 46 (50.5) < 0.01
 Bilevel positive airway pressure 64 (23.3) 38 (20.7) 26 (28.6) 0.14
 Mechanical ventilation 134 (48.7) 71 (38.6) 63 (69.2) < 0.01
Respiratory rate oxygenation index at admission 9.1 (4.7–16.8) 10.3 (5.4–17.8) 6.2 (3.9–15) 0.01
Tracheostomy during admission 71 (25.8) 37 (20.1) 34 (37.4) < 0.01
ICU admission 187 (68.0) 107 (58.2) 80 (87.9) < 0.01
Sequential Organ Failure Assessment score at time of ICU 

admissionc

8 (4–10) 8 (4–10) 7.5 (4–10) 0.79

Continuous paralytic usea 65 (23.6) 25 (13.6) 40 (44.0) NA
 Cisatracurium 56 (86.2) 22 (88.0) 34 (85.0)  
 Rocuronium 9 (13.8) 3 (12.0) 6 (15.0)  
 Vecuronium 5 (7.7) 4 (16.0) 1 (2.5)  
Length of ICU stay (d) 14 (7–26) 10 (6–18) 21 (12–39) < 0.01
Length of hospital stay (d) 20 (10–35) 15 (8–26) 30 (21.5–57) < 0.01
In-hospital mortality 136 (49.5) 74 (40.2) 62 (68.1) < 0.01

NA = not applicable.
aPatients may have received more than one medication listed per category.
bResults for case group reflect assessment of outcome prior to diagnosis of candidemia.
cSequential Organ Failure Assessment score calculated for patients requiring ICU admission only.
All data provided as n (%) or median (IQR) unless otherwise noted.
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support. Candida albicans was the most frequently iso-
lated pathogen, followed by C. glabrata and C. tropi-
calis. Notably, three patients had candidemia due to 

C. auris. Antifungal treatment was initiated a median 
of 3 hours (IQR, 0.8–13.5 hr) from the time of diag-
nosis of candidemia. More than half of the patients 
with candidemia received antifungal therapy within 6 
hours of blood culture positivity. The time from can-
didemia diagnosis to initiation of antifungal therapy 
was not associated with mortality in the case patients 
(Table 4). Microbiological clearance of Candida spe-
cies was achieved in a median of 2 days (IQR, 0–4 d). 
Echinocandins and fluconazole were the most pre-
scribed antifungal agents. Five patients did not receive 
antifungal therapy and died following hospitalization 
for a length of stay ranging from 7 to 29 days.

Logistic regression models were fit to identify the 
combination of significant risk factors associated with 
candidemia. In the final model including 262 study 
patients, use of central lines (odds ratio [OR], 31.22; 
95% CI, 6.58–191.42; p < 0.001), biologic therapy 
(OR, 4.15; 95% CI, 1.74–10.38; p = 0.002), and para-
lytic therapy (OR, 4.48; 95% CI, 1.55–14.29; p = 0.008) 
were significantly associated with increased risk of 
candidemia. Five of the eight hospital sites were also 
identified as predictors for candidemia, which may 
reflect inherent differences in patient population, 
management, and other site factors. While not statis-
tically significant, the presence of acute kidney injury 
(AKI) and intubation demonstrated trends toward an 
increased risk of candidemia. Unexpectedly, ICU ad-
mission (OR, 0.14; 95% CI, 0.02–0.74; p = 0.026) was 
associated with a decreased risk of candidemia, which 
can be possibly explained by survivorship bias since 
critically ill COVID-19 patients may have died before 
candidemia episodes could develop and/or optimal in-
fection prevention measures in the ICU wards.

DISCUSSION

This case-control study demonstrated that hospital-
ized COVID-19 patients that developed candidemia as 
a complication of SARS-CoV-2 infection experienced 
worse outcomes, specifically length of stay and sur-
vival, as compared with COVID-19 patients without 
candidemia, with risk factors for candidemia gener-
ally consistent with prior literature in non-COVID-19 
patients. To our knowledge, this is the largest multi-
center case-control study to date that identifies risk 
factors for the development of candidemia and dem-
onstrates substantially higher in-hospital mortality 

TABLE 3. 
Candidemia Details for Case Patients

Candidemia Characteristics Cases (n = 91)

Time from COVID diagnosis to  
candidemia diagnosis (d)

18 (11–26)

Days from candidemia positive to  
candidemia negative

3.7 (9.7)

Isolated Candida speciesa  

 Candida albicans 48 (52.7)

 C. glabrata 17 (18.7)

 C. tropicalis 14 (15.4)

 C. parapsilosis 10 (11.0)

 C. krusei 2 (2.2)

 C. auris 3 (3.3)

 Otherb 7 (7.7)

Suspected source of candidemia  

 Central line 57 (62.6)

 Intra-abdominal 6 (6.6)

 Respiratory 3 (3.3)

 Urinary 1 (1.1)

 Unknown 20 (22.0)

 More than one potential source 13 (4.4)

Renal replacement therapy within 72 hr of 
candidemia diagnosis

43 (47.3)

 Continuous renal replacement therapy 16 (17.6)

 Hemodialysis 27 (29.7)

Antifungal therapy usedc  
 Amphotericin 4 (4.4)
 Echinocandin 80 (87.9)
 Fluconazole 34 (37.4)
 Voriconazole 3 (3.3)
Time from candidemia diagnosis to  

antifungal therapy initiation (hr)
3 (0.8–13.5)

Time from candidemia diagnosis to  
microbiological clearance (d)

2 (0–4)

Total duration of antifungal therapy (d) 11 (3–15)

aPatients may have had more than one Candida species isolated 
from blood cultures.
bOther Candida species isolated include C. lusitaniae (4), C. 
dubliniensis (1), C. guilliermondii (1), and C. nivariensis (1).
cPatients may have received more than one antifungal agent listed.
All data provided as n (%) or median (interquartile range) unless 
otherwise noted.
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among those with COVID-19 and secondary candi-
demia compared with those without candidemia.

COVID-19 may increase the risk for candidemia 
because of its effect on the immune system and the 
immunosuppressive therapy (steroids and biologics) 
that patients may receive during treatment, which can 
weaken the immune system against Candida (1, 2). 
Known risk factors for candidemia in the general in-
patient population include an extended length of stay, 
broad-spectrum antibiotic use, neutropenia, TPN, 
mechanical ventilation, hemodialysis, and central ve-
nous catheter use (9, 15). Identification of risk factors 
for candidemia is imperative, as laboratory diagnostic 
methodologies such as the beta-D-glucan assay are as-
sociated with high false-positive rates, and polymerase 
chain reaction assays have limited availability in clin-
ical practice (15, 16). Positive culture or histologic ev-
idence remains the standard for definitive diagnosis of 
fungal infections (15, 16).

Candidemia is a reported complication of COVID-
19 critical illness (17) and is associated with increased 
morbidity and mortality (18). COVID-19 can cause 
acute respiratory distress syndrome, which typically 
requires weeks of mechanical ventilation and often 
requires the initiation of high-dose steroid therapy. 
These factors potentially increase the risk of candi-
demia (19–21). However, our study did not demon-
strate mechanical ventilation or corticosteroids as risk 
factors for candidemia among patients with COVID-19. 
Additionally, it is reported that candidemia is seen 

earlier (within 2 wk) during hospital stay among 
COVID-19 patients compared with patients without 
COVID-19 (21, 22). We observed a median of 18 days 
(IQR, 11–26 d) for the development of candidemia. 
The reasons for this finding are uncertain other than 
the additive impact of risk factors (higher and earlier 
use of steroids in other reports [21, 22] and disease 
severity).

In previous studies, in-hospital mortality in patients 
with candidemia ranged from 25% to 40% (22, 23), 
whereas our study found a higher mortality rate of 
68% in patients with candidemia and COVID-19, 
which was also significantly higher than the mor-
tality rate of COVID-19 patients without candidemia  
(p < 0.01). Patients with candidemia were more likely 
to be admitted to the ICU or require oxygen at ad-
mission. Independent risk factors for candidemia 
identified in our study were the use of central lines, 
tocilizumab, and paralytic therapy, while AKI and in-
tubation trended toward significance. Interestingly, 
our study demonstrated that use of paralytic therapy 
was associated with candidemia, which had not been 
previously described. The explanation for this is un-
clear other than many of these patients concomitantly 
had central lines for continuous paralytic infusions 
to aid in ventilator synchrony. Despite similar SOFA 
scores at ICU admission between cases and controls, 
more than half of the candidemia patients were on 
renal replacement therapy, and almost half received 
continuous paralytic infusions. These variables may 

TABLE 4. 
Time to Antifungal Therapy in Cases (Cases: COVID + Fungemia), Blood Culture &  
Candidemia Information

Study Measures
Total Sample  

(n = 91)
Final Disposition: 

Discharged (n = 29)
Final Disposition:  
Deceased (n = 62) p

Hours from candidemia diagnosis to fungal therapy    0.74

 Range –144 to 428.5 0–71 –144 to 428.5  

 Median (Q1–Q3) 3 (0.8–13.5) 2 (2–7) 4 (0–22)  

Hours from candidemia diagnosis to fungal 
therapy—categorized, n (%)

   0.40

 Pre-diagnosis administration (< 0 hr) 4 (4.4) 0 (0.0) 4 (6.5)  

 Shortly after diagnosis (0–6 hr) 47 (51.6) 17 (58.6) 30 (48.4)  

 Longer after diagnosis (6+ hr) 40 (44.0) 12 (41.4) 28 (45.2)  

Total duration of fungal therapy (d)    < 0.01

 Range 0–34 3–34 0–16  
 Median (Q1–Q3) 11 (3–15) 16 (14–20) 4 (2–13.5)  
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serve as surrogates for organ failure, highlighting the 
impact severity of illness may have on the development 
of candidemia.

Like previous studies, our study observed an increased 
use of broad-spectrum antibiotics and longer duration in 
patients that developed candidemia. (19, 20) The median 
duration of antibiotics was 8 days for controls and 20 
days for cases with documented candidemia (p < 0.01). 
Since secondary bacterial co-infections was a feared 
complication during the surge of COVID-19 cases, cli-
nicians may have felt compelled to treat with antibiotics 
despite a clear indication. The evidence on true bacterial 
co-infection is conflictive and estimates range from 3.6% 
to 37% (24–26). This should drive clinicians to question 
whether prolonged utilization of broad-spectrum anti-
biotics in this population negatively influences mortality 
by increasing the risk of candidemia.

C. albicans was the most frequently isolated path-
ogen. In our study, we also reported three episodes 
of C. auris bloodstream infection, two of whom were 
deceased by the time of this review and one was dis-
charged home alive. In July 2020, the initial three cases 
of C. auris-COVID-19 co-infection were described 
in Florida, United States (27). Since then, multiple 
reports from many countries have been documented, 
including India where 10 patients with C. auris can-
didemia had a mortality of 60% (28). Another report 
from Mexico, in which C. auris was isolated from blood 
in six patients, identified a mortality rate of 83.3% (29).

While some observations reported that tocilizumab 
did not influence acquisition of nosocomial infections 
(30–32), we observed the use of tocilizumab as a strong 
predictor for candidemia as it was present in 44% of case 
patients (p < 0.01). One hypothesis for this finding is that 
the interleukin-6 blockade could deter the immune system 
capacity to overcome candidemia. This has also been re-
ported recently by other investigators where the use of 
tocilizumab and duration of ICU stay were independent 
predictors for the development of candidemia (26).

Furthermore, contrary to other analyses, we did not 
find steroids to be a significant risk factor on logistic 
regression (20, 21). However, since over two-thirds of 
all cases in our patient cohort received steroids, the 
impact of this single factor would be difficult to dis-
cern. Additionally, the variability of steroid(s) pre-
scribed and the lack of data collection on steroid doses 
and durations limited the ability to further assess the 
relationship between steroid exposure and risk of 

candidemia. While TPN has been previously identified 
as a risk factor for candidemia, there were not enough 
study patients receiving TPN to evaluate this factor as 
a predictor of candidemia in COVID-19 patients.

While early recognition and treatment of candidemia 
has been associated with better overall outcomes (8), 
with continued challenges in timely identification of can-
didemia, it remains uncertain whether earlier antifungal 
treatment impacts mortality. In our study, the median 
time from identification of candidemia to antifungal 
therapy was 3 hours (IQR, 0.8–13.5 hr). The median 
time differed between the discharged group (2 hr [IQR, 
2–7 hr] vs 4 hr [IQR, 0–22 hr]; p = 0.74) and deceased 
group, respectively. Notably, patients that received anti-
fungal therapy within 6 hours of candidemia diagnosis 
17 (59%) were discharged compared with 30 (48%) in 
the deceased group, although not statistically significant; 
these findings signal the importance of early antifungal 
therapy.

While this multicenter study evaluates the largest 
cohort of patients with COVID-19 and secondary can-
didemia to date, there are several limitations for con-
sideration. Retrospective design, recall bias, missing 
information, and lack of follow-up may have affected 
the robustness of collected data. In addition, absence 
of standardized management of COVID-19 during the 
study period led to varied treatment approaches be-
tween institutions, potentially impacting patient out-
comes. Furthermore, we did not collect data on deep 
sedation regimens or utilization or lack of ICU liber-
ation bundle, which has been shown to impact out-
comes. Last, we do not report Candida susceptibilities 
and the extent of candidemia complications including 
endophthalmitis and endocarditis, which might have 
affected outcomes, although these entities are rare.

Timely diagnosis of candidemia remains a challenge 
with current standard microbiology techniques. In 
addition to others, our study reports a trend for cer-
tain risk factors for candidemia that are more prevalent 
in critically ill patients. Future research should inves-
tigate new modifiable and nonmodifiable risk factors, 
improved IC surveillance, as well as serology, culture, 
and rapid diagnostic results to identify appropriate 
patients who may benefit from empiric antifungal 
therapy while not unnecessarily increasing the number 
of patients who receive this therapy. Implications of our 
study results are unclear due to the evolving nature of 
COVID-19 management and emerging variant strains.
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CONCLUSIONS

Our study demonstrated that COVID-19 can be com-
plicated by candidemia co-infection, leading to higher 
morbidity and mortality. COVID-19 patients with 
candidemia required ICU admission and received 
tocilizumab, antibiotics, paralytic infusions, renal re-
placement therapy, and central lines more frequently 
prior to developing candidemia than patients without 
candidemia. Clinicians should consider implementing 
protocols for surveillance and prevention of complica-
tions associated with infection.
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