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Abstract: Intensive care unit (ICU)-acquired candidemia is a potentially fatal complication. However, there are re-
gional variations in the epidemiology of ICU-acquired candidemia. This study aimed to examine the epidemiology of 
Candida species infections and risk factors for related mortality among patients who were treated in the ICU at our 
center. This retrospective, single-center and observational study included consecutive patients with ICU-acquired 
candidemia between January 2010 and June 2015 at the First Hospital of China Medical University (Shenyang, 
Liaoning, China). Data were obtained regarding patients’ clinical characteristics and the Candida species that were 
isolated from the patients’ blood samples. Analyses were also performed to identify risk factors for mortality that 
were related to ICU-acquired candidemia. Seventy-two patients with ICU-acquired candidemia were included. The 
most common Candida species was C. parapsilosis (35/72, 48.6%). The overall rate of fluconazole resistance 
among all isolates was 11.1%. Independent risk factors for 30-day mortality among patients with ICU-acquired can-
didemia were previous corticosteroid use, abdominal surgery, septic shock, and the presence of C. glabrata. Our 
findings indicate that C. glabrata and previous corticosteroid use were potential risk factors for mortality related to 
ICU-acquired candidemia. However, our findings require validation in a larger and more comprehensive study. 
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Introduction

Candida species are the fourth leading cau- 
se of bloodstream infections (BSIs) among  
hospitalized patients, as well as the most com-
mon cause of invasive fungal infections in the 
intensive care unit (ICU) [1]. In the US, Candi- 
da species account for 12% of all hospital-
acquired BSIs, with estimated mortality rates 
of 15-25% among adults and 10-15% among 
neonates [2, 3]. In addition, the mortality rate 
of candidemia can be even higher in develop- 
ing countries. For example, Chakrabarti et al. 
reported a crude 30-day mortality rate of 44.7% 
among Indian patients with candidemia [4]. In 
addition, Ma et al. reported a 30-day mortal- 
ity rate of 26% in China [5]. Moreover, Candi- 
da infections can prolong the duration of ho- 
spitalization [6] and increase the cost of me- 
dical care [7], which increases the financial  
burden of these infections. During recent 
decades, efforts have been made to alleviate 

the effects of ICU-acquired candidemia, alth- 
ough the variable epidemiology of candide- 
mia in different countries makes it difficult for 
scientists and clinicians to develop a consist- 
ent and effective therapy for patients from dif-
ferent regions. Therefore, a better understand-
ing of the microbial composition and risk fac-
tors for ICU-acquired candidemia in different 
countries is needed to effectively manage can-
didemia in different regions. Efforts to impro- 
ve this understanding have helped improve  
the treatment of candidemia in developed 
countries [8]. Nevertheless, those efforts have 
been insufficient in China, and only a few stud-
ies during the last decade have explored the 
epidemiology of candidemia among the 189 
million hospitalizations each year [9]. The pres-
ent retrospective, single-center study aimed  
to evaluate the incidence, outcomes, and risk 
factors for candidemia-related mortality, as 
well as the Candida species and their resis-
tance patterns. 
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Material and methods

Patient selection and data collection

This retrospective study evaluated data that 
were collected during a 5.5-year period (Janu- 
ary 1, 2010 to June 30, 2015) in the 30-bed 
ICU of the First Hospital of China Medical 
University (Shenyang, Liaoning). A search of the 
microbiological laboratory database identified 
78 patients with at least one blood culture that 
was positive for Candida species and a com-
patible clinical diagnosis. The medical records 
were searched by senior clinicians who were 
blinded to the study’s purpose and design, and 
data were collected regarding the patients’  
clinicopathological characteristics (e.g., age, 
sex, comorbidities, and other risk factors for 
Candida infection). When multiple isolates were 
identified for a single patient, only the first iso-
late was considered in the analysis of risk fac-
tors for candidemia-related mortality. Patients 
with candidemia had been followed prospec-
tively for 30 days after the diagnosis or until 
their hospital discharge, and outcomes were 
only considered for patients with ≥ 30 days of 
follow-up after the initial candidemia episode. 
The study’s design was approved by the eth- 
ics committee of the First Hospital of China 
Medical University, and all methods compli- 
ed with the provisions of the Declaration of 
Helsinki.

Candida species identification

Candida species were isolated from blood sam-
ples and identified using the Vitek2 system 
(bioMérieux) according to the manufacturer’s 
instructions. Antifungal susceptibility testing 
was performed for each isolate using flucon-
azole, itraconazole, and amphotericin B. These 
tests were performed using the Sensitre Yeast 
One colorimetric plate (Trek Diagnostic System), 
according to the manufacturer’s instructions.

Statistical analysis

Continuous data were reported as median and 
interquartile range. Categorical data were re- 
ported as number and percentage. The Wil- 
coxon signed rank test was used to analyze 
non-normally distributed variables. The Chi-
square test and Fisher’s exact test were used 
to analyze differences in categorical variables 
according to 30-day mortality. Covariates that 

were significant at a P-value of 0.1 in the uni-
variate analyses, as well as factors that were 
related to 30-day mortality based on clinical 
experience, were included in multivariable re- 
gression models using a forward algorithm. 
Moreover, risk factors for 30-day mortality am- 
ong patients with candidemia were validated in 
multivariable regression models using a back-
ward algorithm (stepwise probability for entry: 
0.05, probability for removal: 0.1). All tests 
were two-tailed and P-values of < 0.05 were 
considered statistically significant. All statisti-
cal analyses were performed using IBM SPSS 
software (version 21.0; IBM Corp., Armonk, NY, 
USA).

Results

Patient characteristics

The present study examined the records for 78 
patients with candidemia, and the overall inci-
dence of candidemia was 16.5 patients/1,000 
ICU admissions. Six patients were excluded 
because they had been lost to follow-up, and 
72 patients were included in this study. Table 1 
shows that 23 of the 72 patients died within 30 
days (15 men and 8 women). Forty-nine 
patients underwent abdominal surgery within 
30 days before the onset of candidemia. Sixty-
three patients had a central venous catheter 
(CVC), which contributes to microbial infections 
in the ICU [10-12]. However, only 16 patients 
were judged to be infected by Candida species 
because of the CVC, based on the global crite-
ria [13].

Previous use of broad-spectrum antibiotics and 
quinolones was recorded for 71 patients and 
20 patients, respectively (Table 1). The most 
common comorbidities were solid tumors and 
diabetes mellitus. The median Acute Physiolo- 
gy and Chronic Health Evaluation index (APA- 
CHE) II score for all patients was 13.6, and 
patients who died had a higher score than sur-
vivors (Table 1). The Sequential Organ Failure 
Assessment (SOFA) score was also higher for 
patients who died. Thirty-six patients devel-
oped septic shock after their admission. App- 
roximately 47% of patients had a lymphocyte 
count of < 800/mm3 at the onset of their 
Candida BSI. A decreased lymphocyte count 
can reflect low immunity [14], although this fac-
tor did not influence the risk of mortality in the 
present study. 
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Table 1. Patient characteristics and univariate risk factors for 30-day mortality among 72 patients with candidemia

Factors
Patient status Logistic regression analysis Non-parametric analysis

Total, n (%) Survived, n (%) Died, n (%) OR (95% CI) P-value OR (95% CI) P-value
Age (median, IQR) 62.5 (49.8, 77.0) 60.8 (48.5, 77.0) 66.0 (54.0, 78.0) 0.00 (0.00-0.01) 0.25 N/A 0.19
Male sex 45 (62.5) 30 (61.2) 15 (65.2) 1.19 (0.42-3.34) 0.74 1.19 (0.42-3.34) 0.74
Comorbidities
    Diabetes mellitus 19 (26.4) 17 (34.7) 2 (8.7) 0.18 (0.04-0.86) 0.03 0.18 (0.04-0.86) 0.02
    Solid tumor 29 (40.3) 18 (36.7) 11 (47.8) 1.58 (0.58-4.32) 0.37 1.58 (0.58-4.31) 0.37
Risk factors for Candida infection
    Use of corticosteroidsb 15 (20.8) 7 (14.3) 8 (34.8) 3.20 (0.99-10.3) 0.05 3.20 (0.99-10.3) 0.05
    Abdominal surgery within 30 days 49 (68.1) 29 (59.2) 20 (87.0) 4.60 (1.20-17.6) 0.03 4.60 (1.20-17.6) 0.02
    Total parenteral nutritionc 59 (81.9) 59 (81.9) 20 (87.0) 1.71 (0.42-6.92) 0.45 1.71 (0.42-6.92) 0.45
    Presence of CVCc 63 (87.5) 42 (85.7) 21 (91.3) 1.75 (0.33-9.17) 0.51 1.75 (0.33-9.17) 0.50
    Urinary catheterc 60 (83.3) 40 (81.6) 20 (87.0) 1.50 (0.37-6.16) 0.57 1.50 (0.37-6.16) 0.57
    Mechanical ventilationc 55 (76.4) 36 (73.5) 19 (82.6) 1.72 (0.49-5.99) 0.40 1.72 (0.49-5.99) 0.40
    Renal replacement therapyb 21 (29.2) 10 (20.4) 11 (47.8) 3.58 (1.22-10.5) 0.02 3.58 (1.22-10.5) 0.017
    Prior use of broad-spectrum antibioticsb 71 (98.6) 48 (98.0) 23 (100.0) N/A N/A N/A N/A
    Prior use of quinolonesb 20 (27.8) 16 (32.7) 4 (17.4) 0.43 (0.13-1.49) 0.19 0.43 (0.13-1.49) 0.18
    Lymphopenia at onset of Candida BSI (< 800/mm3) 34 (47.2) 24 (49.0) 10 (43.5) 0.80 (0.30-2.17) 0.66 0.80 (0.30-2.17) 0.66
Illness severity
    APACHE II score (median, IQR)a 13.6 (9.00, 16.0) 12.6 (8.00, 16.0) 15.8 (13.0,16.0) 0.02 (0.00-0.03) 0.04 N/A 0.05
    SOFA score (median, IQR)a 5.42 (3.00, 7.00) 5.42 (3.00, 7.00) 6.83 (4.00, 7.00) 0.03 (0.005-0.064) 0.024 N/A 0.11
    Septic shockb 36 (50.0) 18 (36.7) 18 (78.3) 6.20 (1.97-19.6) 0.00 6.20 (1.97-19.6) < 0.01
Candida species 0.16
    C. parapsilosis 35 (48.6) 27 (55.1) 8 (34.8) Reference N/A N/A N/A
    C. guilliermondii 18 (25.0) 12 (24.5) 6 (26.1) 1.69 (0.48-5.94) 0.42 N/A N/A
    C. albicans 11 (15.3) 6 (12.2) 5 (21.7) 2.81 (0.68-11.7) 0.16 N/A N/A
    C. glabrata 6 (8.3) 2 (4.1) 4 (17.4) 6.75 (1.04-43.9) 0.05 N/A N/A
    C. krusie 2 (2.8) 2 (4.1) 0 (0.0) N/A N/A N/A N/A
Treatment 0.25
    None 11 (15.3) 7 (14.3) 4 (17.4) Reference N/A N/A N/A
    Prophylaxis 20 (27.8) 11 (22.4) 9 (39.1) 1.43 (0.32-6.49) 0.64 N/A N/A
    Empirical 34 (47.2) 27 (55.1) 7 (30.4) 0.45 (0.10-2.00) 0.30 N/A N/A
    Definitive 7 (9.70) 4 (8.20) 3 (13.0) 1.31 (0.19-9.10) 0.783 N/A N/A
Initial antifungal agents 0.931
    None 11 (15.3) 7 (14.3) 4 (17.4) Reference N/A N/A N/A
    Fluconazole 22 (30.6) 16 (32.7) 6 (26.1) 0.66 (0.14-3.08) 0.59 N/A N/A
    Voriconazole 7 (9.70) 5 (10.20) 2 (8.70) 0.70 (0.09-5.43) 0.73 N/A N/A
    Echinocandin 32 (44.4) 21 (42.9) 11 (47.8) 0.92 (0.22-3.83) 0.91 N/A N/A
aThe APACHE II and SOFA scores were recorded at the ICU admission. bThe presence of corticosteroid use, renal replacement therapy, prior use of broad-spectrum antibiotics, prior use of quinolones, and/or 
septic shock was recorded from the admission to the onset of candidemia. cThe presence of total parenteral nutrition, a CVC, a urinary catheter, and/or mechanical ventilation was recorded at the onset of 
candidemia. OR: odds ratio, CI: confidence interval, IQR: interquartile range, CVC: central venous catheter, BSI: bloodstream infection. 
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Some patients received systemic treatment 
using fluconazole (22 patients), voriconazole (7 
patients), or echinocandin (32 patients) (Table 
1). Eleven patients did not receive antifung- 
al therapy, and 3 patients died before their 
blood culture results became available. The 
remaining 8 patients underwent replacement 
of their CVC. Among the patients who received 
treatment, 20 received prophylactic treatment 
at a median time of 5 days before a positive 
blood culture result was available. Thirty-four 
patients received empirical treatment and 7 
patients received definitive treatment. The 
median time to treatment after a positive blood 
culture result was available was 2 days (empiri-
cal therapy) and 7 days (definitive therapy) 
(Table 1). 

Epidemiology and antifungal resistance of 
Candida species

We identified 11 C. albicans isolates and 61 
isolates involving other Candida species. The 
most common Candida species was C. parapsi-
losis (35 isolates), followed by C. guilliermondii 
(18 isolates), C. albicans (11 isolates), C. gla-
brata (6 isolates), C. tropicalis (1 isolate), and 
C. krusei (1 isolate). The crude 30-day mortality 
rates were 22.9% for C. parapsilosis, 33.3% for 
C. guilliermondii, 45.5% for C. albicans, and 
66.6% for C. glabrata, respectively. 

The antifungal resistance rates were low (Table 
2), with 11.1% of strains being resistant to flu-
conazole and 6.9% of strains being resistant to 
itraconazole. Resistance to fluconazole was 
observed in 33.3% of the C. glabrata isolates, 
11.1% of the C. guilliermondii isolates, 9.1% of 
the C. parapsilosis isolates, and 8.6% of the C. 
albicans isolates. All Candida isolates were 
susceptible to amphotericin B. 

significantly associated with a high SOFA score 
(P = 0.024) and the presence of C. glabrata (P = 
0.05). Thus, we performed multiple logistical 
regression analysis with or without SOFA score, 
which revealed that SOFA score did not signifi-
cantly affect the regression results (data not 
shown). Therefore, the final multiple logistical 
regression analysis was performed using the 
forward algorithm without the SOFA score. The 
multivariable analysis revealed that the inde-
pendent risk factors for 30-day mortality were 
abdominal surgery (P < 0.001), septic shock (P 
< 0.001), the presence of C. albicans (P = 0.05), 
and the presence of C. glabrata (P = 0.04) 
(Table 3). 

Another multivariate logistical regression anal-
ysis using the backward algorithm was per-
formed with all factors included. After 15 cycl- 
es of stepwise calculations, the results reveal- 
ed that 30-day mortality was significantly as- 
sociated with corticosteroid use (P = 0.02) but 
not the presence of C. albicans (P = 0.09) 
(Table 3). Thus, based on both analyses, the 
independent risk factors for 30-day mortality 
among patients with candidemia were cortico-
steroid use, abdominal surgery, septic shock, 
and the presence of C. glabrata.

Discussion

The present study revealed that the incidence 
of ICU-acquired candidemia at our center was 
16.5 patients/1,000 ICU admissions, with a 
30-day crude mortality rate of 31.9% (23/72). 
This mortality rate is relatively low, compared to 
results from Western countries (33.9-76.4%) 
[4], although it is similar to the reported rates 
from other Chinese tertiary centers (26.4-
33.3%) [5], which suggests that population dif-
ferences are responsible. The epidemiology of 

Table 2. In vitro resistance of the 72 clinical isolates to antifun-
gal agents

Species
% of strains that were resistant (n)

Fluconazole Itraconazole Amphotericin B
C. parapsilosis (n = 35) 8.6 (3) 5.7 (2) 0 (0)
C. guiliermondii (n = 18) 11.1 (2) 11.1 (2) 0 (0)
C. albicans (n = 11) 9.1 (1) 0 (0) 0 (0)
C. glabrata (n = 6) 33.3 (2) 16.7 (1) 0 (0)
C. krusie (n = 2) 0 (0) 0 (0) 0 (0)
Total (n = 72) 11.1 (8) 6.9 (5) 0 (0)
Only the first isolate was considered in cases with multiple isolates.

Risk factors for 30-day mortality 

Non-parametric testing reveal- 
ed that 30-day mortality was sig-
nificantly associated with diabe-
tes mellitus (P = 0.02), corticoste-
roid use (P = 0.05), abdominal 
surgery (P = 0.02), renal replace-
ment therapy (P = 0.017), a high 
APACHE II score (P = 0.05), and 
septic shock (P < 0.001) (Table 
1). However, the univariate logis-
tic analyses revealed different 
findings, as 30-day mortality was 
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candidemia has exhibited a shift towards non-
C. albicans species in Europe [15], which is  
also reflected in our results (only 11 isolates 
from the 72 patients were C. albicans). The 
present study failed to detect a significant dif-
ference in the isolation of C. albicans and other 
Candida species when the patients were strati-
fied according to previous antifungal exposure 
(data not shown). Interestingly, a large propor-
tion of the non-C. albicans isolates were sensi-
tive to fluconazole (88.5%, 54/61), which sug-
gests that other factors influenced the high 
prevalence of other Candida species.

The most common isolate in the present study 
was C. parapsilosis, although previous reports 
have indicated that BSI isolates are typically C. 
albicans and C. tropicalis [16, 17]. Although 
rarely reported, C. parapsilosis has become an 
important cause of fungemia [18], and the 
prevalence of C. parapsilosis infection is clo- 
sely associated with CVC use [10]. The pre- 
sent study revealed that 49% of patients with  
a CVC (31/63) were infected with C. parapsilo-
sis, which supports that association. As th- 
ere has been controversy regarding CVC use in 
the ICU based on the risk of microbial infection 
[10, 11], our hospital implemented a standard 
protocol for CVC use in 2010, which limited the 

risks that were associated with CVC use. The 
utility of this protocol is apparent in the fact 
that CVC use was not significantly associated 
with the risk of Candida infection or candi-
demia-related mortality. Interestingly, 49% of 
the patients with a CVC had been infected C. 
parapsilosis, although we did not detect a clear 
association between these two factors. How- 
ever, the prevalence of C. parapsilosis was as- 
sociated with the previous use of quinolones 
(60%), total parenteral nutrition (54%), and 
abdominal surgery (53%), which suggests that 
further investigations are needed to under-
stand why C. parapsilosis was so commonly 
observed in this study. 

Previous studies in Western countries indicat-
ed that Candida species that are associated 
with ICU-acquired candidemia tend to be resis-
tant to fluconazole but sensitive to echinocan-
dins [19]. Thus, the guidelines for managing 
ICU-acquired candidemia suggest that echino-
candins be used as first-line therapy, given the 
high rate of resistance to fluconazole, althou- 
gh the specific treatment should be tailored to 
the local epidemiology of candidemia [19-21]. 
Interestingly, the present study revealed that 
the rate of fluconazole resistance was relatively 
low (11.1%), which may indicate that flucon-

Table 3. Multivariate logistic regression analyses of risk factors for 30-day mortality among 72 pa-
tients with Candida bloodstream infections

Factors
Algorithm (Forward) Algorithm (Backward)

OR (95% CI) P-value OR (95% CI) P-value
Diabetes mellitus 0.13 (0.01-1.58) 0.11 0.87 (0.01-1.13) 0.06
Use of corticosteroidsb 8.89 (0.77-105) 0.08 38.2 (1.73-847) 0.02
Abdominal surgery 23.4 (2.57-214) < 0.01 84.7 (3.1-2,321) 0.01
Presence of CVCc N/A N/A 1,376 (0.55-3.4 × 106) 0.07
Renal replacement therapy 1.48 (0.21-10.2) 0.69 N/A N/A
Prior use of quinolones N/A N/A 0.09 (0.01-1.56) 0.10
APACHE II scorea 1.12 (0.93-1.35) 0.23 1.182 (0.95-1.46) 0.13
Septic shock 12.4 (2.23-69.5) < 0.01 5.71 (0.99-33.0) 0.05
Candida species
    C. parapsilosis Reference N/A Reference N/A
    C. guilliermondii 2.62 (0.36-18.9) 0.34 2.58 (0.32-20.7) 0.37
    C. albicans 11.3 (0.96-131.9) 0.05 8.60 (0.72-103) 0.09
    C. glabrata 37.5 (1.19-1,176) 0.04 136 (2.25-8,231) 0.02
    C. krusie 0.00 1.00 0.00 1.00
aThe APACHE II scores were recorded at the ICU admission. bThe presence of corticosteroid use, renal replacement therapy, 
prior use of broad-spectrum antibiotics, prior use of quinolones, and/or septic shock was recorded from the ICU admission 
to the onset of candidemia. cThe presence of a CVC was recorded at the onset of candidemia. OR: odds ratio, CI: confidence 
interval, CVC: central venous catheter.
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azole remains effective for managing ICU-
acquired candidemia in some regions. This 
possibility is supported by the absence of a sig-
nificant difference in the mortality rates among 
patients in the present study who received flu-
conazole or echinocandins. 

We performed mutual authentication using uni-
variate and multivariate analyses, which re- 
vealed that 30-day mortality among patients 
with ICU-acquired candidemia was indepen-
dently associated with corticosteroid use, 
abdominal surgery, septic shock, and the pres-
ence of C. glabrata. Previous studies have also 
revealed a close association between candi-
demia and the development of septic shock 
[22], which might partially reflect the contri- 
bution of septic shock to candidemia-related 
mortality. Furthermore, C. glabrata is relatively 
more resistant to fluconazole that most non-C. 
albicans species [5]. Although our results indi-
cate that fluconazole may remain useful for 
managing ICU-acquired candidemia in our cen-
ter, it is important to note that C. glabrata only 
accounted for 8.3% of the cases. Moreover, 
candidemia caused by C. glabrata is associat-
ed with a high mortality rate [23], which indi-
cates that antifungal therapy must be carefully 
selected in centers with higher proportions of 
cases caused by C. glabrata. Previous studies 
have also indicated that candidemia is associ-
ated with corticosteroid use and abdominal 
surgery [24-26], which is supported by the rela-
tively poor outcomes for those cases in the 
present study. Moreover, Ma et al. have also 
reported that abdominal surgery is associated 
with poor outcomes in cases of candidemia [5]. 
Other studies have indicated that corticoste-
roid use is a risk factor for mortality in candi-
demia cases [27, 28], although those studies 
only identified cases with corticosteroid admin-
istration at 15 or 30 days before the develop-
ment of candidemia. In contrast, the present 
study examined corticosteroid administration 
at any time between the ICU admission and 
onset of candidemia. For example, 8 of the 15 
patients who received corticosteroid treatment 
(200 mg/day of hydrocortisone) also had septic 
shock, which is associated with an inadequate 
response to fluid and vasopressor resuscita-
tion [29]. Thus, there may be an association 
between corticosteroid administration and 
septic shock, although there was no significant 
difference in the incidence of septic shock 

between patients who did and did not recei- 
ve corticosteroid treatment (53.3% vs. 49.1%). 
Previous studies have indicated that exoge- 
nous corticosteroids can decrease human im- 
munity [30], which suggests that corticoste- 
roid treatment influences candidemia-related 
mortality, as candidemia is associated with 
weak immunity [31]. Therefore, additional stud-
ies are needed to determine whether cortico-
steroids affect the prognosis of ICU-acquired 
candidemia.

The present study provides additional data 
regarding the epidemiology of Candida infec-
tions, and identified several risk factors (corti-
costeroid use, abdominal surgery, septic sho- 
ck, and presence of C. glabrata) for 30-day 
mortality that was related to ICU-acquired can-
didemia in China. Non-C. albicans species were 
the most common isolates at our center, and 
these isolates had a low rate of resistance to 
fluconazole. Furthermore, no significant differ-
ence was detected in the mortality rates of 
patients who received fluconazole or echino-
candins. However, these findings are limited by 
the small sample size, and our results should 
be validated using larger and more comprehen-
sive studies.
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