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Abstract
Background: The epidemiology of candidemia is evolving with raising concern about 
the emergence of intrinsically resistant non- albicans Candida species and acquisition 
of antifungal resistance. In addition to microbiological surveys, epidemiological stud-
ies including clinical data are needed to assess the impact of candidemia on morbidity 
and mortality.
Objectives: To assess the clinical and microbiological trends of candidemia in a Swiss 
university hospital.
Patients/Methods.
This single- centre retrospective study compared the incidence of candidemia, Candida 
species distribution, antifungal resistance profiles, clinical characteristics and out-
comes between two periods separated by one decade.
Results: A total of 170 candidemic episodes were included (68 from period 1, 2004- 
2006, and 102 from period 2, 2014- 2017). Incidence of candidemia (0.85 to 0.97 
episode/10,000 patient- days), species distribution (55%– 57% C albicans) and anti-
fungal susceptibilities remained unchanged. During period 2, candidemia was more 
frequently observed in intensive care units (ICU, 38% vs 19% in period 1, P = .01) and 
amongst older patients (median age 68 vs 59 years old, P < .01) with more immuno-
suppressive conditions (24% vs 9%, P = .01). Candidemia in period 2 was more fre-
quently followed by septic shock (23% vs 7% in period 1, P = .01) and ICU admission 
(42% vs 12%, P < .01) and was associated with higher mortality (34% vs 18%, P = .03). 
Overall, factors associated with mortality in multivariate analyses included cirrhosis, 
solid malignancies and ICU stay at the time of candidemia.
Conclusions: Despite stable incidence, species distribution and antifungal resistance 
of candidemia, an epidemiological shift of the disease towards older and more criti-
cally ill patients was observed, with higher mortality rates.
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1  |  INTRODUC TION

Candidemia is one of the most frequent nosocomial bloodstream 
infections and is associated with important morbidity and mortal-
ity.1,2 The epidemiology of candidemia is changing over time with a 
global trend towards increasing incidence, but important geographic 
variations are reported.1,3- 6 Whilst the parameters influencing this 
epidemiological diversity are unclear, the case- mix of candidemia 
is also evolving with some studies reporting a decreased incidence 
amongst neonates and a shift towards elder populations.3,5 The dis-
tribution of Candida spp. is characterised by a decreasing propor-
tion of Candida albicans and an increase of non- albicans Candida spp, 
such as Candida glabrata, that are less susceptible to azole drugs.1,6 
Emergence of acquired echinocandin resistance, notably amongst C 
albicans and C glabrata, is also a concern.6,7 The widespread use of 
antifungal drugs, as well as the progressive shift from fluconazole to 
echinocandins for first- line therapy of candidemia according to the 
international guidelines,8- 10 may influence these trends of species 
distribution and antifungal susceptibility patterns. Whilst the major-
ity of candidemia surveys rely on laboratory databases, epidemiolog-
ical studies including both clinical and laboratory data are essential 
to assess the impact of candidemia on morbidity and mortality.

In this study, we compared the evolving clinical and microbio-
logical characteristics of candidemia in a Swiss university hospital 
between two periods separated by one decade.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and data collection

This was a retrospective single- centre study conducted at the 
Lausanne University Hospital, a 1500- bed tertiary care centre, in-
cluding 35 intensive care units (ICU) beds. The microbiology labora-
tory database was screened for all positive blood cultures for Candida 
spp. from adult patients (≥18 years old) over two periods that were 
10 years apart, period 1 (2004- 2006) and period 2 (2014- 2017). Data 
of period 1 were collected from a prospective national survey of the 
Fungal Infection Network of Switzerland (FUNGINOS).11,12 Data of 
period 2 included cases of a prospective FUNGINOS cohort13 and 
were completed by a screening of all positive blood cultures for 
Candida spp. not included in this existing cohort. Clinical data were 
extracted from these databases or directly from the electronic medi-
cal records, including demographic characteristics of patients, un-
derlying diseases, risk factors for invasive candidiasis, site of Candida 
infection, service of hospitalisation at the time of candidemia, sever-
ity of infection according to sepsis and septic shock definitions,14 
duration of hospital stay, antifungal treatment and clinical outcome. 

Microbiological data, such as Candida species identification and an-
tifungal susceptibility testing results (Sensititre YeastOneTM, Trek 
Diagnostics Systems, ThermoFisher Scientific, Cleveland, OH), were 
collected from the microbiology laboratory database. All data were 
reviewed by two investigators (JB and EG).

Data on the number of admissions and patient- days were ob-
tained from the institutional statistical registries. Data about 
fluconazole and echinocandins (caspofungin and anidulafungin) 
consumption were collected from the pharmacy database. The 
consumption data were converted to defined daily doses (DDD), 
indexed per 1000 patient- days (https://www.whocc.no/filea rchiv e/
publi catio ns/2021_guide lines_web.pdf).

2.2  |  Statistical analyses

Fisher's exact test and Mann- Whitney U test were used for compari-
sons of dichotomous and continuous variables, respectively. A two- 
sided P- value ≤.05 was considered as statistically significant. Factors 
associated with in- hospital mortality in the pooled population of both 
periods were assessed by univariate analyses. A multivariate logistic 
regression model with backward elimination (cut- off P- value of .1) 
was created having in- hospital mortality as the dependent variable. 
Baseline conditions with P- value≤.1 in the univariate analyses were 
used as independent variables. Results of this model were presented 
as odds ratios (OR), adjusted odds ratios (aOR) and their 95% confi-
dence intervals (CI). Analyses were performed using SPSS software 
ver. 23.0 (IBM, Armonk, NY, USA) and R Statistical Software (version 
4.0.3; R Foundation for Statistical Computing, Vienna, Austria).

2.3  |  Ethics statement

The study was approved by the institutional ethics review board 
(Swissethics Project 2019- 00367) for the retrospective use of clini-
cal data.

3  |  RESULTS

3.1  |  Analysis of global hospital trends

A comparison of the hospital case- mix between period 1 (2004- 
2006) and period 2 (2014- 2017) showed that the total number 
of admissions/year and patient- days/year increased (98 010 vs 
174 704 and 831 593 vs 1 369 859, in periods 1 and 2, respectively). 
However, the mean duration of hospital stay decreased (8.5 days vs 
7.8 days in periods 1 and 2, respectively).

K E Y W O R D S
antifungal resistance, blood cultures, Candida, elderly, incidence, intensive care unit, invasive 
candidiasis, septic shock
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The proportion of ICU admissions related to the entire hospital 
admissions decreased (5.1% vs 3.3% in periods 1 and 2, respectively), 
but the proportion of ICU patient- days was stable (3.2% for both 
periods), as a consequence of the extension of ICU stay (mean 5.4 
vs 7.6 days in periods 1 and 2, respectively). Similar trends were ob-
served at the oncology and haematology wards regarding the pro-
portion of patients admissions and patient- days (2.9% vs 2.2% and 
2.9% vs 2.6% for periods 1 and 2, respectively) and hospital stay 
duration (mean 8.6 vs 9.4 days in periods 1 and 2, respectively).

A slight increase of the mean age of the overall hospital population 
was observed (56.9-  vs 58.7- year- old for periods 1 and 2, respectively), 
as it was the case for the ICU (60.3-  vs 62.9- year- old, respectively).

3.2  |  Candidemia incidence

170 candidemic episodes in 168 patients were included in the study: 
68 episodes (68 patients) for period 1 (2004- 2006) and 102 episodes 
(100 patients) for period 2 (2014- 2017). Incidences of candidemia were 
0.85 (95% CI [0.65- 1.05]) and 0.97 (95% CI [0.80- 1.13]) per 10'000 
patients- days for periods 1 and 2, respectively (P =.38). Incidences cal-
culated per hospital admissions were also similar over the two periods: 
7.24 (95% CI 5.55- 8.92) and 7.61 (95% CI 6.31- 8.90) per 10,000 admis-
sions for periods 1 and 2, respectively (P =.73). Analyses limited to the 
ICU setting showed a trend towards increased incidence of candidemia 
(6.77 vs 10.68 per 10,000 patient- days for period 1 and 2, respectively, 
P =.11). Fluconazole and caspofungin were available at our institution 
during the entire duration of both periods. Anidulafungin was intro-
duced in 2012. The antifungal drug consumption showed a significant 
increase from period 1 to period 2 for both fluconazole (from 12.6 to 
22.3 DDD per 1000 patient- days, P <.01) and echinocandins (from 1.2 
to 4.8 DDD per 1000 patient- days, P <.01).

3.3  |  Patient demographics and characteristics

Demographic and baseline characteristics of candidemic patients 
from the two periods are compared in Table 1. The patients of period 
2 were older (median 68 years, range 52- 75, vs 59, 39- 71, for period 
1, P <.01) and were more frequently receiving immunosuppressive 
therapies (24% vs 9%, P =.01), in particular corticosteroid therapy. 
HIV infection was, however, less prevalent in period 2 compared to 
period 1 (4% vs 13%, P =.04), and there was also a trend towards a 
decreased proportion of intravenous drug abusers in period 2 (7% 
vs 16%, P =.08).

3.4  |  Clinical and microbiological 
characteristics of candidemia

The characteristics of the candidemic episodes are shown in Table 2. 
During period 2, a higher proportion of candidemia occurred 
in the ICU (38% vs 19% for period 1, P =.01) and septic shock at 

presentation was more frequent (23% vs 7%, P =.01). Bacterial co- 
infections were also more frequent in period 2 (78% vs 59%, P =.01).

There were no differences regarding Candida species distribu-
tion with C albicans being the predominant species in both periods 

TA B L E  1  Demographic and baseline characteristics of patients 
with candidemia

Period 1
2004– 2006)
n = 68

Period 2
(2014– 2017)
n = 100 P- value

Demographic characteristics

Female sex 31 (46) 40 (40) .52

Age, years 59 (39- 71) 68 (52- 75) <.01

Baseline conditions

Solid tumour 14 (21) 34 (34) .08

Hematologic cancer 8 (12) 7 (7) .41

Diabetes 6 (9) 18 (18) .12

Liver cirrhosis 9 (13) 9 (9) .44

Kidney failure (acute 
of chronic)

23 (34) 45 (45) .20

Renal replacement 
therapy

9 (13) 22 (22) .16

Pancreatitis 4 (6) 5 (5) 1.00

HIV infection 9 (13) 4 (4) .04

Solid- organ 
transplantation

2 (3) 5 (5) .70

Antifungal 
prophylaxis 
(within 4 weeks)

4 (6) 6 (6) 1.00

Risk factors for candidemia

Previous ICU stay 28 (41) 52 (52) .20

Previous antibiotic 
exposure (within 
4 weeks)

59 (87) 91 (91) .44

Previous surgery 
(within 2 weeks)

39 (57) 49 (49) .35

Central venous 
catheter

61 (90) 83 (83) .19

Total parenteral 
nutrition

21 (31) 30 (30) 1.00

Intravenous drug use 11 (16) 7 (7) .08

Neutropenia 
(neutrophil count 
<500 cells/µl)

7 (10) 10 (10) 1.00

Immunosuppressive 
therapy

6 (9) 24 (24) .01

Corticosteroids 5 (7) 22 (22) .01

Calcineurin inhibitors 2 (3) 2 (2) 1.00

Other 1 (1) 6 (6) .24

Note: Numbers are total number (percentage) for proportions or median 
(interquartile range) for continuous variables. Significant p- value (≤0.05) 
is in bold characters.
Abbreviations: HIV: human immunodeficiency virus;ICU: intensive care 
unit.
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(57% and 55% for period 1 and 2, respectively). Antifungal suscep-
tibility results are presented in Table 3. There were no significant 
differences in minimal inhibitory concentrations (MIC) values over 
time. According to the updated criteria of the Clinical and Laboratory 
Standards Institute (CLSI),15 the overall resistance rates for fluco-
nazole and echinocandin (at least one drug of the class) were 3% and 
2% for period 1 and 0% and 2% for period 2, respectively.

3.5  |  Clinical management and outcome

Data about management and outcome of candidemia are shown in 
Table 4. Significant differences regarding antifungal therapy were 
observed, with fluconazole being the most frequent first- line treat-
ment in period 1 (75% vs 24% in period 2, P <.01) and an echinocan-
din (caspofungin or anidulafungin) being the predominant first- line 
treatment in period 2 (56% vs 10% in period 1, P <.01). The delay 
from blood cultures sampling to antifungal therapy initiation was 

similar between the two periods (median of 2 days). Duration of anti-
fungal therapy was significantly reduced in period 2 (median 16 days 
vs 19 days in period 1, P =.02). Removal of intravascular catheter was 
less frequent in period 2 (67% vs 93% in period 1, P <.01).

Analysis of overall outcome during the hospital stay showed that 
more candidemic patients required subsequent ICU admission (ie for 
any reason from the time of candidemia diagnosis and until hospital 
discharge) in period 2 (41% vs 12% in period 1, P <.01). Candidemic 
patients of period 2 also presented a trend towards longer ICU stay 
(median 14 vs 7 days in period 1, P =.07) and exhibited a significantly 
higher mortality rate (34% vs 18%, P =.03).

3.6  |  In- hospital mortality risk factors

For the entire study population (periods 1 and 2), baseline con-
ditions associated with a significant increased mortality during 
hospitalisation are shown in Table 5. These variables were used 

Period 1
(2004- 2006)
n = 68

Period 2
(2014- 2017)
n = 102 p- value

Primary site of infection

Primary bloodstream or intravascular 
catheter infection

48 (71) 68 (67) .62

Abdominal 13 (19) 19 (19) 1.00

Other 7 (10) 15 (15) .49

Candida species

C albicans 39 (57) 56 (55) .87

C glabrata 14 (21) 30 (29) .21

C tropicalis 7 (10) 6 (6) .38

C parapsilosis 2 (3) 4 (4) 1.00

C krusei 1 (1) 3 (3) .65

Other Candida spp.a 3 (5) 2 (2) .40

More than one speciesb 2 (3) 1 (1) .56

Characteristics at presentation

Timing from hospital admission to 
candidemia, days

12 (5- 22) 15 (7- 32) .20

Timing from blood culture sampling to 
positivity, days

1 (1- 3) 1 (1- 3) .47

ICU stay at the time of candidemia 13 (19) 39 (38) .01

Sepsis at diagnosisc 48 (71) 80 (78) .28

Septic shock at diagnosisc 5 (7) 23 (23) .01

Bacterial co- infections during hospital 
stay

40 (59) 80 (78) .01

Notes: Numbers are total number (percentage) for proportions or median (interquartile range) for 
continuous variables. Significant p- value (≤0.05) are in bold characters.
Abbreviations: CVC: central venous catheter; ICU: intensive care unit.
aCandida pelliculosa (2), Candida kefyr (2), Candida norvegensis (1).
bC albicans and C glabrata.
cSepsis and septic shock were defined according to consensus of the American College of Chest 
Physicians/Society of Critical Care Medicine (ACCP / SCCM).14

TA B L E  2  Characteristics of the 
candidemic episodes
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for the multivariate logistic regression model. Period 2 was forced 
into the model as a baseline factor in order to assess whether the 
higher mortality rate of this period was related to the other fac-
tors. In the multivariate regression model, only the presence of 

cirrhosis (aOR 6.49, 95% CI 2.14- 19.67), solid tumour (4.94, 2.10- 
11.64) and diagnosis of candidemia in the ICU (3.29, 1.42- 7.67) 
were all factors associated with significantly increased mortal-
ity (P <.01). The presence of any of these three conditions was 

Period 1
(2004- 2006)
n = 68

Period 2
(2014- 2017)
n = 102 p- value

First line antifungal treatmenta

Fluconazole 51 (75) 25 (24) <.01

Echinocandin 7 (10) 57 (56) <.01

Other / unspecified 4 (6) 9 (9) .56

None 6 (9) 11 (11) .80

Characteristics of treatment/interventions

Delay from blood culture sampling to 
start antifungal therapy, days

2 (1- 3) 2 (2- 3) .89

Duration of antifungal therapy, days 19 (14- 36) 16 (14- 24) .02

Change of CVCb 57 (93) 56 (67) <.01

Surgical drainage 9 (13) 21 (21) .30

Infectious diseases consultation 59 (87) 74 (73) .11

Outcome

ICU admission after candidemiac 8 (12) 42 (41) <.01

Duration of ICU stay after candidemia, 
days

7 (5- 14) 14 (8- 42) .07

Duration of hospitalisation, days 39 (28- 72) 44 (19- 83) .92

Timing from candidemia to discharge, 
days

26 (16- 58) 35 (16- 57) .72

Death during hospitalisationd 12 (18) 33 (34) .03

Notes: Numbers are total number (percentage) for proportions or median (interquartile range) for 
continuous variables. Significant p- value (≤0.05) is in bold characters.
Abbreviations: CVC, central venous catheter; ICU, intensive care unit.
aFirst antifungal drug received for at least 48 hours after candidemia diagnosis.
bPercentages are reported for the number of patients having a central venous catheter.
cICU admission for any reason following the date of candidemia diagnosis and until hospital 
discharge.
dData available for 166/170 episodes, percentages calculated accordingly.

TA B L E  4  Management and outcome of 
the candidemic episodes

TA B L E  5  Independent risk factors associated with increased mortality (n = 166 patients)a

Univariate Multivariate

Factor Mortality OR (95% CI) p- value aOR (95% CI) p- value

Period 2 (2014- 2017) 33/98 (34) 2.35 (1.06 -  5.51) .03 2.02 (0.86 -  4.73) .11

Age >65 years 29/80 (36) 2.47 (1.16 -  5.43) .01 1.42 (0.60 -  3.34) .43

Kidney failureb 24/66 (36) 2.14 (1.01 -  4.57) .03 1.50 (0.63 -  3.55) .36

Liver cirrhosis 10/18 (56) 3.99 (1.31 -  12.65) <.01 6.49 (2.14 -  19.67) <.01

Solid tumour 20/44 (46) 3.21 (1.44 -  7.19) <.01 4.94 (2.10 -  11.64) <.01

Diagnosis at the ICU 21/52 (40) 2.52 (1.16 -  5.50) .01 3.29 (1.42 -  7.67) <.01

Note: Hosmer and Lemeshow test for the model: P =.78.
Abbreviations: aOR: adjusted odds ratio; CI, confidence interval; ICU, intensive care unit; OR: odds ratio.
aMortality data missing for 4 patients.
bAcute or chronic kidney failure.
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significantly more prevalent in period 2 compared to period 1 (69% 
vs 47%, respectively, P <.01).

Of note, there was no significant difference in overall mortal-
ity rate between patients who received an echinocandin vs another 
antifungal drug as first- line therapy (33% vs 24%, P =.21). The tim-
ing from blood culture sampling to initiation of antifungal therapy 
was somewhat longer amongst non- survivors vs survivors, but this 
difference was not statistically significant (mean 2.5 vs 2.1 days, re-
spectively, P =.21).

4  |  DISCUSSION

Candidemia remains a major nosocomial threat and monitoring of 
local epidemiological trends is important for improved patients care. 
This monocentric analysis comparing the incidence and characteris-
tics of candidemic episodes of two periods separated by a 10- year 
interval showed some important demographic and clinical changes 
of candidemia.

In contrast to reports from other European countries,1,5,16,17 
we did not observe an increased incidence of candidemia in our 
institution. The Candida species distribution, as well as antifungal 
resistance rates, remained stable despite a significant increase of 
antifungal drug consumption and a class shift for first- line antifun-
gal therapy of candidemia from fluconazole to echinocandins. It is 
noteworthy that the overall use of antifungals remained lower when 
compared to other European and US centres that reported changes 
in Candida species distribution and/or antifungal resistance pro-
files.18- 21 Despite non- significant changes, we could observe a slight 
trend towards increased proportion of C glabrata amongst the non- 
albicans Candida spp., which should be carefully monitored in the 
future.

Despite the stability of incidence and microbiological parame-
ters, our analysis of the demographic and clinical data revealed no-
table trends over time in the case- mix, clinical characteristics and 
outcome of candidemia. Our results suggest that candidemia is shift-
ing to more frail populations, such as the elderly and ICU patients. In 
contrast, it tended to be less frequently observed in younger popu-
lations with usually better prognosis, such as HIV patients and intra-
venous drug abusers. Similar observations with higher occurrence of 
candidemia amongst older and/or ICU patients with higher comor-
bidity scores have been reported.1,3,17,22 Ageing and more severe 
conditions in the ICU population may explain this epidemiological 
evolution.23 Indeed, we observed that the mean age of our entire 
hospital population and mean duration of ICU stay were higher in 
period 2 in comparison with period 1.

As a probable consequence of this epidemiological shift, we 
found a significantly higher mortality rate in period 2 compared 
to period 1. In order to demonstrate the role of the more severe 
baseline conditions in this excess mortality rate of period 2, we per-
formed univariate and multivariate analyses of factors associated 
with candidemia mortality for the entire study population. Our mul-
tivariate logistic regression model including baseline conditions, as 

well as period 2, found that only liver cirrhosis, solid tumours, and 
ICU stay at the time of candidemia were independent risk factors 
for in- hospital deaths. Indeed, the presence of any of these condi-
tions was more frequent in period 2, whilst the period itself was not 
recovered as an independent risk factor of mortality. The impact of 
ageing, ICU stay, liver cirrhosis and cancer on mortality rates of can-
didemia has been highlighted in previous reports.24- 27

Regarding the management of candidemia, the most notable 
change consisted in the shift from fluconazole to echinocandins 
as first- line antifungal therapy, which is in line with the updated 
European guidelines.8,10 However, it is noteworthy that fluconazole 
still remained the first- line antifungal therapy for about one fourth 
(24%) of episodes in period 2. Whilst results of clinical trials sug-
gested a superior efficacy of echinocandins compared to fluconazole 
for the treatment of invasive candidiasis, in particular in severely ill 
patients,28,29 our data could not demonstrate a beneficial impact of 
echinocandins on candidemia outcomes because of multiple con-
founding factors. Indeed, echinocandins were more frequently ad-
ministered in period 2, where patients were more severely ill, and, 
according to our institutional practices, were favoured amongst ICU 
patients and/or in case of septic shock.

Interestingly, removal of central venous catheter was less fre-
quent in period 2. The benefit of such intervention is controver-
sial and has not been clearly demonstrated.30,31 One recent study 
suggested that the association between catheter retention and un-
favourable outcome was actually the consequence of limited ther-
apeutic management plans in more critically ill patients with poor 
prognosis rather than the cause of their increased mortality.11 Albeit 
not demonstrated in the present study, this hypothesis is plausible 
considering the higher age and overall morbidity of patients in pe-
riod 2.

We also noticed a significant shorter duration of antifungal ther-
apy in the second period, which probably results from increased 
awareness about risk of emerging antifungal resistance and may 
reflect improved antifungal stewardship strategies. Involvement of 
infectious diseases consultants for the management of candidemia 
remained high (>70%) in both periods, but tended to decrease in pe-
riod 2. As demonstrated by a recent study, such specialised inter-
ventions may increase adherence to guidelines for management of 
candidemia and contribute to improve clinical outcome.32

A limitation of the present study consists of its monocentric 
design. Previous epidemiological studies on trends of candidemia 
have highlighted important differences across centres and coun-
tries.1,3- 5,33 Analyses of pooled data are characterised by important 
heterogeneity and cannot be extrapolated for individual centres.1 
Institutional antifungal stewardship programmes should therefore 
include constant monitoring of the epidemiology of candidemia at 
a local level for improving diagnostic and management strategies.

In conclusion, this analysis of the epidemiological trends of can-
didemia over one decade showed that, despite stable incidence, 
species distribution and antifungal resistance rates, the severity 
and mortality of candidemia are increasing with a progressive shift 
towards older and more critically ill patients’ populations. These 
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observations may rise a concern about the growing impact of can-
didemia and invasive fungal diseases in general amongst an increas-
ingly frail and debilitated patients population.
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