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~ 3.000.000 cases chronic pulmonary aspergillosis

~1.000.000 fungal keratitis

~700.000 invasive candidiasis

~500.000 Pneumocystis jirovecii pneumonia

~250.000 invasive aspergillosis

~223.100 cryptococcal meningitis in HIV/AIDS 

~100,000 disseminated histoplasmosis

Bongomin F. et al., J. Fungi 2017

Annual incidence of severe fungal infections;
global estimates



Invasive candidiasis

• Candida: Although part of the GI and genital system 
flora, it causes serious infections in vulnerable patients.

• Among the top four nosocomial bloodstream 
pathogens, especially in the setting of ICUs. 

• Invasive candidiasis is not limited to candidaemia, 
referring instead to a variety of disease states caused 
by Candida spp., but the majority of the research on 
invasive candidiasis concentrates on candidaemia. 

Laoth et al. J Antimicrob Chemother 2018



• The worldwide incidence of candidaemia is difficult to 
ascertain, in part because there are no set criteria for an 
incidence denominator.

-a few countries perform population-based surveillance 
and use census population data as a denominator, 

-smaller studies use patient days, patient discharges, 
hospital admissions or ICU admissions as a 
denominator 

comparisons between studies challenging.

Incidence of invasive candidiasis



Lamoth et al. J Antimicrob Chemother 2018

Candidaemia epidemiology
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https://www.cdc.gov/fungal/diseases/candidiasis/invasive/statistics.html

https://www.cdc.gov/fungal/diseases/candidiasis/invasive/statistics.html


Distribution trends towards non-albicans
Candida species

• The distribution of Candida species has been changing over the 
last decade, with a decrease in the proportion of C. albicans and 
an increase in C. glabrata and C. parapsilosis. 

• the overall species distribution is dependent upon geographical 
location and patient population.

• The majority of Candida species exhibit high in vitro susceptibility to 
antifungal agents: 

• in the USA, C. albicans, C. tropicalis and C. parapsilosis have low 
incidences of fluconazole resistance, at 2%, 5% and 4%, respectively.

• These proportions are similar to those observed in Norway and 
Switzerland. The same species exhibit resistance to the 
echinocandins in 1% of isolates in the USA.

Antifungal resistance in Candida spp.



Since 2018, a Hellenic Society of Medical Mycology initiative : 

the “Candi” Study (ongoing)

Nationwide retrospective survey on candidaemia cases during the years 
2007-2017.

Focused on mycological data: species distribution, antifungal resistance.

>25 Clinical Microbiology hospital departments participating.

Co-ordinator: As. Prof. G. Vrioni

Candidaemia in Greece

•There are no published Greek studies of candidaemia in the general 
population.

•There are studies in specific patient populations:

• in children

• in ICUs

• In haematological patients

• There are conference presentations.



“There are two studies from Greece assessing its frequency 
(candidaemia) in specific populations. 

prospective study, 24 cases of candidemia among 1,627 admitted 
patients in a 25-bed, medical–surgical ICU over a 2-year period (2000–
2002) [Dimopoulos G, Karabinis A, Samonis G, Falagas ME, Eur J Clin
Microbiol Infect Dis, 2007]. 

•In a similar ICU study, 33 cases among 855 patients [Pratikaki M, 
Platsouka E, Sotiropoulou C, Douka E, Paramythiotou E, Kaltsas P et al., 
Mycoses 2011]. “



“…the above-mentioned figures allow us to assume that the 
rate of candidaemia in Greece is similar to that reported in 

other countries (5.0/100,000 population); 
therefore, we calculated 541 cases of candidemia 

— 379 in immunocompromised patients and 162 in ICU and 
surgery patients.”

Incidence estimate

In another population-based, prospective, multicentre study of patients ≥ 18 years admitted 
to haematology and/or haematopoietic stem cell transplantation units of nine tertiary care 
Greek hospitals from January 2009 through to February 2012, candidaemia was detected in 
40 of 27,864 patients with haematological malignancies (HM), vs 967 of 1,158,018 non-
haematology patients (non-HM). The incidence was:

1.4 cases/1000 admissions (HM), vs

0.83 cases/1000 admissions (non-HM). 

[Gamaletsou MN, Walsh T, Zaoutis T, Pagoni M, Kotsopoulou M, Voulgarelis M et al., Clin Microbiol

Infect, 2014]. 

Gamaletsou MN et al..Eur J Clin Microbiol Infect Dis 2016






Presented studies from Greece

P

33-50%35-64% 14-46% 4-12% 9-18% 1-14%

(unpublished)

All retrospective studies, except Drogari-Apiranthitou, I. Anyfantis et al., 2011

 = published



Comparison 2 periods
•Increased incidence in medical wards, 
stable in ICU, decreased in surgical dep.
•Increased C. parapsilosis infections

•Resistance:
No significant differences



•C. albicans commonest species
•100% susceptibility to AmB
•C. parapsilosis resistance:

CAS 47%
MIC 10,5



ECCMID 26th 
(2016)

•C. albicans commonest species in non-ICU wards
Resistance
FCZ 3%
VOR 1%

•C. parapsilosis commonest in ICU
Resistance
FCZ 3%
VOR 6%

•99% susceptibility to AmB, flucytocine, VOR



•C. parapsilosis predominant pathogen during most years. 

•Candida albicans more common in 2008, 2009 and 2012 

•overall AmB resistance 1,7%, only noted in years 2013 – 2015. 

VOR resistance 4% 

FLZ resistance 8,8% 

•Non-C. albicans associated with higher FLZ MICs and possibility of 
resistance.



•overall incidence of candidemia remained stable over time 
•the increase of fluconazole resistant C. parapsilosis SC isolates 
over the last years is alarming.
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Antifungal  Resistance



•A high percentage of isolates were non-
susceptible to FLZ and echinocandins
•Echinocandin admin. Led to isolation of 
non-susceptible isolates
•FLZ admin was not associated with non-
susceptible isolates



•A retrospective cohort study was performed from January 2008 to December 2017
•178 cases of IC were recorded. The tissue distribution included blood (87.1%), 
cerebrospinal (7.9%), peritoneal (3.9%) and pleural fluids (1.1%).
•Candida albicans and Candida parapsilosis (sensu lato) were the most frequently 
isolated species (47.8% and 28.7% respectively). 
•From period 2008⁻2012 to period 2013⁻2017, a significant decrease in IC rates was 
detected (0.21 cases/1000 hospitalization days VS 0.11 cases/1000 hospitalization 
days, P = 0.040), while median minimum inhibitory concentrations (MICs) of 
amphotericin B were significantly increased for both C. albicans and C. 
parapsilosis (sl) (P = 0.037 and P = 0.004 respectively). 
•The decrease in IC rates may reflect the increased awareness as well as the 
effective infection control initiatives and antifungal interventions. 
•However, the significant increase in the MICs for amphotericin B and echinocandins
such as caspofungin, raises concerns about their common use as first-line treatment. 
Epidemiologic monitoring is, therefore, critically important in order to evaluate and 
optimize therapeutic protocols for IC in pediatric populations.



Other paediatric studies

Neonatal candidiasis: analysis of epidemiology, drug susceptibility, and 

molecular typing of causative isolates.

Roilides E, Farmaki E, Evdoridou J, Dotis J, Hatziioannidis E, 

Tsivitanidou M, Bibashi E, Filioti I, Sofianou D, Gil-Lamaignere C, Mueller 

FM, Kremenopoulos G.

Eur J Clin Microbiol Infect Dis. 2004 Oct;23(10):745-50.

A prospective observational study of invasive candidiasis was conducted in the neonatal intensive care unit of Aristotle 
University in Hippokration Hospital between 1994 and 2000. During this period, 59 neonates developed invasive 
candidiasis (58 cases of candidemia and 1 case of peritonitis), resulting in an overall incidence of 1.28% that showed a 
decreasing trend over the study period. Eleven (18.6%) cases developed within the first week of life and the others within 
a mean (+/-SEM) of 13.4+/-1.7 days after birth. The three most frequent causative species were Candida albicans (65.5%), 
Candida parapsilosis (15.5%), and Candida tropicalis (7%). C. albicans was the predominant species between 1994 and 
1998, whereas, non-albicans Candida spp., particularly C. parapsilosis, were the most frequent species during the period 
1999-2000 (P<0.001). While the overall mortality due to candidemia was 29% (17 of 59 cases), mortality associated with 
C. albicans and C. parapsilosis was 39.5% and 11.1%, respectively (P=0.032), and that observed in the 1999-2000 period 
was 0% (P=0.011). Virtually all isolates were susceptible to amphotericin B, flucytosine, fluconazole, and itraconazole, and 
no increases in minimal inhibitory concentrations were observed during these years. With the exception of a limited 
cluster of cases due to genotypically identical isolates, no clonal relation of C. albicans isolates was found. Moreover, no 
clonal persistence of C. albicans and no decrease in antifungal drug susceptibility occurred over the 6-year study period. 
Non-albicans Candida spp., mostly C. parapsilosis, have emerged as important pathogens in neonatal intensive care units, 
with infected patients having better outcomes as compared to patients infected with C. albicans.

https://www.ncbi.nlm.nih.gov/pubmed/15605181
https://www.ncbi.nlm.nih.gov/pubmed/15605181


PURPOSE:
To record the practices for prevention and management of invasive candidiasis in the PICU and 
investigate the epidemiology of candidiasis and its outcome nationwide.
METHODS:
A multicenter national study among PICUs throughout Greece. A questionnaire referring to local 
practices of prevention and management of candidemia was filled in, and a retrospective study of 
episodes that occurred during 5 years was conducted in all seven Greek PICUs.
RESULTS:
Clinical practices regarding surveillance cultures, catheter replacement protocols and antibiotic use 
were similar, although the case mix differed. In all PICUs prophylactic antifungal treatment was 
administered in transplant and neutropenic oncology patients. Discrepancy existed between PICUs 
concerning the first-line antifungal agents and treatment duration of candidemia. Twenty-two 
candidemias were nationally recorded between 2005 and 2009 with a median incidence of 6.4 
cases/1,000 admissions. Median age was 8.2 (0.3-16.6) years. Candida albicans was isolated in 45.4 % 
of episodes followed by Candida parapsilosis (22.7 %). Common findings were presence of central 
venous and urinary catheters as well as mechanical ventilation and administration of antibiotics with 
anti-anaerobic activity in almost all patients with candidemia. Total parenteral nutrition was 
administered to five (22.7 %) patients. Most of the patients had a chronic underlying disease; five 
were oncology patients, and two-thirds of those with candidemia were colonized with Candida spp. 
Lipid amphotericin B formulations were the predominant therapeutic choice (54.5 %). Thirty-day 
mortality was 18.2 %.
CONCLUSION:
This first national study adds information to the epidemiology of candidemia in critically ill children. In 
these special patients, candidemia has a relatively low incidence and tends toward non-albicans
Candida preponderance.

Invasive candidiasis in pediatric intensive care in Greece: a nationwide 

study.

Vogiatzi L, Ilia S, Sideri G, Vagelakoudi E, Vassilopoulou M, Sdougka 

M, Briassoulis G, Papadatos I, Kalabalikis P, Sianidou L, Roilides E.

Intensive Care Med. 2013 Dec;39(12):2188-95.

https://www.ncbi.nlm.nih.gov/pubmed/23942859
https://www.ncbi.nlm.nih.gov/pubmed/23942859


Conclusions

The incidence of candidaemia in Greece 
appears to be increasing

The C. parapsilosis SC frequency is increasing

The increasing resistance in antifungals
especially FLZ and echinocandins is alarming

The decrease in IC rates in children may reflect 
the increased awareness as well as the 
effective infection control initiatives and 
antifungal interventions. 



Take-home messages

Candidaemia epidemiology is changing

There are geographic and local differences

Monitoring of local epidemiology is imperative in 
order to decide the appropriate empirical and 
focused antifungal treatment

Infection source control measures have to be 
enhanced

There are still a lot of unanswered questions 
regarding fungal biology and antifungal 
susceptibility

Need for close collaboration between clinicians 
and the clinical laboratory
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