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FACTORS RELATED WITH THE INCREASE 
OF NOSOCOMIAL CANDIDA INFECTIONS IN ICU 

 Patients with more severe underlying diseases 
 
 More elderly patients 
 
 Immunosuppression   
 
 
 
 Increase in survival rate in critical illness 
   ……and prolonged ICU stay 

Antineoplastic chemo-radio-therapy 
 
Transplant surgery 



FACTORS RELATED WITH THE INCREASE 
OF NOSOCOMIAL CANDIDA INFECTIONS IN ICU 

 Patients with more severe underlying diseases 
 
 More elderly patients 
 
 Immunosuppression   
 
 
 
 Increase in survival rate in critical illness 
   ……and prolonged ICU stay 

Antineoplastic chemo-radio-therapy 
 
Transplant surgery 



1987 1988 1989 1990 1991 1992 1993 1994 1995 

0.01 

0.02 

0.03 

0.04 

Voss Europ J Clin Microbiol Infect Dis 1996 

Candidemia in 5 dutch 
University Hospitals 

Episodes/1000 patient-days 

C. albicans 

C. non-albicans 



Incidence of BSI due to C.  albicans  and Candida non-
albicans  at the Policlinico “ A. Gemelli”  Hospital - Rome 
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 Neutropenia  
 Central Venous Catheters 
 Candida Colonization 
 Broad-spectrum antibiotics 
 Lenght of ICU stay 
  Mechanical ventilation 
 Hemodyalisis 
 

 Multiple blood 
transfusion 

 Diabetes 
 Corticosteroids 
 Immunosuppressors 
 TPN 
 Urinary catheters 

JL Vincent et Al, Int Care Med 1999, 24: 206-216 

CANDIDA INFECTIONS 
RISK FACTORS 



THERAPEUTIC MODALITIES RELATED TO THE 
RISK OF FUNGAL INFECTIONS 

 Use of broad-spectrum antibiotics 
 Suppression of intestinal bacterial flora 
 Parenteral nutrition 
 Mechanical ventilation 
 Multiple blood transfusion 
 Hemodyalisis 
 Corticosteroids 
 Immunosuppressants 
 Antacids and/or H2 blockers 
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Liver transplantation from 2000 to 2008 
186 transplants in 180 patients 

10 % of the pts;  9.7 % of tranplants 



Invasive fungal infection 
  Parenchimal infection 
     Fungal abscess 
  Septic profile in high risk pts 
    Persistent fever despite ant. ther. 
  Septic Shock 
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Candida in BAL 
  Candiduria 
     Candida in surgical drains 
   Candida in wound 
       Candida in cvc 
     Suppurative phlebitis 
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1950 1960 1970 1980 1990 2000 

Nystatin 1954 

Amphotericin B deoxycholate 1958 

Flucytosine 1970 

Ketoconazole 1981 

Fluconazole 1990 

    L-AmB 1997 

  ABCD 1996 

ABLC 1995 

Caspofungin 2001 

2010 

Continous infusion 

New molecules    
Voriconazole 2002 

Antifungals 

Higher dosage fluco 2000 

Cochleates 

Micafungin 2006 

AMBI Load 2003 

Anidulafungin 2008 



Cell wall 
Echinocandins 

Cytoplasm 
Azoles:  
Fluconazole 
Ketoconazole 
Itraconazole 
Voriconazole 
 
 

Cell membrane 
Polyenes: 
Amphotericin B 
Lipid AmB 
formulations  
Nystatin 
 

DNA 
Antimetabolites: 
5-fluorocytosine 

Current Antifungal Repertoire 

Courtesy of K. Marr, FHCC, USA 



Nuovi farmaci antifungini 

• ECHINOCANDINS 
• Aminocandin (HMR-3270) 

(phase II - III) 
 

• TRIAZOLES 
• Albaconazole ( phase II) 
• Ravuconazole (phase II - 

III) 
• Isavuconazole (phase 

III) 
 

Butts and Krysan PLOS, 2012 

 



Farmaci antifungini in fase di 
sperimentazione: nuovi meccanismi di azione  

PRADIMICINE 
Poliossine (C, D, N) 
Peptidi   
 

SORDARINE 
Moriniafungina 
(2006 ?) 
GM – 192663 
GM – 531920  
R – 135853 
(2005) 

Butts and Krysan PLOS, 2012 

Nikkomicina Z 
Poliossina 
Sintesi aa 70 
Inibizione della sintesi di 
chitina (Bersaglio Selettivo) 
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Prophylaxis 
 
 
 Pre-emptive therapy 
 
 
 
  Therapy 

Empirical therapy 
 
 
Selective therapy 



Questions in Fungal Therapy 

 Trends in hospital acquired (ICU) 
fungal infections 

 Prophylaxis, Presumptive or 
Documented Infection 

 What agent should be used? Cost, 
Efficacy, Drug interactions! 

 Combination therapy 
 MIC testing 



Uso degli anti-micotici in TI 
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Uso degli anti-micotici in TI 

Terapia 
preventiva 

Pazienti 
a rischio Obiettivo Definizione 

Farmacoterapia 
prima dell’evidenza 
clinica dell’infezione 
sulla base di dati di   

sorveglianza  
microbiologica 

Colonizzazione di due o  
più sit i non contigui 

Indice di colonizzazione  
da candida (CCI) > 0.5 

Prevenzione 
di infezioni 

invasive 

Necessità di  
colture di  

sorveglianza 

Note 



Farmacoterapia 
per pazienti con 

sospetto di infezione 
fungina senza prove 

o sit i di infezione 
definit i 

Terapia 
mirata 

Pazienti con sepsi 
e disfunzione 

d’organo. Forte 
sospetto di micosi. 

Assenza di infezione 
batterica 

Riduzione della 
mortalità 
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Obiett ivo di 
intervento 

Note Definizione 

Farmacoterapia 
per pazienti con 

infezione 
diagnosticata 

Candidiasi invasiva. 
Candidemia 

Applicazione 
a pazienti con 
candidemia o 

candidosi 
invasiva 

Terapia 
empirica 

Rischio di 
ovetreatment 

sviluppo di 
resistenze 

Riduzione della 
mortalità 

Uso degli anti-micotici in TI 



Diagnosi precoce/terapia 
preventiva appropriata 

Riduzione della profilassi e della 
terapia empririca inappropriata 

Riduzione della pressione selettiva 
dovuta all’uso di antifngini  

Terapia chirurgica aggressiva di 
certe infezioni fungine  

Misure di controllo della 
colonizzazione fungina 

•Profilassi 
dell’esposizione fungina 
in pz ad alto rischio 

•Appropriato uso 
profilattico in pz a rischio 
elevato di sviluppo di 
infezioni fungine 

Programmi di 
controllo delle 
infezioni fungine 

Miglioramento delle procedure 
diagnostiche 





“Candida score” 

Cristobal L et Al: Crit Care Med, 34(3): 730-737, 2006 

1699 ICU patients 

Predictors of proven candidal infection: 
              odds ratio 

 Surgery     2.71 
 
 Multifocal colonization  3.04 
 
 Total Parenteral Nutrition         2.48 
 
 Severe sepsis           7.68 
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ANTIFUNGAL PROPHYLAXIS FOR SOLID-ORGAN TRANSPLANT 
RECIPIENTS, ICU PATIENTS AT RISK OF CANDIDIASIS 
 
For solid-organ transplant recipients, fluconazole at a dosage of 200–400 mg 
(3–6 mg/kg) daily or LAmB at a dosage of 1–2 mg/kg daily, each for at least 
7–14 days, is recommended as postoperative prophylaxis for high-risk liver (A-
I), pancreas (B-II), and small bowel (B-III) transplant recipients. 
 
For ICU patients, fluconazole at a dosage of 400 mg (6 mg/kg) daily is 
recommended for high-risk patients in adult units with a high incidence of 
invasive candidiasis (B-I). 



Studies: Liver Transplantation 
Prophylactic Fluconazole vs. Placebo 
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Echinocandins 

 Only intravenously 
 Fungicidal 
 3 molecules 

 Caspofugin 
 Anidulafungin 
 Micafungin 

 Different metabolisms 



Anidulafungin Caspofungin Micafungin 
Glarea lozoyensis Aspergillus nidulans Coleophoma empetri 

Adapted from Micafungin US Prescribing Information; Anidulafungin US Prescribing Information; Debono M, Gordee RS. Annu Rev Microbiol. 1994;48:471–497; 
Debono M et al. J Med Chem. 1995;38:3271–3281. 
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• Side chains are key determinants of lipophilicity, solubility,  
antifungal activity, and toxicity 



Pharmacology: Metabolism, 
Elimination, Bioavailability, and 
Protein Binding  

Caspofungin Micafungin Anidulafungin 

Metabolism Hepatic metabolism  
by hydrolysis and  

N-acetylation  

Spontaneous nonhepatic 
chemical degeneration 

Hepatic metabolism  
by arylsulfatase and 

catechol-O-
methyltransferase 

Nonhepatic chemical 
degradation 

Elimination/excretion Urine 41% 
Feces 34% 

Urine + feces 82.5% 
Feces 71% 

Urine <1% 
Feces ≈30% 

Protein Binding  97% >99%  >99% 

Oral Bioavailability <5%  <5% <5% 

Dialyzable No No No 

Adapted from Micafungin US Prescribing Information; Anidulafungin US Prescribing Information; Dodds Ashley ES et al. Clin Infect Dis. 
2006;43:S28–S39. 













                             
CT scan  august 5:  multiple abscessess 
 



CT scan  NOVEMBER 11: multiple aree di 
colliquazione parenchimale 



                             
Blood levels of  tacrolimus and   
antifungal therapy 
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IMPACT OF CANDIDA INFECTIONS ON  
MORBIDITY AND MORTALITY 

     Mortality 
Candida endophthalmitis  40-80% (Brooks ‘89, Menezes ‘94) 
 
Candidemia    25-60% (Horn, 1985, Pittet 1993) 
 
Directly attributable to Candidemia 38%      (Wey 1988) 

EPIC study:    6% Candidemia alone 
     25% fungi + Proteus 
     100% fungi + Morganella or 
        Providencia spp. 



********* 

Fusarium oxysporum 







# pts     0                4                6             3         

Anidulafungin treatment in liver tx 



Ophthalmoscopy 
 An OPHTHALMOSCOPY (fundus oculi) was taken to 

exclude intra-ocular Candida localization 





Prior antibiotic treatment 
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Distribution of Candida species (n=13 pts; 16 isolates) 



ADVERSE EVENT N° (%) 
Nausea 2 (13.3%) 
Vomiting 1 (6.7%) 
Diarrhea 0 
Thrombocythemia 0 
Phlebitis 0 
Rash 0 
Infection 0 
↑ Bilirubinemia 1 (6.7%) 
↑ ALT 1 (6.7%) 
↑ AST 1 (6.7%) 

Adverse Events 
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Invasive fungal infections caused by Candida spp. are associated with the formation of biofilms on 
bioprosthetic surfaces, such as intravascular catheters (1). Biofilm-mediated antifungal resistance has been 
documented and probably contributes to Candida pathogenicity in catheter-related bloodstream infections 
(2). 
Although fungal biofilm-associated infections are frequently refractory to conventional antifungal therapy, the 
echinocandins, which constitute the first class of antifungals that interfere with the cell wall synthesis by 
inhibiting 1,3-beta-glucan synthase, have recently been demonstrated to be active against Candida biofilms 
(3, 4).  
The aim of the present study was to compare the in vitro activities of anidulafungin, caspofungin, and the 
older antifungal fluconazole against biofilms formed by eight different Candida species. 

Table 1. Distributions of fluconazole MICs for different Candida species isolates under planktonic or biofilm 
growth conditions 

Abstract 

P012 

Results 

Introduction 

Conclusions 

Methods 
We examined 80 Candida species isolates, including 10 C. albicans, 40 C. parapsilosis, 10 C. tropicalis, 
10 C. glabrata, and 10 C. krusei. All of the isolates were from blood cultures obtained from hospitalized 
patients at the Catholic University Medical Center. 
Planktonic MICs were determined according to the Clinical and Laboratory Standards Institute M27-A3 
method. 
The MICs  for sessile (biofilm) cells (SMICs) were determined using a microtiter-based assay (5), following 
the procedure depicted in Figure 1. The drugs were prepared in a series of two-fold dilutions as follows: 
fluconazole, 1,024 to 2 µg/ml; caspofungin and anidulafungin, 16 to 0.03 µg/ml. 

Invasive fungal infections represent a relevant health problem due to their elevated rates of mortality and 
costs of care. Among these infections, candidiasis can be associated with the formation of biofilms on 
bioprosthetic surfaces. This Candida biofilm growth results in antifungal drug resistance and protection of 
the fungus from host defenses, which carry important clinical repercussions.  
Echinocandins, namely caspofungin, micafungin, and anidulafungin, represent the newest addition to the 
arsenal against fungal infections. Through the inhibition of the fungal (1,3)-beta-D-glucan synthase, these 
agents have a broad spectrum of activity and are similar to each other with respect to in vitro activity 
against Candida species. Recent studies have shown that caspofungin and micafungin are also able to 
interfere with Candida biofilm growth on polystyrene and central venous catheter sections, as well as to 
induce a significant and persistent reduction in the yeast metabolic activity of biofilms when used as 
catheter lock solutions.  
The aim of this study was to investigate the in vitro activity of anidulafungin on both planktonic and sessile 
growths of eighty isolates of Candida species (10 C. albicans, 40 C. parapsilosis, 10 C. tropicalis, 10 C. 
glabrata, and 10 C. krusei) collected from blood infections. Susceptibilities of these isolates to caspofungin 
and fluconazole were also determined.  
Within the therapeutic range of concentrations of each drug, anidulafungin was active against biofilms 
formed by all the Candida species tested, whereas caspofungin was not active against those formed by C. 
parapsilosis. 

The distributions of antifungal MICs for planktonic and sessile cells of the different Candida 
species are shown in Tables 1, 2, and 3. Whereas the fluconazole SMIC90 was >1,204 µg/ml for 
the isolates of all the species tested, the caspofungin SMIC90 was 0.25 µg/ml for the C. albicans 
isolates, 8 µg/ml for the C. parapsilosis isolates, 1 µg/ml for the C. tropicalis isolates, 0.5 µg/ml for 
the C. glabrata isolates, and 1 µg/ml for the C. krusei isolates. The anidulalafungin SMIC90 was 
0.125 µg/ml for the C. albicans isolates, 1 µg/ml for the C. parapsilosis isolates, 0.06 µg/ml for the 
C. tropicalis and C. glabrata isolates, and 0.25 µg/ml for the C. krusei isolates.  

Results of this study support the previous finding that echinocandins are active against Candida 
biofilms (3, 4). In this study, we demonstrated that anidulafungin was more active than 
caspofungin also against C. parapsilosis biofilms, that have been found to be less 
susceptible to caspofungin (3). 

1. Kuhn DM, et al. 2002. Antifungal susceptibility of Candida biofilms: unique efficacy of amphotericin B lipid formulations and echinocandins. Antimicrob. 
Agents Chemother. 46 (6): 1773-80 

2. Tumbarello M et al. 2007. Biofilm production by Candida species and inadequate antifungal therapy as predictors of mortality for patients with candidemia. 
J. Clin. Microbiol. 45 (6): 1843-50.  

3. Choi HW et al. 2007. Species-specific differences in the susceptibilities of biofilms formed by Candida bloodstream isolates to echinocandin antifungals. 
Antimicrob. Agents Chemother. 51 (4): 1520-3.  

4. Jacobson MJ et al. 2008. In vitro activity of anidulafungin against Candida albicans biofilms. Antimicrob. Agents Chemother. 52 (6): 2242-3 
5. Pierce CG et al. 2008. A simple and reproducible 96-well plate-based method for the formation of fungal biofilms and its application to antifungal 

usceptibilitytesting. Nat. Protoc. 3 (9): 1494-500 

In vitro activity of anidulafungin against biofilms formed by bloodstream isolates of Candida species  
B. Posteraro, B. Fiori, M. Sanguinetti, G. Fadda  

Institute of Microbiology, Università Cattolica del Sacro Cuore, Rome, Italy  

Incubate the plates at 37°C for 48 h to allow  
biofilm formation  

Grow fungal cells and prepare inocula 
 (1 x 106/ml in RPMI 1640) 

Add 100 µl of each standardized cell  
 suspension or sterile RPMI 1640 (negative control) 

to polystyrene 96-well microtiter plates 

Wash biofilms and add antifungal agents. 
Incubate at 37°C for 48 h 

Wash and add XTT. Incubate in the dark at 37°C 
for 2-3 h. Read in microtite plate reader. 

SMICs were determined using the 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-
carboxanilide (XTT; 0.25 mg/ml) and menadione (1 µM) and expressed as a percentage of metabolic 
activity of drug-treated biofilms compared to drug-free biofilms (controls, considered to be 100%). SMIC 
was the antifungal concentration at which a 50% decrease in absorbance was detected in comparison 
with the control biofilms. 

Figure 1. A flow-chart diagram summarizing the different steps of the procedure 
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Table 2. Distributions of anidulafungin MICs for different Candida species isolates under planktonic or biofilm 
growth conditions 
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Table 3. Distributions of caspofungin MICs for different Candida species strains under planktonic or biofilm 
growth conditions 
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Invasive fungal infections caused by Candida spp. are associated with the formation of biofilms on 
bioprosthetic surfaces, such as intravascular catheters (1). Biofilm-mediated antifungal resistance has been 
documented and probably contributes to Candida pathogenicity in catheter-related bloodstream infections 
(2). 
Although fungal biofilm-associated infections are frequently refractory to conventional antifungal therapy, the 
echinocandins, which constitute the first class of antifungals that interfere with the cell wall synthesis by 
inhibiting 1,3-beta-glucan synthase, have recently been demonstrated to be active against Candida biofilms 
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against Candida species. Recent studies have shown that caspofungin and micafungin are also able to 
interfere with Candida biofilm growth on polystyrene and central venous catheter sections, as well as to 
induce a significant and persistent reduction in the yeast metabolic activity of biofilms when used as 
catheter lock solutions.  
The aim of this study was to investigate the in vitro activity of anidulafungin on both planktonic and sessile 
growths of eighty isolates of Candida species (10 C. albicans, 40 C. parapsilosis, 10 C. tropicalis, 10 C. 
glabrata, and 10 C. krusei) collected from blood infections. Susceptibilities of these isolates to caspofungin 
and fluconazole were also determined.  
Within the therapeutic range of concentrations of each drug, anidulafungin was active against biofilms 
formed by all the Candida species tested, whereas caspofungin was not active against those formed by C. 
parapsilosis. 

The distributions of antifungal MICs for planktonic and sessile cells of the different Candida 
species are shown in Tables 1, 2, and 3. Whereas the fluconazole SMIC90 was >1,204 µg/ml for 
the isolates of all the species tested, the caspofungin SMIC90 was 0.25 µg/ml for the C. albicans 
isolates, 8 µg/ml for the C. parapsilosis isolates, 1 µg/ml for the C. tropicalis isolates, 0.5 µg/ml for 
the C. glabrata isolates, and 1 µg/ml for the C. krusei isolates. The anidulalafungin SMIC90 was 
0.125 µg/ml for the C. albicans isolates, 1 µg/ml for the C. parapsilosis isolates, 0.06 µg/ml for the 
C. tropicalis and C. glabrata isolates, and 0.25 µg/ml for the C. krusei isolates.  

Results of this study support the previous finding that echinocandins are active against Candida 
biofilms (3, 4). In this study, we demonstrated that anidulafungin was more active than 
caspofungin also against C. parapsilosis biofilms, that have been found to be less 
susceptible to caspofungin (3). 
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Incubate the plates at 37°C for 48 h to allow  
biofilm formation  

Grow fungal cells and prepare inocula 
 (1 x 106/ml in RPMI 1640) 

Add 100 µl of each standardized cell  
 suspension or sterile RPMI 1640 (negative control) 

to polystyrene 96-well microtiter plates 

Wash biofilms and add antifungal agents. 
Incubate at 37°C for 48 h 

Wash and add XTT. Incubate in the dark at 37°C 
for 2-3 h. Read in microtite plate reader. 

SMICs were determined using the 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-
carboxanilide (XTT; 0.25 mg/ml) and menadione (1 µM) and expressed as a percentage of metabolic 
activity of drug-treated biofilms compared to drug-free biofilms (controls, considered to be 100%). SMIC 
was the antifungal concentration at which a 50% decrease in absorbance was detected in comparison 
with the control biofilms. 

Figure 1. A flow-chart diagram summarizing the different steps of the procedure 

No. of isolates for which indicated MIC (µg/ml) was: 

Species (No. of 
isolated tested) 

Type of MIC 0.125 0.25 0.5 1 2 4 8 16 32 64 128 256 >1,024 

C. albicans (10) MIC for planktonic cells 
SMIC 

3 
 

6 1  
1 

 
2 

 
1 

 
2 

 
4 

C. parapsilosis (40) MIC for planktonic cells 
SMIC 

5 7 13 10 5  
6 

 
6 

 
28 

C. tropicalis (10) MIC for planktonic cells 
SMIC 

1 3 5 1  
1 

 
2 

 
2 

 
5 

C. glabrata (10) MIC for planktonic cells 
SMIC 

1 6 2 1  
10 

C. krusei (10) MIC for planktonic cells 
SMIC 

2 3 5  
1 

 
9 

No. of isolates for which indicated MIC (µg/ml) was: 

Species (No. of isolated 
tested) 

Type of MIC 0.03 0.06 0.125 0.25 0.5 1 2 4 8 16 >16 

C. albicans (10) MIC for planktonic cells 
SMIC 

3 
1 

7 
7 

 
2 

 
 

 
 

C. parapsilosis (40) MIC for planktonic cells 
SMIC 

9 
2 

22 
9 

9 
11 

 
15 

 
4 

 
 

 
 

 
 

C. tropicalis (10) MIC for planktonic cells 
SMIC 

4 
1 

6 
8 

 
1 

 
 

 
 

C. glabrata (10) MIC for planktonic cells 
SMIC 

9 
6 

1 
3 

 
1 

 
 

 
 

C. krusei (10) MIC for planktonic cells 
SMIC 

1 7 
1 

2 
3 

 
5 

 
1 

 
 

 
 

Table 2. Distributions of anidulafungin MICs for different Candida species isolates under planktonic or biofilm 
growth conditions 

No. of isolates for which indicated MIC (µg/ml) was: 

Species (No. of isolated 
tested) 

Type of MIC 0.03 0.06 0.125 0.25 0.5 1 2 4 8 16 >16 

C. albicans (10) MIC for planktonic cells 
SMIC 

3 
 

4 
1 

3 
5 

 
3 

 
1 

 
 

 
 

C. parapsilosis (40) MIC for planktonic cells 
SMIC 

8 
 

30 
1 

2 
9 

 
15 

 
8 

 
4 

 
3 

C. tropicalis (10) MIC for planktonic cells 
SMIC 

6 
 

3 
 

1 
 

 
3 

 
5 

 
2 

 
 

C. glabrata (10) MIC for planktonic cells 
SMIC 

9 
 

1 
1 

 
2 

 
5 

 
2 

 
 

 
 

C. krusei (10) MIC for planktonic cells 
SMIC 

1 2 6 
 

1 
2 

 
4 

 
3 

 
1 

 
 

 
 

Table 3. Distributions of caspofungin MICs for different Candida species strains under planktonic or biofilm 
growth conditions 
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Results of this study support the previous finding that 
echinocandins are active against Candida biofilms (3, 4). In 
this study, we demonstrated that anidulafungin was more 
active than caspofungin also against C. parapsilosis 
biofilms, that have been found to be less susceptible to 
caspofungin (3). 

Conclusions 



Conclusion 

 Epidemiology and pathophysiology 
 Increased rate of non albicans 

 Diagnosis 
 Remains difficult 

 The molecules 
 Echinocandins have a proeminent place 

 Available guidelines 
 Association? 



Prof. Antonio Cassone has proposed a revolutionary approach for protecting 
immunocompromised patients even against multiple mycoses with a single, 
well-defined β-glucan-protein conjugate vaccine. 
 
 
The realization that fungicidal antibodies may be protective against most major 
fungal pathogens inspires the paradigm shift that, in analogy with bacteria and 
viruses, antifungal vaccine efficacy may not require cellular or other arms of 
the immune system.  



Policlinico A.Gemelli, Rome 
Gabriele Sganga 
Istituto Clinica Chirurgica, Department of Surgery 
Catholic University of Sacred Heart 
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