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None out of 702 bloodstream 
isolates identified with MALDI 

Endogenous or 
exogenous route 
of infection ??
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Fungi

Fungi are potential pathogens:  

commensals when the host environment  
is healthy or undisturbed

pathogenic when the host environment is 
compromised or disturbed .



 Chronic colonization of mucosal surfaces is common 
acquisition at birth
carriage rates in healthy adults: 30- 70%

 Candida is able to adapt, survive, and grow in constantly
changing environments



 Candida has 
• potential to adhere to and invade host cells
• ability to undergo morphological transitions 
• ability to form biofilms
• specific metabolic and fitness traits to synergize 

with or antagonize other members of the microbiota

asymptomatic colonization or 
symptomatic infection

in the face of host immune defenses 



Figure 2   Mechanisms by which the fungal microbiome can grow out and cause disease on mucosal surfaces. The fungal 

microbiome exists on mucosal surfaces in a symbiotic relationship with the host and the bacterial microbiome. Any of the following 

will promot...
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 Candida infections may remain localized to mucosal
sites or may spread hematogenously leading to 
candidemia or deep-seated mycoses of other tissues

Dissemination

Invasion

Adhesion 
to mucosal 
surface

Colonisation

From Eggiman Lancet Infect Dis 2003

Endogenous acquisition 
of candidemia: 
C. albicans, C. glabrata,     
C. tropicalis



Endogenous acquisition of candidemia 

 Candida colonisation independently 
associated with candidaemia in multivariate 
analyses

 identity of isolates from gut and from blood 
demonstrated by molecular biology



Candidaemia

Preemptive treatment in specific patient populations

o colonization index
o clinical scores
o Candida scores



 Lack of suggestive specific signs and symptoms

 Complexity of the patients’ underlying conditions

 Insidious presentation

 High mortality, especially when prompt antifungal 
treatment is not administered

INVASIVE CANDIDOSIS IN ICU PATIENTS

 to develop models to identify indipendent risk factors 
predictive of invasive candidosis

 to build clinically relevant scores that may help 
clinicians to identify, implement and adapt an optimal 
therapeutic approach

NEED



Assessment of Candida colonization index

INVASIVE CANDIDOSIS IN ICU PATIENTS

 Pittet et al 1994 (surgical ICU)
CI   ≥0.5 PPV= 66%
CCI ≥0.4 PPV=100%

 Piarroux et al 2004
 Charles et al 2005
 Advald-Ohman et al 2008



Risk of Candida infection in critically ill 
patients

CCI >0,4 Candida infection

N. colonized sites

N. cultured sites

CCI = CI x
N. heavy colonized sites

N. colonized sites

CI =

Pittet 1994
Viviani

High positive predictive values, 66 to 100%





AT RISK

COLONIZED

INFECTED



c

Candida score for early treatment in nonneutropenic 
critically ill patients

Points

Severe sepsis 2

Surgery on ICU admission 1

Total parenteral nutrition 1

Multifocal Candida colonization 1

Cut-off value  ≥3

Leon and Cava study group Crit Care Med 2009



Some prediction rules for invasive candidosis 
in intensive care setting

do not consider

Candida colonization

Dupont  H. Crit Care Med 2003
Michalopulos AS. Chest 2003
Paphitou NI. Med Mycol 2005; 
Ostrosky-Zeichner Eur J Clin Micr Infect Dis 2007
Shorr AF. Crit Care 2009



Any systemic antibiotic (days 1-3)
OR
Presence of a central venous catheter (days 1-3)

AND at least TWO of the following
o Total parenteral nutrition (days 1-3)
o Any dialysis (days 1-3)
o Any major surgery  (days -7-0)
o Pancreatitis (days -7-0)
o Any use of steroids (days -7-3)
o Use of other immunosuppressive agents (days -7-0)

Ostrosky-Zeichner EJCMID 2007

Clinical prediction rule for invasive candidiasis 
in the intensive care setting



Some prediction rules for invasive candidosis 
in intensive care setting

do not consider

Candida colonization

Dupont  H. Crit Care Med 2003
Michalopulos AS. Chest 2003
Paphitou NI. Med Mycol 2005; 
Ostrosky-Zeichner Eur J Clin Micr Infect Dis 2007
Shorr AF. Crit Care 2009

However, 
species identification of 

colonizing Candida
is important



ECMM-FIMUA survey on invasive Candida
infections in Intensive Care Units, 2006-08

(290 episodes)

Mycoses 2012, 55: 73-9

Mucousmembrane 
colonisation 
investigated 
only in 99 pts
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C. albicans bloodstream infections in a surgical ward 
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Urinocoltura in 149 pazienti con candidemia

Candida CFU/
ml di urine

N. pazienti 
con candidemia 

≥ 105

103 - 104

< 103

63*

39

47

* 6 con secrezioni vaginali positive e 4 con 
urine positive per due differenti specie
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inhalation of 
fungal spores

deposited airborne spores
cleared by most individuals

Conidia of Aspergillus spp

diameter: 3-5 micron

mini-burst of spores

concentration in external air:    
0.1-20 spores/m3 up to 106 /m3

deposition in the 
upper and lower

respiratory tract colonization of upper and 
lower respiratory tract



Colonization of upper respiratory tract

Surveillance cultures of nose and oro-pharyngeal swabs in

allo-HSCT and in case of severe prolonged neutropenia 

Reference
Aspergillus

in nose
Invasive 

aspergillosis PPV
Aisner et al 
AnnInternMed 1979*

pos.ve 11
neg.ve 114

10
8

91%

Martino et al
Haematologica 1989**

pos.ve 26
neg.ve 280

13
20

50%

Surveillance cultures not done in all centers

*  125 pts with acute nonlymphocytic leukemia
** 306 consecutive neutropenic pts



Protective environment

 positive airflow relative to the corridor

 high room air changes (>12/hour)

 well-sealed room

 high efficiency particulate air (HEPA) filtration

Recommended for patients with 

 allogeneic haematopoietic stem cell transplant

 severe neutropenia (<100 cells/mm3) for >1 week



Diagnosi di aspergillosi invasiva 

 Diagnosi indiretta (GM, DG)

 Metodi molecolari

Non disponibilità del ceppo per
 corretta identificazione 
 sensibilità/resistenza fenotipica agli 

antifungini (diverse mutazioni)



C Clinical (6)

Home (7)

4 2

2 1 1 1 1 1

Number of strains with the genotype

4 6 7 8 12 15 17 18 19 20 22 24 25 26 28 29 30 31 32Case   Strains

B Clinical (5)
Hospital (1)
Home (9)

2 21
1

1 3 2 3

Genotypes of A. fumigatus clinical and environmental strains
obtained by SSDP*

*sequence-specific DNA  primer analysis Symoens F & EBGA Group J Hosp Infect 2002

E Clinical (11)

Hospital (4)

Home (3)

6 3 1 1

1 3

1 2

A Clinical (3)

Hospital (4)
Home (16)

3

2 1 1
3 1 4 1 1 1 1 22

In 3 out of 4 cases  
clinical isolates = home environmental isolates  

Acquisition of colonization outside the hospital setting
and disease onset during hospitalization following
immunosuppressive treatment



Colonization of lower respiratory tract

In presence of 
 pre-existing lung cavity
 chronic obstructive pulmonary disease
 bronchiectais
 viscous mucous layer

Risk for 
 worsening of clinical conditions



In cystic fibrosis pts presence of fungi and 
bacteria in the airways promotes inflammatory 
response and progressive lung damage



Colonization of lower respiratory tract

In presence of 
 pre-existing lung cavity
 chronic obstructive pulmonary disease
 bronchiectais
 viscous mucous layer

Risk for 
 worsening of clinical conditions
 lung invasion in case of immunosuppression



Screening for Aspergillus colonization of 
lower respiratory tract

 cultures of respiratory tract secretions

 anti-Aspergillus antibodies

in patients to be submitted to allo-HSCT   
or SOT (lung, liver)



colonizing or 
infecting ?

Difficulties in distinguishing colonization   
from invasive disease

few days after ……Never discharged as    
contaminant without
previous confirmation



TOT GIU

March 18 Anti-Aspergillus ab: positive 
April 9 Sputum culture: growth of A. fumigatus

Anti-Aspergillus ab: positive 
No antifungal treatment

June 16 Liver tx
Anti-Aspergillus ab: positive 
Bronchial secretions: no growth of A. fumigatus

June 20 Liver tx (2nd)

June 23 Bronchial secretions: hyphae at direct microscopy
growth of A. fumigatus

June 29 Death (invasive aspergillosis) despite AmBisome therapy



April 30 May 2

May 3, morning May 3, night

Invasive aspergillosis in 
a liver transplanted pt




