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Attachment of microorganisms to the surfaces of medical devices
triggers biofilm formation, by Candida bloodstream isolates and this 
has been associated with increased virulence 3
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Difficult to treat - Candida biofilms

The Candida biofilm lifestyle results in antifungal drug 
resistance and protection of the fungus from host 
defenses, which carry important clinical complications. 
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(1) Antimicrobial agents may fail to

penetrate beyond the surface

layers of the biofilm. 

(2) Antimicrobial agents may be

trapped and destroyed by

enzymes in the biofilm matrix

(3) Altered growth rate inside the 

biofilm. 

(4) Expression of biofilm-specific

resistance genes

(5) Stress response to hostile

environmental conditions

Proposed-biofilm
associated resistance

mechanisms

L Mathè Curr Genet 2013
CG Pierce J Fungi (Basel) 2017
CG Pierce Current Opinion in Pharmacology 2013
C de la Fuente-Nunez Current Opinion in Microbiology 2013 9
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Candida and hospital stay

• Devices

• Biofilm

• Colonization

• Infection

Risk factors
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Candida colonization and biofilm 
production

• Is frequent in ICU patients
• The gut is the main portal of entry in 

neutropenic patients
• The skin is an important source of candidemia

in non-neutropenic patients
• Tracheal colonization reflect oropharyngeal

colonization and is not associated with
candidal pneumonia in non- neutropenic ICU 
patients
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Candida colonization of the 
respiratory tract is common 
in patients receiving MV for
> 2 days and is associated
with prolonged ICU and 
hospital stays, and with an
increased risk of
Pseudomonas VAP
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Biofilm was found in 95% of the ETTs. 

19% of the patients developed VAP 

Despite appropriate antibiotic treatment, 
microrganisms involved in VAP were found in 
biofilm (50%). 

In this situation, microbial persistence and 
impaired response to treatment (treatment 
failure and relapse) were more frequent.
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Soluble factors produced by S. aureus biofilms may 
contribute to bone loss during chronic osteomyelitis
simultaneously by: 

(1) reducing osteoblast viability and osteogenic potential 
thereby limiting new bone growth

(2)promoting bone resorption



P value OR (95% CI)

Length of hospitalization <0.001 1.04 (1.02-1.06)

Central venous catheter 0.001 3.46 (1.70-7.03)

Previous candidemia 0.008 5.47 (1.56-19.16)

Previous bacteremia 0.02 7.16 (1.26-40.68)

Parenteral nutrition <0.001 4.81 (2.29-10.09)

Chronic renal failure <0.001 4.48 (1.98-10.13) 16



• 40% of the C. albicans isolates formed biofilm compared to 
88.7% of the non-albicans Candida isolates (P<0.0001). 

• Among non-albicans Candida spp., biofilm formation was most 
commonly observed in C. tropicalis and C. lusitaniae (100%), 
followed by C. glabrata (95%), C. dubliniensis (85.7%) and C. 
parapsilosis (66.7%). 

• A quantitative correlation was observed between the amount of 
biofilm observed microscopically, and that determined by 
metabolic activity measurements. 

• These results suggest that biofilm formation as a virulence 
factor might have a higher significance for non-albicans Candida 
species than for C. albicans.
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Biofilm Production by Candida spp

0

10

20

30

40

50

60

70

80

90

100

C.al
bic

an
s

C.tro
pic

ali
s

C.gl
ab

rat
a

C.pa
rap

sil
os

is

P = 0,04

Tumbarello M et al JCM 2007
18



20



Distribution (%) of Candida 
species according to 

underlying pathology or 
medical care

2013
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Non-C. albicans
Candida spp. 

Candida albicans
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OR (95% CI) P

Inadequate antifungal 
therapy 2.35 (1.09-5.10) 0.03

Infection biofilm-forming 
Candida species 2.33 (1.26-4.30) 0.007

APACHE score 1.03 (1.01-1.15) 0.001

Variables associated with
mortality in 294 patients
with candidemia
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For the case-case-control study, BF-
CBSI and NBF-CBSI patients, were 
compared with a common control 
group, consisting of randomly 
selected patients who had been 
hospitalized in our center during the 
same periods of time and in the 
same wards as the case patients, but 
who did not have evidence of CBSI

27



73 (86.9%) of 84 patients with BF-CBSI have been matched to 73 patients with NBF-
CBSI, based on age, sex, APACHE III score, and adequateness of antifungal therapy.
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Kaplan-Meier survival curves in patients with CBSI 
according to biofilm production. 

All patients with CBSI
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This difference between the 
groups reached statistical 
significance when calculated 
only among patients who 
survived (32 days [11–189] vs. 
20.5 days [4–105], respectively, 
p = 0.004).

The median (range) post-CBSI 
hospital LOS did not 
significantly differ between BF-
CBSI group (20 days [3–189]) 
and NBF-CBSI group (19 days 
[1–105]) (p = 0.16), by 
considering all case patients. 
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All patients were treated with Micafungin, caspofungin, or liposomal Amphotericin B
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Hospital mortality and timing of antifungal 
treatment
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OR (95% CI) P

Inadequate antifungal 
therapy 2.35 (1.09-5.10) 0.03

Infection biofilm-forming 
Candida species 2.33 (1.26-4.30) 0.007

APACHE score 1.03 (1.01-1.15) 0.001

Variables associated with
mortality in 294 patients
with candidemia

35



Biofilms displayed high levels of 
resistance to Fluconazole, and this 
antifungal exerted minor effects on 
dispersion levels. 

Amphotericin B proved effective in 
reducing viability of cells within the 
biofilms and dispersion, but only at high 
concentrations. 

Under flow conditions, Caspofungin
exhibited potent activity against biofilms
and drastically reduced biofilm
dispersion.
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Choi HW et al. AAC 2007

Biofilm activity of antifungals vs different species
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Kaplan-Meier survival curves in patients with BF-CBSI 

according to antifungal therapy. 

Patients with BF-CBSI

Tumbarello et al. PLoS ONE 2012

P=0.05
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Risk of being infected with an isolate with 
decreased susceptibility to fluconazole was 
independently associated with 
•age ≥15 years
•recent preexposure to fluconazole

Risk of being infected with an isolate with 
decreased susceptibility to caspofungin was 
independently associated with 
•age <15 years
•recent preexposure to caspofungin

41



Candida parapsilosis

Biofilm

Echinocandins

The most
effective
antifungal drug

The less
effective
antifungal drug

One of the Candida species most frequently 
forming biofilm
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The success rates of treating C.
parapsilosis were similar for the
echinocandin group versus other
antifungal treatment groups.
The combined risk ratio
demonstrated that echinocandins
are not significantly different from
other antifungal agents for the
treatment of candidemia or
invasive candidiasis due to C.
parapsilosis.

CONCLUSION: Echinocandins are
as effective as comparator drugs
for the treatment of candidemia
or invasive candidiasis due to C.
parapsilosis.
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Outcome

Etiology

Resistance

Adequate
therapy

Biofilm
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Biofilms formed by Candida albicans bloodstream isolates on catheters are an important 
clinical problem. Devising chemotherapeutic strategies to treat these in situ is an attractive 
option. Liposomal amphotericin effectively kills C. albicans biofilms rapidly (12 h) and 
effectively (>90%) in a dose-dependent manner. This study has implications for considering 
the effective doses of antifungal agents used for catheter lock therapy 49
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