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What is it ?



Defining invasive fungal 
infection

Host
Factor

Clinical
Feature

Mycology

Ascioglu et al 2002
Clin Infect Dis 34: 7 - 14



Host Factors

Host
Factor

neutropenia

>3 weeks corticosteroids

Graft versus Host 
Disease

>4 days 
unexplained fever 
despite broad 
spectrum 
antibiotics

< 36oC or > 38oC and
- Prior mycosis
- AIDS
- Immunosuppressives
- > 10 daysneutropenia

Ascioglu et al 2002
Clin Infect Dis 34: 7 - 14



Clinical features

Clinical
Feature

Lower respiratory tract infection

Chronic disseminated candidiasis

Disseminated fungal infection

CNS infection

Sinonasal infection

Ascioglu et al 2002
Clin Infect Dis 34: 7 - 14

Halo sign
Air-cresent sign 
cavity

Radiological 
evidence

Radiological evidence

Bull’s eye lesions in liver or spleen

Unexplained papular or 
nodular skin lesions
Chorioretinitis
Endophthalmitis



Clinical features
Lower respiratory tract infection

CNS infection

Sinonasal infection

Ascioglu et al 2002
Clin Infect Dis 34: 7 - 14

Cough, chest pain, 
haemoptysis, dyspnoea
Physical finding of pleural rub
Any new infiltrate not fulfilling 
major criteria

Nasal discharge, stuffiness
Nose ulceration, eschar or 
epistaxis
Periorbital swelling
Maxillary tenderness
Black necrotic lesions or 
perforation of the hard-palate

CSF
No pathogens
No malignant cells
abnormal biochemistry
abnormal cell count

Focal neurological
Seizures
Hemiparesis
Cranial nerve palsy

Mental changes
Meningeal irritation

Clinical
Feature



Mycology

Mycology

Culture of mould from tissue, aspirate BAL or sputum

Mould seen in sinus aspirate

Fungi seen in tissue or sterile body 
fluids

Antigen in BAL, CSF or blood

Ascioglu et al 2002
Clin Infect Dis 34: 7 - 14



Proven invasive fungal infective 
disease

Tissue
Host

Factor
Clinical
Feature Mycology

Ascioglu et al 2002
Clin Infect Dis 34: 7 - 14



Probable invasive fungal infective 
disease

Ascioglu et al 2002
Clin Infect Dis 34: 7 - 14

Host
Factor

Clinical
Feature Mycology



Possible fungal infective disease

Ascioglu et al 2002
Clin Infect Dis 34: 7 - 14

Host
Factor

Clinical
Feature

Mycology

OR



Why is it IMPORTANT ?



It is getting more common …

International Journal of Antimicrobial Agents Jan 2000



It is getting more common …

Clinical Microbiology Reviews, Oct 1996 p499-511



It is getting more common

Infection 25 (1997) No.1



It is getting more common …

The New England Journal of Medicine 2003; 348: 1546-
1554



It happens in ICU !

Intensive Care Medicine (1998) 24 : 206-216



It happens in ICU !



Its mortality is high …



Its mortality is high …



Its mortality is high …
Table 2.

Mortality Rates for Specific Organism in IFIS.

Organism Mortality (%) Organism Mortality (%)

Aspergillus species Fusarium species
Overall case fatality rate 58 Immunocompromised 70 – 87  
AIDS 86  Histoplasma capsulatum

HSCT 32 – 87  Disseminated <25  
Leukemia / Lymphoma 49  Trichosporon species
Blastomyces dermatitidis Geotrichum capitatum 57  
Immunocompromised 30 – 49  Trichosporon spp 65 – 70  
Candida species Zygomycetes
Overall 10 – 49  Overall 54
Neutropenic 48  Diabetes 44  
Coccidioides species Malignancy 66  
AIDS 40 – 85  SOT 48  
Dematiaceous fungi Deferoxamine therapy 83  
CNS disease 73  HSCT 91  
Disseminated disease 79  Cryptococcus species
Pre-existing immunodeficiency 84  SOT 42  

Scedosporium infection in HSCT or 
SOT 58  

AIDS: acquired immunodeficiency syndrome; CNS: Central nervous system; HSCT: hematopoietic stem cell transplant; SOT: solid 
organ transplantation

Infection 36 . 2008 . No. 4



Its cost is enormous …

Clinical Infectious Disease 2005; 41 : 1232-1239



Its cost is enormous …
ICU LOS, Hospital 
LOS, Daily costs, 
Hospital costs, 
Hospital mortality

ICU LOS, Hospital 
LOS, Daily costs, 
Hospital costs, 
Hospital mortality

Critical Care 2008 12: R5



Who are the Players ?





Opportunistic Fungal Pathogens

European Society of Clinical Microbiology and Infectious Diseases, 14 (Suppl. 4), 5-24



Which appears more ?

Epidemiology of Nosocomial Fungal Infections Vol.9 No. 4

88%



Which appears more ?

Critical Care 2008, 12 : R5

93%



The Candida

C. albicans can be differentiated from other Candida species by its characteristic germ 
tube production after incubation at 37 C for 2-3 hours



INSULT ANTIBIOTICS

INFECTION

TRANSLOCATION

Candida species

Normal 
commensal 
flora

Central Venous Catheter

Pathogenesis



Epidemiology of Candidemia

J Clinical  Micro 2002;40:852-856
Medicine 2003 ; 309-321

1st

2nd



Epidemiological Differences

Surgical ICU
• C. albicans              48%
• C. glabrata                24%
• C. tropicalis              19%
• C. parasilosis              7%
• Other species             2%

Neonatal ICU
• C. albicans               63%
• C. parasilosis           29%
• C. glabrata                 6%
• Other species            3%

Clinical Infectious Disease 199;29(2):253-8



Increasing non C. albicans

Infection 25 (1997) No.1



Candida glabrata

Clinical Infectious Diseases 2005; 41 : 975-981



Mortality Differences

Clinical Infectious Disease 2004 : 39 : 309-317



Susceptability Patterns 
Differences

From 47th Annual Meeting of Infectious Diseases Society of 
America



Who are at risk ?

Clinical Infectious Diseases 2001;33:177-86



Who are at risk ?

Clinical Infectious Diseases 2001;33:177-
86



Who are at risk ?

Clinical Infectious Diseases 2001;33:177-86



Who are at risk ?

Clinical Infectious Diseases 2001;33:177-86



Who are at risk ?

Clinical Infectious Diseases 2001;33:177-



Who are at risk ?

Clinical Infectious Diseases 2001;33:177-86



Risk Factors ≠ Mortality 

Infection 25 (1997) No.1



Diagnosis 
The Problems & Ways



The need of Early Diagnosis

17 Cases
Rx within 96 hr : 3 complete resolution, 3 partial 
response
Rx delayed / not given : 11 died !



The need of early diagnosis

Intensive Care Med (1997) : 23:23-30



The need of early diagnosis

Clinical Infectious Diseases 2006 : 43, 25-31



Diagnosis
• Clinical

– Variable clinical course
– Look for Candida endophthalmitis/chorioretinitis

• Rare 9-15% of candemic patients
– Others : skins lesions, arthritis 

• Even rarer

• Blood Culture
– Sensitivity <50%, becomes positive only late in 

diseases
– Mean time to +ve culture is 48 to 72 hours



Diagnosis

• Radiological
– Non specific and occur late and thus limited 

usefulness for early diagnosis

• Pathological
– Not always feasible in critically ill patients



Diagnosis

• Serological tests

– Detection of components of fungal cell walls

• Galactomannan
• Beta-(1,3)-D-glucan level

J



Diagnosis

27 studies from 1996 to 2005

Sensitivity 0.71

Specificity 0.89 

Clinical Infectious Disease 2006 : 42



Diagnosis

• Measurement of  beta-(1,3)-D-glucan level
– Sensitvity 69%-97%, Specificity 87-100%
– Positive Predictive Value : 59-96%
– Negative Predictive Value : 75%-97%
– Application in ICU setting ?

Serum glucan 
levels did not 
show a correlation 
with presence of 
fungal infections, 
not specific, may 
be useful as –ve 
predictor of 
infection

Serum glucan 
levels did not 
show a correlation 
with presence of 
fungal infections, 
not specific, may 
be useful as –ve 
predictor of 
infection

Clinical & Diagnostc Lab Immunology Seot 
2003



Diagnosis

• Molecular Diagnostic Testing
– Detection of Candida DNA in either blood or 

tissue
– Few data on their performance in high risk 

critically ill patients however



Difficulties

• Clinical manifestations are non specific

• Diagnostic tests are insensitive, positive 
late in infection

• Invasive procedures are not always 
possible to perform, esp in critically ill 
patients



Treatment



Defining Success

Clinical Infectious Diseases 2008; 47:674–83



The Weapons



The Weapons

Amphotericin BAmphotericin B

AzolesAzoles

EchinocandinsEchinocandins



Amphotericin B

• Very board spectrum
– Nearly all Candida species (not all)
– Effective vs invasive moulds

• Side effects especially nephrotoxicity

Authors Rate of 
nephrotoxicity

1998 White 64%
1999 Walsh 49%
1999 Wingard 53%



Lipid Formulation Ampho B

• Lipid Formulations
– ABELCET : lipid complex
– AMPHOTEC : colloidal dispersion
– AMBISOME : liposomal amphotericin

• Overall, rate of successful response with 
standard doses of lipid based AMB 
preparations and conventional AMB 
indistinguishable

NEJM 1999 : 340 : 764



Less Side Effects & Better 
Tolerated

Am J Health Syst Pharm Vol 59 Jan 1, 2002



Azoles

• Fluconazole, itraconazole, voriconazole, 
posaconazole

• Fluconazole : advantages
– Safe, excellent penetration
– Effective and board spectrum
– C. albicans resistance continues to be rare
– Inexpensive
– Can switch to oral with excellent absorption



Fluconazole : what is not 
covered
• C. krusei
• +/- C. glabrata
• Aspergillus and other moulds



Voriconazole
• Oral (well absorbed) and IV formulations
• Spectrum of activity:

– Candida spp, Aspergillus, Fusarium, Pseudoallescheria / 
Scedosporium, C. neoformans

– Not active vs Zygomycosis, Sporothrix
• Therapy of choice: Aspergillus
• Increasingly used as prophylaxis and empiric therapy 

in neutropenia and bone marrow / stem cell transplant
– Are we selecting for Zygomycosis infections?

• Marty et al. ICAAC 2003; Abstract M985
• Adverse drug effects:

– Hepatotoxicity – follow LFTs
– Viual disturbances
– Avoid IV in patients with CrCl < 50 ml/min



Any Problems With 
Voriconazole
• >expensive than fluconazole
• ½ life 6 hr – dose b.i.d.
• IV not in presence of renal failure
• Does not get into urine
• > side-effects than fluconazole e.g. visual / 

photopsia
• >drug interactions e.g. rifampin



Echinocandins

• Caspofungin, Anidulafungin, Micafungain
– Only available in parental form
– Once daily administration
– No need dose adjustment for renal 

insufficiency
– Effective for invasive candidiasis



Considerations during 
Pregnancy
• Amphotericin B 
• Azoles to be avoided because of possible 

birth defects 
• Echinocandins : few data



Selection of Drugs
• Clinical trials

– Not available for all bugs / infections
– Several agents may be deemed “equivalent”

• Spectrum of activity vs suspected or known 
pathogens

• Penetration of specific body sites?
• Drug side effects
• Drug interactions
• Other patient factors (renal or hepatic 

dysfunction, concomitant medications)



When to Treat ?



Antifungal Prophylaxis

• No evidence of fungal infection or 
colonization but considered at high risk of 
fungal infection



Antifungal Prophylaxis
• Identifying High Risk Patients

– Procedures :
• Central Venous Catheter
• Surgery

– Treatments & Medications
• Parenteral Infections
• Intralipid agents
• Anti-anaerobic agents

– Clinical Diagnosis
• Acute Renal Failure
• Shock
• DIC



Antifungal Prophylaxis

Journal of Antimicrobial Chemotherapy Dec 
2005

Infection: by 1/2
Mortality: by 1/4



Limitations of prophylaxis

• Unnecessary toxicity
• Selection of resistant organisms
• Drugs interactions
• Is correct group being targeted ?



Current Guildlines : 2009 IDSA

• Fluconazole 400mg (6mg/kg) daily is 
recommended for high risk patients in 
adult units that have a high incidence of 
invasive candidiasis



Empiric Treatment 

For
• Delay in treatment 

associated with higher 
mortality

• Blood cultures not very 
sensitive

• Symptoms and signs are 
non specific

Against
• Increased antifungal 

resistance
• Toxicity, costs, no good 

end point



Empiric Treatment in ICU 
Candidiasis
• Proper Patient
• Colonization

– CVC
– GI tract



Empirical Treatment
Mortality: at an 
acceptable cost



Current Guildlines : IDSA 2009
• Fluconazole (loading dose of 800mg 

[12mg/kg], then 400mg [6mg/kg] daily)
• caspofungin (loading dose of 70mg, then 

50mg daily), anidulafungin (loading dose of 
200mg, then 100mg daily), or 

• micafungin (100mg daily)
• An echinocandin is preferred for patients who 

have had recent azole exposure, whose 
illness is moderately severe or severe, or 
who are at high risk of infection due to C. 
glabrata or C. krusei.

Initial 
therapy
Initial 
therapy



Current Guildlines : IDSA 2009
• AmB-d (0.5-1.0mg/kg daily) or LFAmB (3-5mg/kg 

daily) are alternatives if there is intolerance to 
other antifungals or limited availability of other 
antifungals.

• Empirical antifungal therapy should be considered 
for critically ill patients with risk factors for invasive 
candidiasis and no other known cause of fever, 
and it should be based on clinical assessment of 
risk factors, serologic markers for invasive 
candidiasis, and/or culture data from nonsterile 
sites.



Current Guildlines : IDSA 2009
Candidemia in Non Neutropenic 
Patients
• Fluconazole (loading dose of 800mg [12mg/kg], then 

400mg [6mg/kg] daily) or an echinocandin 
(caspofungin: loading dose of 70mg, then 50 mg daily; 
micafungin: 100mg daily; anidulafungin: loading dose 
of 200mg, then 100mg daily) is recommended as initial 
therapy for most adult patients. 

• The Expert Panel favors an echinocandin for patients 
with moderately severe to severe illness or for patients 
who have had recent azole exposure.

• Fluconazole is recommended for patients who are less 
critically ill and who have had no recent azole 
exposure. 



Current Guildlines : IDSA 2009
Candidemia in Non Neutropenic 
Patients
• Transition from an echinocandin to fluconazole is 

recommended for patients who have isolates that are 
likely to be susceptible to fluconazole (e.g., Candida 
albicans) and who are clinically stable.

• For infection due to Candida glabrata, an 
echinocandin is preferred. Transition to fluconazole or 
voriconazole therapy is not recommended without 
confirmation of isolate susceptibility. For patients who 
have initially received fluconazole or voriconazole, are 
clinically improved, and whose follow-up culture results 
are negative, continuing use of an azole to completion of 
therapy is reasonable.



Current Guildlines : IDSA 2009
Candidemia in Non Neutropenic 
Patients
• For infection due to Candida parapsilosis, treatment 

with fluconazole is recommended. For patients who 
have initially received an echinocandin, are clinically 
improved, and whose follow-up culture results are 
negative, continuing use of an echinocandin is 
reasonable.

• Amphotericin B deoxycholate (AmB-d) administered at 
a dosage of 0.5-1.0mg/kg daily or a lipid formulation of 
AmB (LFAmB) administered at a dosage of 3-5 mg/kg 
daily are alternatives if there is intolerance to or 
limited availabiligy of other antifungals . Transition 
from AmB-d or LFAmB to fluconazole is recommended 
for patients who have isolates that are likely to be 
susceptible to fluconazole and who are clinically stable.



Current Guildlines : IDSA 2009
Candidemia in Non Neutropenic 
Patients
• Voriconazole administered at a dosage of 400 mg 

(6mg/kg) twice daily for 2 doses and then 200 mg 
(3mg/kg) twice daily thereafter is effective for 
candidemia , but it offers little advantage over 
fluconazole and is recommended as stepdown oral 
therapy for selected cases of candidiasis due to Candida 
krusei or voriconazole-susceptible C. glabrata.

• The recommended duration of therapy for candidemia 
without obvious metastatic complications is for 2 weeks
after documented clearance of Candida from the 
bloodstream and resolution of symptoms attributable to 
candidemia.

• Intravenous catheter removal is strongly recommended 
for nonneutropenic patients with candidemia.



Prevention

• Reducing frequency and duration of 
antibiotics administration in ICU

• Compliance with basic control practices 
such as wash hands frequently and 
effectively
– Candida spp could be transmitted via hands 

of healthcare workers



Conclusions and Thanks

• Candida infection is not uncommon in ICU
• Changing epidemiology
• Limitations of existing diagnostic 

modalities
• Treatment dilemma
• Clinical Suspicious and Clinical 

Judegement
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