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Epidemiology



1. How frequent are fungal infections in the ICU?

2. What are the common fungi encountered?

3. What is the health/economical impact of fungal infections?

4. What is the epidemiology of invasive candidiasis/aspergillosis

worldwide? 

5. How is the epidemiology different in India?



Martin GS. N Engl J Med 2003; 348:1546-1554
Rate of sepsis due to fungal 

organisms increased by 207 %

52.1%

37.6%

4.6%

Review of discharge data on approximately 750 million hospitalizations in the US over a 22-
year period (1979-2000) identified 10,319,418 cases of sepsis



EPIC II study. Vincent JL et al. JAMA. 2009 Dec 2;302(21):2323-9

On the day of the study, 7087 of 13,796 patients (51%) were considered infected



EPIC II study. Vincent JL et al. JAMA. 2009 Dec 2;302(21):2323-9

Candida is the fourth most commonly isolated organism in the ICU

EPIC II study. Vincent JL et al. JAMA. 2009 Dec 2;302(21):2323-9



9896 patients underwent SOT, and 4661 underwent HSC/BMT. Of these, 80 (0.8%) 
SOT and 111 (2.4%) HSC/BMT patients had an IFI.

Compared with patients without an IFI, patients with an IFI had:
• 5-fold increase in mortality
• An additional 19.2 hospital days
• $55,400 in excess costs

Menzin J et al. Am J Infect Control. 2011 May;39(4):e15-20



Epidemiology

Candidemia/Invasive candidiasis



Detected 24,179 cases of nosocomial BSI in 49 US hospitals over a 

7-year period from March 1995 through September 2002 

(60 cases per 10,000 hospital admissions)

Wisplinghoff H et al. Clin Infect Dis. 2004 Aug 1;39(3):309-17



Wisplinghoff H et al. Clin Infect Dis. 2004 Aug 1;39(3):309-17

Candida spp. ranked as the third most common cause of BSI in ICU patients 
Candidemia carries a crude mortality of 47.1% (second only to BSI by Pseudomonas spp.)



ARTEMIS DISK Global Antifungal Surveillance Study
Pfaller MA et al. J Clin Microbiol. 2005 Dec;43(12):5848-59

Candida albicans was the most common species worldwide

140,767 yeast isolates from 127 sites in 39 countries

C. parapsilosis has a relatively 
higher echinocandin MIC



Candidemia: PGI data

Late 1980s: 11-fold increase in candidemia

1991-1995: 18-fold increase in candidemia

 A shift to higher isolation of non-albicans Candida species was 
observed (52.6% in 1992 to 89.5% in 1995)

1996-2000: 

 Higher isolation of non-C. albicans Candida species (89.8%) was 
observed, with C. tropicalis being the most common (541, 
36.1%) 

Chakrabarti A et al. Indian J Med Res. 1996 Aug;104:171-6
Chakrabarti A et al. Indian J Med Res. 2002 Jul;116:5-12
Chakrabarti A et al. Nihon Ishinkin Gakkai Zasshi. 2008;49(3):165-72

Candidemia is now the fourth common BSI at PGI



C.tropicalis

C.parapsilosis

Xess I et al. Infection. 2007 Jun;35(4):256-9.

Candidemia: AIIMS (2001-2005)

C. parapsilosis has a relatively 
higher echinocandin MIC



Epidemiology

Invasive aspergillosis



Risk factors for IPA in non-neutropenic

critically ill patients in the ICU

COPD in combination with prolonged corticosteroid use

High-dose systemic corticosteroids > 3 weeks (e. g. prednisone 
equivalent > 20 mg/day)

Chronic renal failure with RRT

Liver cirrhosis/acute hepatic failure

Near-drowning

Diabetes mellitus

Trof RJ et al. Intensive Care Med. 2007 Oct;33(10):1694-703
Meersseman W et al. Am J Respir Crit Care Med. 2004 Sep 15;170(6):621-5



Dimopoulos G et al. Ann N Y Acad Sci. 2012 Dec;1272:31-9



Dimopoulos G et al. Ann N Y Acad Sci. 2012 Dec;1272:31-9





Invasive aspergillosis in India

Exact prevalence of invasive aspergillosis in India is not 
known.

Unlike the western world and temperate countries, where A. 
fumigatus is the foremost pathogen, A. flavus is the most 
common etiological agent in India.

Chakrabarti A et al. Nihon Ishinkin Gakkai Zasshi. 2008;49(3):165-72



Invasive aspergillosis in India 

(Unpublished PGI data)

Systemic fungal infection was detected in 2.4% of all 
autopsies performed (15,040 deaths autopsied over 26 years) 
and IA was detected in 49% of those fungal positive cases 
(1.2% of all autopsy cases)

Between 1994 and 2008, systemic fungal infection was 
demonstrated in 34 (9%) of 374 autopsies having liver failure 
(224 cirrhosis and 150 acute failure), and 59% of those cases 
had IA

Chakrabarti A et al. Med Mycol. 2011 Apr;49 Suppl 1:S35-47



Antifungal agents

Pharmacology & Antifungal spectrum



Antifungals for invasive fungal infections

Polyenes

 AmB deoxycholate

 LAmB

Azoles

 Fluconazole

 Itraconazole

 Voriconazole

 Posaconazole

Echinocandins

 Caspofungin

 Micafungin

 Anidulafungin



Ashley ESD et al. Clin Infect Dis. (2006) 43 (Supplement 1): S28-S39



Ashley ESD et al. Clin Infect Dis. (2006) 43 (Supplement 1): S28-S39.



Ashley ESD et al. Clin Infect Dis. (2006) 43 (Supplement 1): S28-S39



Pfaller MA et al. J Clin Microbiol. 2005 Dec;43(12):5848-59



Note: Table incomplete

ARTEMIS DISK Global Antifungal Surveillance Study
Pfaller MA et al. J Clin Microbiol. 2005 Dec;43(12):5848-59

India: Uma Banerjee, AIIMS



Candida resistance: PGI data

1991-1995:

 Resistance against fluconazole observed in 24.2% of C. krusei, 
15.4% C. guilliermondii and 5.7% strains of C. tropicalis. No 
resistance was detected against amphotericin B and 
ketoconazole.

1996-2000: 

 An emergence of resistance to amphotericin B in 15.4% C. 
albicans, 8.1% C. tropicalis and 33.3% C. krusei strains was 
observed. 

Chakrabarti A et al. Indian J Med Res. 1996 Aug;104:171-6
Chakrabarti A et al. Indian J Med Res. 2002 Jul;116:5-12
Chakrabarti A et al. Nihon Ishinkin Gakkai Zasshi. 2008;49(3):165-72



Treatment of invasive fungal 

infections



Grenouillet F et al. J Invasive Fungal Infect 2007;1(2):42–9



(EORTC/MSG) Consensus Group. 
De Paw B et al. Clin Infect Dis. 2008 Jun 15;46(12):1813-21



Invasive fungal disease (IFD)

Probable IFD 

 Host factor, 

 Clinical features, and

 Mycological evidence be present

Possible IFD

 Host factors and

 Clinical evidence consistent with IFD, but

 No mycological support

(EORTC/MSG) Consensus Group. 
De Paw B et al. Clin Infect Dis. 2008 Jun 15;46(12):1813-21



Treatment

Candidemia/Invasive candidiasis



1. Is fluconazole good enough?

2. Are other azoles better?

3. Are echinocandins better than azoles/AmB?

4. Is any echinocandin better than its peer?



Mayo Clin Proc. 2008 Sep;83(9):1011-21

Flconazole vs AmB

Meta-analysis of 6 trials which compared fluconazole with AmB was done



All randomized controlled trials that compared different types of 
antifungal agents for the treatment of confirmed invasive 
candidiasis (IC) were included. 

Confirmed IC was defined as 1 or more positive results on blood 
culture for Candida spp or culture from a normally sterile site 
during the previous 3 to 4 days, and clinical signs of infection

15 trials included
 9 compared fluconazole with other drugs (amphotericin B, 

itraconazole, or a combination of fluconazole and amphotericin B), 

 4 compared echinocandins with other drugs (fluconazole, 
amphotericin B, liposomal amphotericin B), 

 1 compared micafungin and caspofungin, and 

 1 compared amphotericin B plus fluconazole and voriconazole

Gafter-Gvili A et al. Mayo Clin Proc. 2008 Sep;83(9):1011-21



Gafter-Gvili A et al. Mayo Clin Proc. 2008 Sep;83(9):1011-21



All-cause mortality

Gafter-Gvili A et al. Mayo Clin Proc. 2008 Sep;83(9):1011-21



Treatment failure

Gafter-Gvili A et al. Mayo Clin Proc. 2008 Sep;83(9):1011-21



Microbiological failure

Gafter-Gvili A et al. Mayo Clin Proc. 2008 Sep;83(9):1011-21



Adverse events requiring discontinuation

Gafter-Gvili A et al. Mayo Clin Proc. 2008 Sep;83(9):1011-21



Is fluconazole good enough?

Advantages:

 Cheap

 Minimal adverse effects

Drawbacks:

 Microbiological failure more common with fluconazole when 
compared to AmB (27.4% vs 17.8%)

 High incidence of resistance in C. glabrata, C. krusei

 Increasing resistance even in C. albicans in certain areas (almost 
20% in AIIMS data)



Are other azoles better?

Itraconazole: No RCTs in adult patients with invasive 
candidiasis

Posaconazole: No RCT for Rx of invasive candidiasis 
(Posaconazole has been approved as a prophylactic agent for invasive fungal 

infections and for Rx of oropharyngeal candidiasis)

Voriconazole: One non-inferiority trial available (Kullberg BJ, 
Lancet 2005)





Success rate of voriconazole in candidemia is similar to AmB

Lancet 2005; 366: 1435–42



All-cause mortality

Gafter-Gvili A et al. Mayo Clin Proc. 2008 Sep;83(9):1011-21



Treatment failure

Gafter-Gvili A et al. Mayo Clin Proc. 2008 Sep;83(9):1011-21



Microbiological failure

Gafter-Gvili A et al. Mayo Clin Proc. 2008 Sep;83(9):1011-21



Adverse events requiring discontinuation

Gafter-Gvili A et al. Mayo Clin Proc. 2008 Sep;83(9):1011-21



Author, Year Drug n Treatment 

success

Mortality Adverse Events

Mora-Duarte 

J, 2002 

Caspo

vs AmB

109 vs

125

73.4% vs 61.7% 

(P = NS) 

34.2% vs 30.4% 

(P = 0.53)

Infusion-related events (20.2 vs 48.8% P = 0.002)

Nephrotoxicity (8.4% vs 24.8% P = 0.02) 

Hypokalemia (11.4% vs 26.4% P = 0.02)

Discontinuation due to AE (2.6% vs 23.2% P = 0.003)

Colombo AL, 

2003

Caspo

vs AmB

224 74% vs 62%

Kuse ER et al, 

2007 

Mica vs

LAmB 202 vs

190

89.6% vs 89.5% 40% vs 40% Infusion-related events (17 vs 28.8% P = 0.001)

Nephrotoxicity (1.9% vs 6.4% P = 0.015)

Hypokalemia (6.8% vs 12% P = 0.053)

Discontinuation due to AE 4.9% vs 9% (P=0.087)

Reboli AC et 

al, 2007 

Anidula

vs

Flucon

127 vs

118

75.6% vs 60.2% 

(P <0.02)

22.8% vs 31.4% 

(P = 0.13)

Nephrotoxicity (3.8% vs 8.8%)

Hypokalemia (25.2% vs 19.2)

Discontinuation due to AE 11.5% vs 21.6% (P=0.02)

Transaminitis 1.5% vs 7.2% (P = 0.03)

Are echinocandins better than azoles/AmB?



Are echinocandins better than azoles/AmB?

Echinocandins are at least as effective as AmB/LAmB and 

probably more effective than azoles

They have a superior adverse effect profile compared to 

AmB/LAmB/azoles

Higher cost is a drawback



Is any echinocandin better than its peer?



Pappas PG et al. Clin Infect Dis. 2007 Oct 1;45(7):883-93

Only head-to-head trial comparing echinocandins



Pappas PG et al. Clin Infect Dis. 2007 Oct 1;45(7):883-93



Glockner A. Eur J Med Res. 2011 Apr 28;16(4):167-79

Success rate ~75% for all echinocandins



Glockner A. Eur J Med Res. 2011 Apr 28;16(4):167-79



Eschenauer G, Depestel DD, Carver PL. Ther Clin Risk Manag. 2007 Mar;3(1):71-97.



Eschenauer G, Depestel DD, Carver PL. Ther Clin Risk Manag. 2007 Mar;3(1):71-97.



Is any echinocandin better than its peer?

Overall clinical efficacy appears to be similar between all three 
echinocandins.

In vitro studies have shown lower MICs for Anidulafungin
against strains of C. parapsilosis with high MICs to caspofungin
and micafungin. However, clinical supremacy of anidulafungin
over the other two echinocandins is yet to be demonstrated.

Caspofungin has a slightly higher incidence of adverse events.

Eschenauer G, Depestel DD, Carver PL. Ther Clin Risk Manag. 2007 Mar;3(1):71-97



Summary: 

Rx of candidemia/invasive candidiasis



Current Fungal Infection 
Reports 2008; 2: 112-119.



Guery BP et al. Intensive Care Med. 
2009 Feb;35(2):206-14



Treatment

Invasive aspergillosis



1. Which azole?

2. Is voriconazole better than AmB?

3. How good are echinocandins?



How good are azoles for IA?

Fluconazole: No activity against aspergillus

Itraconazole: Effective; But no RCT

Posaconazole: Probably effective; Insufficient data

Voriconazole: RCT available



Groll AH. Mycoses. 2002;45 Suppl 3:48-55

The available data support the notion that itraconazole can be a safe and effective 
therapeutic alternative to amphotericin B in the treatment  of  invasive aspergillosis. However, 
since data from a randomized, comparative trial are lacking, induction therapy of invasive 
aspergillosis with itraconazole is only indicated when standard therapies have failed or 
cannot be tolerated by the patient. 

Phase II trials published in 1994, 1997, 2001



N = 76

Complete or partial response in only 30 (39%) patients

Denning DW et al. Am J Med. 1994 Aug;97(2):135-44



Posaconazole monotherapy in patients with invasive aspergillosis and other 
mycoses (n=107) who were refractory to or intolerant of conventional antifungal 
therapy. Data from 86 external control cases were collected retrospectively to 
provide a comparative reference group (n=86).

Overall success rate 42% vs 26% (P = 0.006)

Walsh TJ et al. Clin Infect Dis. 2007 Jan 1;44(1):2-12



Herbrecht R et al. N Engl J Med. 2002 
Aug 8;347(6):408-15

Absolute difference, 21.2% points; 
95% CI, 10.4 to 32.9



Herbrecht R et al. N Engl J Med. 2002 Aug 8;347(6):408-15



How good are azoles for IA?

Fluconazole: Not useful

Itraconazole: Useful as salvage and maintenance therapy

Posaconazole: Useful as salvage therapy

Voriconazole: Azole of choice; Probably better than AmB



How good are echinocandins for IA?

Karthaus M. Eur J Med Res. 2011 Apr 28;16(4):145-52

Data available only for caspofungin, that too from open-label, single arm trials

Response rates appear poorer compared to that of Vori/LAmB (30% vs 50% approx.)



Clin Infect Dis. 2004 Dec 1;39(11):1563-71



Treatment

Role of combination antifungal therapy



Combination therapy for Candidemia

Role of combination therapy for the treatment of 
candidemia has not been established clearly



Rex JH et al. Clin Infect Dis. 2003 
May 15;36(10):1221-8



“In the absence of a well-controlled, prospective clinical trial, 
routine administration of combination therapy for primary 

therapy of IPA is not routinely recommended (B-II)”
(IDSA 2008 Treatment of aspergillosis)

Combination therapy for IA



Empirical therapy



Delay in start of antifungal Rx

Morrell M, Fraser VJ, Kollef MH. Antimicrob Agents Chemother. 2005 Sep;49(9):3640-5







Goldberg E et al. Eur J Cancer. 2008 Oct;44(15):2192-203.





Boogaerts M et al. Ann Intern Med. 2001 Sep 18;135(6):412-22



Boogaerts M et al. Ann Intern Med. 2001 Sep 18;135(6):412-22





There were fewer documented breakthrough fungal infections in patients treated with 
voriconazole than in those treated with liposomal amphotericin B (1.9% vs. 5.0 %, P=0.02)

Walsh TJ et al. N Engl J Med. 2002 Jan 24;346(4):225-34.





Walsh TJ et al. N Engl J Med. 2004 Sep 30;351(14):1391-402



Criticism: Successful outcome with L-AmB was seen in only a small proportion (25.9%) of 
patients with baseline fungal infection in this trial. But the same agent had a very high 
success rate (66.7%) in a similar trial that compared it with Voriconazole [Walsh, NEJM 2002] 
and a success rate >80% when compared with conventional AMB [Walsh, NEJM 1999]

Walsh TJ et al. N Engl J Med. 2004 Sep 30;351(14):1391-402



Walsh TJ et al. N Engl J Med. 2004 Sep 30;351(14):1391-402



Wingard JR. Clin Infect Dis. 2004 Jul 15;39 Suppl 1:S38-43.



Summary: Empirical antifungals

LAmB has the broadest antifungal spectrum with an 
acceptable toxicity profile

Voriconazole and Caspofungin appear to be as effective as 
LAmB for this indication with a better toxicity profile



Conclusion

Fungal infections in ICU are showing a rising trend

Candida followed by aspergillus are the most common fungi

Delay in initiation of antifungals produces adverse outcomes

Drug choice:

 Candidemia/Invasive candidiasis:

• Hemodynamically stable, minimal azole resistance: Fluconazole

• Others: Echinocandins/LAmB

 Invasive aspergillosis: Voriconazole

 Empirical Rx: LAmB (Echinocandins, Voriconazole as per clinical 
situation)


