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Epidemiology of sepsis in USA (Martin 
NEJM, 2003) 

   207% 



Epidemiología de la IFI en TOS y 
TPH (Datos de RESITRA) 

N= 3487 

>10% 

>10% 

>5% 

<5% 

<5% 

<5% 

<5% 



Epidemiología de la IFI en necropsias 
(Schwesinger et al. Mycoses´05) 

N= 2027 

4% 

12% 



Kume H et al. Epidemiology of visceral mycoses in 
patients with leukemia and MDS - Analysis of the 

data in annual of pathological autopsy cases in Japan 
in 1989, 1993, 1997 and 2001 



Kume H et al. Analysis of the data in annual of 
pathological autopsy cases in Japan in 1989, 1993, 

1997 and 2001 
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C. albicans 
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C. parapsilosis 
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C. glabrata 



Otros estudios recientes 
Country Year albicans glabrata krusei parapsilosis tropicalis 

Polyfungal 

infections 

Australia 01-04 47.3 15.4 4.3 19.9 5.1 2.2 

Canada 99-04 51.1 21.5 4.7 6.2 5.7 

Denmark 04-08 59.8 20.5 4.1 4.0 4.6 4.0 

Finland 95-99 70.0 9.0 8.0 5.0 3.0 

Germany 04-05 58.4 18.7 1.6 9.3 6.3 

Iceland 80-99 64.4 12.4 0.56 9.6 5.6 

Israel 1994 53.6 6.5 0.7 11.9 10.9 

Italy 00-03 40.0 12.8 3.2 22.3 16.0 9.3 

Japan 01-02 40.7 17.9 2.4 23.0 11.6 

Mexico 04-07 31.9 8 2.7 37.9 14.8 

Norway 91-03 69.8 13.2 1.6 5.8 6.7 1.5 

Scotland 05-06 52.0 22.7 1.0 11.7 6.0 

Sweden 98-99 67.0 15.7 1.0 7.3 2.1 2.7 

USA 92-93 52.0 12.0 4.0 21.0 10.0 

USA 98-0000 45.0 24.0 2.0 13.0 12.0 
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Anfotericina B y 5FC 



Candida en hemocultivos 

% Resistencias 

n Anfo (>2) 5-FC (>8) 

C. albicans 953 0 0.5 

C. parap. 766 1.6 0.3 

C. tropicalis 284 0.7 3.5 

C. glabrata 312 0.3 6.8 

C. krusei 111 3.6 18.9 

Datos del Servicio de Micología. CNM. ISCIII.2009 



Azoles 



Puntos de corte de FZ en 
Europa-EUCAST 

Sensible Intermedio Resistente 

< 2 mg/L 4 mg/L > 8 mg/L 

Para C. albicans. C. parapsilosis y C. tropicalis  
 

No recomendamos Fz para el tratamiento de las infecciones causadas por C. glabrata  o C. krusei 



Puntos de corte de VOR en 
Europa-EUCAST 

Sensible Intermedio Resistente 

< 0,12 mg/L --- > 0,25 mg/L 

Para C. albicans. C. parapsilosis y C. tropicalis  
 

No recomendamos VOR para el tratamiento de las infecciones causadas por C. 
glabrata  o C. krusei 



Candida en hemocultivos 

% Resistencias 

n 
Fluco 
(>8) 

Vori 
(>0,25) 

Posa 

(>0,25) 

C. albicans 953 1.0 0.8 0.9 

C. parap. 766 1.6 1.2 0.4 

C. tropicalis 284 4.7 9.0 6.1 

C. glabrata 312 42.9 39.2 58.4 

C. krusei 111 100 80.7 12.1 

Datos del Servicio de Micología. CNM. ISCIII.2009 



¿Es C. 
glabrata 

sensible al 
fluconazol? 



Sensibilidad comparada de C. 
glabrata según EUCAST y CLSI 

S I /S-DD R 

EUCAST 18.9 38.1 42.9 

CLSI 79.2 12.2 8.6 

Datos del Servicio de Micología. CNM. ISCIII.2009 

S I/S-DD R 

EUCAST < 2 mg/L 4 mg/L > 8 mg/L 

CLSI < 8 mg/L 16-32 mg/L > 64 mg/L 



Sensible Intermedio Resistente 

< 2 mg/L 4 mg/L > 8 mg/L 

 

 

Evaluation by Data Mining techniques of Fluconazole 
Breakpoints established by the Clinical and Laboratory 
Standards Institute (CLSI), and its comparison with 
those of the European Committee on Antimicrobial 

Susceptibility Testing (EUCAST) 

Cuesta I, Bielza C, Cuenca-Estrella M, Larrañaga P, Rodríguez-Tudela JL. 

Antimicrob Agents Chemother. 2010 Feb 1. [Epub ahead of print] 



Fluconazole 

R S 

C. albicans 

C. glabrata 



• One C. glabrata susceptible 
(MIC = 2 mg/L) to fluconazole 
according EUCAST BPs                 
   

• 51 repetitions in different 
days 

S I R 

< 2 4 >4 
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• Splitting the wild-type distribution will result in 
a random susceptible, intermediate (or 
susceptible-dose-dependent), and resistant 
categorization of isolates with identical 
susceptibilities.  

• This is futile and confusing and will undermine 
the credibility of the susceptibility testing.  



Fluconazole  & C. glabrata 

Reboli, NEJM 2007; 356:2472-82 



En el brazo de fluconazol las 3 infecciones de 
brecha fueron causadas por  C. glabrata 



¿Se puede usar  
voriconazol para 

tratar las 
infecciones 

causadas por C. 
glabrata? 



Puntos de corte de VOR en 
Europa-EUCAST 

Sensible Intermedio Resistente 

< 0,12 mg/L --- > 0,25 mg/L 

Para C. albicans. C. parapsilosis y C. tropicalis  
 

No recomendamos VOR para el tratamiento de las infecciones causadas por C. 
glabrata  o C. krusei 



Voriconazole 

Fluconazole 

R S 

R S 





MIC 
% response 

(success/total) 

< 0,125 78 (131/167) 

0,25-0,5 54 (24/44) 

1 80 (8/10) 

>2 57 (16/28)  

Investigator response to voriconazole 
therapy versus MIC 

 





Clinical characteristics of stem cell transplant 
recipients with C. glabrata fungemia while 

receiving VZ 
1 2 3 4 5 

Duration FZ 90 117 60 37 33 

Duration VZ 84 48 21 92 4 

VZ Dose 200 q 12 200 q 12 200 q 12 400 q 12 280 q 12 

neutropenic no no yes no yes 

GVHD severe mild no severe No 

Steroids yes yes no yes No 

Monoclonal Ab Alemtuz. Gemtuzu. Alemtuz. Infliximab Alemtuz. 

CMV yes yes no yes no 

CMI 4 2 2 2 2 

Outcome Cure (CP+FC) Cure (CP) Cure (ABLC then 
CP) Cure (CP) Cure (ABLC then 

CP) 
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Does have any clinical importance the 
accurate id of…...? 

• C. albicans  vs C. dubliniensis 

 

 

• C. parapsilosis vs C. orthopsilosis & C. metapsilosis 

 

 

 

 

• C. glabrata vs C. nivariensis & C. bracarensis  



N % 

C. albicans 178 51 

C. dubliniensis 1 0.28 

N % 

C. albicans 423 45.2% 

C. dubliniensis 8 0.85% 

C. dubliniensis susceptible to Ampho B and azole drugs 



Susceptibility profile of C. albicans & C. 
dubliniensis 

N CMI50 CMI90 Range 

AmB  
1856 0.25 1 0.03-2 

17 0.03-0.5 

FZ 
2145 0.25 16 0.06-128 

17 0.12-0.5 

VZ 
1315 0.015 0.03 0.015-16 

15 0.015-0.015 

CP 
506 0.06 0.25 0.015-32 

12 0.03-16 

Data from Mycology Reference Laboratory of Spain 



• 1,929 invasive isolates 

– 117 C. orthopsilosis  6.1% 

– 34 C. metapsilosis   1.8% 



• Prevalence 

– C. metapsilosis  1.7% 

– C. orthopsilosis  1.4% 



• 1598 isolates 

– 0.2% prevalence in this study 





• OHCA: outpatient  health care associated 
• CA: Community acquired 
• IHCA: inpatient health care associated 





Sensible No sensibles 

< 2 mg/L >2 mg/L 

Pfaller et al JCM 2008 

Puntos de corte del CLSI 
para equinocandinas 



Distribución de CMIs para 
caspofungina 

S 



Distribución de CMIs para 
micafungina 

S 



Distribución de CMIs para 
anidulafungina 

S 





% of FSK mutants  classified as susceptible according 
CLSI BP  < 2 mg/L 

Anidulafungin 89.2% 

Caspofungin 60.7% 

Micafungin 92.9% 



¿Se pueden usar  las 
equinocandinas para 
tratar las infecciones 

causadas por  
C. parapsilosis? 









Anidulafungin in candidemia 

& invasive candidosis 

Reboli, NEJM 2007; 356:2472-82 



Resumen 

• La epidemiología es local y su vigilancia debe ser 
permanente 

• C. tropicalis comienza a tener tasas de resistencia 
secundaria elevadas 

• C. glabrata es un patógeno emergente y resistente a los 
azoles 

• Las equinocandinas no son muy activas frente a C. 
parapsilosis. La menor mortalidad que causa este patógeno 
es un factor a considerar 

• Para conocer la importancia de las especies emergentes hay 
que hacer estudios multicéntricos y prolongados en el 
tiempo 

 



• To know the epidemiology only those cases with 
culture positive from sterile material are useful → 
Proven infection 

• Culture: high rate of false negative results 

• Blood culture: Reference for yeasts but not 
useful for moulds 

• Microscopy examination of sterile material → 
no ID to level species → No epidemiology 

• Positive culture from non-sterile material when 
the infections is probable is also used for 
epidemiology purposes → Bias epidemiology? 

 

 

Epidemiology of moulds is 
tough because………….. 



What’s new about them? 

• Changes in epidemiology? 

• New clinical relevant species? 

• Increasing rates of resistant isolates? 

• Changes in associated mortality? 



Epidemiology of moulds 

Hematological patients SOT 

Neofytos 
CID’09 

Pagano 
CID’07 

Marr  

CID’02 

Husain 

 CID’03 

Aspergillus 80% 94.5% 77.3% 69.8% 

Zygomycetes 9.7% 1.1% 8.6% 5.6% 

Fusarium 2.2% 3.2% 9.2% 3.7% 

Scedosporium --- 1.1% 2.9% 5.6% 

Other 9.2% --- 1.78% 15% 



Most frequent mold 
pathogens are… 

• Aspergillus  spp is the most frequent mold 

• Zygomycetes has got the silver medal and 
Fusarium spp the bronze one 

• There are a miscellaneous of species including the 
most prevalent one: Scedosporium spp 



Which Aspergillus? 

Hematological patients SOT 

Neofytos 
CID’09 

Pagano 
CID’07 

Marr  

CID’02 

Husain 

 CID’03 

fumigatus 37.2% 22.0% 66.5% 78.3% 

flavus 3.4% 4.6% 3.46% 13.5% 

terreus 0.6% 5.8% 1.92% 5.4% 

niger 3.37% 5.8% 3.46% 2.7% 

Other 2.7% ---- 1.15% --- 

Unknown 52.7% 61.6% 19.6% --- 

Multiple --- --- 3.84% --- 
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Epidemiology and species 
complex 

• Species complex group different species 
morphologically similar 

• Only way to distinguish species complex is by 
means of sequencing specific targets 

• Some species inside a species complex have 
different susceptibility what can have clinical 
implications 



Aspergillus 



Classic Risk Factors for 

Aspergillosis 

• Hematological 
malignancies: 

– Leukemia 

– MDS 

– SCT 

– GVHD 

– Prolonged neutropenia 

– Induction chemo 

 

• Critically ill? 

 

• HIV/AIDS? 

• Transplant patients: 

– Lung, liver, heart, renal 

– Liver transplant 

– Acute/ chronic rejection 

– Steroids 

– Tacrolimus 

– OKT3 

– Renal failure 

– CMV 

Muhlemann K, Leukemia 2005;19:545–550.  
Sole A, et al. Clin Microbiol Infect. 2005;11(5):359-65. 
Singh N, et al. Clin Microbiol Rev. 2005;18(1):44-69. 
Thursky K, et al. Bone Marrow Transplant. 2004;34(2):115-21.  



• 147 (67.4%) A. fumigatus complex 

• 29 (13.2%) A. flavus complex 

• 19 (8.7%) A. niger complex 

• 11 (7.4%) A. terreus complex 

• 6 (2.7%) A. ustus complex 

• 5 (2.3%) A. versicolor complex 

• 1 (0.45%) A. nidulans  complex 

For A. terreus 
& A. flavus no 
more species 
were detected 





A. terreus Other species 

Dissemination 63% 32% 

CNS 31% --- 

Skin 29% --- 

AmB response 20% 47% 
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What about Aspergillus 

fumigatus species complex? 



Molecular id by 
means of 

sequencing     β-
tubuline of moulds 
resembling    A. 

fumigatus 
morphologically 

Data obtained from Mycology Reference Laboratory. Spain 



A. fumigatus 94% 

A. lentulus 2.7% 

N. udagawae 2% 

N. pseudofischerii 0.7% 

n AmB IZ VZ PZ CP 

A. lentulus 24 4.4 2.3 4 0.23 1.6 

N. hiratsukae 9 0.8 0.22 0.8 0.09 0.11 

N. pseudofischerii 6 0.25 4 2.51 0.22 0.86 

A. fumigatiaffiinis 6 9 8 5 0.4 0.16 

N. udagawae 4 1.7 0.5 2 0.25 0.8 

Alcazar-Fuoli et al. AAC. 2008. 52: 1244-1251 
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Azole resistance  
was found in  

12.9% patients (13/101) 
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19 A. nigri complex were identified as: 

6 A. tubingensis 

13 A. niger 









6 A. ustus complex were identified as 

   A. calidoustus 



Geo Mean 

AmB 0.9 

IZ 15.5 

VZ 7.1 

PZ 13.1 

CP 3.1 

MC 0.06 

AN 0.02 

• Our experience with 
9 isolates of A. 
calidoustus 



Summary for Aspergillus 

• Increasing rates of azole resistance in A. 
fumigatus 

• A. terreus R AmB and dissemination  

• Molecular identification of Aspergillus 
enlarges its epidemiology  

– More species causing IFI 

– Unpredictable AFST 



Zygomycetes 



Roden et al. Clinical Infectious Diseases 2005; 41:634–53 

Analysis per predisposing 
factor of 929 cases 



Roden et al. Clinical Infectious Diseases 2005; 41:634–53 





Species No AmB Iz Vz Pz 

Rhizopus oryzae 26 0.29 4 12.1 1.15 

Mucor circinelloides 20 0.05 11.9 16 1.49 

Lithcheimia corymbifera 7 0.08 0.68 14.5 0.41 

Rhizopus microsporus 6 0.45 1.59 8 0.79 

Rhizomucor pusillus 5 0.05 0.29 5.28 0.16 

Rhizomucor variabilis 2 0.03 16 16 1.41 

Cunninghamella spp 2 2.83 0.5 16 0.25 

Actinomucor spp 2 1 2 16 0.06 

Aphophysomyces spp 1 2 16 16 0.5 



Species No AmB Pz 

Rhizopus oryzae 26 0.29 1.15 

Mucor circinelloides 20 0.05 1.49 

Lithcheimia corymbifera 7 0.08 0.41 

Rhizopus microsporus 6 0.45 0.79 

Rhizomucor pusillus 5 0.05 0.16 

Rhizomucor variabilis 2 0.03 1.41 

Cunninghamella spp 2 2.83 0.25 

Actinomucor spp 2 1 0.06 

Aphophysomyces spp 1 2 0.5 



Species No Vz 

Rhizopus oryzae 26 12.1 

Mucor circinelloides 20 16 

Lithcheimia corymbifera 7 14.5 

Rhizopus microsporus 6 8 

Rhizomucor pusillus 5 5.28 

Rhizomucor variabilis 2 16 

Cunninghamella spp 2 16 

Actinomucor spp 2 16 

Aphophysomyces spp 1 16 



• September’02 through March’04 
– Aspergillosis  70 cases  (64%) 

– Zygomycosis  22 cases  (20%) 

– Fusariosis   17 cases (16%) 

• Logistic regression for 
– Zygomycosis vs Aspergillosis 

– Zygomycosis vs non-IMI (control) 

– Aspergillosis vs non-IMI (control) 



Risk Factor OR 95% CI 

Zygomycosis vs Aspergillosis 

VCZ prophylaxis 20.3 3.85-108.15 

Sinus involvement 76.72 6.48-908.15 

Zygomycosis vs control 

VCZ prophylaxis 10.37 2.76-38.97 

Diabetes mellitus 8.39 2.04-34.5 

Malnutrition 3.70 1.03-13.27 

Aspergillosis vs control 

Grade III-IV GvHD 1.33 1.01-1.74 

Corticosteroids 1.39 1.15-1.68 



6 days 

70 patients with  
zygomycosis 



<6 days >6 days 

31% 

34% 



<6 days >6 days 

27% 

38% 



Fusarium 

• Fusarium solani complex 

– Over 45 phylogenetically distinct species 

– At least 20 are associated with human infections 

• Fusarium oxysporum complex 

– Many distinct species but the phylogeny is still 
unsolved 

 



AFST of Fusarium 

• Amphotericin B is the most active agent 

• No activity of echinocandins 

• No clear differences of susceptibility inside the 
species complex 

Species No AmB Iz Vz Pz 

F solani complex 47 1.3 11.1 12.8 13.2 

F oxysporum complex 33 0.77 11.2 5.2 4.6 

F verticilloides 17 1.8 7.1 6.8 2.47 

F proliferatum 9 1.2 16 8 10.4 



Species of Scedosporium 

associated with human beings  

• Pseudallescheria boydii 

• Pseudallescheria ellipsoidea 

• Scedosporium apiospermum 

• Scedosporium aurantiacum 

• Scedosporium dehoogi 

• Scedosporium prolificans 

 



Species of Scedosporium 

associated with human beings  

• S. prolificans is multirresistant 

• Limited data for the new species but no 
relevant differences in susceptibility among 
them 
– Usually resistant to amphotericin B (GM: 4.9 mg/L) 

– Good activity of voriconazole (GM: 0.92 mg/L) & 
posaconazole (GM: 1.18 mg/L) 

– Limited experience with echinocandins but good 
activity against some isolates 



A high number of tissues with 
hyphae are culture negative 

What are we missing? 



• Patients with a suspected fungal infection 

– 27 histopathology +ve tissue samples 

• 17 positive cultures (63%)  

– 29 histopathology Ø tissue samples 

• 2 positive cultures (7%) 

Rickerts et al. CID. 2007; 44:1078-83 



• Patients with a suspected fungal infection 
– 18 cases pathology was compatible with 

Aspergillus  
• 14 positive cultures (77%)  

– 6 cases pathology was compatible with 
Zygomycetes 
• 2 positive cultures (33%) 

– 3 cases unspecified hyphae at pathology  
• 1 positive culture (33%) 



Data from Mycology Reference Laboratory. Spain 

Our experience with 58 tissue 
samples  and sequencing of ITS 

• 38 Aspergillus spp (65.5%) 

• 7 Zygomycetes (12%) 

• 3 Fusarium (5.2%) 

• 2 S. apiospermum (3.4%) 

• 8 Other (14.8%) 



Data from Mycology Reference Laboratory. Spain 

• What were the others? 
– 2 Alternaria infectoria 

– 1 Arthrographis kalrae 

– 1 Phialemonium curvatum 

– 1 Metharrizium anisopliae 

– 1 Phomopsis longicolla 

– 1 Scopulariopsis spp 

– 1 Phoma spp 

 

Our experience with 58 tissue 
samples  and sequencing of ITS 



Susceptibility of Alternaria spp 

Antifungal N Geo mean Range 

AmB 25 0.3 0.015-32 

ITZ 25 1 0.06-16 

VZ 24 2.1 0.12-16 

PZ 21 0.7 0.015-16 

TB 25 3.6 0.03-32 

CP 11 14.1 0.03-32 

MC 10 11.3 0.06-32 







Summary to improve our 
epidemiology knowledge of IMIs 

• Epidemiology of moulds is hard 
– Prospective studies are needed 

– Geographical changes are expected 
– A central database of proven cases with molecular species 

identification & AFST would be very helpful 

• Urgent need of diagnostic techniques able to identify the 
pathogen to species level 
– Many pathogens with unpredictable AFST 
– Not a single antifungal is active against them 

• There is no room for morphologically ID of moulds 
isolated from proven and probable IFIs 

• PCR and sequencing must be done to all tissue samples 
from patients at risk   
 


