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Clinical classification of fungal infections 

Superficial 
 

Oral and genital mucosae  Skin and skin appendages 
 

 Yeasts     Moulds (dermatophytes) 

Subcutaneous (post-traumatic) 
 

Mycetoma or chromoblastomycosis 
 

Dematiaceous and hyaline moulds 

Invasive, deep, or disseminated 
 

Yeasts, moulds, dimorphic fungi 
 



 

(Identification at genus or species level if culture is a/v) 

(NOT Aspergillus sp.) 



Possible IFI: 
Host factor + clinical 

criterion but NOT 

mycological criteria 

Most hematology / 

transplant patients 

1. Often not a/v 

2. Often absent 
(Clin Infect Dis. 2010;51:1273-80) 



Trends Microbiol. 2003;11:272–279.  

Dimorphic fungi: 

Yeast has α-glucan 



Cellular DNA 

Cell membrane 

Ergosterol 

Chitin 

  Glucan 

Capsular material 

Diagnostic utility Therapeutic utility 

PCR (ribosomal, 

mitochondrial) 

AmpB, nystatin 

Azoles (flu / itra / vori 

/ posa-conazole) 

Nikkomycins 

Caspofungin, 

Micafungin 

Anidulafungin  

Silver/PAS stain 

Antigen detection 

(Cryptococcus), 

mucicarmine stain, 

Indian ink 

Galactomannan (Aspergillus) 

D-glucan (all fungi) 

Antigen detection 
 

5-Fluorocytosine 

Melanin Fontana-Masson 

stain 

Caucofluor white stain 

Fungal component 

Terbinafine 

Protein (ribosomal) MALDI-TOF MS 



Conventional mycology ID methods 

Gram stain: mucosal candidiasis Caucoflour white stain: germ tube formation 

Malt Suc Lac Glu 

Sugar fermentation tests 
Culture (Sabouraud agar) Culture (Chromagar) 



Patel R et al., Clin Infect Dis. 2013, 57:564-72. 

Bacterial / fungal colony MALDI-TOF MS target plate 

(≥1 isolate per run) 

Ionization chamber of MS 

Comparison against a 

database of mass spectra 

MALDI-TOF 

MS workflow 



Target plate placed into the 

ionization chamber 

Spots shot by an UV N2 laser 

desorbing microbial and matrix 

molecules from the target plate 

Energy absorbed by the matrix  

ionized state 

Random collision in the gas phase 

 charge transferred from matrix to 

microbial molecules 

Cloud of ionized molecules funneled 

through a +ve charged electrostatic 

field into TOF mass analyzer (tube 

under vaccum) 

Ions collide with an ion detector  

mass spectrum (representing # of 

ions hitting the detector over time) 

Patel R et al., Clin Infect Dis. 

2013, 57:564-72. 



Direct identification of bacteria / yeasts from positive blood culture 

Day 1 Day 2 Day 3 

Gram stain 

Direct ID 

(Direct ST)  

Preliminary ID 

Preliminary ST 

Colony ID & ST 

Positive blood 

culture 

Final report 

(ID & ST) 

Conventional 

Report ID (+ST?) 

(91.3-100% for 

Candida sp.) 

MALDI-TOF MS 

Day 1 

(3 hr) 

Buchan BW et al., J Clin 

Microbiol. 2013;51:1359-66. 

Failure: 

1. Polymicrobial 

2. <104 CFU/ml 

(<5.9x105 CFU/ml 

threshold) 



HKU/QMH data (colony identification – yeasts) 

Chen JH et al., J Clin Microbiol. 51:2981-7. 

* 

* 
* 

* 

* 

* 

* 

(94.9%) (76.5%) 



MALDI-TOF MS: identification of 
medically important fungi 

• Yeasts (85-100%): 

– Candida sp. 

– Cryptococcus neoformans & C. 

gattii 

– Saccharomyces sp. 

– Trichosporon sp. 

– Geotrichum sp. 

– Pichia sp. 

 

• Molds (95-100%): 

– Aspergillus sp. 

– Fusarium sp. 

– Rhizopus  sp. & Mucorales 

– Penicillium sp. 

 

 

• Dermatophytes (~100%): 

– Trichophyton rubrum 

– T. interdigitale 

– T. tonsurans 

– A. benhamiae 

 

• Dimorphic fungi? 

 

• Antifungal susceptibility tests: 

– Fluconazole (C. albicans) 

– Echinocandins (Candida sp. & 

Aspergillus sp.) 

Marianch C et al., Proteomics. 2009;9:4627-31. 

De Carolis E et al., Clin Microbiol Infect. 2012;18:475-84. 

Alanio A et al., Clin Microbiol Infect. 2011;17:750-5. 

Firacative C et al., PLoS One. 2012;7:e37566. 

Vella A et al., J Clin Microbiol. 2013;51:2964-9. 



Cryptococcal antigen 
• Latex agglutination or EIA (>90% 

concordance) to detect capsular 

polysaccharide of C. neoformans 

• Sensitivity: 
– 87% (vs blood culture; 42%);  

– higher in AIDS (disseminated) than non-AIDS 

/ SOT (?BMT) patients (95% vs 77%) 

– Meningitis: similar to culture (97%) 

– Pulmonary: 62% 

• Specificity: 

– Serum & CSF: 93-100% 

– False +ve: 

• Low titers (1:1-1:8) 

• Hemic malignancy with CNS 

involvement: may be false +ve 

• Trichosporon asahii (begielii) 

• Schizophyllum commune 

• Qualitative + semi-quantitative 

• Prospective testing in HIV 

 

 

 

 

 

Positive control Empty 

BHI + T. asahii BHI  + S. commune 



Case 

• M/65 

• PMH: 
– Follicular lymphoma (1985) 

• Chemotherapy & radiotherapy 

• Relapse: 1989 & 1997 

• HPI: 
– Admitted KWH (4/6/2002) 

– Fever, severe right leg pain 

– Dx: cellulitis; Rx: ampicillin + 
cloxacillin 

• Ix: 
– WBC 10.6, ANC 8.9, Lym 1.7 

– Hb 8.9, Plt 58, INR 1.1,  

– L/RFT: N 

 



Clinical diagnosis: cellulitis + lymphangitis 

Blood culture: Group G Streptococcus 



Diagnosis: 
Bacteraemic  

cellulitis + lymphangitis  

(Group G Streptococcus) 

in 

AML-M3 

 

Rx: Tazocin 4.5 g iv q8h 

All-trans-retinoic acid 



Day 19:  

Recovery of ANC  

Day 23: 

 Pulmonary infiltrates 



Day 23: Nosocomial pneumomia 

Serum cryptococcal 

antigen positive (1:8) 

Blood and ETA grew a 

yeast which forms 

pseudoytype and 

fragments into 

arthroconidia 



Day 26:  

Blood culture: yeast 

Disseminated trichosporonosis 

Rx: Amphotericin B 1 mg/kg/day; itraconazole 

200mg bd for 3 days then 100 mg bd 

Volcano like colony morphology 

 

Arthroconidia in agar culture 

 

Capsular polysaccharide 

Glucuronoxylomannan (GXM): xylose, arabinose, mannose 

Mannose as cross-reactive antigenic epitope leading to false 

positive cryptococcal antigen test 



1-3-β-D-Glucan 
• 1-3-β-D-glucan: 

– Cell wall component of most fungal species including Candida sp., Trichosporon sp., 

Saccharomyces cerevisiae, Acremonium sp., Aspergillus sp., Fusarium sp., Coccidioides 

immitis, Histoplasma capsulatum, Pneumocystis jiroveci  (NOT zygomycetes, Cryptococcus 

sp., Blastomyces dermatitidis) 

– 4 commercially available assays (different sources of substrate for the chromogenic reaction 

 different reactivities / cutoffs for positivity) 

– Monitoring strategy: 2-3 times / week 

 

No significant  

difference among 

the different 

assays 

Concerns: different 

study designs & 

patient groups 

Good NPV, poor SEN 

(ie: not useful for 

exclusion) 

*Good PPV & good 

SPE (ie: good for 

ruling-in IFI) 

Marchetti O et al., Bone Marrow Transplant. 2012;47:846-54. 



1-3-β-D-Glucan 
• Practical considerations: 

– Non-specific: IC & IA similar (different 

Rx options) 

– May precede clinical s/s by 1-10 days 

(good for ruling-in IFI) 

– Always requires clinical, radiological & 

mycological support 

– Trend of BDG: may be useful for 

monitoring treatment response 

– PJP: pooled SEN 94.8% & SPE 86.3% 

– False –ve: 

• Cryptococcus sp. 

• Zygomycetes 

• Antifungal Rx / prophylaxis 

– False +ve: 

• Blood transfusion 

• HD/hemofiltration 

• β-lactams 

• IVIG 

• Cellulose dressings 

• Laboratory contamination 

• Bacterial infections (S. pneumoniae, P. 

aeruginosa, Alcaligenes faecalis, etc.) 

 

 

 

• Unknowns: 

– Optimal cutoff values? 

– # of +ve samples needed? (2 

consecutive better than 1) 

– Frequency of tests?  

– Utility in follow-up of IFI? 

Marchetti O et al., Bone Marrow Transplant. 2012;47:846-54. 

Lamoth F et al., Clin Infect Dis. 2012;54:633-43. 

Fungitell® 



Segal BH et al., Am J Respir Crit Care Med. 

2006;173:707-17. 

Invasive aspergillosis 

and the Aspergillus 

Galactomannan antigen 



https://www.bio-rad.com/webroot/web/pdf/cdg/literature/J115_Microbiology.pdf 

(Double-sandwich ELISA) 



https://www.bio-rad.com/webroot/web/pdf/cdg/literature/J115_Microbiology.pdf 



Aspergillus Galactomannan antigen 

• Meta-analysis (serum): 

– Sensitivity: 61-71% 

– Specificity: 89-93% 

– PPV: 26-53% 

– NPV: 95-98% 

– (ie: good at ruling out the Dx of IA, but 

less good at confirming the Dx) – only 

used when high pretest probability (ie: 

>5-10%; high-risk groups) 

• Concerns: 

– Heterogeneous patient groups (hemic 

better than SOT) 

– Cut-off value (signal in test sample : 

signal of reference sample) - ≥1.5 

(manufacturer), ≥1.0? ≥0.5? 

– Differences in clinical practice and lack 

of study on clinicians’ response to the 

result 

 

 

• Impact: 

– Shorten the time to diagnosis 

(days before clinical/radiological 

findings) and pre-emptive 

antifungal therapy 

– Predicts outcome: 

• High baseline serum GM Ag at Dx 

of IA associated with poor 

outcome 

• Serum GMI trend: week 1 GMI 

(responder < non-responder; 

0.62+/-0.12 vs 1.15+/-0.22; 

p<0.05); rising absolute GMI <0.5 

 >0.5 at week 2 despite Rx – 

poor clinical outcome) 

– Other specimens: BAL, CSF 

(urine, pleural fluid, sputum?) 

 

 

 
Pfeiffer CD et al., Clin Infect Dis. 2006;42:1417-27. 

Rex JH et al., Clin Infect Dis. 2006;42:1428-30. 

Bergeron A et al., J Clin Microbiol. 2012;50:823-30. 

Chai LY et al., J Clin Microbiol. 2012;50:2330-6. 



Aspergillus Galactomannan antigen 

• Limitations: 

– False +ve: 

• Procedure-related 

• GI tract mucosal breach: 

– Bifidobacterium sp. 

– GVHD / severe mucositis 

• Other fungal infections: 

– Cryptococcus neoformans – AIDS 

– Penicillium marneffei – AIDS 

– Histoplasma sp. 

– Fusarium sp. 

– Alternaria sp. 

– Paecilomyces sp. 

– Geotrichum sp. 

– Trichosporon dermatis 

– Prototheca sp. (algae) 

• Drugs / infusate: 

– β-lactams: piperacillin-tazobactam, 

amoxicillin-clavulanate 

– Blood products: pooled platelet 

concentrates, FFP, packed RBCs, 

anticoagulant (Fresenius Kabi) 

– Gluconate-containing IVF 

– False -ve: 

• Procedure-related 

• Antifungal Rx 

• Patients with CGD / Job’s syndrome 

– Neonatal / pediatric serum samples: lack of data 

 

 Mennink-Kersten MA et al., Lancet Infect Dis. 2004;4:349-57. 



Aspergillus Galactomannan antigen (BAL) 

(33-100%) (55-100%) 

Cutoff value 0.5 or 1.0 

Forest plot of sensitivities and specificies from test accuracy studies of BAL-GM in the Dx of IA 

Zou M et al., PLoS One. 2012;7:e43347. 



Aspergillus Galactomannan antigen (BAL) 
• Meta-analysis: 

– Serum GM vs BAL-GM: 
• Pooled SEN: 65% vs 85% (larger fungal burden in bronchial tree; hyphae 

secrete more antigenic GM than conidia) 

• Pooled SPE: 95% vs 86% (different stages of disease – BAL: airway 

cellular invasion of Aspergillus sp; serum: later penetration of hyphae via 

endothelial cells) 

 

 

– PCR vs BAL-GM: 
• Pooled SEN: 82% vs 78-94% 

• Pooled SPE: 98% vs 91-97% Avni T et al., J Clin Microbiol. 2012;50:3652-8. 

Zou M et al., PLoS One. 2012;7:e43347. 

(BAL) 



HKU/QMH data (07/2003-06/2013) 

* 

* 

* 

* 
* 

* 

* 



HKU/QMH data (07/2003-06/2013) 

* 

* 

* 

* (Halo / air-crescent) 



HKU/QMH data (07/2003-06/2013) 

* 
* 



Mennink-Kersten 

MA et al., Lancet 

Infect Dis. 

2004;4:349-57. 

X 

+/- Repeat GM 

X (unless host + clinical)  

(usually not a/v) 

(BAL PCR +/- GM) 



Polymerase chain reaction 
• Not included in EORTC/MSG 

definitions of IFD: 
– Not standardized 

– Not thoroughly evaluated 

– Mainly investigated in IA 

– Gene targets: ITS, 18S rRNA, LSU rRNA, 

EF1α, β-tubulin, β-actin, etc. 

• Practical uses: 
– Unusual fungal pathogens 

– Unusual clinical syndromes 

– Novel fungus discovery 

– Rapid identification of fastidious fungi 

– Quantification 

– Multiplex PCR (eg: with TB, PCP, etc) 

 

Unusual fungal pathogen: Lasiodiplodia theobromae pneumonia in liver transplant recipient  

(Woo PC et al., J Clin Microbiol. 2008;46:380-4.) 



18S rRNA gene sequencing 

Novel clinical syndrome: 

Brittle tail syndrome 

caused by 

Equicapillimyces 

hongkongensis gen. 

nov., sp. nov. 

Wong SS et al., Vet Microbiol. 2012;155:399-408. 



Discovery of 

novel fungi: 
Invasive wound 

infection in a patient 

with IgG4-related 

sclerosing disease 

caused by a novel 

freshwater 

ascomycete, 

Hongkongmyces 

pedis sp. nov. 

Tsang CC et al., Med Mycol. 2014; 52:736-47. 



* 

Rapid identification of fastidious fungi 



 



Summary 

Patel R et al., Clin Infect Dis. 2013, 57:564-72. 

Beirao F et al., Eur J Clin Microbiol Infect Dis. 2013, 32:3-9. 

MALDI-TOF-MS 

(yeasts > molds: fungal 

colonies; direct blood 

culture) 

 

Advantages: 

-Rapid TAT 

-Only requires single 

colony 

-Automated, high 

throughput 

-Broad applicability to 

bacteria & fungi 

-Revisable database 

-Minimal consumables 

-Cost-effective 

-ST 

 

Disadvantages: 

-ID limited by  database 

-Diff. b/w related 

organisms (eg: E. coli & 

Shigella sp.) 

Concerns: 

1. Cross-reactivity 

2. Frequency of tests 

3. Cut-off value 

4. Antifungal Rx 

5. Serum and BAL 

Other uses: 

PCP (HIV / non-HIV) 

 

Negative in: 

Cryptococcus sp. 

Zygomycetes 

Basidiomyces dermatitidis 

Concerns: 

1. Standardization 

2. Expertise / facilities 

3. Cost 

MALDI-TOF-MS (conventional) 

3. Cost 



 

Courtesy of Patrick Chung; QMH Surgery 

Courtesy of Dr. Patrick Chung, Dept of Surgery, QMH 14 Jan 2009 



Cheng VC et al., J Clin Microbiol. 2009;47:2834-43. 





Outbreak of intestinal mucormycosis in hematology/BMT patients due 

to Rhizopus microsporus (contaminated allopurinol tablets) 

Cheng VC et al., J Clin Microbiol. 2009;47:2834-43. 
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