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Epidemiology

• Candida spp: most common cause of invasive fungal
infections (70-90 % mycoses)

• Causes of bloodstream infection: Candida is 4th in 
frequence (USA) and 7th Europe

• Candidemia incidence: higher in ICUs and patients
suffering cancer

• Mortality ~ 40 % (mainly immunocompromised
patients)
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→ Administration of 
empiric antifungal treatment
12 h after a positive blood
sample for culture is drawn: 
greater mortality

→ More rapid diagnostic
techniques are required



Why is it so difficult to diagnose a 
systemic candidiasis?

1.- Low sensitivity of the gold standard diagnostic technique
20/94 cases of IC demonstrated at autopsy had + blood cultures                     

(Kami M et al, Br J Haematol 2002 Apr;117(1):40-6)

2.- When positive BC take at least 48 h to detect Candida 
growth

3.- Clinical suspicion: lack of suggestive specific signs and 
symptoms

4.- Endogenous origin → continuum from colonisation to 
infection: when does the former finish and the latter begin? 



Micology laboratory aid to diagnosis 
of fungal infections

• Conventional methodologies
– Direct simple examination (Ex: Calcofluor

staining)
– Culture (lack sensitivity and slowness of 

turnaround times...)

• Non-conventional methodologies
– Antigen detection
– Antibody detection
– Genetic techniques

Common advantatge: No viability of the microorganism is required



Non-conventional methodologies
• Antigen detection:

1.- Mannan
2.- �-(1-3) Glucan
3.- Galactomannan
4.- C neoformans capsular antigen 

• Antibodies detection:
1.- anti-mannan
2.- anti-C albicans germ tube

• Genetic techniques:
1.- Candida PCR 
2.- Aspergillus PCR 
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→ 204 serum samples analysed, belonging to 63 
patients with proven candidiasis

→ All C albicans infected patients had at least 1 
positive serum for one or both tests                             
(S: Mn+Anti-Mn: 100 %) 

→ At least 1 serological test positive before yeast
growth in 60 % of patients



C albicans, C glabrata, C tropicalis

C parapsilosis, C krusei, C kefyr
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→ 12 proven/probable invasive candidiasis, 50 febrile
neutropenia

→ optimal overall performance achieved: two
consecutive samples for both Mn and Anti-Mn:                                     
S: 73 %, E: 80 %, PPV: 36 % and NPV: 95 %

→ High NPV, particularly useful in excluding IC



→ Mannan + anti-mannan detection tests improve the
chances of early detection of candidiasis due to C albicans
C glabrata, C tropicalis (S to predict ~ 60 %)

Inconveniences:

→ Other species (C parapsilosis, C krusei): low sensitivity

→ ELISA tests: time consuming and expensive

In summary:
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�-(1-3) Glucan
Major cell wall component of medically important fungi
(Candida, Aspergillus and Pneumocystis)

Its detection in blood and normally sterile site body fluids 
may indicate an invasive fungal infection

Panfungal technique included in EORTC/MSG 
diagnostic criteria for IFI in 2008 



Efficacy of BG to detect cases of mycoses: 

486 autopsies: 41 cases of IFI and 63 patients with
no evidence had been analysed for BG

85.4 %

14.6 %
Positive BG
Negative BG

41 cases of IFI

95.2 %

4.8 %

63 without IFI
PPV 70.4 %   NPV 98 %
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37 %

Positive BG
Negative BG

63 %

→ Clinical usefulness of BG in a large clinical cohort 
of patients at risk for IFD

→ 39 proven IC cases: S of the test 1 week before
positive BC (to anticipate diagnosis): 63 %

→ less S among patients with hematologic
malignancies (51 %)

→ BG level rises more
slowly in IC than in IA

Proven cases



→ Serial serum BG detection appears to be a fair
diagnostic adjunct for IFI.

Inconveniences:

→ Panfungal marker: it does not distinguish between
other fungal pathogens (Aspergillus, Fusarium... )

→ It is less useful as an early marker of IC than IA 

→ Known factors associated with FP results: albumin, 
intravenous inmunoglobulin, hemodyalisis, antibiotics
and concomitant bacteriemia (P aeruginosa)

In summary:
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Candida DNA detection by PCR
Delay in the development of fungal PCR techniques…

1.- High complexity of cell wall in 
fungus → more difficult to disrupt
→ better DNA extracton systems

2.- Fungus are ubiquitus: risk of
contamination while processing
clinical samples

Filamentous fungi cell wall



1.- Automated DNA extraction systems →
higher efficiency with less clinical sample
manipulation

2.- Real time PCR that excludes additional
detection systems (eletrophoresis, ELISA…) → less
clinical sample manipulation (= contamination risk)

3.- Combination of both: better sensitivity, 
specificity and quicker turnaround times

Latest technical advances...



13%

7/8 (87%)

Positive PCR patient
Negative PCR patient

42%

7/12     
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→ 384 at risk patients for IC (hematology and ICUs)

→ 902 serial blood samples processed for BC and PCR

→ 8 proven IC (12 positive BC)
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Candida PCR: our experience
→ Real time PCR (SmartCycler, Cepheid)

→ universal fungal primers ITS3 i ITS4 (amplification of 18S 
rDNA)

→ Taqman probe specific for genus Candida
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Probe

QF
Fluorophore Quencher

Polymerase

1) Denaturation (95 °C)

TaqMan® Probe

2) Hybridization (50–60 °C)

3) Extension (72 °C)



Site Protocol Sample id Sample 
type

FAM/
Result

FAM/
Cycle

TxRed/
Result

TexRed/
Cycle

A2 CANDIDA albicans 5x105 POS 26.43 NEG 0.00

A3 CANDIDA albicans 5x104 POS 29.42 NEG 0.00

A4 CANDIDA albicans 5x103 POS 32.73 NEG 0.00

A5 CANDIDA albicans 5x102 POS 35.00 NEG 0.00

A6 CANDIDA albicans 50 POS 38.92 NEG 0.00

A7 CANDIDA albicans 5 NEG 0.00 NEG 0.00

A8 CANDIDA parapsilosis 5x105 NEG 0.00 POS 22.69

A9 CANDIDA parapsilosis 5x104 NEG 0.00 POS 26.53

A10 CANDIDA parapsilosis 5x103 NEG 0.00 POS 29.29

A11 CANDIDA parapsilosis 5x102 NEG 0.00 POS 32.79

A12 CANDIDA parapsilosis 50 NEG 0.00 POS 35.19

A13 CANDIDA parapsilosis 5 NEG 0.00 POS 38.82



Results:

Limits of detection (sensitivity):
C. krusei, C. tropicalis and C. parapsilosis: 5 ufc/ml 

C. albicans : 50 ufc/ml

C. glabrata: 500 ufc/ml

Especificity:

4/150 blood samples from healthy donors resulted
positive (E: 99 %)



165 clinical samples analysed for culture and PCR

143 blood samples

9 CSF

4 articular liquid

4 skin biopsies

2 pleural líquids 

2 BAL

1 lung biopsy

70 Patients at risk of candidiasis (hematology, ICU) 

Candida PCR + conventional culture



Blood sample results
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Patients:

→ 8 proven candidiasis (Blood or sterile liquid positive
for culture). All of them had at least 1 positive sample
for PCR (S: 100 %)

→ In 5/8 IC cases, the PCR anticipated the diagnosis 2-3 
days

→ 3 cases of “probable candidiasis” (+ PCR /– BC)



Evaluation of Magicplex Sepsis real time test (Seegene®) to 
detect Candida DNA in blood samples belonging to critical
patients and patients with febril neutropenia

Hypothesis: The performance of the Candida PCR  
(MagicplexTM Sepsis real time test) in blood samples will
increment the diagnostic sensitivity compared to 
conventional blood culture. For positive BC patients the
PCR will provide an earlier diagnosis. 

Population to study: critical, oncologic and hematologic
patients

Candida PCR project (2011-12)



→ BC is (still) necessary to detect some cases of IC 
(samples/patients negative for: mannan, anti-mannan, BG 
or PCR and positive for BC) 

→ Antigens/antibodies detection tests limitations: BG is a 
panfungal tool and Mn is not present in many species of 
Candida

→ Next: BC combined with (serial) real time Candida PCR 
performed in the target population of patients that may
benefit the best from these new diagnostic tools

To conclude...



Thank you!

emrosell@vhebron.net


