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Pan-fungal PCR
Only in patients at high risk of fungal infection

In sterile fluids or biopsies (with or whithout positive microscopy)

Multiplex PCR assays or panfungal with high conserved regions of 
fungal DNA.

In house tests or commercial kits

Lagrou K. et al. ASM Book 2015
Buitrago MU JCM 2014



Panfungal PCR: 
in house assays
Targets ITS1 and ITS2

Gene sequencing

Retrospective study

151 biopsies (fresh and paraffin-
embedded tissues

132 patients with proven IFI

Buitrago MU JCM 2014

Sensitivity

89% (overall)

80% in case of negative culture 
results



Panfungal PCR: 
commercial kits

Kit provider Type of targets Validated samples Technology

Septi-fast ® Test MGRADE 
(Roche, Switzerland)

19 bacteria+6 fungi
(Af+5 Candida sp.)

Whole blood qPCR

Vyoo ® Test (Analytik, 
Germany

34 bacteria + 7 fungi
(Af, 6 Candida) 

Whole blood Conventional PCR

RenDx ® Fungiplex assay
(Renishaw, UK)

Aspergillus sp (3 
species)+ Candida sp+ 
C. glabrata and C. krusei

Blood, serum or 
plasma

PCR+ raman
technology

Sepsitest ® (Molzym, US, 
CE IVD kit)

Panbacterial + 
panfungal

Blood+biopsies+
liquids

PCR+gene
sequencing (16S or 
18S)

Provit® (Mobidiag, 
Finland)

60 bacteria+13 
fungi+bacterial
resistance gene

Blood cultures Microarray

Magicplex™ Sepsis Real-
time Test, Seegene, Korea

85 bacteria+6
fungi+bacterial
resistance genes

Whole blood Multiplex qPCR



Comparison of Magicplex sepsis 
(multiplex PCR) vs Provit kit (microarry on 

blood cultures
382 episodes of sepsis

Whole blood/blood cultures

Results : % of positivity

Blood cultures as reference
(11%)

Magicplex (9,7%)
Provit (8,4%)

Conclusion Low performance of both tests

Ljungström BMC Infect. Dis 2015



Comparison of SepsiTest (Molzym)
Vs Magicplex sepsis (multiplex PCR) vs

Blood cultures

125 samples analysed
Emergency department

SEN. SPE.PPV.NPV. 
SepsiTest 11%, 96%, 43%, 80%, 
Magicplex 37%, 77%, 30%, 82%

Conclusion Poor performance of both tests

Loonen Plos One 2014



PCR coupled with ESI-Mass 
Spectrometry



Principle



Jordana-Lluch J PlosOne 2015

410 Whole blood specimen
Emergency unit and ICU 

patients
“suspicion of sepsis”

CONCLUSION
Sensitivity, specificity, positive and negative predictive values 
compared with blood culture were 83.3%, 78.6%, 33.9% and 
97.3%respectively, 
and 90.5%, 87.2%, 64.4% and 97.3% respectively, in comparison 
with the clinical infection criterion.



More recent concept: 
the syndromic approach
Application ofr fungal diagnosis: meningitis

Very few fungal targets: only in CSF with Cryptococcus for Film array
(BioFire, bioMérieux)

Genmark (not yet)



ePlex, GENMARK

BIOFIRE, bioMérieux



Molecular methods=targeted PCR-
based assays

Pneumocystis Candida Aspergillus Mucorales

Used in 
routine?

Yes Rarely Rarely In development

Which
technology? 

Real-time PCR (quantitative or qualitative)

Commercial 
kits?

Yes
mostly in house

Yes Yes
In development

Kit providers
FTD P. jirovecci

(fast- track 
Diagnostics)

Sacace
Renishaw

Myconostics
Fast-Track

PathoNostics
Renishaw

In house only



DNA extraction methods

Complete automation



White L. JCM 2010, 2013, 2015



Free DNA is more abundant in plasma than in 
serum

Poor agrement between plasma PCR and GM in 
serum 85%

Clinical performance PCR plasma: 95% vs 68% 
serum

Clinical treshold >=2 PCR positive tests

Comparative evaluation of Aspergillus PCR on 
serum and plasma 

In population of haematological patients
Proven/probable IA

In two centers with standardized qPCR
Automated DNA extraction

White L. JCM 2015



37 BAL from hematology patients +40 ICU
Population classified as IA, probable, unclassifiable

GM LBA ≥1
PCR AsperGenius®

Identification+detection of azole resistance
(TR34/L98H, TR46/T289A, Y121F mutations on CYP51A gene

PCR Aspergillus Hematology ICU

Sensitivity 88.9% 80%

Specificity 89.3% 93.3%

PPV 72.7% 80%

NPV 96.2% 93.3%



ESCMID guidelinesCuenca-Estrella CMI 2012



54 studies included

4694 patients963 proven/probable or possible invasive candidiasis

Perfect sensitivity+ specificity calculated when candidemia+ healthy
controls

Positivity rates = 85%

Vsblood cultures = 38%

Conclusion of the meta-analysis
◦ Best results if WB samples, rRNA or P450 genes andif limit of detection is 

>10 cfu/ml

Avni T. JCM 2011
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Fungitell®  serum or plasma
Population with invasive candidiasis and controls
RT-PCR ITS1 & ITS2 on WB, plasma et/or serum

C. albicans+C. tropicalis,
C. glabrata+C.krusei, C. parapsilosis complex

Nguyen MH,CID 2012

Prospective study
April 2009-2011
Pittsburg, USA



Nguyen MH,CID 2012



PCR performance

Nguyen MH,CID 2012

Highest sensitivity
obtained when

combining blood
cultures and PCR



In vitro testing of spiked
blood samples and clinical

assessment on stored blood
samples.

Sensitivity: 1 -10cfu/ml

Only 28 samples
Sensitivity 80% 
• better in case of candidemia)
• Sensitivity vary with sample 

type =serum<whole
blood<plasma

Specificity 87,5%

Conclusion Nee of further evalutation in a prospective study



Real-time PCR Pneumocystis jirovecii

Meta-analysis (Summah H.. Chin Med J 2013) 
◦ 10 studies were included 1990-2010

◦ Sensitivity 98%

◦ Specificity 94%

◦ Better performance on BAL than other samples

RT-PCR semi-quantitative: definition of cut-off® (Fillaux J. et 
Berry A. Methods Mol Biol. 2013;943:159-70)

◦ Ct ≥ 28 : probable colonisation

◦ 22 ≤ Ct ≥ 28 : possible PcP

◦ Ct < 22: PcP



Proposed algorithme for PcP diagnosis

Damiani C, JCM, 2013
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10 Patients with confirmed mucormycosis

Combinaison of 3quantitative RT-PCR, 18S RNA genes

Targets: Mucor/Rhizopus, Lichtheimia, Rhizomucor

9/10 PCR positive serum

3-68 days before diagnosis confirmation

Millon L CID 2013



Superficial mycosis: commercial PCR kits for 
detection/identification of dermatophytes

Dermatophytes + T. rubrum

T. rubrum,
T. mentagrophytes
T. interdigitale
M. canis
M. audouinii
T. violaceum
T. soudanense
Candida albicans
E. floccosum

T. mentagrophytes
complex, 
T. tonsurans, 
T. violaceum, 
T. rubrum
M. canis
M. audouinii, 
M. ferrugineum

Microsporum spp. 
M. canis
M. gypseum
M. ferrugineum
M. audouinii
Trichophyton spp. 
T. mentagrophytes
T. tonsurans • T. rubrum
T. megninii
T. violaceum
T. schoenleinii

95% sensitivity
99 specificity

PPV, NPV, 
specificity and 
sensitivity of the 
duplex PCR
were 93 %, 87 %, 
94 % and 85 %, 
respectively

Hayette MP & Sacheli R   Curr Fungal Infect Rep 2015
Hayette MP TIMM congress 2015

Specificity and 
sensitivity of the 
PCR are 85 %, 87 
%, 94 % and 100 %,



Molecular sequencing

EUCARYOTES
ITS/ARNr
• Internal Transcribed Spacer
• About 1500 pb
• rARN multicopy gene

Chronic granulomatosis
Multiples hepatic lesions
-hepatic puncture: mucorales
-positive blood culutre: mucorales
ITS sequencing: Mortierella wolfii

Layios N. CMI 2014



ITS primers: choose the right one

Lagrou K. et al. ASM book 2015



Conclusion
Need to define the place of fungal PCR and the
methods to use for PCR in invasive fungal diagnosis: 
Aspergillus /Candida/mucoralesscreening blood?

Need to have available PCR assays easy to use, not
expensive and fully automated

Get the best DNA extraction method and you have 
>50% to succeed.
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