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Molecular versus “conventional” 
methods

Why the switch?

• In clinical microbiology, there is a constant need 

for alternative diagnostic methods to the existing 

ones

• “Traditional” diagnostic methods have well-known 

limitations (e. g. low sensitivity of microscopy and 

culture, retrospective diagnostic informations by 

serologic testing) 



Molecular methods in the medical 
mycology laboratory

The main goals

• Detection of pathogenic fungi directly in 

the clinical specimen without prior 

cultivation

• Use of molecular assays to more rapidly 

identify fungi that are cultivated by 

traditional methods



Molecular methods in the medical 
mycology laboratory

• Molecular technologies for the detection 

and identification of pathogenic fungi may 

be separated in two categories:

– signal amplification methods that use 

hybridization probes

– nucleic amplification methods



Selected commercially available DNA probes
for detection of bacterial and fungal pathogens

Organism Specimen Sensitivity 
(%)

Specificity 
(%)

Agreement 
(%)

Campylobacter sp. Stool culture 100 99.7 99.8

L. monocytogenes Cultured isolate 100 99.7 99.8

S. pyogenes Throat swab 
culture

99.0 99.7 99.3

H. influenzae CSF or throat 
swab culture

97.1 100 98.7

M. tuberculosis
complex

Sputum/BAL 
fluid culture

99.2 99.9 99.6

B. dermatitidis Cultured isolate 98.1 99.7 99.2

C. immitis Cultured isolate 98.8 100 99.6

H. capsulatum Cultured isolate 100 100 100

N. gonorrhoeae Urethral culture 95.4 99.8 99.0

C. trachomatis Urethral swab 92.6 99.8 99.0

S. pyogenes Throat swab 91.7 99.3 97.4

From: Li and Hanna, in: Molecular Microbiology: Diagnostic Principles and Practice, modified, 2004



Use of nucleic acid amplification in clinical 
microbiology

Nucleic Acid
Amplification

Electrochemical Detection

Immune-based Detection

Homogeneous
Assays

Heterogeneous
Assays

Array-based detection

Size-based discrimination Sequencing

Probe-based detection

From: Li and Hanna, in: Molecular Microbiology: Diagnostic Principles and Practice, modified, 2004



Nucleic acid amplification methods

Amplification method Enzyme used

Target amplification

PCR

TAS, 3SR, NASBA, TMA

SDA

LCR

Thermophilic DNA polymerase

RT, RNase H, RNA polymerase

Restriction endonucleases, DNA polymerase

Thermophilic DNA ligase

Signal amplification
bDNA

Hybrid capture

Qβ replicase

CPT

Invader

RCA

None

None

Qβ replicase

RNase H

Cleavase

DNA polymerase



Amplification methods as analogs of 
artificial media

Amplification 
method

Specimen type Amplification 
result

Analogous 
cultivation method

Universal Polymicrobial Polyclonal 
amplification

Primary isolation 
medium

Universal Normally sterile, 
infection with single 

organism

Clonal 
amplification

Primary isolation 
medium

Universal No organism present Negative Primary isolation 
medium

Selective Target organism present 
with or without other 
members of the flora

Positive for 
target organism

Selective growth 
medium

Selective Target organism absent Negative Selective growth 
medium



Methods used for amplification product 
detection and identification

From: Tang et al., in: Molecular Microbiology: Diagnostic Principles and Practice, modified, 2004



Sequence-based fungal identification

• A sequence-based molecular method 

consists of the following steps:

– Nucleic acid extraction

– Amplification of target gene fragment

– Sequencing of the fragment

– Comparison of the obtained sequence to 

other gene sequences in a database



Advantages of nuclear rDNA

• Well characterized in fungi

• Universal occurrence

• Fast- and slow-evolving regions

• Multicopy

Organization of eukaryotic rDNA



Flowchart of the MicroSeq identification process

DNA is extracted by a 

simple procedure, then 

amplified by PCR and 

cycle sequenced. 

Samples can be 

electrophoresed on 

the ABI PRISM

genetic analyzer. 

Resulting sample files 

are analyzed and 

compared to 

comprehensive 

sequence libraries for 

identification of the 

unknown sample



MicroSeq system applications

• Hall L, Doerr KA, Wohlfiel SL, Roberts GD. Evaluation of the MicroSeq system for 

identification of mycobacteria by 16S ribosomal DNA sequencing and its integration into a 

routine clinical mycobacteriology laboratory. J Clin Microbiol. 2003, 41 (4): 1447-53

• Ninet B, Jan I, Bontems O, Lechenne B, Jousson O, Panizzon R, Lew D, Monod M. 

Identification of dermatophyte species by 28S ribosomal DNA sequencing with a 

commercial kit. J Clin Microbiol. 2003 41 (2): 826-30

• Woo PC, Ng KH, Lau SK, Yip KT, Fung AM, Leung KW, Tam DM, Que TL, Yuen KY.

Usefulness of the MicroSeq 500 16S ribosomal DNA-based bacterial identification system 

for identification of clinically significant bacterial isolates with ambiguous biochemical 

profiles. J Clin Microbiol. 2003 41 (5): 1996-2001

• Hall L, Wohlfiel S, Roberts GD. Experience with the MicroSeq D2 large-subunit ribosomal 

DNA sequencing kit for identification of filamentous fungi encountered in the clinical 

laboratory. J Clin Microbiol. 2004 42 (2): 622-6

• Fontana C, Favaro M, Pelliccioni M, Pistoia ES, Favalli C. Use of the MicroSeq 500 16S 

rRNA gene-based sequencing for identification of bacterial isolates that commercial 

automated systems failed to identify correctly. J Clin Microbiol. 2005 43 (2): 615-9



Query: 1   ttagagtttgatcctggctcaggacgaacgctggcggcgtgcttaacacatgcaagtcga 60 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct: 20  ttagagtttgatcctggctcaggacgaacgctggcggcgtgcttaacacatgcaagtcga 79 

 

Query: 61  acggaaaggccctgcttttgtggggtgctcgagtggcgaacgggtgagtaacacgtgagt 120 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct: 80  acggaaaggccctgcttttgtggggtgctcgagtggcgaacgggtgagtaacacgtgagt 139 

 

Query: 121 aacctgcccttgactttgggataacttcaggaaactggggctaataccggataggagctc 180 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct: 140 aacctgcccttgactttgggataacttcaggaaactggggctaataccggataggagctc 199 

 

Query: 181 ctgctgcatggtgggggttggaaagtttcggcggttggggatggactcgcggcttatcag 240 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct: 200 ctgctgcatggtgggggttggaaagtttcggcggttggggatggactcgcggcttatcag 259 

 

Query: 241 cttgttggtggggtagtggcttaccaaggctttgacgggtagccggcctgagagggtgac 300 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct: 260 cttgttggtggggtagtggcttaccaaggctttgacgggtagccggcctgagagggtgac 319 

 

Query: 301 cggccacattgggactgagatacggcccagactcctacgggaggcagcagtggggaatat 360 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct: 320 cggccacattgggactgagatacggcccagactcctacgggaggcagcagtggggaatat 379 

 

Query: 361 tgcacaatgggcggaagcctgatgcagcaacgccgcgtgcgggatgacggccttcgggtt 420 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct: 380 tgcacaatgggcggaagcctgatgcagcaacgccgcgtgcgggatgacggccttcgggtt 439 

 

Query: 421 gtaaaccgctttcgcctgtgacgaagcgtgagtgacggtaatgggtaaagaagcaccggc 480 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct: 440 gtaaaccgctttcgcctgtgacgaagcgtgagtgacggtaatgggtaaagaagcaccggc 499 

 

Query: 481 taactacgtgccagcagccgcggtgatac 509 

           ||||||||||||||||||||||||||||| 

Sbjct: 500 taactacgtgccagcagccgcggtgatac 528 

 

Scedosporium apiospermum gene for ITS 
5.8S-28S, isolate:#3004 and #7256 

Length = 1486 Score = 1005 bits (507), 
Expect = 0.0 Identities = 507/507 (100%)

Early diagnosis of a case of scedosporiosis 
by ITS2 rDNA sequencing



Methods used for amplification product 
detection and identification

From: Tang et al., in: Molecular Microbiology: Diagnostic Principles and Practice, modified, 2004



Hybridization array technology has 

been defined the “next wave” of 

technological advances to have a 

practical impact on the diagnosis of 

human disease, second only to PCR as a 

core technology in the clinical molecular 

diagnostics arena



Microarrays in microbiology

Array platform technology Application

Microbial gene expression Drug discovery and drug development

Pathogenesis studies and microbial 
physiology

Vaccine development

Drug resistance detection

Host gene expression profiling Differentiation of infectious 
etiologies

Development of anti-inflammatory 
drugs

Diagnostic sequencing Microbial detection, identification, 
and typing

Detection of drug resistance

Detection of host polymorphisms 
associated with drug metabolism or 
differential immune responses

From: Stover et al., in: Molecular Microbiology: Diagnostic Principles and Practice, modified, 2004









Methods used for amplification product 
detection and identification

From: Tang et al., in: Molecular Microbiology: Diagnostic Principles and Practice, modified, 2004



Features of real-time PCR

• Can be considered an “evolution” of PCR because 

overcome some PCR problems being able to:

– Estimate the “microbial load” by simultaneous 

amplification and quantitation of nucleic acids (DNA or 

RNA) in clinical specimens

– Reduce risk of carryover contamination because post-

amplification manipulation is not required, so real-time 

PCR is described as a “closed” system



Real-time PCR methods for fungi

From: Espy et al., CMR, modified, 2006



Results of real-time PCR, conventional PCR, and GM 
ELISA of BAL fluid specimens from patients with IPA (1)

BAL PCR result

Patient 
no.

Primary 
disease

IPA diagnosis 
(EORTC criteria)

BAL fungal 
culture

GM ELISA Real-time 
(copies/ml)

Conventional

1 NHL Probable C. albicans Positive Negative Negative

2 NHL Probable C. glabrata Positive 3,000 Positive

3 ML Probable Negative Positive 4,500 Positive

4 AML Probable Negative Positive 8,000 Positive

5 ALL Proven A. fumigatus Positive 60,000 Positive

6 SAA Proven A. flavus Positive 45,000 Positive

7 AML Probable Negative Positive 4,200 Positive

8 SAA Proven A. fumigatus Positive 75,000 Positive

9 ML Probable C. albicans Positive 2,000 Positive

10 AML Probable Negative Positive 3,900 Positive

From: Sanguinetti et al. JCM, 2003, modified



Results of real-time PCR, conventional PCR, and GM 
ELISA of BAL fluid specimens from patients with IPA (2)

BAL PCR result

Patient 
no.

Primary 
disease

IPA diagnosis 
(EORTC criteria)

BAL fungal 
culture

GM ELISA Real-time 
(copies/ml)

Conventional

11 AML Probable Negative Positive 9,800 Positive

12 AML Probable Negative Positive 10,500 Positive

13 AREB-t Probable Negative Positive 8,700 Positive

14 NHL Proven A. fumigatus Positive 85,000 Positive

15 ALL Probable Negative Positive 5,400 Positive

16 AML Probable A. fumigatus Positive 23,000 Positive

17 NHL Proven A. flavus Positive 100,000 Positive

18 AML Probable Negative Positive 7,600 Positive

19 AML Probable C. albicans Positive Negative Negative

20 ALL Probable C. albicans Positive 3,200 Positive

From: Sanguinetti et al. JCM, 2003, modified



Diagnostic molecular mycology: some current 
and future trends

• Detection of antifungal resistance by means of 

real-time PCR assay or oligonucleotide microarray

• Analysis and characterization of fungal proteomes 

by 2D gel electophoresis and mass spectrometry 

• Analysis of single nucleotide polymorphisms 

(SNPs) to find genes that affect disease 

pathology or determine drug responsiveness
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Strategies for defining diagnostic 
candidates

• Compare the reference proteomic signatures to 

experimentally defined proteomic signatures

• Identify significant fungal proteins:

– cell-associated proteins;

– membrane-spanning proteins;

– proteins that evoke a specific host immune response

• Combine 2D analysis with Western blotting using 

pateint sera 
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Conclusions
• Beyond sensitivity and accuracy, the SPEED remains a 

primary advantage of NAA over biological methods of 

amplification

– As many factors have combined to make more practical the 

implementation of new molecular methods, the increasing use of 

microarray technology, real-time PCR, and other new technologies 

promises to enhance the practical utility of molecular diagnostics 

in clinical mycology laboratories.

– I believe that molecular assays will find more wider application in 

clinical mycology laboratories as the prompt and specific diagnosis 

of fungal infection is shown to improve patient management and 

outcome.

– In addition, as tests become adapted to automated platforms and 

costs decline, molecular approaches may become the tests of 

choice even when comparable low-technology approaches are 

available.


