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PrinciplesPrinciples of of 
MolecularMolecular DiagnosticsDiagnostics

DNA RNA

Protein

AA GG CC TT

CultureCulture, , microscopymicroscopy,,
biochembiochem. . differentiationdifferentiation,,
susceptibilitysusceptibility testingtesting

AntibodyAntibody--basedbased assaysassays
(e.g., ELISA, Western Blot) Agglutination Agglutination teststests

SpecificSpecific detectiondetection of of 
nucleicnucleic acidsacids

(e.g., hybridization)

In In vitrovitro amplificationamplification
of of nucleicnucleic acidsacids

(e.g., PCR, NASBA)
AutomatedAutomated

DNA DNA sequencingsequencing

Computer-assisted
comparison with known

microbial DNA sequences
(GenBank, SmartGene™)

PathogenPathogen

DNADNA
RNARNA
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WhenWhen thethe highlyhighly desireddesired samesame--dayday--resultsresults cancan notnot
bebe obtainedobtained byby conventionalconventional diagnosticdiagnostic proceduresprocedures
((i.ei.e., ., microscopymicroscopy, , serologyserology, , antigenantigen detectiondetection))

testingtesting specimensspecimens fromfrom antibioticantibiotic prepre--treatedtreated patientspatients
forfor rapid rapid detectiondetection of of slowlyslowly growinggrowing, , fastidiousfastidious,,
oror ""viableviable butbut notnot culturableculturable" " pathogenspathogens
whenwhen molecularmolecular detectiondetection of of knownknown resistanceresistance genesgenes
oror pathogenicitypathogenicity factorsfactors contributecontribute to to thethe reliabilityreliability ofof
diagnosticdiagnostic reportsreports in in thethe casecase of of unclearunclear phenotypicphenotypic resultsresults
forfor rapid rapid epidemiologicalepidemiological strainstrain typingtyping ((i.ei.e., MLST)., MLST)
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and/and/oror::

Reischl, U., Indikationen für die molekulare Diagnostik - Bakterien, Pilze, Eukaryonten. 
In: Leitfaden Molekulare Diagnostik (Thiemann, Cullen, Klein, Edts.), Wiley-VCH, Weinheim, 2006, pp.175-183.

Reasonable IndicationsReasonable Indications
for requesting PCRfor requesting PCR--based testsbased tests

OnceOnce
uponupon
a time...a time...
...in August 1998...in August 1998

U. Reischl/RIMMH/03.2007
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... ... somesome
visionaryvisionary

statementsstatements
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Phenol / chloroform
EtOH precipitation

Sample preparation

Affinity columns

In vitro Amplification DNA-Sequencing

TechnologicalTechnological EvolutionEvolution

RealReal--time PCR time PCR 
in Diagnostic Microbiologyin Diagnostic Microbiology

SpeedSpeed

"Added value" by using Real"Added value" by using Real--time PCR insteadtime PCR instead
of traditional block of traditional block cyclercycler PCR:PCR:
Added valueAdded value

MeltingMelting curvecurve analysisanalysis
Option Option forfor NestedNested--PCRPCR
Quantitative Quantitative resultsresults
MultiplexingMultiplexing (?)(?)

U. Reischl/RIMMH/03.2007

Evolution of theEvolution of the
RealReal--Time PCRTime PCR
PlatformsPlatforms
oror
how technology meets the various demandshow technology meets the various demands
of molecular diagnostic laboratories...of molecular diagnostic laboratories...
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CurrentCurrent SpectrumSpectrum of of 
RealReal--TimeTime PCR PCR PlatformsPlatforms

U. Reischl/RIMMH/03.2007

TheThe remarkablyremarkably creativecreative
geniusgenius behindbehind

realreal--timetime PCR technology:PCR technology: Carl T. Carl T. WittwerWittwer
Professor of Pathology at the 

University of Utah Medical School 
and Director of Flow Cytometry
and the Advanced Technology 
Group at ARUP, Salt Lake City. 

AACC Hall of Fame

RealReal--timetime
PCRPCR

Rapid Rapid CycleCycle
RealReal--timetime PCRPCR

MeltingMelting CurveCurve
AnalysisAnalysis

HybridizationHybridization
ProbesProbes

High ResolutionHigh Resolution
MeltingMelting AnalysisAnalysis

Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology

U. Reischl/RIMMH/03.2007

OptionsOptions forfor high high sensitivitysensitivity oror high high throughputthroughput testingtesting
withinwithin a a commoncommon assayassay formatformat::

Evolution of Evolution of thethe LightCyclerLightCycler RealReal--TimeTime PCR SystemsPCR Systems

LC2.0LC2.0LC2.0

100 µl100 µl

20 µl20 µl

LC480LC480LC480

100 µl100 µl

5 µl5 µl

20 µl20 µl

LC 1.xLC 1.xLC 1.x

20 µl20 µl

LC 1.0LC 1.0LC 1.0

20 µl20 µlDNA
and / or
RNA

96-well96-well

386-well386-well

http://http://www.idahotech.comwww.idahotech.com//lightcycler_ulightcycler_u//
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CurrentCurrent SpectrumSpectrum of of 
RealReal--TimeTime PCR PCR PlatformsPlatforms
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Ref.: LaborJournal 05/2006
http://www.laborjournal.de/rubric/produkte/products_06/2006_05.html 
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CurrentCurrent SpectrumSpectrum of of 
RealReal--TimeTime PCR PCR PlatformsPlatforms
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ABI ABI introducedintroduced
meltingmelting curvecurve

analysisanalysis::

Ref.: http://www.info.appliedbiosystems.com/stepone
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CurrentCurrent SpectrumSpectrum of of 
RealReal--TimeTime PCR PCR PlatformsPlatforms
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20072007

Ref.: http://www.corbettlifescience.com

Large Large 
surface surface 
area for area for 

rapid rapid 
thermal thermal 
transfertransfer

Optic Optic 
ReflectorsReflectors
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CurrentCurrent SpectrumSpectrum of of 
RealReal--TimeTime PCR PCR PlatformsPlatforms
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Ref.: http://www.corbettlifescience.com
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RealReal--timetime PCR  PCR  HybridizationHybridization ProbesProbes

FRET:
fluorescence
resonance
energy
transfer

Highly specificHighlyHighly specificspecific

Rapid (<1 h)Rapid (<1 h)Rapid (<1 h)

Closed systemClosedClosed systemsystem

Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology

Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology
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1st 1st roundround
PCRPCR

(urease gene)

ThermocyclerThermocycler comparisoncomparison withwith a a setset of 20 of 20 gastricgastric biopsiesbiopsies::

nestednested
PCRPCR

InhibitionInhibition
controlcontrol

PE 9700 cycler LightCyclerLightCycler™™vs.

- Helicobacter pylori (nested PCR) -Fea
sibilit

y

Fea
sibilit

y

Fea
sibilit

y



Our PCR-Assay Portfolio 

BacteriaBacteria FungiFungiVirusVirus ProtozoeaeProtozoeae

EBV

CMV

Aspergillus fumigatus

Blastomyces dermatitidis

Candida albicans

Coccidioides immitis

Cryptococcus spp.

Histoplasma capsulatum

Microsporum canis

Paracoccidioides brasil.

Trichophyton verrucosum

Acanthamoeba spp.

Cryptosporidium spp.

Entamoeba spp.

Pneumocystis carinii

Plasmodium spp.

Toxoplasma gondii

Bordetella pertussis

Bordetella parapertussis

Chlamydia pneumoniae

Chlamydia psittaci

Haemophilus influenzae

Legionella pneumophila

Moraxella catharrhalis

Mycobact. tuberculosis

Mycoplasma pneumoniae

EHEC, ETEC, EPEC, EIEC

Salmonella enterica

Helicobacter pylori

S. aureus Enterotoxine

Yersinia enterocolitica

Campylobacter spp.

Clostridium difficile Toxin 

Chlamydia trachomatis

Strep. agalactiae (B-Strep)

Bacillus anthracis

Bartonella henselae

Brucella melitensis

Leptospira spp. 

Listeria monocytogenes

Staph. aureus / mecA

Strep. pyogenes (A-Strep)

Yersinia pestis

Bakteria spp. (16S rDNA)

Nocardia spp.

Pseudomonas aeruginosa

Streptococcus pneumoniae

Treoponema pallidum

Corynebact. diphtheriae

Neisseria gonorrhoeae

Borrelia burgdorferi

Neisseria meningitidis

Tropheryma whipplei

Fungi spp. (28S rDNA)Methicillin Resistance

Clarithroymcin Resistance

Rifampicin Resistance

Isoniazid Resistance

Vancomycin Resist. (VRE)

Coxiella burnetii (Q-Fieber) 

statusstatus MarchMarch 20072007

HHV-6

HSV-1,2

HBV

HCV

HDV

HEV

VZV

HIV

BKV

JCV

Adeno

Parvo

U. Reischl /RIMMH/03.2007

Leishmania spp.

TaqManTaqMan::

InnovativeInnovative

C. C. pneumoniaepneumoniaeL. L. pneumophilapneumophila B. B. pertussispertussis EHECEHECH. H. pyloripylori C. C. albicansalbicans

ConceptConcept Common Common ProtocolProtocol
Ratio
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Workflo
w
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w
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U. Reischl /RIMMH/05.2004

one uniform thermocycle protocol fits
to the majority of our PCR assays

oneone uniform uniform thermocyclethermocycle protocolprotocol fitsfits
to to thethe majoritymajority of of ourour PCR PCR assaysassays

BenefitsBenefits of of 
samesame dayday resultsresults
in in DiagnosticDiagnostic MicrobiologyMicrobiology
oror
how rapid testing and rapid resultshow rapid testing and rapid results
can impact patient management...can impact patient management...
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hourshours11 22 33 44 55 66 77 88

S:S: Sample preparation; AMP:AMP: Amplification; DP:DP: Detection; INT:INT: Interpretation of results

PCR PCR WorkflowWorkflow AssessmentAssessment
-- AmplificationAmplification / / DetectionDetection --

automatedautomated

physicalphysical
manipulationmanipulation

samesame dayday resultsresults nextnext dayday resultsresults

DP IN
T

AMP DP

AMPS

IN
T

inin--househouse ELOSA ELOSA 

SBlock Cycler PCRBlock Block CyclerCycler PCRPCR

AMP DPPCR-Dipstick-TestPCRPCR--DipstickDipstick--TestTest

AMP
DP

AMP
DP IN

T

SReal-time PCRRealReal--timetime PCRPCR
timetime--toto--resultresult

S IN
T

Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology

- Bordetella pertussis -

RepetitiveRepetitive
InsertionInsertion--
sequencesequence

IS481IS481

Reischl, U., N. Lehn, G.N. Sanden, and 
M. Löffelholz (2001) Real-time PCR assay 
targeting IS481 of Bordetella pertussis and 
molecular basis f or detecting Bordetella
holmesii. J. Clin. Microbiol. 39, 1963-1966.

Rational Rational designdesign of of primersprimers und und realreal--timetime PCR PCR hybridizationhybridization probesprobes::
BordetellaBordetella pertussispertussis -- DiagnosticDiagnostic WorkflowWorkflow

Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriologyRapid

Rapid
Rapid

day 2-4 dayday 22--4 4 

Biochemical tests
e.g., urease / oxidase

& susceptibility testing

BiochemicalBiochemical teststests
e.g., urease / oxidase

& susceptibility testing

day 4-10dayday 44--1010

AntibiogramAntibiogramAntibiogramPCRPCR
highlyhighly sensitivesensitive

andand
veryvery specificspecific

Species
identification

SpeciesSpecies
identificationidentification

when positivewhen positive

Diagnostic
Culture

(gold standard)

DiagnosticDiagnostic
CultureCulture

((gold gold standardstandard))

PrerequisitesPrerequisites: : 
-- Calcium Calcium alginatealginate swabswab
-- CatarrhalCatarrhal stagestage (< (< dayday 14)14)

- Modified Bordet-Gengou medium
- Charcoal-horseblood agar (Regan-Lowe)
- BCYE agar

Sensitiviy
less than 50%

Sensitiviy
less than 50%

Throat
swab
ThroatThroat
swabswab

Nasopharyngeal
swab

NasopharyngealNasopharyngeal
swabswab

urease
oxidase

Ca
lc

iu
m

 
Ca
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iu
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al
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al
gi
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day 0 dayday 0 0 

DNADNA--
PreparationPreparation

U. Reischl/RIMMH/08.2004

Gram +/-
rods / cocci
low sensitivity
and specificity

Gram +/-
rods / cocci
low sensitivity
and specificity

Serology
often

inconclusive
sensitivity < 50%

Serology
often

inconclusive
sensitivity < 50%

Serology
Specific IgG, IgM, IgA

antibodies
(> day 14 of disease)

SerologySerology
Specific IgG, IgM, IgA

antibodies
(> day 14 of disease)

Microscopy
(Gram stain)

MicroscopyMicroscopy
(Gram stain)

Mikrobiology
vs. PCR:
MikrobiologyMikrobiology
vs.vs. PCR:PCR:



Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology

U. Reischl/RIMMH/08.2004

ComparativeComparative studystudy on on diagnosticdiagnostic cultureculture vs.vs. PCRPCR--basedbased detectiondetection::
- Bordetella pertussis / parapertussis -

IS
481

ISIS
481481 No. of patients (n = 208)

B. pertussis PCR
B. parapertussis

PCR
Culture
result

Positive Negative Positive Negative

Positive  a) 20 0 10 0

Negative b) 24 164 8 190

a) Includes 2 patients whose samples were both positive by PCR and

culture for B. pertussis and B. parapertussis.
b) Includes 2 patients whose samples were both positive by PCR and

negative by culture for B. pertussis and B. parapertussis.

2020
2424

00

INSTAND-Rei > WvK_08/04-04 U. Reischl /RIMMH/02.99

MRSAMRSA -- DiagnosticDiagnostic WorkupWorkup

Blood agar
+ AB Discs

Blood agar
+ AB Discs

Oxacillin
Mannitol
Bouillon 

Oxacillin
Mannitol
Bouillon 

Microscopy
(Gram stain)

MicroscopyMicroscopy
(Gram stain)

day 2dayday 22
Tubed coagulaseTubed coagulase

MRSA / MSSAMRSA / MRSA / MSSAMSSA

In
oc

ul
at

io
n

of
 

AntibiogramAntibiogramAntibiogram

Mannitol
Salt agar
Mannitol
Salt agar

pos.
neg.
pos.pos.
negneg..

MRSA
PCR

MRSAMRSA
PCRPCR 3 h3 h3 h

Rapid
Rapid
Rapid

S. aureusS. S. aureusaureus

Reading of 
AB Discs & Oxa
screening plate

Reading of 
AB Discs & Oxa
screening plate

day 1dayday 11

Oxacillin
Screen plate
Oxacillin

Screen plate

Coagulase/MRSA
Agglut.-test

CoagulaseCoagulase/MRSA/MRSA
Agglut.-test

MH-Agar
+ AB Discs
MH-Agar

+ AB Discs

Catalase Prod.Catalase Prod.

Staphylococcus PCRStaphylococcusStaphylococcus PCRPCR

mecA PCRmecmecAA PCRPCR

ß-Globin PCRßß--GlobinGlobin PCRPCR

"same day results"""samesame dayday resultsresults""

DecisiveDecisive winningwinning
marginmargin withwith respectrespect to to 

timelytimely initiationinitiation of of 
selectiveselective and and efficientefficient
isolationisolation measuresmeasures byby

thethe availabilityavailability of of 

day 0dayday 00

Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology

MRSA MRSA PCRPCR--WorkflowWorkflow

Prot K
Incubation

Standardized
DNA preparation

DNA

same day

resu
lts

same
same dayday

resu
lts

resu
lts

StaphylococcusStaphylococcus

mecA PCRmecA PCR

Nasal
swab
NasalNasal
swabswab

~ 3 h (~ 3 h (110110//7070))
forfor 1 to 6 1 to 6 samplessamples

RESULTRESULTRESULT

MagNA Pure LCMagNA Pure LC LightCycler PCR LightCycler PCR 

TAT ~ 2 hTAT ~ 2 h
TTR ~ 2,5 hTTR ~ 2,5 h

MRSA 111e
(MRSA Screening-Studie)

10:00

14:00

IN
T

SP:SP: DNA isolation, AMP:AMP: Amplification,
DP:DP: Detection, INT:INT: Interpretation of results

SP (50)
AMP  
DP (70)

IN
TSP (50)

AMP  
DP (70)

17:00

Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology

SCCmec PCRSCCmec PCR

lukFS (PVL) PCRlukFS (PVL) PCR

RocheRoche

SEPTI SEPTI FastFast®®

Rapid and sensitive detection of Rapid and sensitive detection of 
bacterial and fungal sepsisbacterial and fungal sepsis
from EDTA blood samples.from EDTA blood samples.

ConceptConcept of of thethe Roche Roche SeptiSeptiFastFast®® TestTest
SeptiFast

SeptiFast

U. Reischl/RIMMH/11.2006

Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology



SpeciesSpecies CoverageCoverage of of thethe Roche Roche SeptiSeptiFastFast®® TestTest
SeptiFast

SeptiFast

U. Reischl/RIMMH/03.2007

- Detection of the 25 most important pathogens found in blood stream infections
- Identification of 20 groups relevant for decision making
- Covering approx. 90 % of the nosocomial blood stream infections

DNA from the following bacterial and fungal species can be detected and indentified
by the Roche LightCycler® SeptiFast® test within a timeframe of 6 h:

DNA from the following bacterial and fungal species can be detecDNA from the following bacterial and fungal species can be detected and ted and indentifiedindentified
by the Roche by the Roche LightCyclerLightCycler®® SeptiSeptiFastFast®® test within a timeframe of 6 h:test within a timeframe of 6 h:

Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology

ConceptConcept of of thethe Roche Roche SeptiSeptiFastFast®® TestTest

Gram-positivesGram-positives Gram-negativesGram-negatives

Multiplex and multi-channel concept:Multiplex and Multiplex and multimulti--channelchannel conceptconcept::

SeptiFast

SeptiFast Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology

U. Reischl/RIMMH/03.2007

LightCyclerLightCycler®® 2.0 2.0 
instrumentinstrument (CE(CE--IVD): IVD): 

Quantitative PCRQuantitative PCR
isis an an issueissue inin
DiagnosticDiagnostic MicrobiologyMicrobiology
butbut ......

U. Reischl /RIMMH/09.00

... ... wewe ususallyususally encounterencounter a a broadbroad
spectrumspectrum of of clincalclincal specimensspecimens::

Tissue (solid or soft tissue biopsies)

Swabs (nasal swabs, wound swabs, rectal swabs)

Blood (whole blood, blood culture, serum)

Bone marrow aspirate
Respiratory specimens
(sputum, BAL, tracheal aspirate)

Cerebrospinal fluid (CSF)

Gastric juice aspirate
Stool
Urine
Others ...

Sample Sample PreparationPreparation IssuesIssues

QuantitativeQuantitative
RealReal--time PCRtime PCR
for for 
Chlamydia Chlamydia 
trachomatistrachomatis

neg. contr.

Clinical
samples
provided by
Dr. Barbara
Van der Pol

ClinicalClinical
samplessamples
providedprovided byby
Dr. BarbaraDr. Barbara
Van der PolVan der Pol

Swabs:
03-112

SwabsSwabs::
0303--112112

Tm analysis :TTmm analysisanalysis ::

PremixedPremixed primersprimers
and and probesprobes ((fromfrom
TIB TIB MolbiolMolbiol))

Internal ControlInternalInternal ControlControl

CT-WHO_02 (for Dr. Rosanna Peeling) U. Reischl/RIMMH/08.2004

TestingTesting of of MagNAMagNA Pure LC DNA Pure LC DNA preparationspreparations fromfrom urinesurines and and variousvarious kindskinds of of swabsswabs::

CT-PCR
CTCT--PCR

PCR Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology

-- ChlamydiaChlamydia trachomatistrachomatis --

040802_4_Chtr_Swab1_G.bmp

~ 59~ 59°°CC ~ 64~ 64°°CC

Quantitation (standard curve)QuantitationQuantitation ((standardstandard curvecurve))

Total number of investigated samples > 1.200Total Total numbernumber of of investigatedinvestigated samplessamples > 1.200> 1.200



CT-WHO_12a (for Dr. Rosanna Peeling) U. Reischl/RIMMH/02.2006

Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology

-- ResultsResults of of thethe WHO WHO StudyStudy --
CT-PCR
CTCT--PCR

PCR

forfor
MolecularMolecular SpeciesSpecies TypingTyping
Rapid identification of bacterial or fungalRapid identification of bacterial or fungal
species without DNA sequence determination.species without DNA sequence determination.

MeltingMelting curvecurve analysisanalysis

U. Reischl/RIMMH/03.2007

-- DirectDirect DetectionDetection and Differentiation of and Differentiation of StaphylococciStaphylococci --
LightCylcer

PCR
LightCylcer

PCR

-- StaphylococcusStaphylococcus
LC LC KitKit

-- LC LC ContolContol KitKit
(human(human ßß--globinglobin))

MRSA 03d_a

LC Tm-

analysisLC Tm-

analysis Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology

U. Reischl/RIMMH/07.2004

PrimaryPrimary cultureculture
MacConkeyMacConkey agaragar

DNA-
Preparation

15421 Variable  Regionen

SLT-Genes

LightCycler
Assay

1 2F R

slt I{Z36901}  gta--- --tg-t-a-- -t--t--t--
sltII-916(Ki)  --g--- ---------- ---------- / 71°C    
sltII-1060(Ki) --g--- ---------- -t-------- / 66°C 
sltII-3615(WÜ) --g--- -------a-- -------t-- / 63°C
sltII-811(Ki)  --g--- --a----a-- -a-------- / 55°C
sltII-3143(WÜ) --g--- --a----a-- -aa------- / 51°C
sltII{M21534}  --g--- -------a-- ----------
sltII{Z37725}  ------ ---------- ----------

...TACCATG ACGCCGGGAG ACGTGGACCT...
Red EHEC-II HP-2 >

Rapid (< 1 h)Rapid (< 1 h)Rapid (< 1 h)

Toxin gene
profiling

Toxin Toxin genegene
profilingprofiling

350 350 isolatesisolates
withinwithin 3 3 daysdays

Shiga-Toxin Gene Detection (EHEC)
TTmm--analysisanalysis

Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology

EHEC
toxin

typing

EHECEHEC
toxintoxin

typingtyping

U. Reischl/RIMMH/03.2007

forfor MolecularMolecular
ResistanceResistance TestingTesting
Rapid detection of point mutations conferringRapid detection of point mutations conferring
to antibiotic resistance.to antibiotic resistance.

...g G A A a...

C
G G(A)

MeltingMelting curvecurve analysisanalysis

U. Reischl/RIMMH/03.2007
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HelicobacterHelicobacter sppspp..
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HybridizationHybridization probe / probe / meltingmelting curvecurve--basedbased detectiondetection of of mutationsmutations in in thethe
H. H. pyloripylori 23S 23S rDNArDNA genegene associatedassociated withwith macrolidemacrolide resistanceresistance::

PCR amplicon 3'
Fluorescein F
Primer 15'

h x ν1

...g G A A a...

C
G G(A)

HybProbe 2LC-Red
640 Red

h x ν3

Primer 2

PCR design according to: Maeda et al., 1998, Gut 43:317-321.

- H. pylori - ClarithromycinClarithromycin resistanceresistance

Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology
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LC LC meltingmelting curvecurve analysisanalysis
performedperformed withwith 30 30 culturedcultured
H. H. pyloripylori isolatesisolates::

GAA (wt)
GCA
(mt)

GAG (mt)

GGA (mt)

- H. pylori - Clarithromycin resistance

...g G A A a...

C
G G(A)

04.28.0557 is
presumably
a mixture of 

GGA and GAA

04.28.0557 is
presumably
a mixture of 

GGA and GAA

U. Reischl/RIMMH/03.2007

High High TroughputTroughput
RealReal--timetime PCRPCR
TestingTesting
For screening purposes.For screening purposes.

20 µl20 µl

LC480LC480LC480

100 µl100 µl

5 µl5 µl

96-well96-well

384-well384-well
MagNA
Pure LC
MagNAMagNA
Pure LCPure LC

Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology

- lukFS real-time PCR assay (LC 2.0) -

cMRSA-UR 10 (lukFS Assay)

ScreeningScreening of of culturedcultured S. S. aureusaureus / MRSA / MRSA strainsstrains forfor thethe presencepresence of of luklukFSFS..

NegNeg. . controlcontrol

culturedcultured
strainsstrains

cMRSA
cMRSA

cMRSA

positive positive 
controlcontrol

(CA(CA--MRSA)MRSA)

77
22

U. Reischl/RIMMH/11.2006

Template DNA
of S. aureus

strains

TemplateTemplate DNADNA
of of S. S. aureusaureus

strainsstrains

PVLPVL--negativenegative
S. S. aureusaureus strainsstrains

LightCylcer PCRLightCylcer PCR

time-to-result < 2 h< 2 h

Tm~ 59°°CC
(( luklukFSFS))

Tm-analysis [F2]TTmm--analysisanalysis [F2][F2]

lukFS (PVL)
in-house

LightCycler assay
(Regensburg)

luklukFSFS (PVL)(PVL)
inin--househouse

LightCyclerLightCycler assayassay
(Regensburg)(Regensburg)

Reference: Reischl et al.,
CMID (2007) 26:131-135

Evaluation of Evaluation of DiagnosticDiagnostic ProtocolsProtocols
in in ClinicalClinical BacteriologyBacteriology

- lukFS real-time PCR assay (LC 480) -

cMRSA-UR 12 (lukFS Assay)

High High throughputthroughput screeningscreening of of S. S. aureusaureus strainsstrains forfor thethe luklukFSFS genegene..

NegNeg. . controlcontrol

culturedcultured
strainsstrains

cMRSA
cMRSA

cMRSA

Tm~ 59°°CC
(( luklukFSFS))

positive positive 
controlcontrol

(CA(CA--MRSA)MRSA)

H9H9

C8C8

U. Reischl/RIMMH/11.2006

LightCylcer 480 PCRLightCylcerLightCylcer 480480 PCRPCR

MagNA
Pure LC
MagNAMagNA
Pure LCPure LC

Template DNA
of S. aureus

strains

TemplateTemplate DNADNA
of of S. S. aureusaureus

strainsstrains

90 PVL-negative
S. aureus strains

time-to-result < 2 h for
up to 384 samples !!

time-to-result < 2 h< 2 h for
up to 384384 samples !!

C9C9

Tm-analysis [F2]TTmm--analysisanalysis [F2][F2]

Reference: Reischl et al.,
CMID (2007) 26:131-135

lukFS (PVL)
in-house

LightCycler assay
(Regensburg)

luklukFSFS (PVL)(PVL)
inin--househouse

LightCyclerLightCycler assayassay
(Regensburg)(Regensburg)

CurrentCurrent and/and/oror
IntrinsicIntrinsic LimitationsLimitations
of of MolecularMolecular TestingTesting
oror
why NAT can only supplement but why NAT can only supplement but 
will not substitute diagnostic culture...will not substitute diagnostic culture...
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LimitationsLimitations of of MolecularMolecular TestingTesting

PrePre--PCRPCR ProcessingProcessing ("Sample ("Sample PreparationPreparation")")
still represents one of the central hurdles
in molecular detection of bacterial pathogens

RealReal--timetime
PCRPCR

PrePre--PCRPCR
ProcessingProcessing

U. Reischl/RIMMH/03.2007

Cross-reactions with rare (apathogenic) variants
of the corresponding pathogenic target organism

Problem of quantity
(relatively low counts of the corresponding
pathogen in the investigated specimen)
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Limit of Detection

~ 102 / PCR

A positive culture result was observed with a 
previously or later examined specimen MRS AMRS A

Mutations or deletions within a target gene,
which may abolish the associated pathogenicity

Potential Reasons for Discrepant
Results between PCR and Culture

1- 5 / Culture
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Mutations in popular target genes > pathogen may
escape molecular detection (e.g. Swedish CT variant)
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Pathogen Distribution in Pathogen Distribution in thethe StartingStarting MaterialMaterial

DNA extractionDNA DNA extractionextraction

PCR PCR isis designeddesigned to find to find thethe ""needleneedle in a in a haystackhaystack" " -- and and isis usuallyusually ableable
to do so...to do so...

......butbut thethe probabilityprobability of of findingfinding thisthis particularparticular needleneedle isis dramaticallydramatically
reducedreduced whenwhen onlyonly a a smallsmall portionportion of of thethe haystackhaystack isis ""analyzedanalyzed"   "   

ClinicalClinical
specimenspecimen

(1 ml)(1 ml)

200 200 µµll PCRPCR

< 50 < 50 µµll PCRPCR

positivepositive

falsefalse--
negative !negative !

-- Problem of pathogen Problem of pathogen distributiondistribution --

High Resolution High Resolution 
MeltingMelting
Rapid detection and precise characterizationRapid detection and precise characterization
of point mutations or of point mutations or SNPsSNPs

...g G A A a...
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CurrentCurrent diagnosticdiagnostic applicationsapplications::

-- High Resolution (High Resolution (AmpliconAmplicon) ) MeltingMelting Analysis Analysis --

Ref.: Wittwer et al. (2003)Ref.: Wittwer et al. (2003)
ClinClin. Chem. 49:853. Chem. 49:853--860.860.

HRM-02

SYBR Green ISYBR Green I

LC GreenLC Green

CysticCystic
fibrosisfibrosis

genegene

Homo / Homo / HeteroduplexHeteroduplex analysisanalysis

HeteroduplexHeteroduplex

HomoduplexHomoduplex
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CurrentCurrent applicationsapplications of HRMof HRM::

-- High Resolution (High Resolution (AmpliconAmplicon) ) MeltingMelting Analysis Analysis --
Ref.: http://Ref.: http://www.corbettlifescience.comwww.corbettlifescience.com

HRM-06

The introduction of HRM has renewed interest
in the utility of DNA melting, including:

- Mutation discovery (gene scanning)
- Screening for loss of heterozygosity
- DNA fingerprinting
- SNP genotyping
- DNA methylation analysis
- DNA mapping
- Species identification
- Somatic acquired mutation ratios
- HLA compatibility
- Identification of candidate predisposition genes
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CurrentCurrent diagnosticdiagnostic applicationsapplications::

-- High Resolution (High Resolution (AmpliconAmplicon) ) MeltingMelting Analysis Analysis --
Ref.: Wittwer et al. (2003)Ref.: Wittwer et al. (2003)

ClinClin. Chem. 49:853. Chem. 49:853--860.860.

HRM-03

LC GreenLC Green

HumanHuman
ßß--globinglobin

genegene

SNP SNP analysisanalysis ((HbSHbS and and HbCHbC))

DifferencesDifferences in in 
meltingmelting kineticskinetics

of of dsds DNADNA

GenotypesGenotypes
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ApplicationApplication:: HRM HRM forfor bacterialbacterial speciesspecies differentiationdifferentiation (HR(HR--1)1)::

-- High Resolution (High Resolution (AmpliconAmplicon) ) MeltingMelting Analysis Analysis --

HRM-08
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CurrentCurrent diagnosticdiagnostic applicationsapplications::

-- High Resolution (High Resolution (AmpliconAmplicon) ) MeltingMelting Analysis Analysis --
Ref.: www.lightcycler480.comRef.: www.lightcycler480.com

HRM-04

LightCylcer 480 PCRLightCylcerLightCylcer 480480 PCRPCR
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CurrentCurrent diagnosticdiagnostic applicationsapplications::

-- High Resolution (High Resolution (AmpliconAmplicon) ) MeltingMelting Analysis Analysis --
Ref.: www.lightcycler480.comRef.: www.lightcycler480.com

HRM-05


