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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 Workload AssessmentPCR Workload Assessment
-- Amplification / Detection Amplification / Detection --

automatedautomated

physical physical 
manipulationmanipulation

IN
THighPure / QIAamp

LightCycler
HighPure / QIAamp

LightCyclerLightCycler

MagNA Pure LC
LightCycler

MagNA Pure LC
LightCyclerLightCycler

HighPure / QIAamp
ampli Well ID

HighPure / QIAamp
ampli ampli Well IDWell ID

MagNA Pure LC
ampli Well ID

MagNA Pure LC
ampli ampli Well IDWell ID

AMP
DP (80)
AMP
DP (80)

AMP
DP (80)
AMP
DP (80) IN

TSP (145)

SP (90)

SP (145)

SP (90) AMP(100)

AMP(100) DP (125) IN
T

IN
TDP (125)

3,2 h (3,2 h (9595//100100))
~ 30 samples~ 30 samples

4 h (4 h (4545//200200))
~ 30 samples~ 30 samples

5,6 h (5,6 h (170170//170170))
~ 30 samples~ 30 samples

6,2 h (6,2 h (120120//250250))
~ 30 samples~ 30 samples

same day resultssame day results next day resultsnext day results
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Scanning
sorting

aliquotting

Scanning
sorting

aliquotting

DNA / RNA 
preparation
DNA / RNA 
preparation

Ampli-
fication
Ampli-
fication

DetectionDetectionDetection

Incoming
samples

Result

RealReal--timetime Fluorescence Detection:Fluorescence Detection:
Rapid
Closed system
No cross-contamination
Quantitative 
"Multiplex" capability
Analysis software 

Current Limitations:Current Limitations:
Sensitivity
QC of components 
Lack of commercial kits
(> variety of in house protocols)
Lack of interpretation software 

Automation in Molecular MicrobiologyAutomation in Molecular Microbiology

Sybr
Green

Hyb
Probes

Taq
Man
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The early days of LightCycling TechnologyThe early days of LightCycling Technology

October 1998October 1998

Regensburg, stony bridgeRegensburg, stony bridge

Evaluation of Diagnostic Protocols Evaluation of Diagnostic Protocols 
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Light Cycler Assay Formats

SYBR Green I Hybridization Probe Format Hydrolysis Probe Format

Elongation Phase Annealing Phase Elongation Phase
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Helicobacter spp.Helicobacter spp.
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Hybridization probe / melting curveHybridization probe / melting curve--based detection of mutations in the based detection of mutations in the 
H. pyloriH. pylori 23S rDNA gene associated with macrolide resistance:23S rDNA gene associated with macrolide resistance:

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 - Clarithromycin resistance

Evaluation of Diagnostic Protocols Evaluation of Diagnostic Protocols 
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LC melting curve analysis LC melting curve analysis 
performed with 30 culturedperformed with 30 cultured
H. pyloriH. pylori isolates:isolates:

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/02.99
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U. Reischl/RIMMH/10.99

Repetitive Repetitive 
insertion insertion 

sequence sequence 
ISIS 481481

(primers and HybProbes 
are located in specific 

regions) 

Selection of primer Selection of primer 
and HybProbeand HybProbe
sequences:sequences:

Ref.:  Glare et al. (1990) 
J. Clin. Microbiol. 28:1982-1987.

ggtgtgaagattcaataggttgt Primer BP-neu1 >
Primer BP-1 >

S66937   1127  gattcaataggttgtatgcatggttcatccgaaccggatttgagaaactggaaatcgcca 1186
M22031   12    ............................................................ 71
L26973   1127  ............................................................ 1186
S66929   12    ............................................................ 71
X58488   227   ...........................................................g 168
U07800   237   ............................................................ 178

BP-HP-3 >     F R BP-HP-4 > BP-HP-3 >
S66937   1187  accccccagttcactcaaggagcccggccggatgaacacccataagcatgcccgattgac 1246
M22031   72    ............................................................ 131
L26973   1187  ............................................................ 1246
S66929   72    ............................................................ 131
X58488   167   ............................................................ 108
U07800   177   c........................................................... 118

< Primer BP-neu2: caaacacacggacttcgccg
<  Primer BP-2

F R      BP-HP-4 >              gcgggtagttcaaacacacggactt
S66937   1247  cttcctacgtcgactcgaaatggtccagcaattgatcgcccatcaagtttgtgtgcctgaa 1307
M22031   132   ............................................................. 192
L26973   1247  ............................................................. 1307
S66929   132   ............................................................. 192
X58488   107   ............................................................. 43
U07800   117   ............................................................. 53

gb|L26973|BPEREPA  Bordetella pertussis DNA repeat regions. 
gb|S66929|S66929  {inverted repeating element RSBP1} [Bordet... 
gb|M22031|BPETERRA  B.pertussis insertion sequence with 28 b... 
gb|S66937|S66937  orf1...orf3 {transposon-like sequence} [Bo..
emb|X58488|PBPORING  B.pertussis gene for a porin protein
gb|U07800|BPU07800  Bordetella pertussis BP504 catalase (kat

- Bordetella pertussis - Vers. 1.0 / 2.0Vers. 1.0 / 2.0

Evaluation of Diagnostic Protocols Evaluation of Diagnostic Protocols 
in Clinical Bacteriologyin Clinical Bacteriology

U. Reischl/RIMMH/05.00

Evaluation of the Evaluation of the duplexduplex PCR assay with a set of 30 nasopharyngeal PCR assay with a set of 30 nasopharyngeal 
specimens:specimens:

ISIS481481
[640 nm][640 nm]

ISIS10011001
[705 nm][705 nm]

B. pertussisB. pertussisB. pertussis B. parapertussisB. parapertussisB. parapertussis Patient

has a
simultaneous

infection 
with

B. pertussis
and

B. parapertussis

Patient

has a
simultaneous

infection 
with

B. pertussis
and

B. parapertussis

[F2][F2] [F3][F3]

- Bordetella pertussis / parapertussis - Vers. 1.0Vers. 1.0

Evaluation of Diagnostic Protocols Evaluation of Diagnostic Protocols 
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Results of IS481Results of IS481-- and IS1001and IS1001--specific PCR versus results of diagnostic culture:specific PCR versus results of diagnostic culture:

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.

- Bordetella pertussis / parapertussis - Vers. 1.0Vers. 1.0

2020
2424

Evaluation of Diagnostic Protocols Evaluation of Diagnostic Protocols 
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Target Target quantificationquantification in clinical specimens applying an external standard:in clinical specimens applying an external standard:

ISIS481481
[640 nm][640 nm]

[F2][F2]

180.000 copies

3.390.000 copies

19.000 copies

- Bordetella pertussis / parapertussis -
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- Bacillus anthracis -

Evaluation of Diagnostic Protocols Evaluation of Diagnostic Protocols 
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U. Reischl/RIMMH/02.2001

Stx-1
(Shiga-
toxin-1)

Stx-2
(Shiga-
toxin-2)

eae
(Intimin)

hlyA
(entero-

hemolysin)

ST a/b
(heat-stabile
enterotoxin)

LT
(heat-labile
enterotoxin)

EAF
plasmid

(EPEC
adherence

factor)

Cryptic
ORF

(on EAEA-
specific
plasmid)

ial
(invasion-
associated

locus)

EHEC + + + +
(>90%)

ETEC + (a/b) +

EPEC - - + (+) + / -

EAEC +

EIEC +

- PCR-typing of Enterodiarrheagenic E. coli -

Evaluation of Diagnostic Protocols Evaluation of Diagnostic Protocols 
in Clinical Bacteriologyin Clinical Bacteriology

U. Reischl/RIMMH/12.02

- Enterohemorrhagic E. coli (EHEC) -
Evaluation of the PCR assay with clinical specimens Evaluation of the PCR assay with clinical specimens (stool sample):(stool sample):

021203_4_eae_G.bmp

neg. control

Patient ID#:
B02.12.01.0512B02.12.01.0512
(2-year old boy with bloody diarrhoea,
clinically suspected EHEC infection)

PCR result:
stx1: negative
stx2: positivepositive;; stxstx2c2c
eae: positivepositive
hlyA: positivepositive

EHEC-Pat01

Note:Note:
All colonies grown on the primary  

McConkey plate were suspended with 
200 µl of PBS buffer. 

After boiling and short centrifugation 
step, EHEC PCR's were performed.

Isolation of 
genomic DNA

021203_4_hly_G.bmp

021203_EHEC_F2_G.bmp 021203_4_EHEC_G.bmp

neg. control
neg. control

neg. control

eaeeae
[640 nm][640 nm]

stxstx22[705 nm][705 nm]
stxstx11[640 nm][640 nm]

hlyAhlyA
[705 nm][705 nm]

++

++++

--

LightCycler
Tm-analysis:

70°C70°C
stxstx2c2c

Evaluation of Diagnostic Protocols Evaluation of Diagnostic Protocols 
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Differentiation of Differentiation of stxstx22--genotypes by hybridization probe melting curve analysis: genotypes by hybridization probe melting curve analysis: 

slt I{Z36901}     -acaa-- ---ga---c- g--gg-g-tc t--
sltII-916-1(Ki)   ------- ---------- ---------- ---
sltII-1060-1(Ki)  ------- ---------- ---------- ---
sltII-3615-99(WÜ) --t---- ---------- ---------- t--
sltII-811-1(Ki)   --t---- ---------- ---------- t--
sltII-3143-97(WÜ) --t---- ---------- ---------- t--
sltII{M21534}     --t---- ---------- ---------- t--
sltII{Z37725}     ------- ---------- ---------- ---

...TCAGGCA CTGTCTGAAA CTGCTCCTGT GTAT.
EHEC-II HP-1 > F

slt I{Z36901}  gta--- --tg-t-a-- -t--t--t--
sltII-916(Ki)  --g--- ---------- ---------- / 71°C    
sltII-1060(Ki) --g--- ---------- -t-------- / 66°C 
nicht2e

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 >

22

55°C55°C 66°C66°C 71°C71°C
stx2-d stx2-e stx2 

stx2-c

51°C51°C
?

63°C63°C
?

EHEC-II-HP-2: Tm calc.= 77°C

- Enterohemorrhagic E. coli (EHEC) -

Evaluation of Diagnostic Protocols Evaluation of Diagnostic Protocols 
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U. Reischl/RIMMH/10.02

- Toxoplasma gondii -

01.200001.2000

Repetitive Repetitive 
cryptic DNA cryptic DNA 

sequencesequence
(200 to 300 copies in 

the T. gondii genome)

Toxo 06
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- Toxoplasma gondii -

PCR-primers of Homann et al. (529-bp) 
PCR-primers of Reischl et al.  (162-bp)

Sequence regions with potentially 
negative impact on PCR performance

Toxo 07

Evaluation of Diagnostic Protocols Evaluation of Diagnostic Protocols 
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- Toxoplasma gondii -

Nucleotide Nucleotide 
variationsvariations

with respect to with respect to 
GenBank AF146527GenBank AF146527

significant significant 
impact on primer and impact on primer and 

probe selectionprobe selection

Toxo 08

Evaluation of Diagnostic Protocols Evaluation of Diagnostic Protocols 
in Clinical Bacteriologyin Clinical Bacteriology

B1 gene B1 gene ((3535 copies / genome)copies / genome) Cryptic gene Cryptic gene ((300300 copies / genome)copies / genome)
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- Toxoplasma gondii -

2 
ng

0.
2 

ng
20

 p
g

2 
pg

0.
2 

pg
0.

2 
pg

2 
ng

0.
2 

ng
20

 p
g

2 
pg

0.
2 

pg
20

 fg
20

 fg

Sensitivity and Sensitivity and quantitativequantitative behaviour of the PCR assaysbehaviour of the PCR assays::

Toxo 11
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U. Reischl/RIMMH/10.02

Sensitivity of the PCR assay Sensitivity of the PCR assay (determined with (determined with serial dilutionsserial dilutions of of T. gondii T. gondii genomic DNA):genomic DNA):

B1 gene B1 gene ((3535 copies / genome)copies / genome)

2  ng
0.2 ng
20 pg
2 pg

0.2 pg

20 fg
2 fg

negative
control

Cryptic gene Cryptic gene ((300300 copies / genome)copies / genome)

- Toxoplasma gondii -

2  ng
0.2 ng
20 pg
2 pg

0.2 pg
20 fg
2 fg

negative
control

TTmm TTmm

On the assumption that 1 genome (~ 80 Mbp) of 
Toxoplasma gondii equals about 80 fg, this 
would be a two organism sensitivity.two organism sensitivity.

"1/40" organism sensitivity"1/40" organism sensitivity

Toxo 10

Evaluation of Diagnostic Protocols Evaluation of Diagnostic Protocols 
in Clinical Bacteriologyin Clinical Bacteriology

Sensitivity of the PCR assay Sensitivity of the PCR assay (determined with 53 (determined with 53 T. gondiiT. gondii--positive positive amniotic fluidsamniotic fluids):):

U. Reischl/RIMMH/10.02Samples kindly provided by Dr. Jean-Marc Costa, American Hospital Paris.

- Toxoplasma gondii -
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B1 gene (35 copies) Cryptic gene (300 copies)

Mean gainMean gain
in LC in LC 

crossingcrossing
points:points:

4.64.6
PCR cyclesPCR cycles

Toxo 15

Evaluation of Diagnostic Protocols Evaluation of Diagnostic Protocols 
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Sensitivity of the PCR assay Sensitivity of the PCR assay (determined with clinical specimens):(determined with clinical specimens):

Cryptic Cryptic 
genegene

((300300 copies / copies / 
genome)genome)

U. Reischl/RIMMH/06.01

pos. 
control
(0.1 ng)

B01-06.22.007
(aqueous humor)

B01-06.22.008
(aqueous humor)

neg. control 

Aqueous humorAqueous humor
from a patient with from a patient with 
endogenous endogenous 
endophthalmitisendophthalmitis
(Toxo IgM pos.)(Toxo IgM pos.)

patient 2patient 2

TTmm= = 
65°C65°C

- Toxoplasma gondii -

Toxo 17



I n s t a n d  e. V. I n s t a n d  e. V. 
Institut für Standardisierung und Dokumentation Institut für Standardisierung und Dokumentation 

im medizinischen Laboratorium e.V.im medizinischen Laboratorium e.V.
http://www.instandhttp://www.instand--ev.deev.de

Institut für Medizinische Mikrobiologie und Hygiene
Universität Regensburg, FJS-Allee 11, 93053 Regensburg
http://www.udo-reischl.de

Quality Control Program for Diagnostic PCRQuality Control Program for Diagnostic PCR
status status 03.200403.2004

Spectrum of our QC panelsSpectrum of our QC panels::

U. Reischl/RIMMH/04.2003

11

22 33 44

RegensburgRegensburg

Established since April 2003Established since April 2003::
starting March 2004starting March 2004::

BACTERIAL GENOME DETECTION
PCR-/NAT  Chlamydia trachomatis
RV 431,  April 2003

BACTERIAL GENOME DETECTIONBACTERIAL GENOME DETECTION
PCR-/NAT  Chlamydia trachomatisChlamydia trachomatis
RV 431,  April 2003

BACTERIAL GENOME DETECTION
PCR-/NAT  Bordetella pertussis
RV 432,  April 2003

BACTERIAL GENOME DETECTIONBACTERIAL GENOME DETECTION
PCR-/NAT  Bordetella pertussisBordetella pertussis
RV 432,  April 2003

BACTERIAL GENOME DETECTION
PCR-/NAT  Helicobacter pylori
RV 433,  April 2003

BACTERIAL GENOME DETECTIONBACTERIAL GENOME DETECTION
PCR-/NAT  Helicobacter pyloriHelicobacter pylori
RV 433,  April 2003

BACTERIAL GENOME DETECTION
PCR-/NAT   EHEC / STEC
RV 434,  April 2003

BACTERIAL GENOME DETECTIONBACTERIAL GENOME DETECTION
PCR-/NAT   EHEC / STECEHEC / STEC
RV 434,  April 2003

BACTERIAL GENOME DETECTION
PCR-/NAT   Borrelia burgdorferi
RV 435,  April 2003

BACTERIAL GENOME DETECTIONBACTERIAL GENOME DETECTION
PCR-/NAT   Borrelia burgdorferiBorrelia burgdorferi
RV 435,  April 2003

BACTERIAL GENOME DETECTION
PCR-/NAT C. trachomatis & N. gonorrhoeae 
RV 430,  March 2004

BACTERIAL GENOME DETECTIONBACTERIAL GENOME DETECTION
PCR-/NAT C. trachomatisC. trachomatis & N. gonorrhoeae 
RV 430,  March 2004

BACTERIAL GENOME DETECTION
PCR-/NAT  Legionella pneumophila
RV 436, March 2004

BACTERIAL GENOME DETECTIONBACTERIAL GENOME DETECTION
PCR-/NAT  Legionella pneumophilaLegionella pneumophila
RV 436, March 2004

BACTERIAL GENOME DETECTION
PCR-/NAT Salmonella enterica
RV 437, March 2004

BACTERIAL GENOME DETECTIONBACTERIAL GENOME DETECTION
PCR-/NAT SalmonellaSalmonella entericaenterica
RV 437, March 2004

BACTERIAL GENOME DETECTION
PCR-/NAT Listeria spp.
RV 438, March 2004

BACTERIAL GENOME DETECTIONBACTERIAL GENOME DETECTION
PCR-/NAT Listeria spp.Listeria spp.
RV 438, March 2004

plannedplanned::
BACTERIAL GENOME DETECTION
PCR-/NAT MRSA / cMRSA
RV 439,  March 2005

BACTERIAL GENOME DETECTIONBACTERIAL GENOME DETECTION
PCR-/NAT MRSA / cMRSAMRSA / cMRSA
RV 439,  March 2005



PCRPCR--Assay Assay 
PortfolioPortfolio

RegensburgRegensburg
status  status  MarchMarch 20042004




