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PCR: Arcane blackPCR: Arcane black--box testing to that box testing to that 
warm familiar sweater you like to warm familiar sweater you like to 
snuggle up in at the end of the daysnuggle up in at the end of the day

Historical Perspective of Historical Perspective of 
Diagnostic MicrobiologyDiagnostic Microbiology

Traditional Culture in the first 70 years
- Slow answers
- Manual labour is highly intensive

Next 20 years Immunological Detection & DNA/RNA probes
- Faster with improved Sensitivity

Last 10 years Molecular Amplification methods (PCR) 
- Faster with even higher Sensitivity and Specificity
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bigger
biggerbetter

betterfaster
fasterstronger

stronger

Advantages of Molecular Advantages of Molecular 
MicrobiologyMicrobiology

• Decreased time for detection of infectious agents

• Detection of agents that are not culturable
• Accurate quantitation of infectious agents

• Possibility for multiplex testing
• Potential for automation

• Provides additional information:
- Epidemiological fingerprinting
- Genotype for treatment decisions
- Sequence identification

Applications to Infection ControlApplications to Infection Control

• Faster Results and Higher Sensitivity

• Nosocomial Pathogens 
MRSAMRSA
VREVRE
Clostridium Clostridium difficiledifficile
NorovirusNorovirus
Influenza and RSVInfluenza and RSV

The Genetic CodeThe Genetic Code



3

Polymerase Chain Reaction (PCR)Polymerase Chain Reaction (PCR)

1. Amplification of target nucleic acid
2. Product detection
3. Confirmation of amplified products

PCR: DNA Replication in a TubePCR: DNA Replication in a Tube

The Recipe for PCR

•• DNA template DNA template (target to amplify)(target to amplify)
•• 2 Primers to the sequence of interest2 Primers to the sequence of interest
•• DNA Polymerase (DNA Polymerase (TaqTaq))
•• Nucleotides A,T,G,C (Nucleotides A,T,G,C (dNTPdNTP’’ss))

•• MagnesiumMagnesium2+2+ (MgCl(MgCl22))
•• Water/BufferWater/Buffer
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PCR Amplification CyclePCR Amplification Cycle

3 different temperatures for different steps in 1 cycle

Denaturation

PCR Amplification CyclePCR Amplification Cycle

3 different temperatures for different steps in 1 cycle

Annealing

PCR Amplification CyclePCR Amplification Cycle

3 different temperatures for different steps in 1 cycle

Extension
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Polymerase Chain ReactionPolymerase Chain Reaction

2 Million Copies in 20 Cycles 
DNA amplification of 0.001 mg DNA template

Different PCR MethodsDifferent PCR Methods

Standard (Endpoint) PCR Standard (Endpoint) PCR 
measures endpoint after a fixed cycle number

ReverseReverse--Transcriptase (RT)Transcriptase (RT)--PCRPCR
amplification of RNA target

RealReal--time PCRtime PCR
endpoint occurs during amplification
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PCR LimitationsPCR Limitations

False negatives
False positives

A limited ability to detect multiple targets

An Inability to detect antibiotic resistance

PCR remains highly technical

PCR false NegativesPCR false Negatives

• Small sample volumes for PCR reactions

• Sample processing problems

• Ineffective release of microbial DNA from cells

• Inadequate removal of PCR inhibitors

• PCR reaction is poorly designed

PCR!?
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• Erroneous annealing of primers

• Error rate of DNA polymerase (base pair mismatch)

• Background DNA contamination

• Detection sensitivity exceeding clinical significance
Subclinical colonization vs latent or active disease???

PCR false PositivesPCR false Positives

Conventional Endpoint PCR

1. Amplification of target nucleic acid

2. Product detection by visualizing with agarose
gel electrophoresis

3. Confirmation of amplified product

Conventional PCRConventional PCR
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Limitations of Endpoint PCR

• Time-Consuming

• Precision is poor 

• Endpoint is variable between samples

• Resolution of agarose gel is poor

• measurement of amplification product 
during each cycle with fluorescent probes

Real Time PCR

Real Time Amplification Plots
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Real Time PCR Quantification

Real Time PCR Quantification

Real Time PCR Quantification
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Real Time PCR Quantification

Real Time PCR Quantification

Quantitative CMV PCR for Renal Transplant Patient
mean values and standard error of the mean
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Real Time PCR for MRSA

Add 50 µL 
Lysis Buffer

Nasal 
Swab

Discard
supernatant

Transfer 850 µL

Centrifuge
5 min

Lysis
Tube

Vortex in
Sample Buffer

1 min

95oC
2 min

Vortex
5 minDNA1 hour
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Real Time PCR for MRSA

SCCmec primers

SCCmec orfX
S. aureus

chromosome

S. aureus-
specific primer

Molecular
beacon

Molecular beacon

Real Time PCR for MRSA

197 patients (exclusion of 5 patients on Rifampin and 1 Unresolved specimen)
57 pts (28.2%) were MRSA culture-positive

Sensitivity = 98.2%
Specificity = 95.8%
PPV = 90%
NPV = 99.3%

541Culture positive
6136Culture negative

MRSA positiveMRSA negative
PCR Results

Agar Culture Screen with Enrichment Broth
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Proteinase K

DNA Amplification 80 min

Primers & Probes
45 min to prepare

Buffers

Bacterial CTRL

Incubation 70 min

50 min to process 10 swabs

Extraction 30 min

15 min to perform

Real Time PCR for VRE

Internal control

VanB
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VanA

Real Time PCR for VREReal Time PCR for VRE

SensitivitySensitivity = 87.2%= 87.2%
SpecificitySpecificity = 98.3%= 98.3%
PPV = 95.3%PPV = 95.3%
NPV = 95.2%NPV = 95.2%

414122Culture positiveCulture positive
66120120Culture negativeCulture negative

VRE positiveVRE positiveVRE negativeVRE negative
PCR ResultsPCR Results

VRE VRE ChromogenicChromogenic Agar Culture ScreenAgar Culture Screen

169 patients (no exclusions and 1 169 patients (no exclusions and 1 UnresolvedUnresolved specimenspecimen))
47 patients (27.8%) were VRE culture47 patients (27.8%) were VRE culture--positive (41 positive (41 VanAVanA and 6 and 6 VanBVanB))
2 2 VanBVanB False PositivesFalse Positives


