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i Why detect microorganisms?

= Determine cause of infection eg. pathogenic

organisms In sterile sites, control spread of
Infection.

= Appropriate treatment (antibiotics, antivirals,
vaccination).

= Rapid detection leads to earlier intervention
= EXxclusion of infectious causes



i When detect microorganisms?

= Resistance to antivirals is being more common e.g. HIV
resistance to AZT requires antiviral susceptibility
testing.

= Biological- infected cell culture titrated with drug
dilutions e.g. HSV.

= Molecular-point mutations in the nucleotide sequense
of target DNA e.g. HBV.



Why diagnosis microorganisms?

» Clinical diagnosis of once common diseases such as
Measles, Mumps, and Rubella may be difficult due to
atypical presentation in Immunocompromised or under
Immunized patients.

» Immunocompromised rely on diagnosis because:

“*Develop diseases from common latent viruses e.g. Herpes
viruses (CMV, HSV, VZV).

“*Result in considerable morbidity and mortality.

“*Volume of knowledge on viral diseases is expanded with these
patients.



Molecular technology

Promises

*Will have a powerful impact, will transform how we approach biological problems
» Will be commonplace in modern day clinical laboratories

* Will revolutionize infectious disease diagnosis

Realities

* Costly

« Many microbiologists uncomfortable with technology and have not fully
embraced it

» Often supplements rather than replace traditional methods
» Few FDA- cleared tests/ lack of standardization
» Diagnostic utility often undefined




‘L Impact on Diagnostic Virology

O Enhanced sensitivity over rapid tests

O Early detection of viral infections

O Identify new viruses

O Unculturable viruses

O Fastidious or slow-growing viruses

[ Viruses dangerous to grow

O Nonviable viruses

O Viruses present in low numbers or small specimen volumes
O Quantify viral loads

O Detect and genotype variants

O Understand epidemiology of viral infections



i Technological advances

“*Automation for NA extraction

“* Automated amplification and detection platforms
“*Rapid, real-time PCR

“* Multiplex capability expanding

“*New innovation systems that expand our capability
“* New generation high throughput sequencing systems
¢ Molecular “Point of care” testing



Applications for Viral Molecular Assays

* Diagnosis
* Differentiate between active, chronic and latent infection
* Risk assessment for prognosis and outcome

* Therapeutic applications
 Determine need for therapy
# Predict response to therapy
# Determine length of therapy
# Monitor response to therapy
#1dentify emerging resistance to therapy

® New Pathogen discovery (Coronaviruses , hMPV, Bocavirus)

# RAP-PCR (RNA fingerprinting arbitrary primer PCR)
& Virus discovery- independent single primer amplification
@Universal primers/ chip hybridization/sequencing



Molecular test formats

~Signal or target amplification ~ » Qualitative

> Traditional amplification > Quantitative
= End point detection o GenOtype
= Line probe > Seguence
= Array detection >  SNPs

= Capillary electrophoresis
= Mass Spectroscopy

> Real-time Amplification

+ Fluorescent probes
+Melting curve analysis

> Single analysis/ Multiplex
> Internally controlled or not



i Signal Amplification Method

Branched DNA (bDNA: Siemens) + Invader Assays (Hologic)
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i Target Amplification Methods

Conventional or real-time PCR

Kinetic PCR (kPCR)

Loop mediated amplification (LAMP)

Nucleic acid Sequenced based Amplification (NASBA)
Strand Displacement Amplification (SDA)
Transcription Mediated Amplification (TMA)



i Other Newer Molecular echniques

Branched DNA is essentially a sensitive hydridization technique which involves
linear amplification. Whereas exponential amplification occurs in PCR.

= Therefore, the sensitivity of bDNA lies between classical amplification
techniques and PCR. Other Newer molecular techniques depend on some form of
amplification.

= Commercial proprietary techniques such as LCR, NASBA, TMA depend on
exponential amplification of the signal or the target.

= Therefore, these techniques are as susceptible to contamination as PCR and share
the same advantages and disadvantages.

= PCR and related techniques are bound to play an increasingly important role in
the diagnosis of viral infections.

= DNA chip is another promising technology where it would be possible to detect a
large number of viruses, their pathogenic potential, and their drug sensitivity at

the same time.



Comparison between PCR and other nucleic
acid Amplification Techniques

Target Signal Commercial
Method Amplification  Amplification  Thermocycling Sensitivity Examples
PCR Exponential No Yes High Roche Amplicor
LCR No Exponential Yes High Abbot LCX
NASBA Exponential No No High Organon Teknika
TMA Exponential No No High Genprobe
QR-Replicase No Exponential No High None
Branched DNA No Linear No Medium Chiron Quantiplex




i Polymerase Chain Reaction (1)

PCR allows the in vitro amplification of specific target DNA sequences by a
factor of 10and is thus an extremely sensitive technique.

= It is based on an enzymatic reaction involving the use of synthetic
oligonucleotides flanking the target nucleic sequence of interest.

= These oligonucleotides act as primers for the thermostable Tag polymerase.
Repeated cycles (usually 25 to 40) of denaturation of the template DNA (at
94°C), annealing of primers to their complementary sequences (50°C), and
primer extension (72°C) result in the exponential production of the specific
target fragment.

= Further sensitivity and specificity may be obtained by the nested PCR.

= Detection and identification of the PCR product is usually carried out by
agarose gel electrophoresis, hybridization with a specific oligonucleotide
probe, restriction enzyme analysis, or DNA sequencing.



i Polymerase Chain Reaction (2)

Advantages of PCR:
= Extremely high sensitivity, may detect down to one viral genome per sample volume
= Easy to set up
= Fast turnaround time

= Disadvantages of PCR
= Extremely liable to contamination
= High degree of operator skill required
= Not easy to set up a quantitative assay.

= A positive result may be difficult to interpret, especially with latent viruses such as
CMV, where any seropositive person will have virus present in their blood
irrespective whether they have disease or not.

= These problems are being addressed by the arrival of commercial closed systems such as
the Roche Cobas Amplicor which requires minimum handling. The use of synthetic
internal competitive targets in these commercial assays has facilitated the accurate

quantification of results. However, these assays are very expensive.



Schematic of PCR
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Each cycle doubles the copy number of the target



i Advantages of real-time PCR

@ Rapid cycling times (1 hour)

@ High sample throughput (~200 samples/day)
@ Low contamination risk (sealed reactions)
@ Allows for quantitation of results

@ Broad dynamic range (10 - 10%° copies)

@ Reproducible

@ Software driven operation



applications In viroligy

i Qualitative applications of Real Time PCR

Parainfluenza virus

o Herpes simplex virus o SARS

o Varicella-zoster virus o RSV
Cytomegalovirus HCV
Epstein-barr virus HBV
Picorna viruses HIV
BK virus WEE
Parvovirus VEE
Pox viruses EEE
Westnile virus BDV
Influenza virus JCV



Real-time PCR is kinetic

Detection of “amplification-associated fluorescence” at each
cycle during PCR

No gel-based analysis at the end of the PCR reaction

Computer based analysis of the cycle-fluorescence time course

Increasing
fluorescence

Linear plot

PCR cycle



Basic terms used In real-time PCR

Baseline:

The baseline is the noise level in early cycles, typically measured between
cycles 3 and 15, where there is no detectable increase in fluorescence due to
amplification products

Threshold:

The threshold is adjusted to a value above the baseline and significantly below
the plateau of an amplification plot. It must be placed within the linear region of
the amplification curve, which represents the detectable log-linear range of the
PCR. The threshold value should be set within the logarithmic amplification plot
view to enable easy identification of the log-linear phase of the PCR.



Threshold Cycle (C)

This 1s the cycle at which the amplification plot crosses the threshold, 1.e., at which there is a
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detection

i General methods for Real-time PCR

@ Intercalating Dyes ( SYBR Greenl )
@ Hydrolysis probes ( TagMan )

@ Molecular Beacons

@ FRET probes

@ Scorpions

@ AND ...
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SYBR Green 1
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sk Disadvantages of SYBR Green I
=T

@ Since SYBR Greenl binds to any dsDNA, it cannot discriminate
between different dsDNA species. Therefore non-specific products

and primer dimers are all detected equally well.

@ To get around this problem, the assay should be extended to

Include a analysis



i Melt Curve - What Is 1t?

o Each double-stranded DNA molecule has a characteristic
T, at which 50% of the DNA is double stranded and 50%
IS single stranded.

o During a melting curve run, the reaction mixture is slowly

heated (by 0.5 degree or less) to 95°¢c, which cause dsDNA
to melt. A sharp decrease in SYBR Green I fluorescent
occurs when temperature reaches the T, of a PCR product
present in the reaction.



Melting peak: Detect Non-Specific Amplification
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FRET (Fluorescence Resonance Eneigy Transter)
using adjacent hybridization probes
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Molecular beacons

* Reporter

** Non-fluorescent
Quencher

ANNEALING




i Advantages of Real-Time RT-PCR

@ Rapid cycling times (1 hour)

@ High sample throughput (~200 samples/day)
@ Low contamination risk (sealed reactions)
@ Allows for quantitation of results

@ Broad dynamic range (10 - 10° copies)

@ Reproducible

@ Software driven operation



i Quantification of nucleic acid targets

Real-time PCR
Quantification

.

Absolute Relative
Quantification Quantification




i Determination of Viral load

Examples:

o BKvirus in kidney and bone marrow transplant patients
o HIV viral load

o Viral hepatitis agents

o CMV In BMT and immunocompromised patients

o EBV In several malignancies

o AND...



Problems Associated with Endpoint

i Quantification

Same starting amount Different starting amount




Absolute quantification

@ In absolute quantification assays, the concentration of the
target molecule Is expressed as an absolute value ( e.g.,

copies, ug/ ul, etc.).

@ Absolute quantification methods use a standard curve,
calculated from external standard samples of known
concentration, to determine the concentration of the target

molecule in the unknown.



Absolute quantification

standard curve is plot of C;
values of different standard
dilutions against log of
amount of standard

It is generated using a dilution
series of at least 5 different
concentrations of the
standards.The amount of
unknown target should fall
within the range tested.

Absolute Quantification

m Standard sample

unknown

i |nitial concentration

+ of unknown

| | !
| 2 3

Log amount of standard




i The slope of standard curve

@ Each standard curve should be checked for validity, with the
value for the slope falling between —3.3 to —3.8.

@ The slope of the log-linear phase is a reflection of the
amplification efficiency

QFE = 10(—1/SIope ) 1

@ A slope of —3.322 means that the PCR has an efficiency of 1,
or 100%.



i Relative quantification

In relative quantification assays, the target concentration is
expressed as a ratio of target-to-reference gene in the same
sample, rather than an absolute volume.

I. Relative standard method (relative fold change)
1. Comparative threshold method



i Future of Molecular Methods

= Methods based on the detection of viral genome are also
commonly known as molecular methods. It is often said that
molecular methods is the future direction of viral diagnosis.

= However in practice, although the use of these methods is
Indeed increasing, the role played by molecular methods in a
routine diagnostic virus laboratory is still small compared to
conventional methods.

= |t Is certain thought that the role of molecular methods will
Increase rapidly in the near future.
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