Optional—
Content sheet 8-7: Quality Control of Molecular Methods

	Rationale
	Molecular diagnostic tests are generally semi-quantitative tests.  Detection of Nucleic acid is highly dependent on three variables: 
· obtaining the appropriate samples; 
· the timing of sample collection;

· effective and timely processing.


	Sample
management
	Samples should be collected only with validated single-use disposable collection equipment.  For example, Vacutainer® tubes with anticoagulant are required for detection of viruses in plasma.  The most commonly used anticoagulants are ethylenediaminetetraacetic acid (EDTA), heparin and acid-citrate-dextrose.   Collection of blood samples in EDTA is recommended since heparin inhibits the polymerase chain reaction (PCR) and the infectivity of HIV -1. 


	Sample
transport
	Transport and storage conditions depend on sample type, analyte (deoxyribonucleic acid (DNA) or ribonucleic acid (RNA)), and the microorganism tested. 
For example, RNA is more susceptible to degradation than DNA; therefore proper temperature conditions must be provided during the storage and transportation of samples to minimize nucleic acid degradation.  Detailed instruction should be provided to staff in collection center as to the acceptable secondary sample volumes, sample handling protocols, and the time samples can be held before beginning sample processing.  



	Preventing contamination
	Contamination between samples and from previous PCR products (amplicons) generated in the laboratory is a significant potential source of invalid PCR results.  Thus, the separation of work space is critical.  A unidirectional workflow should be used to reduce the potential for contamination.  On a test day, analysts should not return to the reagent or sample preparation rooms after working in the amplification and product room.  Similarly, analysts should not return to the reagent preparation room after working in the sample preparation room.  Color-coding of equipment, reagents, laboratory coats, and supplies can help maintain the unidirectional workflow by designating colors specific to each laboratory room.  



	Controls
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	Laboratories using PCR should analyze positive and negative quality control samples on a routine basis to demonstrate adequate performance of PCR-based methods.  Controls are subject to the whole test process, including the extraction.  The exact number of controls required for PCR depends on the number of samples in each run.  Positive controls are analyzed to verify that the method is capable of amplifying the target nucleic acid from the organism of interest.  Negative controls should be analyzed to verify that no contaminating nucleic acid has been introduced into the master mix or into samples during sample processing.  
A negative control should be placed after the last samples.

Gel electrophoresis is the most common method used to detect products from PCR.
Each gel electrophoresis should contain a positive control and a negative control.  
The positive control should consist of a segment of DNA of known size (preferably of the same size as the target amplicon).  
The negative control is only buffers and reagent water.  The PCR positive and negative controls can be used as the positive and negative gel electrophoresis controls, respectively.

A DNA ladder (a mixture of DNA fragments of known sizes), should also be run on each gel to provide a standardized gauge of the size of DNA fragments seen in the test samples and controls.  The size of the expected product should be within the size range covered by the standard. Extrapolation beyond the range of the standard should not be performed.



	Control failures
	If any positive control failures occur, all samples associated with the control should be considered invalid, and negative field samples should be listed as potentially false-negative samples.  If PCR negative controls produce specific amplification products, all samples associated with the failed controls should be considered invalid, and all positive samples should be listed as potentially false-positive samples.  The source of contamination should be identified and eliminated.  If the source of the contamination cannot be identified, additional types of negative controls should be added at various steps in the method to determine where the contamination is being introduced.


	Real Time PCR
	[image: image2.emf]Real-time PCR is a modification of traditional PCR.  In real-time PCR, the amplification and detection of amplification products occur simultaneously. Real-time PCR requires the use of primers similar to those used in traditional PCR. However, unlike traditional PCR, real-time PCR uses an oligonucleotide probe labeled with fluorescent dyes or fluorescent detection chemistry, such as TaqMan probe, SYBR Green, and a thermocycler equipped with the ability to measure fluorescence.  Real time PCR tests need to be run with positive controls, negative controls, and controls to detect the presence of natural inhibitors in tissues, blood, and body fluids.  



	A/H3
	The combination of excellent sensitivity and specificity, low contamination risk, and speed has made real-time PCR technology an appealing alternative to culture or immunoassay-based testing methods for diagnosing many infectious diseases. 
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The diagram shows an example of influenza A/H3 diagnostic with Real time PCR.  Laboratories should always run positive and negative QC samples on a routine basis to demonstrate adequate performance of the test during the DNA/RNA extraction and amplification phases.  In this example the analyzing sample is positive for influenza virus A, subtype H3 and negative for subtypes H5 and H1. RNP (ribonucleoproteins) is a positive control. 



	A/H5
	The diagram shows an example of influenza A/H5 diagnostic with Real time PCR.  In this example the analyzing sample is positive for influenza virus type A, subtype H5 and negative for subtypes H3 and H1. RNP is a positive control.
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	Negative
	The diagram shows an example of negative result.  In this example the result of Real time PCR is valid: RNP is a positive as it is the positive control.  The analyzing sample is negative for influenza virus A.  
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	Unlike other areas of laboratory testing for which diagnostic kits or testing systems containing quality control samples are often available, commercial diagnostic kits for Real time PCR are presently available for only a few tests; while the majority of Real time PCR tests in current use have been developed in-house by individual laboratories. One of the most critical components in PCR is selection of oligonucleotide primers. This process is very important for overall success of a Real time PCR experiment; without a functional and optimized primer set, there will be either no PCR product (false negative result) or non-specific amplification (false positive result).
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