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LECTURE-2 

TESTS ON BLOOD PRODUCTS  

 A.  NUCLEICACIDAMPLIFICATION TECHNIQUES  

Nucleic acid amplification techniques are based on 2 different approaches:  

1. Amplification of a target nucleic acid sequence using  

 Polymerase chain reaction (PCR) (reference technique),  

 Ligase chain reaction (LCR), or 

 Isothermal ribonucleic acid (RNA) amplification 

2. Amplification of a hybridization signal using,  

 For example, for deoxylibonucleic acid (DNA), the branched DNA (bDNA) method 

In this case signal amplification is achieved without subjecting the nucleic acid to repetitive cycles of 

amplification.  

 
* The PCR method is considered as the reference technique. Alternative methods may be used, if they 

comply with the quality requirements described below.  

 
Scope 

This section establishes the requirements for  

 Sample preparation, 

 In vitro amplification of dna sequences and  

 Detection of the specific pcr product 

With the aid of PCR 

 Defined DNA sequences can be detected 

 RNA sequences can also be detected following reverse transcliption of the RNA to complementary 

DNA (cDNA) and subsequent amplification 

 
Principle of the method 

PCR is a procedure that allows specific in vitro amplification of segments of DNA or of RNA after 

reverse transcliption into cDNA. Following denaturation of double-stranded DNA into single stranded 
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DNA, 2 synthetic oligonucleotide primers of opposite polarity, anneal to their respective 

complementary sequences in the DNA to be amplified.  

The short double-stranded regions which form as a result of specific base pairing between the primers 

and the complementary DNA sequence, border the DNA segment to be amplified and serve as starting 

positions for in vitro DNA synthesis by means of a heat-stable DNA polymerase.  

Amplification of the DNA occurs in cycles consisting of  

a. Heat denaturation of the nucleic acid (target sequence) into 2 single strands 

b. Specific annealing of the primers to the target sequence under suitable reaction conditions 

c. Extension of the primers, which are bound to both single strands, by DNA polymerase at a 

suitable  temperature (DNA synthesis) 

 
 Repeated cycles of heat denaturation, primer annealing and DNA synthesis results in an exponential 

amplification of the DNA segment limited by the primers  

 The specific PCR product known as an amplicon can be detected by a variety of methods of 

appropriate specificity and sensitivity.  

 Multiplex PCR assays use several primer pairs designed for simultaneous amplification of different 

targets in one reaction.  

Test material 

 Because of the high sensitivity of PCR, the samples must be protected against external 

contamination with target sequences.  

 Sampling, storage and transport of the test material are performed under conditions that minimize 

degradation of the target sequence.  

 In the case ofRNA target sequences, special precautions are necessary since RNA is highly 

sensitive to degradation by ribonucleases 

 Care must be taken since some added reagents, such as anticoagulants or preservatives, may 

interfere with the test procedure 

  
Test method  

The system should be sub-divided into compartments such as:  

1. Master-mix area (where exclusively template-free material is handled, e.g. primers, buffers, etc) 

2. Pre-PCR area (where reagents, samples and controls are handled)  

3. PCR amplification area (where amplified materials handled in a closed system)  
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4. Post-PCR detection area (the only area where the amplified material is handled in an open system)  

 

a. Sample preparation 

 When preparing samples, the target sequence to be amplified needs to be efficiently extracted or 

liberated from the test material in such a way that amplification under the selected reaction 

conditions is possible.  

 A variety of physico-chemical extraction procedures and/or enrichment procedures may be 

employed.  

 Additives present in test material may interfere with PCR.  

 In the case of RNA-templates, care must be taken to avoid ribonuclease activity.  

b. Amplification  

PCR amplification of the target sequence is conducted under defined cycling conditions (temperature 

profile for denaturation of double-stranded DNA, annealing and extension of primers). These depend 

on various parameters such as:  

 The length and base composition of primer and target sequences 

 The type of DNA polymerase, buffer composition and reaction volume used for the amplification 

 The type of thermocycler used and the thermal conductivity rate between the apparatus, reaction 

tube and reaction fluid. 

c. Detection 

The amplicon generated by PCR may be identified by size, sequence, chemical modification or a 

combination of these parameters.  

 Detection and characterization by size 

It may be achieved either by  

 gel electrophoresis (using agarose or polyacrylamide slab gels or capillary electrophoresis) 

 column chromatography (for example, liquid chromatography) 

 Detection and characterization by sequence composition   

It may be achieved either by 

 Specific hybridization of probes having a sequence complementary to the target sequence   

 By cleavage of the amplified material reflecting target-specific restriction-enzyme sites 

 Detection and characterization by chemical modification  
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It may be achieved by incorporation of a fluorophore into the amplicons and subsequent detection  

of fluorescence following excitation. 

 Detection of amplicons may also be achieved by using probes labelled to permit a subsequent 

radioisotopic or immunoenzyme-coupled detection. 

 
Evaluation and interpretation of results 

A valid result is obtained within a test only if the positive control(s) is clearly positive and the negative 

control(s) is clearly negative. Due to the very high sensitivity of the PCR method and the inherent risk 

of contamination, it is necessary to confirm positive results by repeating the complete test procedure in 

duplicate, where possible on a new aliquot of the sample. The sample is considered positive if at least 

one of the repeat tests gives a positive result.  

 
Quality Assurance 

Validation of the PCR assay system 

The validation programme must include  

 Validation of instrumentation and the PCR method employed 

 Validation of Analytical Method: Methodology 

Reference should be made to the ICH Guidelines. Appropriate official working reference preparations 

or in house reference preparations calibrated against International Standards for the target sequences for 

which the test system will be used. 

Determination of the positive cut-off point  

During validation of qualitative tests, the positive cut-off point must be determined. 

The positive cut-off point is defined as the minimum number of target sequences per volume sample 

which can be detected in 95.0 percent of test runs.  

The positive cutoff point depends on interrelated factors such as  

 The volume of the sample extracted and  

 The efficacy of the extraction methodology 

 The transcription of the target RNA into cDNA 

 The amplification process 

 The detection 

Quantitative assay systems 



Pharmacopoeial Standards     Unit III   
 

20 March 2020 Page 5                                 B. Pharma VIII Sem. 
 

For a quantitative assay, the following parameters are determined during validation: accuracy, 

precision, specificity, quantitation limit, linearity, range and robustness. 

Quality control of reagents 

All reagents crucial for the methodology used have to be controlled prior to use in routine applications. 

Their acceptance/withdrawal is based on predefined quality criteria. 

Primers are a crucial component of the PCR assay and as such their design, purity and the validation of 

their use in a PCR assay require careful attention. 

Primers may be modified to permit a specific method of detection of the amplicon. Such modifications 

do not inhibit accurate and efficient amplification of the target sequence. 

Run controls 

 External controls: In order to minimize the risk of contamination and to ensure adequate sensitivity, 

the following external controls are included in each PCR assay:  

 Positive control: This contains a defined number of target sequence copies, the number being 

close to the positive cutoff value, and determined individually for each assay system 

 Negative control: A sample of a suitable matrix already proven to be free of the target 

sequences 

 Internal controls: Internal controls are defined nucleic acid sequences containing the primer 

binding sites. The internal control is preferably added to the test material before isolating the 

nucleic acid and therefore acts as an overall control (extraction, reverse transcription, amplification, 

detection) 

 Threshold controls: The threshold control for quantitative assays is a test sample with the analyte at 

a concentration which is defined as the threshold not to be exceeded.  

 External quality assessment. Participation in external quality assessment programmes is an 

important PCR quality assurance procedure for each laboratory and each operator. 
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