Veterinary Laboratory Standards and Guidelines for Nucleic Acid Detection Techniques
1
Veterinary Laboratory Guidelines for Nucleic Acid Detection Techniques March 2008


Subcommittee of Animal Health Laboratory Standards (SCAHLS)

Veterinary Laboratory Guidelines for Nucleic Acid Detection Techniques

March 2008

Copyright notice for the printed edition:

( Subcommittee of Animal Health Laboratory Standards (SCAHLS) 2008

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means, electronic, mechanical, photocopying or otherwise, without the prior permission of the copyright owner. Applications for such permission, with a statement of purpose can be directed to the chairman, SCAHLS, at http://www.scahls.org.au/
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LIST OF ACRONYMS

ANZSDP
Australian and New Zealand Standard Diagnostic Protocols

BSC

Biological Safety Cabinet

IATA

International Air Transport Association

NATA

National Association of Testing Authorities, Australia

PCR

Polymerase Chain Reaction

SCAHLS
Sub-Committee of Animal Health Laboratory Standards

Introduction
The practice of molecular genetics and laboratory microbiology has been revolutionised by the availability of knowledge about DNA and RNA sequences of an increasing number of organisms and by the development of powerful methods for their detection and characterisation. It is now possible to identify nucleic acid sequences, pathogens and gene mutations rapidly and with a high degree of sensitivity and specificity through the use of a variety of nucleic acid detection techniques. As a result, nucleic acid detection techniques are replacing and/or supplementing many conventional laboratory methods, such as cell and pathogen culture, immunoassays and protein biochemistry.

The aim of this publication is to provide consensus standards and guidelines for conducting nucleic acid detection techniques. They are provided for:

· Veterinary laboratories that are using nucleic acid detection techniques or intending to establish a testing program using these techniques; and

· Accreditation authorities such as the National Association of Testing Authorities, Australia (NATA), so that laboratories using nucleic acid detection techniques may be assessed for compliance.

There are other applications such as kinship and identity testing, which are not considered in this document but to which many of the principles described here would also be applicable. 

This document must be read in conjunction with these other documents:

· 
ISO/IEC 17025: 2005 General requirements for the competence of testing and calibration laboratories.  This is available at www.saiglobal.comNATA requirements in the area of veterinary testing, ISO/IEC 17025 Application Document - Supplementary requirements for accreditation in the field of veterinary testing (2006).  This document is available at www.nata.asn.au and it is reviewed every two years. 
· The veterinary laboratory’s quality assurance manual for the area of molecular diagnostics

· Appropriate ANZSDPs as listed on SCAHLS website, www.scahls.org.au
· OIE Manual of Diagnostic Tests for Aquatic Animals 2003, Chapter1.1.3 Validation and Quality Control of Polymerase Chain Reaction Methods used for the Diagnosis of Infectious Diseases, www.oie.int/eng/en_index.htm 
· OIE Manual of  Diagnostic Tests and Vaccines for Terrestrial Animals, 5th Edition 2004, Chapter I.1.4 Validation and Quality Control of Polymerase Chain Reaction Methods used for the Diagnosis of Infectious Diseases, www.oie.int/eng/en_index.htm
· DNA-based Molecular Diagnostic Techniques, Research Needs for Standardisation and Validation of the Detection of Aquatic Animal Pathogens and Diseases, FAO Fisheries Technical Paper 395, Feb 1999.
Definition of ‘Standards’ and ‘Guidelines’

In each section of this document, points deemed important for practice are identified either as ‘Standards’ or ‘Guidelines’ and listed in the text as dot points.


A Standard is the minimum requirement for a procedure, method, 
staffing 
and/or laboratory facility (as applicable). 


A Guideline represents a recommendation for best practice and should be used if 
a higher standard of practice is appropriate, particularly when setting-up or 
modifying a laboratory, or when contamination problems have occurred.

The use of the words  ‘must’ in each Standard within this document indicates a mandatory requirement for practice, ‘should’ is used to indicate guidelines or recommendations where compliance would be expected for best laboratory practice.

In this document standards, guidelines and best laboratory practice have been defined as the respective consensus requirements determined by SCAHLS with consultation from the working group and peers.

1. Scope of the Document

Principles set out in this document are intended to apply to techniques used for the detection, characterisation and quantification of nucleic acids by veterinary diagnostic laboratories in Australia and New Zealand.

1.1  Nucleic Acid Amplification Techniques

Nucleic acid amplification includes a range of very sensitive methods of detecting, identifying and quantifying minute amounts of nucleic acid (DNA or RNA). Using these techniques, it is possible to detect and identify microorganisms, specific genes, mutations and polymorphic DNA as well as to quantify RNA transcripts or DNA copy number. There are a number of different nucleic acid detection tests based on nucleic acid amplification that are currently in use in Australian laboratories. These include Polymerase Chain Reaction (PCR), nested PCR, real-time/quantitative PCR, RNA detection, Ligase Chain Reaction and Probe amplification.

1.2 Post-Amplification Techniques

A group of associated techniques that can identify and/or characterise amplified DNA/RNA. These techniques include hybridisation, characterisation (sizing and quantification), denaturing high performance liquid chromatography (DHPLC) and DNA sequencing.

2. Specific Issues in Diagnostic Veterinary Molecular Testing
2.1 Exotic Animal Disease: Diagnostic Requirements
The list of notifiable and exotic agents changes frequently and the staff of laboratories should ensure that they are familiar with current situations by referring to State or Federal authorities. See Appendix A for contact details.

Particular note should be taken of Animal Health Australia Emergency Animal Disease Preparedness and AusVetPlan requirements (see Appendix B)
2.2  PCR Licensing
The PCR process was patented by Hoffmann-LaRoche and an agreement was made that when performing PCR for research purposes, no royalties would be payable. Royalties were payable when performing the PCR process for diagnostic uses. Royalties were charged per-PCR reaction and payments were sent to Roche every 6 or 12 months. 

The PCR process was only under patent until March 2006, after this time there should be no requirement for royalties to be paid when performing the process. It is advised that this status be confirmed prior to commencement of diagnostic tests. ‘Real-time’ PCR has a patent, which applies for another 10-15 years, therefore there are royalties payable when using ‘real-time’ PCR for diagnostic uses.

In order to practice PCR, the laboratory must also use an ‘authorised thermal cycler’. An authorised thermal cycler may be purchased from a supplier who has obtained the necessary license rights. (Examples are Applied Biosystems, Eppendorf, Takara and others.) An end-user who has purchased an “unauthorised” cycler (such as PCT-100) should obtain an end-user thermal cycler agreement by paying the up-front fee directly to Applied Biosystems.

This is the situation at the time of document preparation and requirements may change as the patent period runs out. Users of this technology are advised to contact Hoffmann-LaRoche and Applied Biosystems representatives for further advice.
3. Services Provided by The Laboratory

Nucleic acid detection techniques depend on the correct performance of all components of testing procedures including consent (where appropriate), specimen collection, transportation, reagent preparation, nucleic acid isolation, amplification, product visualisation, data transcription, data interpretation, reporting, record keeping, sample storage and quality assurance.


Proficiency and Competence

The testing of an adequate number of samples with a given methodology plays an important role in achieving and maintaining standards of practice and expertise. 

Standard

The laboratory must ensure that sufficient numbers of samples are tested so that the proficiency and competence of the staff are maintained.
Guidelines

For some rare and/or exotic diseases, a laboratory may receive only a small number of samples, in which case the following should apply:

· The performance of only a small number of tests with any given nucleic acid based methodology is discouraged.

· Where tests are few but necessary, appropriate training, assessment and ongoing education procedures should be implemented to maintain and document the proficiency of staff at conducting these tests. It is recommended that the number of quality assurance samples (derived from known positive and known negative template material) be increased.

· The benefits of laboratory centralisation versus those of developing local expertise and autonomy should be carefully assessed by laboratories intending to establish a new nucleic acid detection test.

Samples

Accuracy of results from nucleic acid detection methods, as with all form of testing, is only as good as the quality of the initial samples provided for testing.

Poor or denatured samples (particularly in the case of RNA) will provide results from testing that may be difficult to interpret accurately. A number of factors play a role in the value of samples for testing.

3.2.1 Sample Collection
To minimise the risk of contamination, samples for nucleic acid amplification techniques have some special needs for collection and preparation, in addition to the usual requirements for pathology testing.

The requirements for sample collection, initial processing and transportation depend on the specimen concerned and the nucleic acid target (DNA or RNA). Specimens are to be collected according to the following principles, as contamination of samples can occur at any stage of specimen collection and processing.

Samples that have been used for other tests prior to nucleic acid detection testing are at increased risk of contamination. This is particularly so where the previous test performed was processed with other samples containing the nucleic acid of interest. 

The potential for false positive or false negative results to occur in genetic DNA testing, particularly for serious disorders, must be considered as part of the evaluation and setting up of diagnostic assays. Samples used for DNA testing should be collected for this sole purpose and should not have had other test performed from the sample prior to DNA testing. If a number of tests are to be performed for diagnostic purposes then separate samples should be collected for DNA testing. Due to the sensitivity of the methods used, only small amounts of target DNA need to be present in a sample to give positive results. Contamination must be minimised to avoid false positive detection.

Standards
· Specimens must be collected in accordance with written specimen collection protocols and by appropriately trained personnel.

· When client-collected samples are used for diagnosis, clear instruction must be provided to the client to reduce the likelihood of sample contamination.

· Staff must be aware that minor degrees of cross-contamination that would not be significant for other types of tests, may result in erroneous results by nucleic acid amplification. In addition, these types of tests require samples to be such that degradation has not occurred at a level that the amplification is inhibited. Methods for collection are therefore to employ techniques and reagents that minimise the risk of contamination or degradation, such as clean nuclease-free specimen containers and sampling tools and the separation of samples at all stages of the sampling process. Maintenance of an adequate cold chain during collection and transportation will substantially improve the quality of results obtained for many nucleic acid detection tests.

Guidelines

· Wherever possible, nucleic acid detection tests should be performed on dedicated samples or on sub-samples taken before other tests are performed. Where it is necessary to perform nucleic acid detection test on samples that have already been used for other purposes and there is a significant risk of cross-contamination, then the report should be annotated accordingly and positive results confirmed on a dedicated sample

· If samples are referred to another laboratory for testing, then it is the responsibility of the referring laboratory to ensure that the sample conditions outlined above have been met, and to inform that receiving laboratory if they have not been met.

· Single use disposable equipment should be used.

3.2.2 Sample Transport

Samples should be presented for analysis as soon as practicable after collection for testing by the laboratory. Mode of transport, distance of travel, receptacle type and preservation methods all play a role in the type of sample submitted and how it can be transported. All these considerations must be taken into account when submitting samples for nucleic acid detection. 

Time in transit should be minimised to maintain the integrity of the samples for analysis. Samples unless placed in an appropriate preservative, fixative or stabiliser, should be kept cold (or frozen) throughout transport to the laboratory. If live samples are to be submitted, strict adherence to animal ethics regulations is required at all times. 
Requirements for packaging of samples for dispatch to veterinary diagnostic laboratories can be found in the current IATA Dangerous Goods Regulations.

Standard
· All current legal and legislative requirements for the transportation of veterinary diagnostic samples must be followed.

· Where the laboratory has specific requirements for the transport and handling of samples for nucleic acid detection these must be documented and available to referring and submitting parties.
3.2.3 Sample Preparation

The quality of nucleic acid prepared from a specimen has a major effect on the subsequent probability of successfully performing the test.

Standard
· When nucleic acid extraction is required nucleic acids must be extracted and purified using standard methods. The procedures used for nucleic acid isolation from the full range of sample types, collection methods and the condition of specimens received by the laboratory must be validated and procedures detailed in the laboratory methods manual.

3.2.4 Sample Integrity
Care needs to be taken to ensure that DNA and RNA remain intact during sample storage, transport and preparation. If the number of target sequences in the sample is very small and if degradation does occur, a false negative may be obtained. If the starting material for amplification is RNA, the sample should be processed as rapidly as possible after collection in order to minimise RNA degradation by ribonucleases.

Guidelines

· Specific instructions for handling samples in order to minimise nucleic acid degradation should be included in all relevant manuals and be available to staff in collection centres.

· Where degradation is a possibility as determined through, for example, sample history or type, there should be a confirmation that extracted nucleic acid is of a suitable quality for testing. This may involve the agarose gel electrophoresis for DNA or formaldehyde or glyoxyl gels for RNA Similarly, the use of control PCRs or internal controls may be used if the size of the control PCR amplicon is the same or larger (larger in the case of co-amplified internal controls) than the test target amplicon.

· Class 2 Biosafety cabinets should be used for specimen preparation if there is a risk to the health of the operator (such as zoonotic disease)

· Where samples of marginal quality, quantity or integrity have been received the laboratory should notify the referring party and seek recollection

3.2.5 Inhibitors 

The presence of inhibitors of the gene amplification reaction in some samples is a major concern in sample collection and preparation. Analogous inhibition of restriction enzyme activity is relevant for some hybridisation studies. Common inhibitors include EDTA and heparin anticoagulants used in blood collection, phenol used in isolation of nucleic acids, some cleaning agents such as shampoos and other atopic agents, and the inherent qualities of some samples such as those containing melanins.

Standard

· Procedures and methods used must be designed to minimise the risk of false negative results due to the presence of inhibitors of nucleic acid amplification or other enzymatic activity. In particular, nucleic acid methods should be validated for their ability to remove inhibiting substances through use of control PCRs or seeding extracts with a nucleic acid target for subsequent PCR.
Guidelines

· If the extraction method cannot be shown to reliably remove all inhibitors, then a control PCR should be used in all tests on that sample. This may be either by amplification of another target expected to be present or by seeding the sample with control DNA. If carried out in the same reaction as the test (that is, Multiplexed) the amplicons from the control PCR must be able to be clearly distinguished from those of the diagnostic test and it should be ensured that detection of the control sequences does not compromise the sensitivity for detection of the target sequence (for example, through competition for polymerase etc.)

· Seeding samples with RNA is difficult because of its poor stability. If problematic, alternative strategies maybe appropriate such as RT amplification of additional transcripts expected to be present in both control and test samples, or use of synthetic/armoured RNA template constructs..

· Where commercial kits are used and include inhibition controls as an optional component it is recommended that these should be used.

3.2.6 Reagents 

Guidelines

· The reagents used for nucleic acid detection tests (enzymes, nucleotides, chemicals, water etc) should be purchased from a commercial and reputable supplier or, if made in the laboratory, follow standard protocols and be assessed for fitness for purpose (with parallel testing against a commercial or previously tested consignment) before use.

· Oligonucleotide primers and probes should be synthesised by a reputable commercial company that incorporates a quality assurance protocol into the service. If made in-house, this should be performed by appropriately trained staff with backup for trouble-shooting and a strict quality control program. Primers are to be optimised using well-described criteria.
 Methods

Laboratory directors, or nominated party within an institution, are responsible for ensuring the analytical validity of tests before they make them available for use in diagnostic practice. This is particularly important for nucleic acid detection techniques because of the range of tests, the high sensitivity of the methodology and the potential for variable specificity of amplification and hybridisation procedures.

The use of the term method includes kits, individual reagents, instruments, platforms and software. Elements of methods endorsed “Research use only” or “Not for diagnostic use” must be validated by the laboratory before use for diagnostic purposes.

3.4  Commercial Test Systems

Commercial kits have been developed for a number of nucleic acid detection tests, particularly for infectious agents but also in the field of genetics for common disorders.

Standard

· Laboratories that have modified kit components or manufacturers procedures must demonstrate equivalence or superiority of the modified procedure before putting the test into routine use. In this case, the modified procedure must be treated as an in-house test for validation purposes. 

· Where a laboratory uses a commercial test kit in which the methodology and reagents are unchanged from the manufacturer’s instructions, the kit does not need to be independently fully re-validated in the user’s laboratory provided the kit has been approved by SCAHLS and been shown to be fit for purpose. The laboratory must establish as fully as possible the reliability of the kit for their purposes and samples, through a reduced validation procedure. 

Guidelines

· The integrity of the kit should be maintained (alternative reagents/oligonucleotides should not be substituted).

3.5 In-house test systems 

A large number of nucleic acid detection techniques that are currently in use in Australia have been developed within individual laboratories, obtained from other laboratories or adapted from published methods for use within a laboratory. These tests have usually been developed to meet a need not provided by a commercially available kit or to provide a lower-cost testing than commercially available tests. For these reasons, in-house tests will continue to increase as the demand for new tests grows. In-house tests must be adequately/appropriately validated prior to use using the following criteria.

3.6  Validation of Methods 

Laboratories shall offer nucleic acid detection tests as routine tests only after their technical validity has been established. Where methods are used that have not undergone complete validation, this must be stipulated on the test report and ideally be backed up using an alternative method if available.

Standards

· Tests must be validated in accordance with the OIE Manual for Diagnostic Tests for Aquatic Animals (2004) Chapter 1.1.4 “Validation and Quality Control of Polymerase Chain Reaction Methods used for the Diagnosis of Infectious Diseases” or to an equivalent standard, as a minimum standard. 
· Validation data must be retained by the laboratory in sufficient detail to enable external review. The period for which laboratory records are to be retained is stipulated in NATA requirements for veterinary diagnostic laboratories or in other quality standards to which the laboratory is required to operate.
Guidelines

· Where a validated test is available, this should be used in preference to a non-validated test. If a non-validated test must be performed due to clinical necessity, then the report should clearly indicate that the diagnostic validity of the test has not been established.

· The procedures and methods used in nucleic acid detection techniques for diagnostic purposes should be validated for clinical use by using the following principles:



-
Evaluation with known positive and negative samples;


-
By comparison with proficiency test material, if available;


-
By comparison with an existing validated method in the laboratory;


-
Validated with all specimen types and conditions that will be used to make laboratory diagnosis;


-
If a significant modification to an analytical procedure has been made the modified procedures should be compared with the original using either the identical sample or identical types of samples;


-
Reproducibility should not be determined by repetitive analysis of the same sample;


-
The sensitivity of a test, or cut-off values, should be set at a level that is relevant to the diagnostic use of the test.

· Laboratories should periodically review their test procedures in accordance with updated guidelines and indications produced by authoritative bodies or professional societies.

3.7    Contamination Control

Nucleic acid detection techniques are usually designed to maximise sensitivity and are capable of detecting very small amounts of nucleic acid. Contamination may occur during

-  
specimen collection or transport

- 
handling or testing in the testing or referring laboratory before nucleic acid detection

- 
extraction of nucleic acids from the sample

- 
amplification

- 
product detection or

· by contamination from reagents used for the test.

The sources of potential contamination include

· positive samples (cross-contamination);

· amplified nucleic acid (for example, contamination of stock reagents or equipment, or in aerosol droplets);

- 
operator error; and

- 
operators who may incidentally have a pathogen.

Shapiro (1999) provides mathematical methods to assess the likelihood of contamination in the use of PCR-based methodologies.

3.7.1  Measures to Control Contamination

The greatest protection a laboratory has against contamination arises from:

- 
a high level of competence of the staff in performing laboratory tasks;

- 
the design of the laboratory; and

- 
the routine use of controls to detect contamination.

These issues are addressed in detail in the relevant sections of this document.

For single round PCRs, the contamination risk may be reduced by replacing thymidine by uracil. The amplified product can then be destroyed by uracil-N-glycosolase (UNG), which is added to new samples to degrade any contaminating DNA and prevent this acting as a target. This is not sufficient to deal with heavy contamination and is not a substitute for the other measures. It cannot be used in nested PCRs. Nested PCR poses additional contamination risks due to the large amounts of second round product, which is smaller and more resistant to decontamination procedures. Probe amplification methods such as branched chain DNA have low contamination potential and may be performed in routine laboratory areas, provided those areas are not used for specimen processing or for culture of target microorganisms.

Standard

· Laboratories must retain records documenting contamination events, the identified source of the contamination and measures taken to reduce the risk of future contamination events of a similar nature.

3.7.2 Laboratory Hygiene

High standards of laboratory hygiene are required, including the following measures. All work areas, especially those used previously for other testing, should be cleaned thoroughly.

Guidelines

· Gowns/gloves should be worn by laboratory staff in the work areas. Gloves should be discarded and hands washed before leaving the area. Gowns should be dedicated to each area. Gowns and/or gloves should be changed whenever there is a suspicion of soiling.

· Tube/pack racks used for holding tubes or plates containing amplified nucleic acid should be decontaminated in 10% sodium hypochlorite for a minimum of four hours before reuse.

· Ceiling mounted ultraviolet light fixtures, which are operated for 20-30 minutes after hours, will assist in reducing environmental contamination. Alternatively, the closed cabinet or BSC should be fitted with UV fixtures and all non-biological components of the PCR test (tubes, pipettors, racks, tips, water, non-biological chemicals) should be exposed for 20-30 min prior to setting up reactions. 

· Spills of material containing amplified nucleic acid should be promptly covered with absorbent paper saturated with 10% sodium hypochlorite and left for 10 min. The paper should then be discarded and the area wiped over with 10% sodium hypochlorite.

3.8   Equipment

Standards

· All equipment must be maintained in working order as part of a regular schedule of maintenance.

· All equipment used for handling, preparation and manipulation of infectious material should comply with AS/NZS 2243.3.2002
3.9   Control material 
Wherever control materials are used laboratories must have appropriate quality control procedures in place. This must include documented criteria for the acceptance or rejection of quality control results. Details of action taken in response to unacceptable results must be recorded.
The types of controls used in nucleic acid detection techniques will vary with specific assays and whether microbiological or molecular genetic testing is being undertaken. The exact number of controls required for PCR-based systems depends on the number of samples in each run although, in general, two types of negative control should be included: a sample that is negative for the abnormality or pathogen (if available) and a ‘no nucleic acid’ sample (that is, all reagents except the DNA/RNA). An extraction control should also be used particularly for samples/tests that are prone to failure. Positive controls should be just above the limit of sensitivity of the test. For quantitative or semi-quantitative tests further controls may be required to calibrate the test.  

Standards

· Positive control material must closely resemble the original sample as far as is appropriate. If positive tissue is available then this must be treated as a positive control for the entire procedure including nucleic acid extraction. Stock genomic DNA known to contain the target is acceptable as positive controls if positive tissue is not available. Cloned plasmids containing an insert of the anticipated product must be used only where no other positive material is available, such as the testing for exotic pathogens.

· The positive control test must be the last test set up in a run, to prevent the risk of aerosol contamination of test samples.

· A run must be completed and a report issued only if all controls are appropriately positive and negative. A statement to this effect must appear in the procedure. If either of the controls was not successful, then the run must be repeated and the result of the initial run, repeat run, and action taken to avoid a repeat occurrence must be recorded.

Guidelines

· Where tests runs are expected to contain a large proportion of positive results, then it is recommended that additional ‘no template’ controls be interspersed among the samples at an appropriate frequency as validated by the particular laboratory.

· For all tests, positive controls should be just above the limit of sensitivity of the test.

· Positive controls for tests should be selected in accordance to the validation data for the particular test.

3.10 Additional Testing

Laboratories performing nucleic acid amplification testing should be aware that false positive results may occur for reasons other than contamination. These may occur due to:

- nonspecific primer binding and amplification of other sequences, which are then misidentified as the target sequence;

-
amplification of similar or identical target sequences found in other organisms or in other portions of the eukaryotic genome; or

- 
nonspecific, usually low level, reactivity in the detection system.

The frequency and significance of these events will vary with the test technique, the target sequence chosen, and the detection system used. The use of supplemental testing rests on the positive predictive value of the test. For those tests with a high positive predictive value supplemental testing may not be indicated for all samples. For those tests with lower positive predictive value (ie, screening tests) supplemental testing is required. Supplemental testing may take the form of further laboratory tests performed on the original sample (for example, microscopy, biochemical testing), on the PCR product itself (for example, nested PCR, DNA sequencing, diagnostic restriction enzyme digestion) or by further clinical examination and investigation.

Guidelines

· Where the implications of a positive result are substantial (for example, those with economic implications), and where the specificity of the test is known to be suboptimal, or has not been established by extensive validation, one or more of the following methods should be performed to verify positive results:

-
Nested PCR or other techniques that require the binding of more than one set of primers to generate a positive result;

-
Repeat testing of all positives using another set of primers directed at a different target sequence;

-
Identification of the product using methods such as specific probes, sequencing or restriction enzyme analysis.

It may be necessary to use several of these methods to achieve the desired specificity.

3.11  Nucleic Acid Sequencing

DNA sequencing is now an alternative approach to the detection of DNA mutations or DNA changes in both genetic disorders and microbiology. The benefits of DNA sequencing are that it is a robust technology that allows for high throughput mutation detection and characterisation in a single assay. The major problem with the technology is that the signal from each base pair needs to be individually considered and compared with a control(s). Software packages are being marketed that allow rapid screening of DNA sequence data, but in their current form are not so robust that fully automated analysis can be performed. The reasons a laboratory may wish to sequence a PCR product may include mutation screening, which is the detection of an unknown mutation in a length of DNA, or diagnostic testing, which is the confirmation of a mutation already detected in the same DNA sample.

In some cases, the laboratory to which the sample for DNA testing is referred, undertakes to have the sequencing carried out in a DNA sequencing facility. By their nature, centralised DNA sequencing facilities carry out a broad range of activities which, in the main, are research oriented. Diagnostic quality DNA sequencing must be distinguished from research-based DNA sequencing and must conform to standards that ensure that false positive and false negative results are minimised. Therefore the DNA sequencing facility that is used to perform a DNA diagnostic test should ideally be NATA accredited. The DNA sequencing facility may not always have sufficient information provided to allow a distinction to be made between research and service diagnostic work. Therefore, the onus is on the referring laboratory to ensure that the DNA sequencing facility undertakes the necessary controls and standards as would normally be expected for a more traditional DNA laboratory. Included in this would be QA/QC, appropriate retention of records, standards with each run and published criteria on what is acceptable for that particular DNA sequencing run. This would include criteria such as peak intensity, baseline fluctuations, signal to noise ratio.

Nucleic acid sequencing is increasingly being used for the identification and characterisation of microorganisms. The applications include validation of product identification methods, routine pathogen identification, epidemiological studies, and antimicrobial susceptibility testing.

Use of nucleic acid sequencing requires a level of expertise additional to that required for the other nucleic acid detection methods, as it is a rapidly developing area with very few standardised methods. In particular this relates to knowledge and expertise in sequencing methods, in editing of sequences, in use of databases for organism identification from the sequence, and in the use of phylogenetic software. Current databases are largely voluntary and the reliability of organism identification is variable, though the linking of submitted sequences to refereed publications is improving. However, specialised databases using sequences from well-characterised organisms are becoming more common. Interpretation of sequence data also requires knowledge of the natural mutation rates over time and the degree of sequence variability within the target population.

As sequencing includes a number of additional procedures and transfers of data, laboratories need to be fastidious about maintaining accuracy, traceability and the integrity and security of data. The target chosen for sequencing may vary depending on the purpose for which sequencing is performed. It should be found in all strains and, if the sequence is to be used to type the organism, it should also be sufficiently variable to provide the required level of organism and strain differentiation. Sequences that show excessive natural variation should be avoided. Ideally the sequencing should be performed on cloned DNA derived from cultured organisms, as that does not require further amplification prior to sequencing. If the vector contains a PCR amplicon, or if the sequencing must be carried out directly upon the amplicon, then the sequencing should be carried out with sufficient template replicates to give three copies of each base (that is three different plasmid extractions from the cloned bacterium, or three sequencing reactions directly upon the product), Triplicate reactions from the same plasmid extraction are not acceptable. Thus, any misincorporations from the polymerase, misreads or ambiguous peak heights can be solved using the consensus base.

Standards
· DNA sequencing used primarily to detect a mutation must be undertaken with particular care. Effort must be made to confirm that the sequencing data are appropriate e.g. limited BLAST search or comparison with a known standard sequence. A new mutation identified by single stranded sequencing must be confirmed on a second sample, or by another acceptable assay.

· DNA sequencing used to confirm a mutation detected in the DNA specimen by another method, must also conform to the above criteria.

· Laboratories performing sequence-based identification of microorganisms must have staff who have received specific and appropriate training in DNA sequencing editing and database interpretation.

Guidelines
· The identification of organisms should be based on matches with several sequences from different sources, and preference should be given to sequences supplied from known reputable sources.

· Identification should be based on sequencing of both strands, unless identification based on a single strand is available in triplicate from replicate preparations of the template strand. Where sequencing is performed on DNA amplified directly from samples, then laboratories should check that host DNA sequences do not show sequence homology to the test organism.

· Identification should use only high quality sequence.

· The laboratory should record the database used for the sequence identification and the degree of certainty.

· Regular quality checks should be performed using known organisms.

4. Reports and Records

Understanding the nucleic acid test result 

Apart from the actual performance of a nucleic acid test, the interpretation of its result is critical. While the laboratory must ensure that the way in which the result is given facilitates its interpretation, it is also acknowledged that the information provided will not always be sufficient for complete interpretation of the data, or necessarily accurate. Therefore, the report must not over-interpret the relevance of a test result. Ultimately, the party ordering the test must have some knowledge of its significance and interpretation. As well as the standards set out by general NATA guidelines covering reporting and records, laboratories carrying out nucleic acid detection testing should address the following standards and guidelines.

Standards

· Laboratories must have a confidentiality clause in their code of conduct and quality manual.
Guidelines

· Reports should be concise, unambiguous and include an appropriate interpretation of the results.

· Laboratories should have reporting procedures to assist the interpretation of both positive and negative results.

· Results should be available in a timely fashion. Reporting times should be specified in individual guidelines for testing for specific genetic diseases or pathogens.

· Reports from the DNA sequencing facility (see above) should ensure that the referring laboratory has knowledge of the type of assay, the locus and primers used for sequencing. When the sequencing reactions are set up in-house and then referred on to the DNA sequencing facility for the final running step, this knowledge will not be available to the latter but should be incorporated into the final laboratory report.

5. Retention of Specimen and Records

National guidelines for the retention times for samples and records are stated in the NATA guidelines 
5.1 Nucleic Acid Storage Conditions

Nucleic acids should be stored so that degradation of the sample is minimised.

Guidelines

· Stocks of pure DNA are often stable for several months if stored in sealed containers at 4oC. However, this may vary with different DNA preparations and the laboratory should verify stability or store stock DNA at –20oC.

· Long-term storage stocks of DNA and RNA should be held either at –20oC or below –70oC to minimise degradation. Note that RNA may degrade slowly at -20 oC and -70 oC is prefereable if this is available.

· Stocks and controls should be dispensed in convenient volumes before storage to minimise damage due to freezing and thawing.

6. Quality Systems
Standards

· The practiced and documented quality system of laboratories conducting nucleic acid based testing is to be consistent with current NATA standards. Ideally, diagnostic laboratories will be NATA accredited.
6.1 Quality Assurance
The components of Quality Assurance include:


initial evaluation of tests and validation of performance;


ongoing internal evaluation through mandatory use of appropriate control 


material; and



performance monitoring through quality assessment and proficiency 
programs where available.
Standard

· Laboratories must have a valid documented system of quality assurance for diagnostic tests that involves the management of all aspects of the process through which data are generated from the receipt and request to the provision of testing information.
6.2 Evaluation and Validation

Standard

· Where formal evaluation programs do not exist, laboratories must be able to show data that evaluate and validate the performance of nucleic acid testing within the laboratory.

Information on test evaluation and validation can be found on SCAHLS an 
on OIE web sites (see page 7)
6.3 Proficiency Testing Programs

To date there have been only a few external proficiency testing programs for laboratories performing nucleic acid testing.

Standard
· All laboratories using nucleic acid testing methods must participate in external proficiency testing programs if these are available for the tests the laboratories perform. All staff, including all back-up staff, within a laboratory who are performing tests on a routine basis, must carry out these tests.

· For proficiency testing, a laboratory is provided with specimens whose composition is known to the supplier but not the recipient. A laboratory must analyse the specimen in the same way as for a routine specimen. Any laboratory that fails the proficiency tests must take corrective action and document the action taken with any resulting method revisions or other subsequent alterations to resolve the failure. 

7. STAFF
The performance of nucleic acid detection techniques is technically challenging and dependent upon operator skills as well as facilities. Those working in this area require specific training, particularly in how to assess the validity of the data and how to recognise, investigate and solve problems when they occur. Standard
· Laboratories undertaking nucleic acid detection must have experienced supervisors and trainers on staff.

· At least one senior member of staff must have significant diagnostic or research experience with nucleic acid detection methods, including the principles, design and problem solving
7.1 Laboratory Director/ Molecular Biology Section Leader

Nucleic acid detection techniques are a rapidly expanding discipline; therefore, its senior practitioners should have wide training and current competency appropriate to the complexity of testing undertaken within the laboratory providing these tests.

Standard

· The person-in-charge of nucleic acid detection techniques in a laboratory must be actively involved in determining methods and procedures, staff training, quality control procedures, in the review and interpretation of laboratory data, providing laboratory reports and clinical consultation.
· The person-in-charge of nucleic acid detection techniques must meet the minimum mandatory requirements for that position according to NATA accreditation requirements and the laboratory’s in-house staff selection procedures.

· The director of the laboratory must be able to demonstrate by appropriate documentation, that the procedures used and tests performed are within the scope of the education, training and experience of individual scientific or technical staff.
7.2 Scientific/Technical Personnel
Standards

· Staff must have or acquire biological knowledge relevant to the discipline in which they are working (that is, in microbiology nucleic acid diagnostic laboratories adequate knowledge of pathogenic organisms, the techniques for their correct handling and containment is essential). 

· The performance of nucleic acid detection techniques is technically challenging and dependent upon operator skills as well as facilities. Those working in this area require specific training, particularly in how to assess the validity of the data and how to recognise, investigate and solve problems when they occur.

Guideline

· Particular attention should be paid to the maintenance of expertise in current techniques.
· Staff should be given opportunities for continuing education and training in nucleic acid testing, as this is a rapidly evolving area. 
7.3 Training
Laboratories must have a documented training program and maintain records of staff training.  The effectiveness of the training actions must be evaluated.  The program could include but not be limited to a series of replicate tests that a staff member has completed before performing tests without supervision.
Standards

· There must be appropriate in-house training programs available for existing and new staff regarding sample preparation and performance of tests.

· Laboratories must have a documented training program that includes a series of proficiency tests that a staff member has completed before performing tests without supervision and ongoing competency records signed off by an appropriate supervisor. 

· Records of training must include staff qualifications and experience and be sufficiently detailed to show that they have been appropriately trained and are currently competent.

· Laboratories must have a documented program for the induction of new staff.

· In-house and other education activities must be documented.

8. Laboratory Facilities

Laboratories undertaking nucleic acid amplification must be configured to minimise the risk of contamination of samples and reagents by other samples in the laboratory or by amplified material.

Laboratories undertaking nucleic acid detection from eukaryotic cells are likely to be at significantly lower risk of contamination than those laboratories undertaking nucleic acid detection of microorganisms. In microbiology laboratories, micro-organisms are present in samples in high numbers or are cultured at high concentrations. There is additionally greater potential for aerosol contamination due to the small size of micro-organisms compared with eukaryotic cells.

8.1 Definitions

The wording of the following sections is intended to maintain flexibility of laboratory spaces without compromising the guiding principle that laboratories undertaking nucleic acid amplification are required to be configured to minimise the risk of contamination of samples and reagents by amplified material or other samples in the laboratory.

The term ‘separate areas’ is used in the following sections to mean laboratory spaces that are used for nucleic acid based testing and are separated from other laboratory spaces by one or more of the following; walls, distance, strict laboratory practice, or by performance of the test within the working space of an instrument as dictated by the methods and technology available in the laboratory. The term ‘contained area’ means a laboratory space that can be isolated from the remainder of the laboratory either by walls and doors or within the working space of an instrument.

8.2 Minimum Standards for a Nucleic Acid Amplification Facility

The minimum standards for a PCR laboratory using exclusively eukaryotic cells, tissues or isolated DNA are as follows:

Standards

· At least three and preferably four separate areas are required in order to reduce the risk of cross-contamination or carry-over contamination.

· The areas required in each Nucleic Acid Amplification laboratory are:

- an area for the extraction of nucleic acids from samples and ideally another area for the addition of sample DNA to tubes containing master mix prior to PCR amplification;

-
a dedicated clean area for the preparation of reagents (including dispensing of the master mix); and

- 
a dedicated, contained area for amplification and product detection.

· The lay-out of all laboratory areas must be designed to minimise the potential for aerosol cross-contamination.

· Where the areas for preparation of reagents and sample preparation are located within a single room, wide separation of these activities must be maintained (see 8.1 Definitions, above) and appropriate procedures and controls must be implemented to detect contamination.

· Post-PCR analysis must not be incorporated into areas where reagent preparation or sample preparation occurs. If complete separation by a contained area is not achievable, the post-PCR area must be positioned so as to minimise the possibility of cross-contamination of pre-amplification areas. In general, positioning the post-PCR area at an appropriate distance from the pre-amplification area and separating all equipment use can achieve this.

· Reagents and equipment must be limited to the appropriate sections. In particular, no nucleic acid samples shall be taken into the reagent preparation area. Samples must be stored separately from reagents.

· Equipment from other areas must not be taken into the reagent preparation area. Equipment that needs to pass from post-amplification to pre-amplification areas must be decontaminated in 10% hypochlorite or another non-corroding disinfectant agent for 4 hours prior to this movement. Equipment must be marked (for example by colour) to clearly indicate in which area they belong.

· The movement of specimens and equipment must be unidirectional, that is, from pre-amplification to post-amplification areas. Only sealed PCR amplification tubes and tube-racks shall be carried between the pre-amplification area and the post-amplification area. Where equipment, such as tube-racks, is returned against the flow it must first be decontaminated. Laboratory coats and gloves must be changed before going to and from each area.

· The level of laboratory hygiene must be high. Staff must be careful to avoid contamination of their gown and gloves. These must be changed promptly if they have potentially been contaminated, or if they become soiled

· Spills must be cleaned up promptly. Those containing amplified nucleic acids must be covered with absorbent paper soaked in 10% sodium hypochlorite and left for 10 minutes. The absorbent paper must then be discarded, and the area wiped over with 10% sodium hypochlorite.
Guidelines

· Sample processing and reagent preparation should occur in different rooms. Where the areas for preparation of reagents and sample preparation can not be separated the provision of a closed cabinet or BSC for specimen preparation is strongly recommended. The air outflow from the sample preparation BSC ideally would have a HEPA filter and must be directed away from the reagent preparation area.

· Aerosol resistant pipette tips or positive displacement pipettes should be used to minimise contamination, and should be used routinely when a new laboratory is being set up or new staff are being introduced.

· Work surfaces should be regularly decontaminated by wiping with 0.5% hypochlorite or another similar disinfectant. Instrumentation such as microfuges, heating blocks, waterbaths should be cleaned regularly with 10% hypochlorite or another non-corroding disinfectant agent.

· Instruments capable of producing aerosols such as Vortex( mixers, PCR machines and microfuges should be placed at as great a distance from preparation areas as possible.

8.3 Additional Standards for the Layout of a Microbiology Nucleic Acid Amplification Facility

Due to the presence of high levels of cultured microorganisms in microbiology laboratories and the potential number of organisms present in aerosols, at least four separate and contained areas (see 8.1 Definitions above) are required within a laboratory undertaking PCR-based diagnosis of micro-organisms in order to reduce the risk of cross-contamination or carry-over contamination.

8.3.1 Sample preparation

Standard

· A dedicated contained area must be provided for the extraction of nucleic acid from samples. This area must be physically separate from any region of the laboratory in which microorganisms are cultured and analysed, and in a separate, contained area from the reagent and post-amplification regions of the PCR facility. 
Guideline

· The airflow into this area should not come from the amplification/post-amplification area, or from area in the laboratory where target pathogens are cultured, and the exhaust from this area should not flow into the reagent preparation or amplification area.

8.3.2 Reagent Preparation

Standard

· There must be a dedicated, separate, clean and contained area for the preparation of reagents (including dispensing of the master mix), which is physically separate from all other regions of the laboratory. There must be an additional separate area for the addition of template material to the prepared master mix.
Guideline

· The air to this area should not come from the sample preparation area or amplification/detection areas, or from any area where potential target organisms may be present.

8.3.3 Product Analysis and Post-Amplification Processing

Standard

· There must be a dedicated, separate and contained area for amplification product detection that is physically separated from any region of the laboratory in which microorganisms are cultured, analysed or stored.

· All post-amplification analyses, such as restriction enzyme analysis or sequencing, must be carried out in the post-amplification area to minimise potential contamination of prepared targets and reagent preparation areas. If the nature of the work demands that these products are moved to another area, such as requirement for equipment, then they must be placed in decontaminated racks and the tubes opened only in areas where it is considered there is no risk of causing contamination to tests currently being prepared.

Guideline

· The normal airflow from this area should not pass into the sample preparation or reagent preparation areas.

8.4 Additional Standards and Requirements for Nested PCR

Due to the nature of the technique, nested PCR requires the most stringent guidelines. The most important aspects are:

- adequately trained staff,

- use of aerosol-resistant pipette tips, and

- constant vigilance against methodological causes of   

  contamination.

The following standards and requirements are in addition to those outlined in above subsections 8.2 and 8.3 and shall be applicable when using nested PCR techniques

Standards

· Reagent preparation, specimen processing, template addition and amplification/product detection must be carried out in separate contained areas.

· Normal airflow patterns in the laboratory must direct air out of the reagents preparation area in order to avoid contamination of the reagents. If that cannot be achieved, then reagent preparation shall be carried out in a dedicated laminar flow cabinet or BSC within the contained area.

Guidelines

Where a laboratory carries out large numbers of nested PCR reactions, which increases the potential for contamination, or where there are recurring or uncontrolled contamination problems, it should implement the following measures.

· The air conditioning/ventilation services to the reagent preparation and specimen processing areas should be at positive pressure in relation to adjoining areas OR they should be separated from adjoining areas by an anteroom, which is at negative pressure to both its adjoining areas.

· The air conditioning/ventilation services to the amplification and product detection rooms should achieve a negative pressure in relation to adjoining areas OR should be separated from adjoining areas by an anteroom, which is at negative pressure to both of its adjoining areas.

· All manipulations of material liable to contain amplified nucleic acids in the amplification or detection areas should be carried out in a dedicated laminar flow cabinet or BSC. 

· First round amplicons should be added to the second round mastermix in the amplification room and never taken out of this room. This reduces the risk of contamination to a level equivalent to that experienced when opening tubes for gel electrophoresis loading and running.

· Ceiling mounted ultraviolet light fixtures, which are operated for 20-30 minutes after hours, will assist in reducing environmental contamination. Alternatively, the laminar flow cabinet or BSC should be fitted with UV fixtures and all non-biological components of the PCR test (tubes, pipettors, racks, tips, water, non-biological chemicals) should be exposed for 20-30 min before setting up both the primary and nested reactions. When tubes or other containers with first round amplicons are opened, only one sample tube should be open in the cabinet at any one time to reduce the risk of contaminating negative samples before the second round of amplification.

· Negative controls without the addition of nucleic acid template should be set up for both rounds. The negative control from the primary round should be treated as a sample and applied to the nested step as such. This will aid in tracing and identification of problem(s) should contamination occur.

8.5 Instruments and equipment
Nucleic acid detection techniques require specialised equipment (for example, thermal cycler). Such equipment should be maintained to ensure the utmost accuracy and efficiency for nucleic acid detection.

Standards

· An inventory register must be maintained of all significant items of equipment
· Operating manuals for equipment must be readily available. Staff operating the equipment must be competent to do so 
· Procedures for equipment maintenance must be documented and carried out, the instruments checked regularly and records kept
· Wherever possible, electronic instruments must be checked and serviced by a NATA accredited service agent, or at least a service agent that use NATA accredited instrumentation for checking and calibrating the equipment.

APPENDIX A

References for notifiable diseases and legislative requirements:

http://www.dpiwe.tas.gov.au/inter.nsf/WebPages/CPAS-5QZ2AP?open
http://www.agric.wa.gov.au/pls/portal30/docs/FOLDER/IKMP/PW/AH/ANIMALHEALTH_INDEX.HTM
http://www.dpi.vic.gov.au/dpi/nrenfa.nsf/LinkView/19F25D1F2F684C6ECA256E52007BC5D33E07C6C441BF771A4A2567D80005AA20
http://www.agric.nsw.gov.au/reader/an-health
http://www.legislation.act.gov.au/a/1993-61/ni.asp
http://www.dpi.qld.gov.au
http://www.dh.sa.gov.au/pehs/ publications

http://www.affa.gov.au/content/output.cfm?ObjectID=29761605-8C1D-4D39-920E0661DCD5BE44
APPENDIX B

Animal Health Australia and AusVetPlan references:

http://www.aahc.com.au/
http://www.aahc.com.au/ausvetplan/index.htm
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