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UK SMI*: scope and purpose

Users of UK SMIs

Primarily, UK SMis are intended as a general resource for practising professionals
operating in the field of laboratory medicine and infection specialties in the UK. UK
SMis also provide clinicians with information about the available test repertoire and
the standard of laboratory services they should expect for the investigation of infection
in their patients, as well as providing information that aids the electronic ordering of
appropriate tests. The documents also provide commissioners of healthcare servicex
with the appropriateness and standard of microbiology investigations they should
seeking as part of the clinical and public health care package for their populati

Background to UK SMis &@é

UK SMIs comprise a collection of recommended algorithms and proce%ées covering
all stages of the investigative process in microbiology from the pre-g@alytical (clinical
syndrome) stage to the analytical (laboratory testing) and post anadytical (result
interpretation and reporting) stages. Syndromic algorithms are ported by more
detailed documents containing advice on the investigation ecific diseases and
infections. Quality guidance notes describe laboratory prs&ses which underpin
guality, for example assay validation. ,,0

Standardisation of the diagnostic process through éapplication of UK SMis helps to
assure the equivalence of investigation strategie$§ different laboratories across the
UK and is essential for public health surveillz&é, research and development activities.
Equal partnership working ‘\0
UK SMis are developed in equal parjgership with PHE, NHS, Royal College of
Pathologists and professional socieq¥s. The list of participating societies may be
found at https://www.gov.uk/uk- Ydards-for-microbioloqv-investiqations-smi-qualitv-
and-consistency-in-clinical-I tories. Inclusion of a logo in an UK SMI indicates
participation of the society iqp‘équal partnership and support for the objectives and
process of preparing UK Is. Nominees of professional societies are members of
the Steering Commit}g&%nd working groups which develop UK SMis. The views of
nominees cannot sér gorously representative of the members of their nominating

organisations n e corporate views of their organisations. Nominees act as a
conduit for twgMay reporting and dialogue. Representative views are sought through
the consult@gn process. UK SMis are developed, reviewed and updated through a
wide co&@ltation process.

Quility assurance

@E has accredited the process used by the UK SMI working groups to produce UK

Q3Mils. The accreditation is applicable to all guidance produced since October 2009.
The process for the development of UK SMis is certified to ISO 9001:2008. UK SMis
represent a good standard of practice to which all clinical and public health
microbiology laboratories in the UK are expected to work. UK SMIs are NICE
accredited and represent neither minimum standards of practice nor the highest level

# Microbiology is used as a generic term to include the two GMC-recognised specialties of Medical Microbiology (which includes
Bacteriology, Mycology and Parasitology) and Medical Virology.
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of complex laboratory investigation possible. In using UK SMIs, laboratories should
take account of local requirements and undertake additional investigations where
appropriate. UK SMIs help laboratories to meet accreditation requirements by
promoting high quality practices which are auditable. UK SMIs also provide a
reference point for method development. The performance of UK SMIs depends on
competent staff and appropriate quality reagents and equipment. Laboratories should
ensure that all commercial and in-house tests have been validated and shown to be fit
for purpose. Laboratories should participate in external quality assessment schemes
and undertake relevant internal quality control procedures.

A

N
Patient and public involvement D
The UK SMI working groups are committed to patient and public involvement jgi¢he
development of UK SMIs. By involving the public, health professionals, sci ts and
voluntary organisations the resulting UK SMI will be robust and meet the, ds of the
user. An opportunity is given to members of the public to contribute to sultations
through our open access website. D
Information governance and equality Qg'

PHE is a Caldicott compliant organisation. It seeks to take Q@?y possible precaution
to prevent unauthorised disclosure of patient details andéensure that patient-related
records are kept under secure conditions. The develo nt of UK SMis is subject to
PHE Equality objectives https://wvmm.qov.uk/qover@ﬁnt/orqanisations/public-health-

england/about/equality-and-diversity. @@
The UK SMI working groups are committed cé%hieving the equality objectives by
effective consultation with members of the lic, partners, stakeholders and
specialist interest groups. o

Q,O
Legal statement é
While every care has been tak@n the preparation of UK SMIs, PHE and the partner
organisations, shall, to the est extent possible under any applicable law, exclude
liability for all losses, cost% laims, damages or expenses arising out of or connected
with the use of an UK or any information contained therein. If alterations are

made by an end useg{® an UK SMI for local use, it must be made clear where in the
document the alte@ons have been made and by whom such alterations have been
made and also nowledged that PHE and the partner organisations shall bear no
liability for s alterations. For the further avoidance of doubt, as UK SMIs have been
developed Rr application within the UK, any application outside the UK shall be at the
user's r@?
The e\ﬁ'dence base and microbial taxonomy for the UK SMI is as complete as possible
ée date of issue. Any omissions and new material will be considered at the next
oQagiew. These standards can only be superseded by revisions of the standard,
legislative action, or by NICE accredited guidance.

UK SMis are Crown copyright which should be acknowledged where appropriate.

Suggested citation for this document

Public Health England. (YYYY <tab+enter>). Good practice when performing
molecular amplification assays. UK Standards for Microbiology Investigations. Q 4
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Scope of document

This UK SMI describes key elements of how to organise facilities for molecular
amplification assays. This includes designated rooms, workflow plan, reagents,
consumables and staff within a molecular diagnostic laboratory™.

This UK SMI should be used in conjunction with other UK SMis.

Introduction

At
The ability of PCR to produce large numbers of copies of a target sequence fronéﬂ'o
minute quantities - sometimes single copies - of DNA has provided the exquisj
sensitivity that makes PCR a powerful diagnostic tool. However, this abilityﬁ
necessitates that extreme care needs to be taken to avoid the generatioQ'ﬁ false
positive results. &

False positive results can occur from sample-to-sample contaminatro% and, from the
carry-over of amplicons from a previous amplification of the sa arget. Another
significant risk is through cross-contamination of different re ns prepared at the
same time and contamination of master stocks (for examp igonucleotide stocks) by
DNA templates which is a major threat to be considere Q&raddition to clones DNA
and virus cell cultures, microorganisms within the envi@hment are a significant source
of contamination. This can be limited by meticulou%‘a{?{ention to good laboratory
procedures. @@

Careful consideration should be given to fac@‘design and operation within clinical
laboratories in which polymerase chain reg@tlons are performed. Laboratories should
be designed to prevent exposure of pre@R reagents and materials to PCR
products/contaminants. This documg® describes procedures that will help to minimise
the carry-over of amplified nucleic@ d.

Whilst the guidelines concern majority of PCR applications, they are most relevant
where ‘in-house’ assays ar use and may be less relevant when using commercial
kits, and to other amplificsgion procedures. These guidelines apply to many
modifications of the b PCR protocol for example nested PCR, although no specific
provision is made wifdn the guidelines. However, the greatest threat of contamination
lies in laboratoriegéfiat practise techniques that involve manipulation of amplified
product or clo DNA such as plasmids containing DNA target regions. Laboratories
exclusivelyéforming real-time PCR (qPCR) and discarding all amplified product
without ogMing the tubes or sealed plates containing product are less liable to
contaqg’tgon. Further reassurance can be provided in many commercial or in-house
systems by the enzymatic anti-contamination features described in section 5. Even in
lgépratories that avoid manipulation of PCR product, the good practice described in

s document should be standard practice, especially in the clean room. Similar

oguidelines are available from other organisations?.

Next-Generation Sequencing (NGS) technology involve one or more PCR
amplification steps, so the practices described also apply to NGS®. Additional
contamination risks are present in NGS, particularly surrounding the use of
adaptor/index molecules throughout an NGS workflow. This potential contamination
can be due to a failure to remove free adapters or primers from prepared libraries
which may result in index hopping (also known as index switching) and misassignment
of libraries from the expected index to a different index in the pool, leading to
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misalignment and inaccurate sequencing results. However, to reduce the effects of

index hopping, it is essential that users adhere to sequencing system manufacturers’
instructions on best practices, as well as the library preparation workflow®.

1 General considerations

1.1 Organisation of work

For reverse transcription (RT)-PCRs, specific local precautions are necessary to
prevent contamination of equipment, consumables and reagents with RNases, as ,(\
these will lead to false negative results. ,19

A common cause of contamination is poor technique by staff. Staff must be trgj
and signed as competent on local policies before performing these proced
new members of staff, visitors and students must be trained in the appro
the PCR facilities. It is recommended that a formal induction process
established for these laboratory workers, regardless of prior experie\@e.

reagents any longer than necessary. All reagents, reaction tu etc. should be clearly
labelled. Records of batch numbers of all reagent batches& d in individual assays

Good housekeeping policy must be practised at all times. Do n;@éep tubes or
should be kept. Q

Avoid entering pre-amplification rooms, in particular ;hf?se used to prepare/aliquot
PCR stock reagents (Pre-PCR room), after workingdn rooms where products, cloned
materials and virus cultures are handled. If wor, with these materials is
unavoidable, judicious use of clean laboratop&foats, gloves and hand washing is
necessary. Gloves should be changed freg®&ntly for example in between the
processing of individual patient sample when moving from one room to another
such as from extraction room to the W-PCR room.

It is important that the area Wherséecimens are received into the testing facility
remains PCR 'clean’, with no ed or PCR-amplified material being handled. If such
material is received by the @C?g laboratory, a separate, dedicated area for
processing should be avadgable, with its own equipment, lab coats, etc.

Ensure that all equip@vt: including documentation, pens and lab coats are dedicated
for use only in that gtticular laboratory for example a designated laboratory coat for
each of the PCRﬁns/section. Any documentation that have been in contaminated
areas should be taken into clean PCR areas.

that th elong to (for example may be colour coded) and never taken from one area
to angther to avoid cross-contamination and confusion among staff. In cases, in which
thQ‘ﬁquipment Is potentially contaminated, thorough cleansing or even replacing the
&ipment may be necessary.

(&)
Laboratoréequipment such as pipettes should be clearly identified to show the section

Single-use PCR reagents should be aliquoted to avoid excessive freeze-thawing and
to protect stock reagents from contamination as soon as they are received into the
laboratory. Where contamination is detected, all diagnostic work should be suspended
or relocated until the source of contamination has been eliminated. In many situations,
discarding all suspected reagents may be necessary to address the immediate source
of potential contamination but a full investigation should be considered to determine
why the contamination occurred. Pulse centrifuge tubes briefly before opening the
reagents. Uncap and close tubes carefully after use to prevent aerosols.
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Bench work areas in PCR laboratories should be wiped daily with disinfectant solution
(for example hypochlorite) before and after use®. Validated chemical or a suitable
alternative may be preferred. Containment areas can additionally be decontaminated
using ultra-violet radiation if fitted. It is of vital importance that weekly monitoring of UV
bulb strength is performed to ensure sufficient decontamination effect’.

2 Specimen processing

All accreditation schemes stipulate some requirements for the storage and retention Q(
N

specimens and records. Q
Avoid molecular contamination problems of PCR through good housekeeping @ctlce
and following the unidirectional workflow®. Q

<
2.1 The unidirectional workflow’ Qg&

According to WHO Good Laboratory Practice principles, it emphasise‘,Qhat facilities
and equipment must be sufficient, adequate and spacious enough,tﬁ avoid problems
such as overcrowding, cross contamination or confusion betw projects®”

A laboratory workflow plan consists of the sequential procegSes: pre-examination,
examination and post-examination and their respective uential sub-processes.
Laboratories follow these processes to deliver the Iab(éﬁory’s services. Where
possible PCR facilities should be organised into foyMiscrete areas/rooms as
described below. Requirements may vary with t ssay format and platform. For
example, for real-time PCRs only 3 areas ma required as post-PCR analysis is
not required. However, for nested PCR asg&, the additional steps require that four
rooms/areas are available. KN

Workflow between these rooms/areg, °ust be unidirectional, that is, from clean areas
to contaminated areas, but not fror®ontaminated areas to clean labs. See Appendix
1. Dedicated laboratory coats s e supplied for each area and gloves shall be
changed between areas. Sta | have to leave product analysis areas and go back
to the earlier rooms eventugdy. It is here that rigid adherence to good practice is most
essential. Laboratory cQ@®, gloves and any other personal protective equipment
should be changed, ands washed. No working materials can be brought back to
earlier stages, not n notebooks or pens, ideally all gPCR machines will be remotely
connected to th oratory reporting systems. If this is not possible it may be
necessary to memory sticks and worksheets back to areas for result reporting.
However, t@?should not be clean areas.

N :
2.2 .ezhysmal separation of pre-PCR and post-PCR assay stages

Tqgvevent carry-over of amplified DNA sequences, PCR reactions should be set up in
o%weparate room or containment area ( PCR workstation’ laminar flow cabinet) from
at used for post-PCR manipulations'®. However, it should be noted that there are
newer molecular working set ups where total enclosed automated platform systems
are utilised in a unidirectional way from specimen processing, extraction to PCR set
up as they are becoming commonplace in molecular UK laboratories

A complete separate set of necessary laboratory equipment, consumables, and
laboratory coats should be dedicated for the specific use of pre - or post-PCR
manipulations according to the area designation. Care must be taken to ensure that
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amplified DNA, virus cultures or DNA clones other than low copy number control
material do not enter the ‘Pre-PCR area’.

Reagents and supplies should be taken directly from (clean) storage into the pre-PCR
area and should never be taken or shared with areas in which post-PCR analyses are
being performed. Similarly, equipment such as pipettes should never be taken into the
containment area after use with amplified material.

2.3 Reagent preparation and PCR setup clean room

This room is also known as the “Pre-PCR room”. In this room/area, PCR reagents arg\
stored. It is important to keep this room/area free of any biological material (this ,19
includes DNA/RNA extracts, samples, cloned materials and PCR products). Q’G

Procedures carried out in this area include preparation and aliquoting of re%?%t
stocks and preparation of reaction mixes prior to the addition of the clinicgdMucleic
acid (which takes place in the nucleic acid extraction room or, in the s%&j round of a
nested PCR, in the PCR amplification room). Aliquoting of primers awgl“other reagents
is recommended to minimise any consequence of contamination and reduce assay
downtime. It may be useful to clean the workspace/surface wh&hanging between
different primers and other reagents. @0

. . &
It should be noted that materials from other rooms (incl @ﬁg amplified, template, and
target nucleic acid or positive controls, supplies, or eq ent) should not be brought
into the reagent preparation room. N

There should be retrievable documentation rgégséfor the preparation of PCR
reagents stock. The records should include t llowing:

e manufacturer's name and date of g&patch

e number of containers, type, anégnount of reagent contents received

e batch number(s) (}

e number of aliquots pre&a?ed and date prepared

e reagent expiry dat%o

The prepared aliquotsén%uld be clearly labelled with the reagent name with
concentration if ap riate and date prepared*. The other consumables used in the
preparation of thg\¥eagents such as sterile water bottles should also be labelled with
the date opene@

()
2.4 T@%ucleic acid extraction room

Most lal%ratories will perform both the DNA extraction of the clinical specimens and
theQddition of the DNA extracts to molecular mixes in this room both at separate
s of the room. This is the ‘norm’ for laboratories that do not have enough space.

OExtraction of nucleic acid from clinical samples must be performed in areas where
PCR products and stocks of cloned materials have not been handled. A second clean
area is therefore required for this purpose. The second area is where the samples are
processed, where the reverse transcriptase step of RT-PCRs is performed and where
the extracted DNA or cloned DNA and positive control is added to the PCR reaction
mixes (previously prepared in the reagent preparation room).
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Specimens for PCR should come directly from the specimen reception into the
extraction laboratory; the samples should never enter rooms where PCR products and
cloned DNA are present.

2.5 The amplification room

The amplification room is the area in which the PCR machines are housed. It may also
contain a containment area in which, for nested PCRs, the second round reaction
mixes are inoculated with the primary reaction product. Cloned DNAs should not be
brought into this area.

N

Where PCR machines are shared, a clear booking system is recommended to pro,@le
a cohesive system for the assays. Individual users’ PCR programs in the 0@
thermocyclers should not be edited by other users (even temporarily) without &
notification to the program owner. &Q,

. &
2.6 The product analysis rooms %

This is known as the post-PCR room. This is the room in which posﬁ%CR
manipulations are performed (for example agarose gel electro esis of products,
PCR-ELISA detection systems, sequencing, nested PCR te ). Thisis a
contaminated area and therefore no reagents, equipment oratory coats etc. from
this room should be used in any of the other PCR area(,%g

3 Handling of master mixesé,é&

Master mixes should be aliquoted in appropggde volumes for the usage requirement of
an assay and to minimise the number offé&ze-thaw cycles.

Master mixes should be subjected to ﬂimal thawing and ideally should be
thermostable (handled as per man@cturer instructions). If this is not the case, then
all master mix reagents should b@’ﬁandled using a cold block rather than using ice, as
that is a potential source of co&mination.

Master mixes containing eit®er fluorophores, as in probe-based assays, or DNA-
binding dyes, such as Green, should not be exposed to excessive light in order
to prevent degradatig™y photo-bleaching®.

Different batcheg%aster mixes should never be mixed and used together for setting
up molecular ys. This is so as to allow traceability of any problems that may arise
with any m% lar assay at any time.

Note: Lg®ratories looking to use in-house molecular assays should ensure that
durin lidation of these assays, stability studies associated with the aliquoting of
mz&ér mixes must be included.

oﬁv Selection of assay controls

Assay controls are included according to the individual assay protocol that will be
specific to the pathogen targeted. However, as general guidelines, the following are
suggested.

A positive amplification control: this should normally be an extract that amplifies
weakly but consistently within an acceptable defined range. A decline in assay
performance may not be detected when using a high copy-number positive as this
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may still give a signal. Use of a strong positive is an unnecessary risk as it can be a
possible reservoir of contamination.

A positive amplification control derived from a plasmid should always be diluted to give
a detection endpoint expected from a weak positive.

A negative or “no template” amplification control, for example nuclease free water,
should always be included to control the reagent master mix.

Extraction controls: known positive and negative specimens for an assay may be
extracted and tested to act, respectively, as a process control for successful nucleic
acid extraction and a check on contamination during extraction respectively. Positiv@
controls can be contrived specimens containing clinical relevant amounts of tar v
(quantified organism or nucleic acid), specific to the disease and specimen te&

Internal controls: these should be used to control for inhibitors of the PCR ggdcess and
for failures of extraction or the PCR process including potential techni%rrors, for
example failure to add the extracted sample to the PCR reaction. In;% | controls
should ideally be used to control the whole process of sample extradtion and PCR
amplification. In this scenario, the internal control could be use 'Q-}'place of a positive
control provided the concentration of internal control is of simg@®” concentration to the
positive control. Demonstration of the internal control seq e by PCRIn a
multiplexed reaction with the target sequence can therej@¢€ confirm potential to
amplify the target sequence and validate a negative t. They should ideally
represent the target organism as closely as possih, roviding a quantification cycle
(Cq) value that would be typically encountered ig¥ positive clinical sample. For RNA
targets detected through reverse-transcriptasg¥®CR, an RNA control should be used
to control for this step. A range of approac have been used including addition of
bacteriophages such as MS2 or lambd age or addition of DNA or RNA transcripts.
Where human DNA or RNA is co-purigd with the target organism, detection of human
gene targets especially ‘house-kee&ﬁfg genes’ such as 3-globin have been used as
internal controls. This has an ad@d advantage of controlling for the adequacy of the
sample, although assessmen partial inhibition are more difficult where expected
levels of human DNA are nqﬂ(nown and Cq values will be inconsistent and no
reference Cq value will vailable for comparison. Samples containing potentially
large amounts of humag¥material and subsequent DNA (for example, Bronchoalveolar
lavage) can be inhi@bry to PCR amplification of the target sequence.

Internal control gaed at the PCR stage will control for inhibitors in the PCR but will
not control f%@ample extraction.

Q
5 &Q{’ner considerations to avoid contamination

L4
Qﬁmber of additional measures and procedures can be included in an assay
otocol to minimise further the likelihood of contamination, the most common of which
ois the use of Uracil-DNA Glycosylase (UDG)’. While use of such measures is

recommended (as per assay protocol), it is to be noted that these are used in addition
to the good practices outlined above, not as an alternative as these have their own
limitations. Inclusion of UDG may reduce amplification efficiency and thereby delay or
prevent detection, when only one or a few target DNA molecules are present. Heat-
labile forms of the enzyme are available to minimise residual UDG activity after PCR.

Decst)ﬂtamination is performed using UV-irradiation, 10% sodium hypochlorite or 1M
HCI>.
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Good practice when performing molecular amplification assays

Regular environmental swabbing and monitoring of areas where high throughput
PCRs are carried out is recommended.

The use of aerosol-barrier pipette tips (preferably DNase- and RNAse-free) during
preparation of molecular assays will help prevent reintroduction of aerosols of a
sample into other samples being processed at the same time?.

Equipment used should be periodically inspected, cleaned, maintained, and
calibrated, as appropriate. Any equipment that is out of use for any reason should be
clearly identified as such®.

Laboratory coats should be cleaned regularly to reduce the possibility of Q'(\
contamination of the designated workspace and the PCR reaction?. Qﬁ'
Staff awareness of these issues and how they play an important role in the pg&ention
of contamination. &Q,
Ensuring that standard operating procedures (SOPs) used by staff in tg@ﬁaboratory
are up to date and are the most current. K
Reviewing staff competency through internal audits or participa iqn'in external quality
assessment schemes also ensure that staff are following the | SOPs that are in
place hence avoiding any contamination issues. &Q,

- &
6 Quality assurance 2

>

sitive nucleic acid amplification

Contamination is a potential threat when using
techniques and regular environmental monitgRRg serves as a useful indicator of
potential problems. Many commercial syst&¥s now recommend environmental
monitoring as part of the housekeeping maintenance procedures but this should
also be carried out for in-house assa n the event of major laboratory disruption, for
example during emergency evacuaﬂﬁs, servicing of equipment by external
contractors or the entrance of beNdling contractors into the PCR suite, 'deep clean’
decontamination procedures& put in place and employed

It is important to demonstgsé that assays are performing consistently and that results
reported are reliable a ccurate. Where available it is advisable to run external
controls for commer‘?a and in-house based assays. For many viral targets,
guantitated contr an be obtained from commercial and other sources (for example
National Institut&Biological Standards and Control (NIBSC)). Keeping a regular
record of theé’results will help to identify problems at an early stage.

Assays S@@uld be appropriately validated before introduction into routine use (see UK
SMI de Evaluations, validations and verifications of diagnostic tests). Note that the
valigation of an in house assay (as for a CE marked assay) is a validation of the total
ess. Any change in that process, be it in extraction procedure, reagents, cycling
rameters, introduction of internal controls for inhibition, will necessitate a
documented revalidation of the whole process.

New batches of reagents for example primers, probes PCR mix etc need to be
assessed for performance against such well characterised control material and
recorded as an auditable record (acceptance testing).

Participation in quality assurance programmes is essential if a scheme exists for
example United Kingdom National External Quality Assurance Scheme (UK NEQAS)
and Quality Control for Molecular Diagnostics (QCMD). However, where no scheme
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Good practice when performing molecular amplification assays

exists, section 5.6.3.2 of ISO 15189:2012 recommends interlaboratory collaboration
for the exchange of samples to ensure that the test is performing correctly™>. For PCR
methods specifically targeting fungal disease, the Fungal PCR initiative (formerly the
European Aspergillus PCR initiative) has been formed to standardise methods for
fungal PCR through quality control evaluations (www.eapcri.eu).
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Appendix 1: Diagram showing workflow in a PCR
laboratory

Specimen Receipt
and storage

S
DY
&
Pre PCR room Speqmen Amplification room "Q Post-PCR room
Processing Room
D
@
Reagent storage B round Product Analysis and
Preparation of PCR DNA/RNA Extraction én lification Confirmation
reagents 1% round of PCR set Oun% PCR set U (Gel electrophoresis,
Preparation of up eq Nested PCR P Sequencing
Master mix & 9 reactions, etc)

Note: Although four rooms are ideal@any laboratories only have two rooms
available. é

Pre-PCR and extraction are tt@ore carried out within defined areas of a larger
laboratory while amplificati%de product analysis are in a second laboratory.
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References

Modified GRADE table used by UK SMis when assessing references

Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)
is a systematic approach to assessing references. A modified GRADE method is used
in UK SMis for appraising references for inclusion. Each reference is assessed and
allocated a grade for strength of recommendation (A-D) and quality of the underlyin
evidence (I-VI). A summary table which defines the grade is listed below and shg

be used in conjunction with the reference list. 0«3’
&
Strength of recommendation Quality of evidence QQ,Q
K]

A Strongly recommended I Evidence from Yandomised
controlledg®als, meta-analysis
and sy, atic reviews

B  Recommended but other [l Evige¥ce from non-randomised

alternatives may be acceptable %S
C  Weakly recommended: seek Il aNon-analytical studies, for
alternatives Q,é example, case reports, reviews,
case series
D  Never recommended é V  Expert opinion and wide
A4 acceptance as good practice
oé but with no study evidence
@0 \ Required by legislation, code of
A‘,‘ practice or national standard
égv VI  Letter or other
(&)
1. Miffin TE. Setting up g@CR Laboratory. In: CR N, editor. PCR: Essential Data. New York: John
Wiley and Sons In 95. p. 5-14. B, VI
2. US Environ @“al Protection Agency. Quality Assurance/Quality Control Guidance for
Laborator&erforming PCR Analyses on Environmental Samples 2004. B, VI
(¢
3. Buerr&s HP, den Dunnen JT. Next generation sequencing technology: Advances and

waﬂons. Biochim Biophys Acta 2014;1842:1932-41. B, llI

4. &' Kircher M, Kelso J. High-throughput DNA sequencing--concepts and limitations. Bioessays
& 2010;32:524-36. B, I

05. Prince AM, Andrus L. PCR: how to kill unwanted DNA. Biotechniques 1992;12:358-60. B, Il

6. McCreedy BJ, Callaway TH. Laboratory design and workflow. In: Persing DH, Smith TF,
Tenover FC, White TJ, editors. Diagnostic Molecular Microbiology- Principles and Applications.
Washington DC: American Society for Microbiology; 1993. p. 149-59. B, VI

7. Longo MC, Berninger MS, Hartley JL. Use of uracil DNA glycosylase to control carry over

contamination in polymerase chain reactions. Gene 1990;93:125-8. B, llI

Quality Guidance | Q 4 | Issue no: dw+ | Issue date: xx | Page: 17 of 18
UK Standards for Microbiology Investigations | Issued by the Standards Unit, Public Health England



10.

11.

12.

13.

14.

15.

Good practice when performing molecular amplification assays

World Health Organization. Good Laboratory Practice (GLP): Quality practices for regulated
non- clinical research and development. 2nd Edition. Switzerland 2009. 1- 328. A, V

World Health Organization. Good Clinical Laboratory Practice (GCLP). 2009. 1-28. A, V

Kwok S. Procedures to minimize PCR product carry over. In: Innis MA, Gelfand DH, Sninsky
JJ, White TJ, editors. PCR Protocols: A guide to methods and applications. San Diego:
Academic Press Inc; 1990. p. 142-5. B, VI

Felder RA, Jackson KD, Walter AM. Process evaluation of an open architecture real-time A
molecular laboratory platform. J Lab Autom 2014;19:468-73. B, Il ’19

Health and Safety; The Good Laboratory Practice Regulations 1999, United Kingdo%ére
Stationery Office Limited; 1999. p. 1-28. A, V Q&Q

Logan J EK, Saunders N,. Homogeneous fluorescent chemistries for real-tim@®CR. In: Lee
MA, editor. Current Technology and Applications. Norfolk: Caister Acaden&c@’ress; 2009. p.
27.

N
4
Ou CY, Moore JL, Schochetman G. Use of UV irradiation to reducﬁge positivity in
polymerase chain reaction. Biotechniques 1991;10:442-6. B, IIQ'Q

British Standards Institution. Medical laboratories - Requir nts for quality and competence
(1SO 15189:2012) 2012. 1-50. A, V

Quality Guidance | Q 4 | Issue no: dw+ | Issue date: xx | Page: 18 of 18

UK Standards for Microbiology Investigations | Issued by the Standards Unit, Public Health England



	Acknowledgments
	Contents
	Amendment table
	UK SMI: scope and purpose
	Scope of document
	Introduction
	1 General considerations
	2 Specimen processing
	3 Handling of master mixes
	4 Selection of assay controls
	5 Other considerations to avoid contamination
	6 Quality assurance
	Appendix 1: Diagram showing workflow in a PCR laboratory
	References



