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Molecular Diagnostic Laboratory

Illll‘H” Quality Assurance

(Methods, Equipment, Personnel)

P G e Sealpw S0
Sy Ghisal g Glaya ccdilags &yl g

\




L _ .
M Accredtaton v 5

i i) g
Jpana b Caadd 623K a8 ) algh S Cua a2 2wy 43
e )lailinl (slise 5 Cuadla calia aa e S hau g
Ak g1 e

iy i) ol (S
iy lde] le
lalaial y g Lelandl jgtiad claa laiti
R0 ¢ man el
() ) oBila )




PCR Main Steps:

Template preparation
PCR reaction
Detection

Polymerase chain Reaction
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“” Establishing a MDx Laboratory

Lab Design
Workflow
Equipment
Personnel

Quality Assurance
Quality Control
Contamination Control




Lab Design

Space Separation

3-Room format (2 clean room and 1 dirty room)
2-Room format (1 clean room and 1 dirty room)
Air-Lock Door

Air Conditioning
Dead-Air Box or Safety Cabinet
UV Irradiation for Decontamination




AN workiiow

Unidirectionality!
From clean room(s) to dirty room.

Avoiding Transfer of:

Personnel
Instruments, Equipments, Disposables, Documents,....

Waste Management

Sharing




Equipment

General Equipment

Refrigerator, Freezer, Hotplate-stirrer, Water bath,
Heating block, Micropipettes, Disposables,
Centrifuge and Micro-centrifuge, pH meter, Vortex
mixer, Computer, ...

Specialized Equipment

Thermalcycler, Electrophoresis system,
Documentation system, Hybridization oven, ...




Personnel

Qualification
Academic degree
Special Training
Experience




Internal Quality Control

Quality Control

In-run controls:

Positive and Negative controls for each
step

Reagent-only Control

Quantitative Controls




Quality Assurance cont.

General Contamination/Carry-over Control
Laboratory construction
Environmental control
Laboratory equipment and personel
Flow of sample

Special Contamination/Carry-over Control




Quality Assurance cont.

Carry-over prevention methods

Physical methods: Space separation, UV irradiation,
Aerosol Resistant Tips or Filter tips, Positive
displacement pipettes, Avoiding equipment sharing,

Chemical methods: Bleach, 1N HCIl, Commercial
decontamination sprays, UNG, 3’-Ribonulcotide
primers, Psoralen and Isopsoralen, RE treatment, ...




Prevention of Carry-Over

Laboratory construction (at least two rooms for pre- and post-PCR
steps

Environmental control (air conditioning, air-lock doors, PCR
workstation)

Laboratory equipment and personnel

No sharing or moving

Wearing disposable gloves and changing them frequently
No walk between two rooms

Using aerosol resistance pipette tips

UV irradiation and regular use of 10% bleach for surfaces




Prevention of Carry-Over con

Flow of samples

Preparing and aliquoting the reagents and samples in
pre-PCR room ONLY!

Opening the PCR tubes in post-PCR room ONLY!
Careful disposing of waste material

Useful controls for setting-up PCR:

Positive controls

Negative Controls

REAGENT ONLY or TEMPLATE-NEGATIVE blank




II”“ Irradiation

Ultraviolet
(UV) light
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‘ || Psoralen and Isopsoralen

CH,NH,

Psoralen 4'-Aminomethyl-4 5'-dimethyl-isopsoralen
(4 AMDMIP)
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Carry-Over in PCR Lab Means:
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LABORATORY ACCREDITATION STANDARDS AND GUIDELINES FOR NUCLEIC

ACID DETECTION AND ANALYSIS
(Australian Government Department of Health and Ageing)

Diagnostic molecular testing for human genetic disease

1.1 General

1.2 Categorization of Nucleic Acid-Based tests for human genetic
disorders

1.3 Ethical responsibilities of laboratories providing molecular
testing for human genetic disorders

1.4 Laboratory services

1.5 Reports and records

1.6 Retention of specimens and records
1.7 Quality systems

1.8 Staff

1.9 Laboratory facilities




LABORATORY ACCREDITATION STANDARDS AND GUIDELINES FOR NUCLEIC

ACID DETECTION AND ANALYSIS
(Australian Government Department of Health and Ageing) contin.
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Diagnostic molecular testing of microorganisms causing disease in
humans

2.1 General
2.2 Laboratory services

2.3 Reports and records

2.4 Retention of specimens and records
2.5 Quality systems

2.6 Staff

2.7 Laboratory facilities
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“” Molecular Methods

Method Development
Method Validation
Quality Control
Standardization




Nucleic Acid Techniques

Hybridization based
Solid phase
Solution phase
Amplification based
Target amplification (PCR, LCR,...)
Signal amplification (0DNA)
Probe amplification (Q-beta replicase)




M
l“” Method Selection

Practicality characteristics

Reliability characteristics




-|||\H| FDA and Molecular
Diagnostics

Categorization of laboratory tests

( Knowledge required for performing the test, training and
expertise, availability of calibrators, quality control, proficiency
testing, operational characteristics, degree of interpretation and
judgment, etc.)

FDA's final rule on “Analyte-Specific Reagents” or
ASRs published in federal register

Listing of the in vitro molecular diagnostics tests that
are cleared for diagnostic use in the United States




imple of FDA Listing of Approved
nlecular Diagnostics Tests

MOLECULAR DIAGNOSTIC TESTS - HUMAN

MANUFACTURER
HLA Typing Biotest Diagnostics Corp.
Denville, NJ
Biotest Diagnostics Corp.
Denville, NJ

Cenetic Testing Institute
Brookfield, W1

Pel-Freez Clinical Systems,
LLC

Brown Deer, W1

HER-2 Status Abbott Laboratories
Abbott Park, 1L

TEST NAME

Biotest HLA SSP

Biotest ELPHA SSP
GT1 PAT HPA-1 (P1) Genotyping
kit

Pel Freez HILA Tligh Resolution
S5P UniTray

PathVysion®

METHOD

Enzyme linked
DNA Probe
Hybridization

PCR, ELISA

Monitoring recurrence of Abbott Laboratories
bladder cancer Abbott Park, IL

Last updated: August 20, 2003

Tables prepared by:

Carol A. Holland-Staley, Ph.D., MT(ASCP)
William Beaumont Hospital

Clinical Pathology
chollandstalevi@beaumont.edu

UroVysion®




RHL Categorization

For Research Use Only (RUO)

For Research Use with
Clinical/Diagnostic Application

In vitro Diagnostic (IVD)




I|||
“” Method Validation; Definition

Method validation includes all of the
procedures that demonstrate that a particular
method used for qualitative detection and
quantitative measurement of analytes in a
given biological matrix, such as blood,
plasma, serum, or urine, is reliable and
reproducible for the intended use.




'l
Il“” The Fundamental
Parameters for VValidation

accuracy,
precision,
selectivity,

sensitivity,
reproducibility,
stability.




Reference Material

Analysis of target in a biological matrix is carried out
using samples spiked with reference standards and
using quality control (QC) samples.

(1) certified reference material (WHO)

(2) commercially supplied reference material obtained
from a reputable commercial source

(3) other materials of documented purity, custom-
synthesized by an analytical laboratory or other
noncommercial establishment.




Reference Material

Reference material is defined as "material or substance, one
or more of whose property values are sufficiently homogeneous
and well established to be used for the calibration of a measuring
system, the assessment of a measurement procedure, or for
assigning values to materials” .

(International Organization for Standardization [ISO] 15195)

Certified reference materials (CRMs),
Standard reference materials (SRMs),
Calibrators,

Characterized genomic nucleic acids

Molecular diagnostics: harmonization through reference materials, documentary standards and proficiency testing
Expert Rev. Mol. Diagn. 11(7), 741-755 (2011)




-|||\H| Different Types and Levels of
Validation

Full VValidation

Full validation is important when developing and
Implementing a bioanalytical method for the first

time.




Different Types and Levels of
Validation con

Partial VValidation

Partial validations are modifications of
already validated methods. Partial validation
can range from as little as one intra-assay
accuracy and precision determination to a
nearly full validation.

Typical method changes that fall into this
category include, but are not limited to:




Different Types and Levels of
Validation con

Bioanalytical method transfers between laboratories or analysts

Change in analytical methodology (e.g., change in detection
systems)

Change in anticoagulant in harvesting biological fluid

Change in matrix within species (e.g., human plasma to human
)

Change in sample processing procedures

Change in relevant concentration range

Changes in instruments and/or software platforms
Limited sample volume (e.g., pediatric study)
Rare matrices

Selectivity demonstration of an analyte in the presence of
concomitant interferents




-|||\H| Different Types and Levels of
Validation con

Cross-Validation

Cross-validation Is a comparison of
validation parameters when two or more methods
are used to generate data within the same study or
across different studies (original validated method
serves as the reference and the revised method is
the comparator).
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-||”H| Process by which a specific method Is
developed, validated and used in routine
sample analysis

(1) reference material/standard preparation,

(2) method development and establishment of
assay procedure followed by validation,

(3) application of validated method to routine
analysis.




Typical Steps of a PCR Based Detection

Sample preparation

Nucleic acid Extraction and Purification
Amplification

PCR
Detection

Agarose gel electrophoresis




“ | Nucleic acid Extraction and Purification

Purity
Quantity
Integrity




Sample Preparation

Validating Cell Lysis

Positive control

whole organisms may be added to the sample employed
to spike into a negative sample matrix

Determining the Presence of Inhibitors

Qualitative Nucleic Acid Detection

a homologous or heterologous target inherent to the
sample (HLA-DQAJ1, beta-globin)

Nucleic Acid "Spike-In" on Duplicate Samples
The spiked sample serves as an internal control.
Sample Dilutions

The signal continually becoming stronger as the sample
Is diluted.




Assay Development

Target Nucleic Acid Selection
Unique to identify a specific organism or an organism group
Unique to quantify
Virulence gene
Resistance gene
Primer and Probe Design
Specificity and Sensitivity
Multiplexing
Assay Optimization




A real-time Tagman method for hepatitis C virus genotyping
Journal of Clinical Virology 34 (2005) 115-121

Kathryn J. Rolfe , Graeme J.M. Alexander , Tim G. Wreghitt ,Surendra Parmar, Hamid
Jalal , Martin D. Curran

Probe name

sequence

Genotype that can be detected

T1 probe

CGGAATTGCCAGGACGACCGGGTCC
T

1a, 1b, 1c, 64, 6b, 6d, 6e, 69, 6i, 6], 6K, 60,
6p, 69

T2 probe

ATTRCCGGRAAGACTGGGTCCTTTC

2a, 2b, 2c, 2k, 7

T3 probe

CCCCGCRAGATCACTAGCCGAGT

3a, 3b,

T11 probe

ACCCGCTCAATGCCTGGAGATTTGG

1a, 1b, 1c, 64, 6b, 6d, 6e,69, 6h, 6i, 6j, 6k,
60, 6p, 6q

T22 probe

ATAAACCCACTCTATGYCCG

2a, 2b, 2c, 2k

T33 probe

CTCAATACCCAGAAATTTGG

3a,

T4

AGGCTGTACAACACTCATA

4a, ,6C

Hcv 4 primer:

Actual sequence of HCV 4 primer:

TTCAGCCAGAAAGCGTCTAG

TTCACGCAGAAAGCGTCTAG




-|||\H| Assay Validation

Accuracy

Precision
Qualitative assays
Quantitative assays

Analytical sensitivity
Analytical accuracy

Reportable range (Quantitative assays)
Normal values




Verification Guidelines

Verification

FDA cleared

Modified-FDA, ASR,
laboratory developed

Verification requirements”

Accuracy
Precision, qualitative

Precision, quantitative

Analytical sensitivity

Analytical specificity

Reportable range,
quantitative
Normal values

20 positive samples, 50 negative
samples

1 control/day for 20 days or
duplicate controls for 10 days

20 data points at 2 to 3
concentrations. Within run,
within day, day-to-day

3-5 concentrations measured in
triplicate

Minimum of 20 per category,
100 recommended

30 positive samples, 100 negative
samples
Same as FDA-approved assay

Same as FDA-approved assay

Analyze 15-20 low or no
concentration specimens

Evaluate all interfering
compounds (iLe., same
chemical or genetic structure,
same Source)

3-5 concentrations measured in
triplicate

Minimum of 20 per category,
100 recommended

Q0% agreement with reference
method
Mean, 5D, and C.V.

Mean, SD, and C.V. for each
concentration

Determine mean and SD;
SD x 2 = detection limit

Determine upper and lower
limits of linearity

ASR: Analyte Specific Reagent




Positive and Negative Controls

Positive control
Patient specimens containing the target nucleic acid

Pooled negative specimens spiked with whole organisms or
If that Is not available, a representative sample of the
nucleic acid to be detected.

The positive control at a concentration near the lower limit
of detection of the assay

Assayed controls for quantitative tests
Negative control

a sample containing non-target nucleic acid
Water blank control

A blank control such as water or buffer

Internal and Inhibition Controls
on a case-by-case basis




Standardization/Harmonization

Working reagents and Reference panels
(NIBSC)

HCV

HAV

Human Parvovirus B19

HBV

HIV-1

Multiplex HBV, HIV-1,HCV, Parvo B19, HAV

International Standards (WHO)

HBV 97/746, genotype A, 500.000 IU/vial
HIV-1 97/656, 100,000 IU/vial
HCV 96/790, genotype 1a, 50.000 IU/vial

External quality assessments/Proficiency
testing




National Institute for Biological Standards and Control
(NIBSC)
http://www.nibsc.ac.uk/products

B19 DNA NAT assays.2nd 1.S 99/802

HBYV DNA Working reagent for Nucleic Acid Amplification
Techniques 05/148

HCV RNA Genotype Panel 08/264

HCV RNA Working Reagent for Nucleic Acid Amplification
Techniques 02/264-001

Hepatitis B Virus DNA for nucleic acid amplification techniques 97/750
Hepatitis C Virus (HCV) RNA 06/100

HIV-1 RNA Working Reagent 1 (PWS-1) for NAT Assays 99/634-005
HIV-1 RNA Genotype panel for NAT Assays 01/466

HIV-1 RNA working reagent (high copy number) for NAT assays
(PWS-2) 99/636-004

HIV-1 RNA Working Reagent 3 for NAT Assays 05/158-002
HIV-1 RNA, 2nd International Standard 97/650

HPV 16 DNA 06/202

HPV 18 DNA 06/206

Hepatitis A Virus RNA Working Reagent for NAT assays 01/488




II”“” Qnostics

http://www.gnostics.com/QCMDPanels.htm

Past panels can be used for:
Performance comparison
Support of assay development and evaluation
Monitoring and assessment of assay performance
Pre and Post EQA assessment
Method comparison

Available panels
Respiratory panel
Immunosuppressant/transplant panel
Cerebral spinal fluid panel
STD panel




-|||\H| AcroMetrix

http://acrometrix.com/index.php/product/index_tree/

HBV

HCV

HIV

EBV

CMV

HSV

HPV

Enterovirus

\ISETAY

West Nile virus

GBS (Group B Streptococci)
Panel of inhibitors (heparin, lipids, bilirubin and haemolyzed plasma )
NAT Dilution Matrix
Negative Control




"1 | ‘ ‘ ‘
| Amplification
Oligonucleotide , Primers
Purity
Attachments
Concentration
Functional Validation

Polymerases and Other Nucleic Acid Modification
Enzymes

Other Components (Nucleotides, Buffers)

Amplification Controls

Analytical Sensitivity and Specificity
Detection

Probe Labels

Hybridization




Equipment Validation

Complete Test System/General Issues
Analytical Sensitivity
Cross-Reactivity

Control Placement Strategy for Laboratory-
developed Tests




III
”H||| Quality Assurance of Test Component
Reagents

Reagent

Test

Frequency

Rejection Criteria

Oligonucleotide primers and probes

Purity: absorbance 260/280

Each new lot

If absorbance is < 2.0, repurify.

Purity: acrylamide gel

Each new lot

Reject if more than one band per
oligo or if wrong size.

Contamination check: 30
neqgatives (primers)

Each new

Reject if any positives are
detected.

Functional check (parallel
with old lot)

Each new

Reject or adjust concentration if
performance is significantly
different from the proven lot.

Buffers, deoxyribonucleoside
triphosphates

Functional check (parallel
with proven lot)

Each new

Reject or adjust if performance
is significantly different from
the proven lot.

Hestriction endonucleases

Digest plasmid with
established pattern

Each new

Heject it digestion pattern is
different than established.

Enzymes (i.e., amplification, ligation)

Functional check (parallel
with proven lot)

Each new

Reject or adjust if performance is
significantly different than the
proven lot.




Instruments and Equipment

Instrument / BEquipment

Frequency

Rejection Criteria

Thermal Cyclers™

Instrument Eagnostic tes1s

Each time instrument is
moved and as per
manufactharers'
instruGRions.

Reject wpon failure of army test; call
manufacturer.

Temperature monitoning with
tihenmo-soumpls

Monthly for high woleme

Regect if target temperatures are not
within instrument specifications or if
Temperatiure variaion across block is
out of specification. Call manufacturer
|can awoid specific wells that are out of
ramyel.

Functional amplification chack (low
copy amplfication in all wells)

Cuartedy for high volume

Temperature check wells not amplifying
as predicted, then follow temperature-
check @acisions,

Srogram printout

Each ran for diagnostic
tests

Rejact if printout reweals that the wrong
program was used or the amplification
progeram was aiered.

Fipattors

Calibrateon

Twd Times per year

Do mot wss if out of specification. Refer
to klboratory procedures.,

Water baths, heating blocks

Temperature check

Each use

Do mot wse if outl of specifiication. Refer
1o lzboratory procedures.

Spectrophotometens,
flusrometers, luminometers

freventative maEntsnance
Calibratson

Twid Timees per year

Do meot wse if out of specifc-ation on
calibration. Recalibeate or o3l
manufacturer. Refer to laboratory
procedures.

Microscopes

freventative maintenance

Annually

Frequency of these p=as depands on the histoncel relsbidity of the msmemest used and the standenfirstion s~d robestress of the assey being rum on it




Post-Validation/Routine Use QC

Positive control
Patient specimens containing the target nucleic acid

Pooled negative specimens spiked with whole organisms or
If that is not available, a representative sample of the
nucleic acid to be detected.

The positive control at a concentration near the lower limit
of detection of the assay

Negative control
a sample containing non-target nucleic acid

Water blank control
A blank control such as water or buffer

Internal and Inhibition Controls
on a case-by-case basis




Test Controls

Assay Component

Controd LUsed

Frequency

Repection Criteria

Specimen preparation

Sample preparation, positive and
negative

Each sample preparation nan

Rejact if negatnee control is positve
{coentamination| or if positive control &5
negative |imeffiicient sample preparation).

Epecimen preparation’
ampification

Template control: quamative ndicator

fejact specimen result if negatve
{nanamplifiable specimen due to irhibitor,
low template copy number, instrument
inzapabilmes). Repeat, or repeat at lower
dilutian; Iry more Vigorous exiracrion.

Low-positive target and negative tanget

Each amplification

Fepeat if negative control is posiive
lcomtamination or nonspecific amplification)
ar if positive contral is negative |[ra
amplification).

Target or diluted ampihed tanget and
negative

Each detecstson nun

Fejact ff negatnee contral 1s posire
{detection carry-over due 1o technique or
apparatus; crossdetecton due to decrease in
sinngency}. Heject if positnee control 15
negative |[detecstion nod working, reagents
MISsn, inactive or too stringent|.

Reagent blanks [when method warrants|

Each detectson nun

Fiejact f blanks are 100 bugh as per
procedure.
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“”” Quality Control

No. of controls

2003 Revision of

CLIA 88 NCCLS MM3-A

Positive Negative Positive Negative

Qualitative 1 1 1 1
Quantitative 2 1 2 1
Nucleic acid extraction 1 1 NR NR

“ NR, no recommendation.
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“” Proficiency Testing

Proficiency tests are used to ensure the reproducibility of
clinical tests and to confirm the skill of a clinical or
referral laboratory in performing such tests.

Frequency and Components of Proficiency Testing

Specimens for Proficiency Testing
Sources of Nucleic Acids Used in Proficiency Testing Specimens

When There Are No Sources of Proficiency Testing
Materials

Cross-over specimens from previous panels

Performing other testing methods

Sending specimens to other laboratories




.|||\H| Personnel

The person in charge of Mol. Dia. Lab. (director) shall be
actively involved in:

determining methods and procedures;

staff training;

quality control procedures;

In reviewing and interpreting laboratory data;

and in providing laboratory reports and clinical consultation.

The level of education and training;
significant diagnostic or research experience
biological knowledge relevant to the discipline
Competency of senior practitioners appropriate to
complex molecular tests.

specific training, particularly in how to assess the validity
of data and,

how to troubleshoot problems when they occur







Reference Material

Reference material is defined as "material or substance, one
or more of whose property values are sufficiently homogeneous
and well established to be used for the calibration of a measuring
system, the assessment of a measurement procedure, or for
assigning values to materials” .

(International Organization for Standardization [ISO] 15195)

Certified reference materials (CRMs),
Standard reference materials (SRMs),
Calibrators,

Characterized genomic nucleic acids




III
l“” Approaches to Quantitative Reference
Materials

MIBSC: MNational Institute for Biological Standards and Control; NIST: National Institute of Standards and Technology.

Molecular diagnostics: harmonization through reference materials, documentary standards and proficiency testing
Expert Rev. Mol. Diagn. 11(7), 741-755 (2011)




Sources of Genetic Control Material

DNA derived from leftover patient specimens
which is not easily available or renewable

utilize synthetic DNA or DNA isolated from cell
lines

All of these materials must be validated by the laboratory
prior to use as QC or reference materials.




.|I”H| GeT-RM

In 2004, the GeT-RM was established at the CDC in partnership with the
geneticscommunity,

The goal:

to coordinate a self-sustaining community process to improve the availability of characterized
genomic DNA materials for quality control, PT, test development/validation and research.

facilitates information exchange between users and providers of reference materials

all of the actual work, including decisions about reference material priorities,
specimen collection, material development and characterization occurs through
voluntary collaborations with laboratories in the genetics community.

the GeT-RM's efforts focus on cell lines with confirmed genotypes as the preferred
type of control for DNA-based genetic testing (most closely resemble an actual
patient specimen).

GeT-RM primarily focused its efforts on DNA-based testing for inherited genetic
disorders. (reference materials for other areas of genetic testing, including
molecular oncology, molecular infectious disease testing and biochemical genetic
testing, in future)




'||”H| GeT-RM: Development of Characterized
Genomic DNA Reference Materials for
Genetic Testing

Before GeT-RM

fragile X syndrome, prothrombin, Prader—Willi syndrome,
Angelman syndrome, Huntington's disease, factor V

After GeT-RM

recently characterized more than 200 cell line-based
genomic DNA reference materials

Including fragile X syndrome,.disorders on the
Ashkenazi Jewish Panel (Bloom syndrome, Canavan
disease, Fanconi anemia, familial dysautonomia,
Gaucher disease, mucolipidosis 1V, Neimann—Pick
disease and Tay—Sachs disease),cystic fibrosis,,
Huntington's disease,methylenetetrahydrofolate
reductaserelated homocysteinemia, al-antitrypsin
deficiency, multiple endocrine neoplasia and BRCA1-
and BRCAZ2-related cancers.




Table 2. Sources for reference materials or information about available reference materials.

Molecular diagnostics: harmonization through reference materials, documentary standards and proficiency testing
Expert Rev. Mol. Diagn. 11(7), 741-755 (2011)




Molecular diagnostics: harmonization through reference materials, documentary standards and proficiency testing
Expert Rev. Mol. Diagn. 11(7), 741-755 (2011)




Molecular diagnostics: harmonization through reference materials, documentary standards and proficiency testing
Expert Rev. Mol. Diagn. 11(7), 741-755 (2011)




Molecular diagnostics: harmonization through reference materials, documentary standards and proficiency testing
Expert Rev. Mol. Diagn. 11(7), 741-755 (2011)




Molecular diagnostics: harmonization through reference materials, documentary standards and proficiency testing
Expert Rev. Mol. Diagn. 11(7), 741-755 (2011)




'||| The inter-relationship and influence of reference materials
and standard-guidance documents on assay development
and quality assessment.

Molecular diagnostics: harmonization through reference materials, documentary standards and proficiency testing
Expert Rev. Mol. Diagn. 11(7), 741-755 (2011)




Clinical molecular diagnostics testing

Oncology HLA typing
Hematology —orensics
Infectious disease Parentage
Inherited disease




Inspector Requirements

Actively practicing molecular scientists
preferred

Familiar with Checklist
Technical and interpretive skills




Inspector Preparation

Review Checklists: Molecular Pathology
and Laboratory General

Before arrival, ask lab director to have
documents ready to review:

PT

Test validation records

Procedure manuals

QC and maintenance records

Sampling of completed case records




Case Record Review

Ask for several recently completed cases

for each main analyses offered
Normal and abnormal cases
Worksheets
Raw data
Gel photographs/Blots/Computer files
Completed reports




Proceed with Inspection

Tour the lab
Talk with Director briefly

Review set-aside documentary materials
Note items needing follow-up




Accessioning Blotting

DNA/RNA extraction Microscopy

Probe labeling Reporting

Amplification/hybridization Computer entry

Electrophoresis or Filing
other signal detection

Follow the Specimen

Things to look for:
Safe work practices

Physical separation of amplified products from pre-amplified
areas




Inspecting Molecular Procedures

Amplification Assays
Negative controls help detect contamination and cross-
hybridization
Positive controls ensure assay performance
Internal probes used to verify specificity
Physical separation of PCR set-up and post-amplification areas




Inspecting Molecular Procedures

Result Interpretations
Interpretations must be signed out by a physician

In context of other available clinical information:
Clinical history
Morphologic features
Special stains
Cytogenetics
Immunophenotyping

Must be done in comparison with controls in each
analysis, using written guidelines




Inspecting Molecular Procedures

Quality Improvement

Study failed reactions and suboptimal
analyses

Inspector should ask for record of such
events

Frequency?

Each failure investigated as to cause

Failed extractions affecting patient care
reported to ordering physician ASAP




.I|” ”
‘ Inspecting Molecular Procedures

Reports

Must contain sufficient information for
proper clinical decision making

For tests that complement other data to
establish diagnosis, a narrative must be
Included that interprets molecular findings In
a clinical context




Inspecting Molecular Procedures

Proficiency Testing (PT)

Validation Studies

Ethics and Confidentiality

Physician Orders - Residual Samples




III ]
l“” Inspecting Molecular Procedures

Look For:
Report error
Document investigation
Revised report contains original findings and correction date
QC records: tolerances specified
Current and prior versions of procedure manual
Date of procedure change/retirement
Record of deviations from standard procedure
Turn-around time

Critical limits specified
Competency (technical skills, clinical judgment, communication skills) assessed
periodically

Direct observation

PT results

Written exam
Personnel requirements met
As described in standards or guidelines

Those not meeting requirements but gaining experience must work under direct
supervision of qualified personnel




-u”‘” Analytical and Clinical
Validation of Molecular Assays

Clinical test formats for molecular testing

-In-house developed laboratory tests (home brew assays)
-Commercial or kit based laboratory tests (manual methods and
automated platforms)

Validation process

-Optimization of each step of analytical process (nucleic acid
extraction, amplification, detection, calculation and result
Interpretation)

-Re-optimization of the whole assay (if required!)

-Evaluation of the impact of pre-analytical variables (specimen
type, transport, storage and handling requirements,
Interference, etc.)

-Analytical validation using national and international standards,
guidelines and “Standard Reference Material” or SRMs to
determine assay’s performance

-Clinical validation to determine clinical sensitivity and specificity




-|||m| Quality Control and Quality
Assurance

Elements of quality control of the testing process

-Well-written laboratory technical procedure manual
-Careful consideration of every step of the process
-Careful selection of controls

-Quiality testing of critical reagents

-Careful interpretation of quality control data

Elements of quality control of equipment

-Well-written quality control procedure for every piece of equipment
(maintenance, calibration, etc.)

Elements of the quality assurance program

-Well-written quality assurance program consisting pre-analytical,
analytical and post-analytical process, policies and documentation for
education and training of personnel, CME, proficiency testing, internal
and external inspection, including documentation of corrective
corrective actions for deficiencies cited, quality control programs of the
clinical testing, equipment performance and safety.




