CHAPTER 1.1.4.

PRINCIPLES AND METHODS OF VALIDATION OF
DIAGNOSTIC ASSAYS FOR INFECTIOUS
DISEASES

INTRODUCTION

een properly developed,

Validation is a process that determines the fitness of an assay, which
{ ates of the analytical

optimised and standardised, for an intended purpose. Validation incliides
and diagnostic performance characteristics of a test. In the
context of this chapter, an assay that has completed the fi
three stages of the validation pathway (see Figure 1 be
including performance characterisation, can be desi
as ‘validated for the original intended purpos
maintain a validated assay status, however, it is neces
to carefully monitor the assay’s daily performance, often
tracking the behaviour of internal controls over time. T
ensures that the assay, as originally validated, consistently
maintains its performance characteristics: Should it no longer

Assay, test method, and test are
synonymous terms for purposes of
this chapter, and therefore are used
interchangeably.

The terms “valid” (adjective) or
“validity” (noun) refer to whether
estimates of test performance
characteristics are unbiased with
respect to the true parameter
values. These terms are applicable
regardless of whether the
measurement is quantitative or
qualitative.

of new and unique diagnostic reagents coupled with many novel
s has precipitated discussions about how to properly validate these

enzyme-linked immur sorbent assay, to guide assay developers in validating the more complex
assays, such as nucleic acid detection tests. In order to bring coherence to the validation process
for all types of assays, this chapter focuses on the criteria that must be fulfilled during assay
development and validation of all assay types. The inclusion of assay development as part of the
assay validation process may seem counterintuitive, but in reality, three of the validation criteria that
must be assessed in order to achieve a validated assay, comprise steps in the assay development
process. Accordingly the assay development process seamlessly segues into an assay validation
pathway, both of which contain validation criteria that must be fulfilled. This chapter also provides
guidance for evaluation of each criterion through provision of best scientific practices contained in
the chapter’s appendices. The best practices are tailored for each of several fundamentally different
types of assays (e.g. detection of nucleic acids, antibodies, or antigens).

1 Validation does not necessarily imply that test performance meets any minimum value or that the test has comparable
performance to any comparative test, unless this has been specifically considered in the design of the test evaluation study.
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DIRECT AND INDIRECT METHODS THAT REQUIRE VALIDATION

The diagnosis of infectious diseases is performed by direct and/or indirect detection of infectious agents. By direct
methods, the particles of the agents and/or their components, such as nucleic acids, structural or non-structural
proteins, enzymes, etc., are detected. The indirect methods demonstrate antibodies or cell-mediated immune
responses induced by exposure to infectious agents or their components. The most common indirect methods of
infectious agent detection are antibody assays such as classical virus neutralisation, antibody enzyme-linked
immunosorbent assay (ELISA), haemagglutination inhibition, complement fixation, and the recently appearing
novel methods, such as biosensors, bioluminometry, fluorescence polarisation, and chemoluminescence,

The most common direct detection methods are isolation or in-vitro cultivation of viable organisms, electron
microscopy, immunofluorescence, immunohistochemistry, antigen-ELISA, Western immunoblotting, and nucleic
acid detection systems (NAD). The NAD systems include nucleic-acid hybridisation (NAH), macro- and
microarrays and the various techniques of nucleic acid amplification, such as the polymerase chain reaction
(PCR), or the isothermal amplification methods, such as nucleic acid sequence-b mplification (NASBA), and
invader or loop-mediated isothermal amplification (LAMP). NAD assays are r ly becoming commonplace and
in many cases replacing virus isolation and bacteria cultivation, particularl he detection of agents that are
difficult or impossible to culture. NAD tools are also used as a secondary oF, hlghly specific |dent|f|cat|on of
strains, groups, or lineages of organisms following isolation or culture of 1
diagnostics, such as PCR, do not require: a) the presence of replicati

and automated
gl throughput

validation process. By co
performance, the criteria tha

Assay validation criterion: a
characterising trait of an
assay; a decisive factor,
measure or standard upon
which a judgment or decision
may be based.

( ) the sample —
individual or pooled,“m interactions
affecting the target analyte q

physical, chemical, b

' reside (serum, faeces, tissue, etc.) may contain endogenous or
Zyme- dependent tests such as PCRs or ELISAs from working. Other factors
composition of analyte (mainly antibody) in the sample may be mainly
r inherent (e.g. age, sex, breed, nutritional status, pregnancy, immunological
passively acquired antibody, active immunity elicited by vaccination or

ich”as contamination or deterioration of the sample, also affect the ability of the

geted analyte in the sample.

assay to detect the specific

Factors that interfere with the analytical performance of the assay system include instrumentation, operator error,
reagent choice (both chemical and biological) and calibration, accuracy and acceptance limits of assay controls,
reaction vessels and platforms, water quality, pH and ionicity of buffers and diluents, incubation temperatures and
durations, and error introduced by detection of closely related analytes. It is also important that biological reagents
are free of extraneous agents.

Factors that may negatively impact diagnostic performance of the assay are primarily associated with choice of
reference sample panels from known infected/exposed or known uninfected animals selected for evaluating the
diagnostic sensitivity (DSe) and diagnostic specificity (DSp) of the assay. This is particularly difficult because the
degree to which the reference animals represent all of the host and environmental variables in the population
targeted by the assay has a major impact on the confidence of test-result interpretation. For example,
experienced serologists are aware that an assay, validated by using serum samples from northern European
cattle, may not give valid results for the distinctive populations of cattle in Africa. Diagnostic performance of the
assay is further complicated when sample panels of known infection status are not available, often because they
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are impossible to obtain. In this situation, DSe and DSp may be estimated, in certain circumstances by use of
latent class models (10, 14 and Appendix 1.1.4.5).

THE CRITERIA OF ASSAY DEVELOPMENT AND VALIDATION

Assay performance is affected by many factors that span from the earliest
stages of assay development through the final stage of performance Assay validation criteria
assessment when the test is applied to targeted populations of animals. An 1. Fitness for intended purpose(s)
assay, therefore, cannot be considered validated unless a specific set of 2. Optimisation
essential validation criteria (see accompanying box) have been tested and 3. Standardisation
affirmed or fulfilled, either quantitatively or qualitatively (for detail on terms, 4. Robustness
see glossary in reference 25). Lack of attention to any one of these criteria 2- Repeatability

7

8

will likely reduce the level of confidence that an assay is fulfilling the Analytical sensitivity
. A . . ’ Analytical specificity

purpose(s) for which it is intended. The first four of these criteria typically Thresholds (cut-offs)

are addressed during development of the assay (the Development | g Diagnostic sensitivity

Pathway), and the remaining eight are evaluated during the first three 10. Diagnostic specificity

stages of assay validation (the Validation Pathway) as described below. 11. Reproducibility

12. Ruggedness

A. ASSAY DEVELOPMENT PATHWAY
1.

The OIE Standard for Management and Technical Requiremen €
Diseases (25) states that test methods and related procedu e appropriate for specific diagnostic
ds, the assay must be ‘fit for purpose?.
infection or exposure status of the
animal or population of animals is the ultimate tlon Thls capacity is dependent on

development of a carefully optimised (Sectlon

insure that test results provid
validation process encomp

infection in a defined population (country/zone/compartment/herd)

)

Re-establishment of freedom after outbreaks

2) Certify freedom from infection or presence of the agent in individual animals or products for
trade/movement purposes.

3) Eradication of disease or elimination of infection from defined populations.

4) Confirmatory diagnosis of suspect or clinical cases (includes confirmation of positive screening test).

2 This is a specific interpretation of the more generally stated requirements of the ISO/IEC 17025:2005 international quality
standard for testing laboratories (18). The OIE Standard further states that in order for a test method to be considered
appropriate, it must be properly validated and that this validation must respect the principles outlined in the validation chapters
of the Terrestrial & Aquatic Manuals.
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5) Estimate prevalence of infection or exposure to facilitate risk analysis (surveys, herd health status,
disease control measures).

6) Determine immune status of individual animals or populations (post-vaccination).

These purposes are broadly inclusive of many narrower and more specific applications of assays (see
Appendices for each assay type for details). Such specific applications and their unique purposes need to
be clearly defined within the context of a fully validated assay.

Assay
Development
Pathway

Dysimitation, fobustness,
Catibratiow to Laaratards
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Figure 1. The assay development and validation pathways with assay validation criteria highlighted in bold
typescript within shadowed boxes.

b) Fitness for use

While this chapter deals with validation and fitness for purpose from a scientific perspective, it should also
be noted that other practical factors might impact the relevance of an assay with respect to its intended
application. These factors include not only the diagnostic suitability of the assay, but also its acceptability by
scientific and regulatory communities, acceptability to the client, and feasibility given available laboratory
resources. An inability to meet operational requirements of an assay also may make it unfit for its intended
use. Such requirements may include performance costs, equipment availability, level of technical
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sophistication and interpretation skills, kit/reagent availability, shelf life, transport requirements, safety,
biosecurity, sample throughput, turn-around times for test results, aspects of quality control and quality
assurance, and whether the assay can practically be deployed to other laboratories. Test kits used in the
field are highly desirable from an ease-of-use viewpoint, but because they are performed outside the
confines of a controlled laboratory environment, they require added precautions to maintain fitness for
purpose (8).

2. Assay development — the experimental studies
a) Essential prerequisites: factors that impact assay validation

i) Quality assurance. Whether developing assays in the laboratory or performing analyses of clinical
material, the objective is to produce data of high quality. This requires that key requirements have to be
fulfilled within the laboratory (see Chapters 1.1.3 & 1.1.1 of the Terrestrial & Aquatic Manuals,
respectively) The establishment of quality assurance (QA) and quality control (QC) systems is essential,
i.e. a set of quality protocols, including the use of assay control samples ensure that the system is
working properly and confirms data reproducibility and quality. QA C systems, together with trained
and competent personnel, have already been established in man ries world-wide.

ii) Equipment selection. Equipment that is not malntalned nd a major impediment to
achieving a quality assay. Apparatus (freezers, he refrigerators, optical
colorimeters, thermocyclers, plate washers, pipettes: according to the
laboratory’s quality assurance protocols. Examples : d for automation of
entire assays, or parts thereof, for routine diagno
extraction of nucleic acid, for example, is equiv:
that an automated ELISA plate washer provides ..among wells o the plate. The
instrument must be calibrated and the protocol validated t performance efficiency and to assure
cross-contamination does not occur in NAD systems or was is adequate for all wells in a plate. (See
Appendices on best practices for more i

ili) Selection and integrity of samples. Sele:
critical variables in designing, developing; and
chain of custody, tracking of samples, an¢
critical sources of varlat
routine testing. Inte
good as the quali
factors that cal y must precede launching an assay validation effort.
Reference sampl idation should be in the same matrix used in the
assay (e.g. serum, tative of the species to be tested by the resulting
assay. The reference / represent the range of analyte concentration to be

oIIectlon preparation, management, and transport are
b)
 that is being modified. Assistance is offered in Appendices to this chapter,
development and validation of assays for detection of various analytes (e.g.
cid detection).

i) 3 Analyte reference samples,
on analyte refere samples that reflect the target analyte and the containing the analyte of
matrix in which the analyte is found in the population for which the interest in varying
assay is intended. The reference samples may be sera, fluids or | concentrations, are useful in
tissues that contain the analyte of interest or a genomic construct | developing and evaluating the
consistent with the target analyte. These reference materials are used | candidate assay’s validation
- - criteria.
in experiments conducted throughout the development process and
carried over into the validation of the assay.

c) Operating range of the assay

During development of the assay, the lower and upper detection limits are

established. To formally establish this range, a high positive reference | operating range of an assay:

sample is selected. (Ideally, this sample will be the same one from among an interval of analyte

the three samples described under “Optimisation” below). This high concentrations (amounts) over

positive sample is serially diluted to extinction in an analyte-negative which the method provides

matrix of the same constitution as the sample matrix of samples from | suitable accuracy and

animals in the population targeted by the assay. The results are plotted precision.
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d)

as a ‘response-curve’, with the response (e.g., OD, Ct, etc) a function of analyte concentration (amount).
The curve, establishes the range of the assay, which is the interval between the upper and lower
concentration (amounts) of analyte in the sample for which a suitable level of precision3 and accuracy has
been demonstrated. For most diagnostic assays, the response is the result of interaction of the analyte with
an antibody or other binding reagent. These are known as ligand binding assays (LBAs), The typical
calibration curve for LBAs is sigmoidal in shape, with a lower boundary (asymptote) near the background
response (non-specific binding) and an upper asymptote near the maximum response, Typically, LBA data
are transformed to approximate a linear relationship between response and concentration. This
transformation simplifies interpolation of data using linear regression
analysis, but with the disadvantage of introduced bias. Since linearization Precision is the degree of

is imperfect leading to compromised estimates of accuracy and precision, dispersion among a series of
numerous data-fitting algorithms have been applied to experimental measurements of the same
calibration curve data from LBAs (11). The currently accepted reference | sample tested under specified
model for calibration of LBAs is the 4-parameter logistic model, which | conditions (see footnote 3 for
usually optimizes accuracy and precision over the maximum usable | mMore detail

calibration range (11). Such transformations are now more practical for th
general user because of many user-friendly statistical software progral
available on the internet.

Accuracy is the closeness of
of a test value to the expected
(true) value for a reference
standard reagent of known
concentration or titer

Optimisation

It is useful to select at least three well-defined refer
representing the analyte ranging from high positive t
negative, low- and high-positive). These samples ideal

will become the target of the assay once it is validat

- 4 Optimisation is the process
reference samples, however, is not always possible,

by which the most important
physical, chemical and
biological parameters of an
assay are evaluated and
adjusted to ensure that the
performance characteristics of
the assay are best suited to
the intended application.

because the matrix of field samples ma
sample matrix. But, when no other alternati
a known amount of the analyte derived fi

by one or preferabl
determine if the
reagent concentr:
prepare and store a

ciple, for all assay types, it is highly desirable to
sample in aliquots for use in every run of the

best scientific practices provided in accompanying Appendices to this chapter
timisation of all elements of an assay. The approach outlined provides a solid

assay is intended e diagnostic use in multiple laboratories, optimization becomes extremely critical.
Every chemical and er formulation must be fully described. All reagents must be defined with respect to
purity and grade (including water). Acceptable working ranges must be established for parameters such as
pH, molarity, etc. Likewise for biologicals, standards for quality, purity, concentration and reactivity must be
defined. Shelf lives and storage conditions must also be considered for both chemicals and biologicals.
Acceptable ranges for reaction times and temperatures need also be established. Essential equipment
critical to assay performance must be described in detail, including operational specifications and
calibration. Process (quality) control is often an add-on at the end of assay development but it should be an
integral part of optimization from the very beginning. In addition to the above, downstream aspects such as

3 Precision may be evaluated in several ways by testing the same replicated sample: 1) within a plate or plates in a run of the

assay, 2) between plates run concurrently within a run of the assay, 3a) between assay runs at different times in the same
day or on different days under similar conditions, 3b) between assay runs on different days with different operators, 4)
between laboratories. In this chapter, precision categories 1-3 are estimates of repeatability, and precision category 4 is
synonymous with reproducibility. Levels 3a and 3b are also known as intermediate precision.
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e)

f)

data capture, manipulation and interpretation may also require standardisation and optimisation. Finally, all
of these parameters, once optimised, must be fully described in the test method protocol.

In some assay types, a correct assay result is fully dependent on getting a particular step in the testing
process correct, requiring special attention during optimisation. A case in point is nucleic acid extraction
from the sample. Both commercial (robotic, spin columns, and magnet-based extractions, etc.) and standard
chemistry-based methods are used for DNA or RNA extraction. It is crucial to determine the most
reproducible and efficient extraction method through optimisation experiments. Extraction needs to be
optimised for every type of tissue that may be targeted by the assay. If the method of extraction is changed,
at a minimum, comparable efficiency of extraction should be demonstrated (see Section B.6 below and
associated Appendix 1.1.4.6 for additional information on establishing comparability when reagents are
changed).

A variety of analyte reference samples and other process controls that are routinely included in any assay
system are identified in the following sections. These provide critical assay toring functions that require
special attention during assay optimisation. In addition, proper preparatior _storage of all biological
reagents and reference materials must be heeded to ensure stability Chapter 1.1.1 of the Terrestrial
Manual).

which they perform optimally, as these are the critical poi
Section A.2.f).

Inhibitory factors in sample matrix

ays, or when endogenous substances
As. For nucleic acid detection, sample
for easy extraction of target nucleic
difficult to handle because of the

exception of certain assays, e.g. toxic factors in viral neutrali
found in certain sample types inhibit enzymatic reactions

presence of factors which can inhibit downs

Robustness

Robustness refers to an :
minor variations in tes )
testing in a single labgoratory.

Robustness is a measure of an

rate variations in assay’s capacity to remain

ss should begin unaffected by small, but deliberate,

¢ deliberate variations in method parameters,

"experiments and provides an indication of its
reliability during normal usage.

are used for gptimizing the assay,
stness may surface. If slight differences in conditions or reagent
iability, the assay most likely will not be robust. Early knowledge of
for determining whether to continue with validation of the assay

assay robustness are quantitative (continuous) such as pH and temperature;
¢ as batch of reagents or brand of microtiter plates; and mixture-related such as
aqueous or organic ‘matrix factors (9). For ligand-binding assays (LBAs), lack of robustness is not only due
to less-than-optimal cencentration/amount of the bio-reagent specified in the method, but may also be due to
the intrinsic charactéristics of the biological reagent (e.g. monoclonal antibody affinity or polyclonal antibody
avidity and/or valency). Robustness, therefore, particularly of LBA-based assays, may be affected by
systematic and/or random errors (22).

Robustness testing is demonstrated on a method-by-method basis. All critical reagents are identified and
subjected to a factorial design experiments which compares all possible combinations of reagents (9, 26).
For example, in antibody detection by ELISA, factors may include concentration of antigen bound to the solid
phase, conjugate dilution and several test sera representing the operating range of assay. The response of
the assay with respect to these small changes shall not result in unacceptable variability.

Robustness is further verified during Stage 1 of assay validation. When the optimized test is first run under
routine laboratory conditions, this practical measure of robustness is referred to as repeatability (see Section
2.a) and it is continually monitored as part of process control procedures for the duration of the life of the
assay (see Section 6.a).
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g) Calibration of the assay to standard reagents

i) International and national analyte reference standards. Ideally, international reference standards,
containing a known concentration of analyte, are the reagents to which all assays are standardised.
Such standards are prepared and distributed by international reference laboratories. National reference
standards are calibrated by comparison with an international standard reagent whenever possible; they
are prepared and distributed by a national reference laboratory. In the absence of an international
reference standard, a national reference standard becomes the standard of comparison for the
candidate assay. These standard reagents are highly characterised through extensive analysis, and
preferably the methods for their characterisation, preparation, and storage have been published in
peer-reviewed publications.

ii) In-house standard reagent. An in-house reference standard generally has the highest metrological
quality available at a given location in a given organization, and is calibrated against an international or
national standard. In the absence of either of these calibrators and to th tent possible, the in-house
standard is highly characterised in the same manner as international and national analyte standards.
This local in-house standard therefore becomes the best standard, and is retained in
sufficient aliquotted volumes for periodic use as the st ich working standards are
calibrated.

iiiy Working standard reagent. One or more working
or process controls, are calibrated to an internationa
prepared in large quantities, aliquotted and store

h)

ed between test runs of the same assay

mpossible to directly compare (semi-)
t results both within and between
ich run of an assay. Raw test values
activity relativ the working standard(s) by a

Due to the inherent variation in raw test results that are often
or among laboratories using the same or similar assays, it is
quantitative data. To markedly improve the comparability
laboratories, one or more working standardireag
for each test sample can then be convert

any ways, such as a percent of a
alyte derived from a standard curve,

(Gaussian) distribution]. The ‘normalized’ value
positive control (e.g. in an ELISA), or as a conc
or as a number of targeted: ic copies also
for real time PCR. lo! i i
characterized sam

characteristics of a tes
validation pathway (Figure:}
original intended purpose(s

ontext of this document, an assay that has completed the first three stages of the
“including performance characterisation, can be designated as “validated for the

To retain the status of a validated assay, however, it is necessary to assure that the assay as originally validated
consistently maintains the performance characteristics as defined during validation of the assay (see Section 6
below). This can be determined in a quality assurance program characterized by carefully monitoring the assay’s
daily performance, primarily through precision and accuracy estimates for internal controls, and by scheduled
external proficiency testing. Should the assay cease to produce results consistent with the original validation data,
the assay would be rendered unfit for its intended purpose. Thus, a validated assay must be continuously
assessed to assure it maintains its fitness for purpose.

2. Stage 1 - Analytical performance characteristics

Ideally, the design for studies outlined in the following sections should be done with assistance of a statistician. It
is possible to design experiments that efficiently provide information on likely within- and among-laboratory
sources of variation in assay precision (see footnote 3 under Section A.2.c, above) which will define the

8 OIE Terrestrial Manual 2010

\\natsO1\NSD\CDCI NCR Inquiry\ISA Upload 20111118\
Peter Wright\Cohen ISA - Peter Wright\Lab assessme
nt\



performance characteristics of the assay. Stage 1 studies for repeatability, reproducibility and assessment of
analytical sensitivity (limit of detection) should be performed in a blinded fashion with random selection of
samples. The choice of organisms, strains or serotypes to assess analytical specificity should reflect current
knowledge and therefore inform the best possible experimental design for targeting specific analytes.

a)

b)

Repeatability

Repeatability is estimated by evaluating variation in results of replicates
from a minimum of three (preferably five) samples representing analyte Repeatability is the level of
activity within the operating range of the assay. Each of these samples is agreement between results
then aliquoted into individual vessels as three identical replicates of the | of replicates of a sample
original sample containing the original analyte and matrix concentration. | Poth within and between runs
Each replicate is then run through all steps of the assay, including creating | ©f the same test methodin a
the working dilution, as though it were a test sample derived from the given laboratory.
population targeted by the assay. It is not acceptable to prepare a final
working dilution of a sample in a single tube from which diluted aliquots are pipetted into reaction vessels, or
to create replicates from one extraction of nucleic acid rather than to act each replicate before dilution
into the reaction vessels. Such ‘samples’ do not constitute valid replic repeatability studies. Between-
run variation is determined by using the same samples in multiple ximately 20) involving two or
more operators, done on at least five separate days. The varlatl ults can be expressed as
standard deviations, confidence intervals, or other possible o .1.4.4 on Measurement
Uncertainty for assessments of repeatablllty)

Analytical specificity (ASp)

Analytical specificity distinguishes between the targe
components in the assay in at least three distinctive
described as the selectivity, exclusivity, and inclusivity of the

Analytical specificity is the
degree to which the assay
distinguishes between the
target analyte and other
components that may be
detected in the assay.

¢ Selectivity refers to the extent t
quantify the targeted analyte in the
as matrix components (e.g. inhibitors
mix); 2) degradants (e.g. i

fouping of closely related organisms or antibodies thereto. It

a screening assay.

d indirect methods of analyte detection. If exclusivity is required, field samples
imals infected with genetically-related, non-pathogenic organisms, but this may

methods, or serum from animals exposed experimentally by natural routes for indirect detection methods.
Acceptable cross-reactivity is largely dependent on the intended purpose of the test and the prevalence of
the cross-reactive organisms/analytes in the target population samples — which must be determined for each
case (see Appendix 1.1.4.5 for more detail). For PCR, it is useful to perform computer simulation studies as
an adjunct to laboratory assessment of ASp; however, such studies are not sufficient by themselves to
evaluate ASp.

A factor unique to viral antibody detection is the possible antibody response of animals to carrier proteins
found in vaccines — another type of interferent that may negatively affect selectivity. If such proteins are also
present in the solid phase antigen on ELISA plates, they may bind antibody developed to vaccine carrier
proteins and give false-positive results (lack of exclusivity in the assay). Use of vaccine preparations as
antigens in ELISAs is, therefore, not recommended. See Appendix 1.1.4.1 for specific practices to determine
ASp.

OIE Terrestrial Manual 2010 9

\\natsO1\NSD\CDCI NCR Inquiry\ISA Upload 20111118\
Peter Wright\Cohen ISA - Peter Wright\Lab assessme
nt\



c)

d)

e)

f)

Analytical sensitivity (ASe)

Analytical sensitivity is synonymous with the lower limit of detection (LOD) of an analyte in an assay. For
direct-detection assays, this may be expressed as the number of genome
copies, infectious dose, colony-forming units, plaque forming units, etc., I .

of th_e agent that can be detected and c_Iist_inguished from the result of a :L:;;t?cf:;e;:ﬁgi(:ir:/i(:;, is the
maitrix background. Most commonly, this is expressed as a number of smallest amount of analyte in a
copies, complement-fixing units or plaque-forming units giving at least sample that can be detected by
50% positive results among the replicates of a sample for a specified a direct detection assay in at
volume or weight (see Appendix 1.1.4.5 for detail on LOD determination). least 50% of the replicates for
For indirect detection assays, it is the least amount of antibody detected, | each dilution, in a dilution series
usually, the penultimate dilution of sample in which the analyte is | °f analvtein matrix.
indistinguishable from the activity of a sample matrix control.

nd it is difficult to obtain the
‘infection process, it may be
mples on the candidate assay
arison of analytical sensitivity
ay used in the comparison to
pe of pathogenic profile in

If the intended purpose is to detect low levels of analyte or subclinical infectio
appropriate reference materials, for example samples from early stages o
useful to determine comparative analytical sensitivity by running a panel of
and on another independent assay. This would provide a relativ
between the assays, but care must be taken in choosing the indeper
ensure that the analytes being detected (if different) demonstrat;
terms of time of appearance after exposure to the infectio
samples chosen.

Where a new, more sensitive test is developed, it may
infected animals early after infection, on through to
run these in parallel with previously used tests to“de
provide a temporal comparison of the earliest point of det

he pathogenesis f the disease.

ssay test method

There are situations where it is not poss

Stage 2 of the Validation Pathway because A Standard test method is the

best internationally or nationally
recognized method, or in their
absence, the best available
method preferably published in
a reputable journal.

for exotic diseases). However, a small but select
characterised test samples representing
concentration should b NN
and by the standard me

se as analytical tools in the diagnostic laboratory.
ures that are applied to an analyte that has been
analytical tools is to further characterise the analyte
s of such adjunct tests include virus neutralisation to type an isolated
onfirm a real-time PCR test result. Pathogenicity indices,
determinations, etc. are other examples where adjunct tests or

performance ch
be defined by comg
(such as endpoint
quantitatively or qua

'h a reference reagent standard, or by characteristics inherent in the tool itself
. In all of these examples, the targeted analyte is further characterised
ively by the analytical tool.

Preliminary evaluation of reproducibility

Preliminary reproducibility estimates of the candidate assay may be useful at this time in the validation
process, where only a small panel of highly characterised samples is available. This panel could be used for
a limited evaluation of reproducibility to enhance provisional acceptance status for the assay. The candidate
test method is then duplicated in laboratories at one or more different institutes, and the panel of samples is
evaluated using the candidate assay in each of these laboratories, using the same protocol, same reagents
as specified in the protocol, and comparable equipment. This is a scaled-down version of Stage 3 of assay
validation.

10
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)]

imperative that ;
Ideally, they are deri
animals, of known
disease/infection in qu
which the test is to be

Provisional assay recognition4

Experience has shown that the greatest obstacle for continuing
through Stage 2 of the Validation Pathway is the number of Provisional recognition defines an assay
defined samples required to calculate DSe and DSp (see | that has been assessed through Stage 1
requirements for Stage 2, Diagnostic Performance, below). The | for critical assay benchmark parameters:
formula is well known and tables are available for determining | ASe: ASP, repeatability, and an estimate
the number of samples required to estimate various levels of of reproducibility.

DSe and DSp, depending on the amount of allowable error and
the level of confidence in the estimates (Table 1 and reference 19). The formula assumes that the myriad of
host/organism factors that may affect the test outcome are all accounted for. Since that assumption may be
questionable, the estimated sample sizes are at best minimal. For a disease that is not endemic or
widespread, it may be impossible, initially, to obtain the number of samples required, but over time, accrual
of additional data will allow adjustment of the threshold or if no adjustment is needed, enhance confidence in
the estimates.

boratory experiments with an
of panels of field samples was
is a classical example where

Historical precedent would suggest that assays were generally the produc
emphasis on analytical sensitivity and analytical specificity, and eva
nominal. Such bench validation for bovine spongiform encephalop

duce false-positive and
in the cut-off to reduce

ined by national
”alldatlon of

authorities. But, it must never become a replaceme
diagnostic assays can only offer provisional recogni

protocol for adding and evaluating sampl
process should be limited to a specific time |
Stages 2 and 3 of the validation pathway. ; g ‘emergency situations where
rapid introduction of new tests is deemed essential by orities. y be other situations where bi-
lateral trade agreements, based on tests (e.g:

within a given country, are

estimates of DSp
targeted analyte. -

~are made about test results (e.g.
gative test results). Therefore, it is Diagnostic sensitivity is the

d DSp are as accurate as possible. proportion of samples from known
a panel of samples from reference infected reference animals that test
d infection status relative to the positive in an assay.

d relevant to the country or region in
. Receiver operating characteristic curve

Diagnostic specificity is the
proportion of samples from known

analysis is a useful adjunct to estimation of DSe and DSp because it
assesses the global accuracy of a quantitative diagnostic test across
possible assay values (14, 15, 27). This approach is described in-depth in

uninfected reference animals that test
negative in an assay.

Appendix 1.1.4.5.

A sampling design must be chosen that will allow estimation of DSe and DSp. The designated number of known
positive and known negative samples will depend on the likely values of DSe and DSp of the candidate assay and
the desired confidence level for the estimates (Table 1 and reference 19). An abbreviated Table 1 provides two
panels of the theoretical number of samples required, when either a 5% or 2% error is allowed in the estimates of

4 Provisional recognition does not imply certification by the OIE. It does, however, recognise an informed decision of authorities at
local, state, national or international levels of their conditional approval of a partially validated assay, usually for a time-limited
use in emergency situations or as the basis for bi-lateral agreements between countries that choose to accept results from such
an assay for trade purposes.
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DSe or DSp. Comparison of a 5% vs 2% error shows a considerable reduction in the number of samples
required. A rather large number of samples is required to achieve a very high confidence for DSe and DSp when
a minimal amount of error in the estimate is desired. Logistical and financial limitations may require that less than
an optimal number of samples will be evaluated. However, by reducing the DSe and DSp confidence levels to
less than 90% usually would not be recommended. Sample size also may limited by the fact that reference
populations and “gold standards” (perfect reference standards) may be lacking (see Appendix 1.1.4.5 for further
detail). It may, therefore, be necessary to use a sub-optimal number of samples initially. It is, however, highly
desirable to enhance confidence and reduce allowable error in the DSe and DSp estimates by adding more
samples as they become available.

Table 1. Theoretical number of samples from animals of known infection status required for establishing
diagnostic sensitivity (DSe) and specificity (DSp) estimates with known confidence.

2% error allowed in estimate of DSe and DSp | 5% error allowed in estimate of DSe and DSp

Estimated Confidence Confidence
DSe or DSp 75% 80% 85% 90% 95% 99% 75% 80% 85% 90% 95% 99%
90% 257 369 475 610 864 1493 41 76 98 138 239

92% 210 302 389 466 707 1221 34 75 113 195
26

94% 161 232 298 382 542 935 61 87 150
95% 136 196 251 372 456 788 40 ‘ 126
96% 110 158 203 260 369 637 18 25 32 102
97% 83 119 154 197 279 483 13 25 77
98% 56 80 103 133 188 16 21 52
99% 28 a1 52 67 95 164 7 8 11 15 26

o Percent error allowed in the estimate of DSe
number of samples required for 1%, 3%, and 4%
of samples in the left panel of the table by a factor

and 5% in the right panel. For the
Se and DSp, multiply the number

Ideally, selection“of r
represented in animals
been |nfected or exposed

" ay be difficult to locate. It is often possible to obtain these
dicated or have never had the disease in question. Such samples

ples. It is generally problematic to find sufficient numbers of true positive
als, as determined by isolation of the organism. It may be necessary to resort to
als that have been tested by another test such as a nucleic acid detection system.

iili) r:animals of unknown status. See Appendix 1.1.4.5 Section 5.b.i, and Section 3.b.ii of
this chapter for a discussion of latent class models.

b) Reference animal infection status

i) So-called “Gold Standard” model. The term ‘gold standard’ is commonly used to describe any
standard of comparison, but it should be limited to methods or combination of methods that
unequivocally classify animals as infected/exposed or uninfected. Some isolation methods themselves
have problems of repeatability and analytical sensitivity, so are not truly gold standards particularly for
purportedly negative samples. When the so-called reference standard is imperfect, which is the common
scenario for most ante-mortem tests, estimates of DSe and DSp for the candidate assay may be
compromised because the error in estimates obtained by comparison to the relative standard is carried
over into the estimates for the candidate assay. Indeed, when using imperfect reference assays, the DSe
and DSp performance estimates of the candidate assay will be flawed and often overestimated.
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NAD assays may be more sensitive and specific than existing ‘gold standard’ methods, which render the
established ‘gold standard’ as not suitable for use as a comparison. If the NAD is more sensitive than the
‘gold standard,” an apparent lower relative specificity will be misleading. This problem may be partially
resolved by assessing sample derivation, clinical history and sequencing of any PCR products to confirm
analyte identity.

ii) Latent-class models. Latent-class models (5, 10, 12 17) do not rely on the assumption of a perfect
reference test but rather estimate the accuracy of the candidate test and the reference standard with
the joint test results . Because these statistical models are complex and require critical assumptions,
statistical assistance should be sought to help guide the analysis and describe the sampling from the
target population(s), the characteristics of other tests included in the analysis, the appropriate choice of
model and the estimation methods based on peer-reviewed literature (see Appendix 1.1.4.5 on statistical
considerations for details).

c) Experimentally infected or vaccinated reference animals
Sera obtained sequentially from experimentally infected or vaccinated animals are useful for determining the
kinetics of antibody responses or the presence/absence of antige nisms in samples from such
animals. However, multiple serially acquired pre- and post-exposu m individual animals are not
acceptable for establishing estimates of DSe and DSp because -
observations is violated. Only single time-point sampling of indiv
-0l ental conditions, or
typical of natural
experimental animals are examples of variables tha
estimates to the target population. For these reasons, val
samples from experimental animals.
d) Threshold (cut-off) determination
To obtain DSe and DSp estimates of the ca
first must be reduced to categorical (positive Threshold and cut-off are
considered to be synonymous.
A cut-off is the test value
( y a8 d its selected for distinguishing
DSp of the assay. between negative and positive
best way to express results on a continuous scale
‘Appendix 1.1.4.5on | of test values.
in the L .
Intermediate, inconclusive,
suspicious, or equivocal are
terms used synonymously for
a zone of test values between
(e.g. inclusion of 99% of the positive and negative cut-
a high DSp e.g. 99% of the values offs
fall between these percentiles
e) Calculation of DSe'and DSp based on test results of reference sera
A typical method for determining DSe and DSp estimates is to test the reference samples in the new assay,
and cross tabulate the categorical test results in a 2 X 2 table. In a hypothetical example, assume the test
developer decided that estimated DSe and DSp for the new assay should be 97% and 99%, respectively,
with a desired confidence of 95% for both estimates. The amount of allowable error in the estimates was set
at 2%. Table 1 indicates that 279 samples from known infected animals are required for the DSe
assessment, and 95 known negative samples are needed for establishing the DSp estimate. The samples
were then run in the new assay. Table 2 is an hypothetical set of results and the calculated DSe and DSp
estimates based on the samples tested.
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Table 2. Diagnostic sensitivity and specificity estimates calculated from hypothetical set of results for samples
tested from known infected and non-infected populations.

Number of reference samples required*
Known positive (279) Known negative (95)
Positive 270 7
Test P FP
results FN N
Negative 9 88

Diagnostic sensitivity* D|agnost|c,speC|f|C|ty
TP/(TP + FN)
96.7% (94.0 — 98.5%)**

)**

1
2)  95% =required confidence i
3) 2% = Allowable errorin th
TP and FP = True Positive & F
TN and FN = True Negative an:

Reproducibility is an importa }say when used in several laboratories located in
distinct or different regions

assay (protocol

Reproducibility is the ability of a test method to
provide consistent results, as determined by
estimates of precision, when applied to aliquots
of the same samples tested in different
laboratories.

h laboratory (s
is exercise also

Ruggedness is a measure of the assay’s
capacity to remain unaffected by substantial
changes or substitutions in test conditions
anticipated in multi-laboratory utilisation.

reproducibility and repea
Measurement of Uncertal
and its application).

ata (see Appendix 1.1.4.4 on
r further explanation of the topic

5. Stage 4 — Programme implementation

a) Interpretation of test results.

Predictive values of test results. An assay's test
results are most useful when the inferences made from Predictive Value (PV) of positive or negative
them are accurate. Predictive values for test results need test result. PV+ is the probability that an animal
to be based on the true prevalence of exposurefinfection | has been exposed or infected, given that it tests
in the targeted population. For screening assays used in | Positive. PVis the probability that an animal is
surveillance of a ‘disease-free’ population, false-positive | Te® from exposure or infection, given that it tests
results are a significant problem. For instance, an assay negative.

may have impeccable credentials (e.g. high precision
and accuracy, 99% DSe and 99.9% DSp). But if the prevalence of disease is close to zero, and the assay
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b)

c)

a)

b)

has one false positive for every 1000 animals tested, false-positive inferences are a problem (see reference
19 for PV tables for various estimates of DSe and DSp). Similarly, if the assay for a highly virulent disease
has one false negative for every 100 animals, false negative inferences could have devastating
consequences. This illustrates the critical importance of choosing diagnostic thresholds that are appropriate
for the application at hand. Thresholds should be chosen to minimize the effect of false positives and/or
false negatives on the predictive values of the test given its application and the prevalence of
exposure/infection in the target population. It may also be prudent to have highly specific confirmatory
assays to determine whether screening assay reactors are true or false positives.

For nucleic acid assays, it may be necessary to confirm NAD-positive results by sequence analysis of the
amplified product (an example of an assay to assist in resolving errors due to non-specific target or primer
binding).

International recognition

Traditionally, assays have been recognised internationally by the OIE en.they are designated as
prescribed or alternate tests for trade purposes. This has often been based on evidence of their usefulness
on a national, regional or international basis. For test kits that have completed the certification process, the
final step is listing of the test in the OIE Register. Tests listed in the | ¢ e certified as fit for a specific
nded to provide potential
t and its performance
OIE website at:

characteristics for an intended purpose. The Registe :_a ailable

www.oie.int/vcda/eng/en vcda registre.htm

Deployment of the assay

application(s) in other laboratories and
ference laboratories play a critical role in
logical improvements, new assays will
d As such, they may progressively
ard, these assays will also be
monlsatlon purposes. These

Ultimate evidence of the usefulness of an assay is its su
inclusion in national, regional and/or international programme
this process. In the natural progression of diagnostic and/or t
become the new standard method to whic assays will be col
achieve national, regional and international
used to develop reference reagents for g

s transferred from the development
ories or in pen-side applications. Predictable changes,
perience, should be assessed as additional sources
es of ruggedness (which is mostly derived from

laboratory to the field,
e.g. extremes of te
of variation in assg

hrough process controls to Control chart — A graphical representation
yanges in test precision and of data from the repetitive measurement of a

! be monitored graphically by control sample(_s) tested in different runs of
ol charts. Deviations from the | theassay overtime.

f uld be investigated so corrective
action can be take ecessary. Such monitoring provides critical evidence that the assay retains its
“validated” designatioh during the implementation phase of the assay. Subsequent ongoing evaluation of the
assay’s performance is also essential and is usually done through assessments of precision, accuracy, and
outlier tendencies using control charts. Reproducibility is assessed through external quality control
programmes such as proficiency testing.

expected performa

Modifications and enhancements - considerations for changes in the assay

Over time, modification of the assay likely will be necessary to address changes in the analytes targeted
(i.e., modification of the assay to adjust diagnostic performance) or technical modifications may be needed to
improve or enhance assay efficiency or cost-effectiveness.

If the assay is to be applied in another geographical region and/or population, revalidation of the assay under
the new conditions is recommended. Lineages or sub-lineages of a virus, derived from animals in different
geographic locations, are known to have different target sequences or primer sites, requiring revalidation of
the assay. This is especially true for NAD systems as it is very common for point mutations occur in many
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c)

infectious agents (i.e. RNA viruses). Mutations, which may occur within the primer or probe sites can affect
the efficiency of the assay and even invalidate the established performance characteristics. It is also
advisable to regularly confirm the target sequence at the selected genomic regions for national or regional
isolates of the infectious agents. This is especially true for the primer and probe sites, to ensure that they
remain stable and the estimates of DSe for the assay are not compromised.

A similar situation may occur with incursion of new viral lineages into countries or regions where that viral
lineage did not previously exist. In these circumstances, existing NAD assays which did not target these
novel lineages may need to be modified to include primers or probes targeting these new analytes. The
same would be true for typing sera used in virus neutralisation assays.

i)  Technical modifications and comparability assessments. Technical modifications to a validated
assay such as changes in instrumentation, extraction protocols, and conversion of an assay to a semi-
automated or fully automated system using robotics will typically not necessitate full revalidation of the
assay. Rather, a methods comparison study is done to determine if the relatlvely minor modifications of
the assay affect the test results. Comparability can be established b g the modified procedure
and original procedure side-| by-5|de with the same panel of samp both; over several runs. The

results from the modified procedure and originally validated
in an experiment based on a pre-specified criterion, the mog
purpose. See Appendix 1.1.4.6 for description of exper

ains valid for its intended
priate for comparability

i)

to some of the biologicals used in the assay
changes to the test specimen itself (e.g. a chal
different species altogether in an NAD system). It m
the substitution of a recombinant antigen for a cell
for another of similar immunological specificity in an ELI
or enhancement lies in determining:
at both bench and field levels. At the
Stage 1 ‘analytical requisites’ be asst
performance’. To assist here, the o
modified (candidate) assay in a contl
diagnostic samples. See Appendix 1.1
diagnostic samples comparability

diagnostic performa i \

tissu
clud

nges to reagents hemselves (e.g.
ed antigen or one antibody conjugate
he difficulty in making any modification

ot suggest any significant change in
into routlne use. If on the other hand

overall estimates of DSe and DSp, and may allow calculations of DSe
ge, stage of disease, and load of organisms. New data should be included
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