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Executive Summary
In vitro diagnostic device (IVD) validation studies are most efficient when both developers and regulatory
authorities are aligned on study design and data expectations. In the absence of alignment, there is the risk of
costly repeat of expensive and time-consuming studies, longer development timelines, and inefficient use of
biological test materials.
Although the use of surrogate samples has long been recognized in IVD validation studies, a lack of alignment
on key elements of the use of surrogate samples can contribute to inefficient product development, reducing
innovation. A survey revealed a lack of alignment among stakeholders as to the preferred surrogate sample
selection by IVD performance study. In discussions with subject matter experts, definitions and terminology of
surrogate samples and related terms lacked alignment.
The Surrogate Sample Framework addresses these discrepancies to promote more efficient study design and
reduce inefficient use of biological test materials by:
•
•
•
•

Creating a uniform definition of surrogate sample supplemented with a diverse array of examples
Outlining general principles and considerations when designing and selecting surrogate samples
Presentation of a hierarchy to aid in the selection and design of surrogate samples
Establishing study specific principles accompanied by a hierarchy for each study type

Through the hard work and dedication of a group of subject matter experts, this Framework was developed to
improve IVD innovation, reduce inefficient use of costly biological test materials, and ultimately improve timely
patient access to safe and effective IVDs.
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Introduction
The efficiency, predictability, and cost of in vitro diagnostic (IVD) development directly impacts timely patient
access to IVDs. The collection of human specimens for testing is a central aspect of IVD validation. When
unable to obtain a sufficient number or volume of appropriately characterized patient samples to validate IVD
performance, surrogate samples provide a path to efficient validation.
The use of surrogate samples as an element of IVD validation studies is not new. A review of historical data,
knowledge, and experience of IVD developers demonstrates surrogate samples play an important role in the
validation of IVDs 1. However, the lack of commonly agreed to terminology and defined experimental
framework regarding the use of surrogate samples in IVD performance studies reduces the predictability,
timeliness, and efficiency of IVD development, thus increasing cost and reducing patient access to new and
innovative medical devices. The Surrogate Sample Framework proposes uniform terminology and
recommendations where surrogate samples might be justifiably used in IVD validation studies.
Definition of Surrogate Sample
A review of relevant IVD and medical device vocabularies (e.g., VIM, ISO, CLSI, and JCGN) revealed that a
common definition of “surrogate sample” does not exist. Thus, the authors chose to define the term, adopting
the following definition:
Surrogate Sample: Material or combination of materials that is used as a substitute for body fluid or
tissue taken for examination from a single human subject to study the characteristic of interest.
Examples include, but are not limited to:
•
•
•
•

Materials supplemented (spiked) with an analyte of interest
Pooled patient specimens of biological origin
Material created to have properties of interest of a body fluid or a tissue
Material comprised of a combination of an analyte that simulates the analyte of interest, and a
material created to have properties similar to or representative of the body fluid or tissue or of the
patient/subject.

Within this broader definition, surrogate samples are further characterized as:
Supplemented:

Matrix spiked with target analyte

Pooled:

Combined individual patient specimens that may or may not be spiked with target
analyte

Simulated:

Altered materials of biological origin or artificial materials created to have properties
similar to or representative of body fluid or tissue that may or may not be spiked with
target analyte.

See Survey Report at www.mdic.org/clinicaldx/survey/ and Submission Analysis Report at
www.mdic.org/mdicx/#archive

1
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Terms such as contrived, altered, supplemented, or simulated are frequently used within the industry
interchangeably with the term surrogate or as a subcategory of samples within the broader category of
surrogate samples. As observed by the authors, the use of different terminology can impede the development
of sound, scientific strategies for the use of surrogate samples. Therefore, we recommend the above definition
of surrogate sample by the industry and laboratory medicine community be used in standards, guidance, and
other relevant vocabularies.
A surrogate sample consists of a matrix and, in many cases, an analyte, prepared with the objective of
minimizing the compositional differences of the surrogate sample from natural patient specimens. The
following Figure illustrates the combinations to consider when preparing to use surrogate samples.
Figure 1. Combinations to Consider when Preparing to Use Surrogate Samples
Matrix
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Individual
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Individual
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Patient
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To aid in the use of this table samples have been assigned alpha numeric characters. Sample descriptions and
examples are included in Appendix 1.
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Within Figure 1 the terms have the following meaning:
Term
c
Biological Matrix
d
Unaltered Biological Matrix

e

Altered Biological Matrix

f

Artificial Matrix

g

Patient Sample or Specimen

b

Biological Analyte

a

Artificial Analyte

Definition
Milieu in which the specimen exists (based on CLSI EP07-A3).
Milieu in which the specimen exists that has not been modified or
changed from the normal specimen collection process. Examples of
specimen milieus include serum, plasma, source plasma, urine,
cerebrospinal fluid, swabs stored in collection media, or formalin-fixed
paraffin embedded (FFPE) tissue.
Milieu in which the specimen exists that has been modified or changed
through the application of additional processes not routinely conducted
as part of the normal specimen collection process. Examples include
heat or NaOH treated specimen milieu, or clarification of the specimen
milieu by centrifugation.
Milieu that is created or manufactured with the intention to simulate
the specimen biological matrix. Examples include diluent, collection
media alone, elution media, isotonic solutions, or Bovine Serum
Albumin or Human Serum Albumin dissolved in buffer.
Discrete portion of a body fluid or tissue taken for examination, study,
or analysis of one or more quantities or properties assumed to apply for
the whole (specimen as defined in ISO 15189). Includes prospectively
collected/tested (fresh), prospectively collected/retrospectively tested,
and archived specimens. NOTE: specimens may be collected and stored
in a media or otherwise processed with preanalytic steps to prepare the
analyte(s) for measurement. Examples of specimens include serum,
plasma, source plasma, urine, cerebrospinal fluid, or swabs stored in
collection media.
Analyte composed or derived from a specimen for use in spiking
surrogate samples. Examples include analyte positive specimens, or
DNA extracted from formalin-fixed paraffin embedded tissue (FFPET)
specimens.
Analyte created or manufactured that can be used in spiking surrogate
samples with the intention to simulate analyte in a specimen. This
definition includes different ranges of analyte such as immortalized cell
line samples because not directly derived from a specimen. Examples
include, synthesized chemical compounds, plasmid or cell line DNA,
transcript RNA, cell cultures, or stock solutions.
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Terminology
For purposes of this Framework, the term “analyte,” as defined in ISO 17511, is used rather than term
“measurand.” Additionally, the Framework does not use the term “commutability” to describe a
demonstration of comparable performance between a surrogate sample and specimen, since commutability
has a distinct definition in the industry 2. Instead this Framework provides appropriate rationale for the use of
surrogate samples within the context of each performance study. Thus, the term “commutability” is not used
in the context of surrogate samples.
Throughout the Framework the term volume is used. Since not all samples are liquid, the term volume is also
intended to represent amount for non-liquid samples.
Relevant IVD and medical device vocabularies (e.g., VIM, ISO, CLSI, and JCGN) have been used to define terms
used in this Framework. Please refer to the glossary for definitions.

Reasons to use Surrogate Samples
IVD developers rely upon surrogate samples for a variety of reasons. Surrogate samples provide an option
when naturally occurring patient specimens are rare or difficult to acquire. For example, acquiring sufficient
numbers of patient specimens across the measuring interval of a test, especially at the high end, the low end,
or medical decision levels (MDL), may prove challenging when there is a low prevalence of such specimens in
the general intended use population.
Ethical considerations, such as invasive sampling methods or drawing large volumes of patient specimens from
sick patients, also justify the use of surrogate samples. Additionally, surrogate samples may simplify sample
acquisition and characterization activities, while meeting scientific demands of studies requiring large volumes
of a sample.
In summary, surrogate samples are used for a variety of reasons including, but not limited to:
•
•
•
•
•
•
•

Analyte does not naturally occur at the concentration demanded by the study, for example, at the
extremes of the measuring interval of a test
Stability of naturally occurring specimen confounds the study design and/or its endpoint(s)
Insufficient volume of patient specimens to meet scientific rigor of study design
Supplementing the number of positive samples to achieve adequate study size
Very rare targets (e.g., carbapenem resistance, rare homozygous mutations)
Using inactivated organisms for highly infectious materials (e.g., MTB, MAI, or Ebola).
Introducing a variable that can only be studied in a surrogate setting to understand how the test
performs under the surrogate condition (e.g., high lipids in blood).

CLSI. Characterization and Qualification of Commutable Reference Materials for Laboratory; Approved
Guideline. CLSI document EP30-A. Wayne, PA: Clinical and Laboratory Standards Institute; 2010.
2
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Framework Organization
This Framework begins with considerations before using surrogate samples, general principles applicable to
surrogate samples, and discussion of a general surrogate sample hierarchy. It is further organized by
performance study type. Each section expands upon the use of surrogate samples and related points to
consider that are unique to the study type, including a hierarchy within each performance study type.
Considerations
Prior to using surrogate samples, it is recommended that developers first consider the goals of each study and
determine if and what type of surrogate samples are appropriate. The reader is advised to consider the
objectives of each study type, and recognize that what may be a suitable surrogate sample type for one
performance study is not necessarily suitable for another study. Developers should evaluate how surrogate
samples impact device performance and understand the negative and positive performance effect that may be
introduced when using surrogate samples. Generally, it is preferable to use surrogate samples to augment
testing performed with patient samples, as opposed to using surrogate samples as a complete replacement for
patient samples. The use of surrogate samples as a replacement for patient samples across all study types may
lead to misleading conclusions of device performance. Further, an alternative approach may be preferable to
the use of surrogate samples in some situations. For example, small-scale studies with patient samples could
be supplemented with a larger scale study using surrogate samples.
Stability of the surrogate samples is another important consideration. Often, surrogate samples need to be
stable under storage conditions and for periods of time that differ from those required for the testing of the
patient sample in routine clinical use. Additionally, for large sample pools, the stability of the sample matrix or
analyte should be established so as not to introduce result variability through degradation of the surrogate
sample.
When constructing surrogate samples, it may be necessary to employ special methodologies. For example,
when formalin-fixed paraffin embedded tissue (FFPET) is the specimen type, DNA or RNA containing the
mutations, insertions, deletions, or sequences of interest may be spiked into the samples. This could include
cell lines that are formalin fixed and paraffin embedded. When spiking is used to prepare surrogate samples,
the amount of spiking material should mimic the amount of analyte in the biological sample. For swab
specimens, addition of the analyte directly to the swab may not be feasible. In these cases, the analyte may
need to be added to an appropriate or representative (human specimen) liquid matrix in which various
dilutions are then coated onto the swab, or surrogate swab samples may be created by dipping a swab in a
solution and spiking collection media with the target analyte.
While the use of surrogate samples is well-established for certain technologies, analytes, or studies, there are
other areas where the use has been less frequent. In these areas, document appropriate rationale, which may
include experimental data, literature, previous studies, or other information, to support the use of a particular
surrogate sample type.
When using surrogate samples, developers should document the rationale for why a selected sample type is
reasonable for the test and analyte.
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General Principles for Design and Selection of Surrogate Samples
1. Identify the objective for using surrogate samples for the particular study type.
2. Identify critical factors related to the performance study type, such as:
a. Mimic biological variability of individual patient specimens.
b. Meet scientific demands of study type, such as requiring large volumes of sample. When
creating a pool of human specimens use the fewest number of individual patient specimens
necessary to achieve the study volume required by the study, in order to represent uniqueness
anticipated with patient specimens.
3. Consider factors based on whether the test is qualitative, quantitative, or semi-quantitative
4. Consider the effect of sample processing, such as extraction method, if applicable
5. When selecting the surrogate sample matrix consider which property characteristics of the naturally
occurring specimen are most relevant for the study type. Consider whether there are aspects of the
surrogate sample that would interfere or otherwise influence test performance in a way that is
inconsistent with patient specimens. When the matrix is artificially prepared, describe the
characteristics of the naturally occurring specimen that are represented or mimicked by the surrogate
sample. Consider factors to minimize differences between patient specimens and surrogates, such as
viscosity or endogenous cellular components. For each performance study type, include the
appropriate rationale and/or studies to support the suitability of the surrogate sample as a
supplement or replacement for the patient sample.
6. Consider that different analyte types can confer varying levels of bias on assay performance, such as a
recombinant protein versus a naturally occurring protein. For example, with an ELISA test, a
recombinant protein may be appropriate for a reproducibility study, but not for the establishment of
detection. It is appropriate to consider different surrogate analyte types in combination with
surrogate matrices.
7. Assess analyte and matrix combinations of surrogate samples and which aspect should remain
unchanged or which aspect may be altered, and what is the extent of alteration. Test type (e.g.,
molecular, immunoassay), patient sample, and the type of performance study influence whether
biological analyte or matrix is a more important characteristic. For example, with molecular tests
using biological analyte in an altered matrix may be more appropriate than using artificial analyte,
such as plasmid DNA, in a biological matrix.
8. Consider existing CLSI guidelines regarding the use of surrogate samples specific to the study type,
FDA guidance regarding the use of surrogate samples specific to the analyte type, and existing
regulatory tools, such as agency meetings, as appropriate.
9. Keeping the above principles in mind, consider a hierarchical approach to the selection of a surrogate
to identify a surrogate most similar to the patient specimens that will be used in clinical testing.

MDIC Clinical Diagnostics Surrogate Sample Framework

Page 9

Surrogate Sample Hierarchy
CLSI Guideline EP06-A “Evaluation of the Linearity of Quantitative Measurement Procedures: A Statistical
Approach; Approved Guideline” establishes a hierarchy to consider when selecting surrogate samples for
linearity performance evaluations. Inspired by this hierarchy we have constructed a general surrogate sample
matrix hierarchy to serve as a starting point for all study types. After considering the general principles and the
performance study specific objectives, evaluate the hierarchy and select the best option for surrogate sample
preparation.
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Figure 2: Surrogate Sample Hierarchy
Following a decision to use surrogate samples, the first consideration is a pooled surrogate sample (A2) or a
supplemented individual surrogate sample (B1). Use the general principles and study specific principles to
make this determination.
Matrix
Biological
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Simulated
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(E1)
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When supplementing samples or preparing dilutions use the following guidelines.
When supplementing samples by spiking a
biological analyte use the following hierarchy:

In vivo individual

In vivo pooled

When supplementing samples by spiking an
artificial analyte stock solution use the following
hierarchy (with a preference to smaller dilutions):

High stock
concentration isotonic
or organic (depending
on analyte)

Moderate
concentration isotonic
or organic (depending
on analyte)

When selecting surrogate samples for molecular
tests, the preferred order is:

Cell line DNA

Plasmid DNA

Matrix integrity may direct choice
When preparing dilutions use the following hierarchy:

Undiluted

Negative
sample pool
dilution

Moderate isotonic
dilution

Large isotonic
dilution

Small organic dilution

Moderate organic
dilution

Small isotonic
dilution

MDIC Clinical Diagnostics Surrogate Sample Framework

Page 11

Performance Study Types
In addition to the general principles, there are factors to consider in conjunction with specific performance
study objectives. Application of the surrogate sample matrix hierarchy varies with specific performance study
objectives. This Framework outlines these factors and the application of the surrogate sample hierarchy by
performance study type. A summary of this application is presented in Figure 3.
Based on our research, the use of surrogate samples has been more prevalent in certain study types, whereas
in other study types, the use has been more situation dependent 3. This Framework is intended to establish
common and uniform usage embodied in standards and practice. Further, it is designed to formalize collective
scientific knowledge through the use of uniform principles and terminology for those study types where
surrogate sample use has been more prevalent. For those study types in which surrogate sample use has been
more situation dependent, this Framework sets forth practical recommendations aligned within the general
principles and surrogate sample matrix hierarchy.
This Framework does not provide comprehensive guidelines on study design, unless relevant to the use of
surrogate samples. Readers are referred to scientific standards, guidance documents, and guidelines for
factors to consider when designing performance studies.
The following performance studies are addressed in this Framework:
•

Linearity/Assay Analytical Measuring Interval

•

Analytical Specificity/Interference/Cross-Reactivity/Competitive Inhibition

•

Precision/Reproducibility

•

Detection Capability

•

Matrix Comparison

•

Method Comparison

•

Specimen Stability

•

Reagent Stability

•

Instrument Carry-Over Studies

See Survey Report at www.mdic.org/clinicaldx/survey/ and Submission Analysis Report at
www.mdic.org/mdicx/#archive

3
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Figure 3: Surrogate Sample Hierarchy Applied by Study Type: Use this chart in conjunction with the general
and study specific principles as a guide in selecting the most preferred sample for a test. When assessing
sample order consider which element, analyte or matrix, should remain unchanged and which may be
altered. Test type (e.g., molecular, immunoassay), patient sample, and the type of performance study
influence whether biological analyte or matrix is a more important characteristic.
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Use general principles and study specific guidelines to select surrogate type in a downward linear
fashion. Ensure you have well-thought out rationale before considering the next surrogate sample type.
Consider unique properties of your assay type, study design, patient sample type, and the importance
of whether altering an analyte or matrix more closely mimics a patient sample, in addition to the
general principles and study specific guidelines to select surrogate sample type. Ensure you have wellthought out rationale before considering the next surrogate sample type.
Consider only after exhausting other options.
*

Remaining surrogate sample types may not be suitable for this study type.
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Linearity / Assay Analytical Measuring Interval
Objective
The objective of this study is to determine the range across which the average value of test replicates is
proportional to the “true” value of the concentration of the analyte. Increasing the number of replicates at
each analyte concentration or increasing the number of analyte concentrations across the target range can
be used for more definitive examinations of linearity.
Principles of the Use of Surrogate Samples
The use of surrogate samples is common in linearity studies to produce samples in which there is a known
proportional relationship in a representative matrix that span the desired range of the test. When using
surrogate samples, it is important to balance matrix and analyte integrity, while minimizing matrix
variability. While pooled samples provide sufficient volume to prepare intermediate panel members and
replicates for testing, first consider use of a large volume of sample from one patient. Next, where volume
of one patient sample is insufficient, consider conducting a study with patient sample for a portion of the
range to preserve analyte and matrix integrity. Recognize that the use of individual samples (not pooled) to
create intermediate panel members may introduce additional sample to sample variability and that
excessive dilutions to preserve analyte integrity may result in a less representative matrix. For this reason,
the use of pooled samples is often preferred to minimize sample to sample variability in linearity panel
members and to produce sufficient volume for study replicates. One can minimize a matrix effect in the
intermediate panels by beginning with one pool of relatively high analyte concentration.
How to Use
As shown in Figure 3 and the sidebar, the preferred type of surrogate sample is a high
concentration patient sample (A1) diluted with a negative or very low concentration subject
sample to achieve the desired concentration of analyte (A2) for each linearity panel member to
be tested. This may not be possible due to limited volume of individual patient samples or the
availability of patient samples with very high concentrations of analyte. Therefore, it is common
to prepare a sample with a very high concentration of analyte by spiking a specimen with analyte
(B1 preferred prior to moving to E1) and then diluted with negative sample to provide samples
with known concentrations that span the analytical measuring interval (B2 preferred prior to
moving to E2). Typically for E1 and E2 surrogate samples, analyte is added directly to the matrix
at varying concentrations spanning the measuring interval to create a linearity panel.
When to Use
Because the linear range experiment requires sufficient sample volume to prepare dilutions
across the linear range and replicates for testing, surrogate samples are used.
Additional Considerations
Limit of detection and limit of quantitation may be used to establish the lowest appropriate
measurement concentration. For hormone assays (e.g., hCG, LH), patient specimens from the
opposite sex might be useful in creating surrogate samples in linearity panels.

Linearity

A1
A2
B1
B2
E1
E2
C1
C2
D1
D2
F1
F2
H
I

References
• CLSI EP6-A:2003 Evaluation of the linearity of quantitative measurement procedures: A statistical
approach; Approved guideline
• CLSI. Evaluation of Detection Capability for Clinical Laboratory Measurement Procedures; Approved
Guideline—Second Edition. CLSI document EP17-A2. Wayne, PA: Clinical and Laboratory Standards
Institute; 2012.
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Analytical Specificity (Interference, cross-reactivity,
competitive inhibition)
Objective
Analytical Specificity (Interference, cross-reactivity, competitive inhibition) studies are conducted to evaluate
whether materials that may be present in samples are inhibitory or may cause falsely positive/elevated results.
The objective of this study is to demonstrate test performance when potentially interfering materials are
present in samples.
Principles of the Use of Surrogate Samples
Since analytical specificity is assessing analyte concentrations at specific levels in combination with potential
interfering or cross-reactive substances at specific levels, surrogate samples enable one to test combinations
which may not exist, or are rare, in patient populations (e.g., extremely high levels of an interferent), or are
very difficult to obtain. Maintaining individual sample variability to represent the matrix of a patient sample is
a key consideration.
How to Use
The preferred type of sample is patient sample (A1). When insufficient the preferred surrogate
sample in order is shown in Figure 3 and the sidebar. This order of preference originates from the
principle to maintain the individual sample variability to better represent patient samples. For
this reason, individual samples are preferred over pooled samples.
When to Use
Because the analytical specificity experiment requires combinations of analyte and potentially
cross-reactive substance concentrations that are typically not available from patient populations,
surrogate samples are often used.
Additional Considerations
When utilizing surrogate samples in analytical specificity tests, the extraction method is
important to consider. For this reason, surrogate samples should be processed through any
sample workflow steps, including extractions, to represent the preparation and testing of a
patient sample.

Analytical
Specificity

A1
A2
B1
B2
E1
E2
C1
C2
D1
D2
F1
F2
H

I
It should be noted that not all potentially interfering substances are added to a sample.
Potentially interfering substances may be introduced through the preparation of a sample. For
*
example, the fixation process for formalin-fixed paraffin embedded tissue (FFPET) may introduce
materials that interfere with test performance or otherwise diminish the integrity of the sample. In some
cases, the potential interference can be evaluated through the comparison of patient specimens or surrogate
samples processed using different procedural conditions.

The addition of the potentially interfering material may not properly reflect physiological conditions. For
example, adding a drug or diluted drug to a sample may not yield the biologically active metabolite (e.g.,
adding triglycerides may not reflect chylomicron or micelle formation that would happen in a naturally
occurring lipemic specimen) or the binding constants for the potentially interfering material may influence test
results as with the use of caffeine or theophylline when measuring free versus protein bound bilirubin. For
these surrogate samples the developer may need to refer to literature for ‘best practices’ based on historic or
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otherwise reasonable expectations of how the potentially interfering material has been used in surrogate
samples.
Some potentially interfering conditions do not have a corresponding surrogate counterpart. For example,
necrotic tissue in FFPE sample cannot be simulated using a surrogate sample. In these cases, there is no
suitable surrogate sample and patient specimens containing the potentially interfering materials should be
used.
Reference
• CLSI EP07-A3: 2017 Interference testing in clinical chemistry; Approved guideline-Third edition
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Precision/Reproducibility
Objective
Precision/reproducibility studies are conducted to establish the within-laboratory precision and site-to-site
variability (reproducibility) of a test. In addition, evaluation of different components of variance such as withinrun (repeatability), between-run, between-day, and between-lot are also performed. Precision/reproducibility
studies are used to establish the level of agreement between repeated measurements on the same or similar
sample(s) under different conditions. These different conditions can include factors such as operator,
instrument, time, location, or conditions of use.
Principles of the Use of Surrogate Samples
Surrogate samples are widely used in precision/reproducibility studies to obtain sufficient volume and stability
of sample with appropriate levels of analyte to perform the required number of replicate measurements over
a specified time frame. The preferred type of surrogate sample for precision/reproducibility studies are pooled
patient samples or spiked individual patient samples. If the desired amount of analyte is not available in the
pooled patient samples, the concentration of analyte could be increased with spiking or decreased by dilution
with a negative patient sample pool.
How to Use
To provide sufficient volume of sample with a known analyte concentration at different levels
across the test’s measuring interval, surrogate samples can be prepared in several ways, including
using individual and pooled patient samples unspiked or spiked with analyte. As shown in Figure 3
and the sidebar, the preferred sample is an unspiked patient sample (A1). When an unspiked
patient sample is insufficient, surrogate samples consisting of pooled patient samples (A2) are
preferred followed by patient samples spiked with a different patient sample or pool of patient
samples with a high concentration to achieve the desired concentration of analyte (B1 followed
by B2).
If a patient sample with a high concentration of analyte is not available, assess the importance of
whether altering an analyte or matrix more closely mimics a patient sample. When matrix has
been determined as the unaltered element it may be acceptable to use an appropriate stock
material to spike into the patient sample or pool of patient samples to the desired concentration
of analyte (E1 followed by E2). In such cases, use of an altered sample matrix (C1, C2, D1, D2, F1,
F2) or an artificial matrix such as the assay diluent (G, H, I) is less preferential but may be
appropriate. When analyte has been determined as the unaltered element, the assessment
following B2 begins with C1 followed by D1, C2, D2. For example, for molecular tests using altered
sample matrix containing biological analyte (C1, D1) may be preferable to using artificial nucleic
acid spiked into biological matrix (E1).

Precision
A1
A2
B1
B2
E1
E2
C1
C2
D1
D2
F1
F2
H
I
G

When to Use
Due to the volume and/or stability of sample required to perform precision/reproducibility testing, surrogate
samples are often used.
Additional Considerations
The benefit of individual spiked patient samples to better represent the variability between samples should be
considered when selecting the type of surrogate samples to use. For example, spiking analyte into individual
patient specimens would retain the matrix variability.
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Although comprehensive precision/reproducibility studies require large volumes of patient samples,
replacement of patient samples with surrogate samples may lead to an incorrect conclusion of device
performance. Where possible, small-scale precision/reproducibility studies with patient samples may need to
be supplemented with a larger scale study using surrogate samples. CLSI recognizes that typically for precision
studies pooled patient specimens are used, and that the spiking or dilution of samples is necessary to achieve
analyte concentrations at the appropriate levels.
Reference
CLSI EP05-A3: 2014 (Evaluation of Precision of Quantitative Measurement Procedures)
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Detection Capability (LoB, LoD, and LoQ)
Objective
Detection capability studies assess the ability of a test to detect an analyte at the limits of test performance
and accurately determine when an analyte is not present. These studies are used, depending on the type of
test, to establish the Limit of Blank (LoB), Limit of Detection (LoD), and/or Limit of Quantitation (LoQ). The
studies are usually the first analytical studies conducted, and used to determine the appropriate spiking level
of an analyte for other analytical studies (e.g., interfering substances, reproducibility) for qualitative or
quantitative tests.
Principles of the Use of Surrogate Samples
The matrix selected should closely represent an individual clinical specimen. It is important that the selected
matrix does not contain extraneous properties or elements, not typically encountered with patient samples,
which would contribute to the variability of test results. Such exogenous substances may introduce bias that
could impact the ability of the study to establish the “true” detection limit of a test or test system. If the matrix
must be artificially prepared, the characteristics of the surrogate sample should be clearly defined and the
surrogate matrix should resemble an appropriate patient sample.
How to Use
As shown in Figure 3 and the sidebar, for evaluation of LoB, for most
material, it is preferred to collect individual patient sample(s) known to be
negative for the intended analyte(s) (A1), followed by pooled patient
samples (A2), individual altered biological matrix samples (C1), pooled
altered biological matrix samples (C2), and lastly artificial matrix (G). Should
the volume requirements not be met with a single-source sample, pooling
a minimal number of patient samples is preferred to preserve biological
uniqueness. If a large amount of a known negative specimen is hard to
obtain (e.g., cerebral spinal fluid), then a simulated artificial matrix that
closely resembles the naturally occurring specimen can be used. In
circumstances where it is not possible to collect individual patient
specimens that are negative for the target analyte, a blank sample which is
used to determine the LoB does not have to contain the target analyte (i.e.
can be a buffer or saline) or it may have a concentration at least an order of
magnitude lower than the lowest level of interest.

Limit of
Blank

Limit of
Detection

Limit of
Quantitation

A1

A1

A2

A2

B1

B2

C1

E1

E2

C2

A2

D2

G

B2

F2

*

E2

H

C1

I

D1

*

F1
C2
D2
F2
H
I

In instances where it is possible to collect individual patient specimens that
*
are negative for the target analyte, the analyte intended for measurement
is then added to the matrix either directly from a high concentration stock or using a patient sample known to
contain the intended analyte(s), if quantitatively measurable in the latter case. For qualitative and quantitative
tests, serial dilutions can be made from this spiked sample to create the varying levels required to determine
the detection limit; dilutions should preferably be made with the unspiked, negative sample matrix.
When using negative patient specimens, it is important to reduce bias associated with the variability
introduced by such specimens. Patient specimens obtained from different patients in a clinical setting,
collected to create a representative surrogate sample matrix pool, may contain different levels of endogenous
and/or exogenous components based on their genetics and/or disease state as well as different substances
used to manage their disease. Although presence of the endogenous elements may be beneficial for
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establishing analytical sensitivity in the intended use population, in excess these substances may create a
matrix effect, which is a phenomenon that may generate bias in the results obtained from the study. Patient
samples used to create negative pools should be free of obvious, potential interferents that generate bias.
However, surrogate samples need to accurately capture the complexities in the desired sample type without
artificially simplifying the matrix. To provide low-level samples at desired levels of analyte, it is acceptable to
dilute positive patient specimens or spike the analyte into negative patient specimens. When spiking analyte(s)
into the sample matrix, high concentrations of naturally occurring or artificial material is preferred, to limit any
initial dilution effects.
When to Use
When establishing analytical detection limits, surrogate samples are used to reliably determine these limits
when sufficient volumes of patient specimens containing known concentration(s) of the analyte(s) of interest
cannot practically be found in a clinical population.
Additional Considerations
Preparation of surrogate samples for use in detection limit studies may be challenging as the method of
preparation may introduce bias. For example, the spiking of very low levels of analytes may be challenging as
the ability to reliably add small amounts of the analyte may exceed the capability of the system used to add
these low levels. Therefore, it may be necessary to create serial dilutions of the matrix, whereby the analyte is
added at a high level to a matrix that is then diluted multiple times to achieve the appropriate level.
Some specimen types may create additional challenges where special methodologies may be required to
assess the detection limit. For example, when formalin-fixed paraffin embedded tissue (FFPET) is the specimen
type used for cancer diagnostic tests, it may be necessary to provide insertions or deletions of one or more
nucleotides. For swab specimens, the analyte may not be able to be added directly to the swab. In these cases,
the analyte may need to be added to an appropriate liquid matrix. Various dilutions are then coated onto the
swab.
Additionally, as large sample pools are used for such detection limit studies, the stability of the specimen
matrix should be established so as not to introduce result variability through degradation of the matrix.
In certain situations, the ability to create reproducible negative sample matrix pools is an important
consideration so that the negative matrix can be used for other analytical studies. Therefore, it is preferred to
use the same pooled/supplemental sample matrix that is spiked at concentrations representing multiples of
the LoD determined for the test. This approach will help reduce variability in results associated with different
sample pools.

References
• CLSI. Evaluation of Detection Capability for Clinical Laboratory Measurement Procedures; Approved
Guideline—Second Edition. CLSI document EP17-A2. Wayne, PA: Clinical and Laboratory Standards
Institute; 2012.
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Matrix Comparison Study
Objective
The purpose of a matrix comparison study is to demonstrate that measurement/detection of analyte is the
same in two different matrix types. For a quantitative test this is an evaluation of a systematic difference
between the two different matrix types at medical decision levels (MDLs). For a qualitative test, this is an
estimation of positive and negative percent agreements of the test results between the two different matrix
types.
Principles of the Use of Surrogate Samples
Surrogate samples may be used to facilitate matrix comparison studies by providing sufficient sample volume
to conduct tests or to obtain targeted analyte levels, such as levels near the medical decision level (MDL) or
within a certain range of the LoD of the assay. Preservation of matrix is an important consideration when using
surrogate samples to conduct a matrix comparison study.
How to Use
As summarized in Figure 3 and sidebar, surrogate sample selection should begin with a
consideration of individual unaltered biological surrogate prior to pooled samples when a patient
sample (A1) is not an option. Surrogate samples supplemented with biological analyte (B1) are
preferred to samples supplemented with artificial analyte (E1). With appropriate rationale,
consider use of pooled surrogate samples (in the following order of preference: A2, B2, and E2)
when a patient sample (A1) and individual surrogate samples (B1 and E1) are not an option.

Matrix
Comparison

For surrogate samples with high test values in the matrix comparison study of a quantitative test,
add the minimal amount of analyte as possible to the surrogate samples. For surrogate samples
with low test value in the matrix comparison study of quantitative test, add the minimal amount
of the sample with zero concentration (as diluent) as possible.

A1
B1
E1
A2
B2
E2
*

The use of surrogate samples in the matrix comparison study for a qualitative test should
preserve the percent of samples close to the cutoff, which is required in the matrix comparison
study. When surrogate samples are used in the matrix comparison study, the C5 –C95 interval (or
LoD) of the qualitative test should be determined for defining samples that are “close to the
cutoff.” If a spiking or dilution technique will be used to prepare surrogate samples, the
relationship between the amount of spiking material (or amount of “true” negative patient
sample) and how close to the cutoff these samples can be should be understood. If the
qualitative test does not have available signals, then the use of surrogate samples can be problematic.
When to Use
Covering the measuring interval of the test
For a quantitative test, it may be difficult to find patients samples with high values or low values. Surrogate
samples can be used in the matrix comparison study in these instances.
Patients with values close to MDL or cut-off
There should be samples with test values close to the MDL or cut-off. If it is difficult to find patient samples
with values close to the MDL or cut-off, surrogate samples can be used.
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Not enough patients with positive test results
For a qualitative test, an estimation of the positive percent agreement (PPA) requires a certain number of
patients with positive test results. If it is difficult to find patients with positive test results, surrogate samples
can be added for estimation of PPA.
Reference:
No current CLSI document (CLSI EP35, regarding matrix comparison, is in development)
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Method Comparison
Objective
The purpose of the method comparison study for a candidate quantitative test and the comparator test is an
evaluation of bias or systematic difference. For a qualitative candidate test, the purpose of the method
comparison study is an estimation of sensitivity and specificity or positive percent agreement (PPA) and
negative percent agreement (NPA) of the candidate test results with a comparator test results for an intended
population. The comparator can be a qualitative test or a quantitative test that functions as an appropriate
reference method.
Principles of the Use of Surrogate Samples
To provide sufficient volume of sample with a known analyte concentration at different levels across the test’s
measuring interval, surrogate samples can be prepared in several ways, including using individual and pooled
patient samples that are unspiked or spiked.
The goal is to preserve the biological variability of individual samples as much as possible. If samples are
pooled, each sample should be used only one time to maintain the biological uniqueness of the pools. When
spiking samples, it is important to use high concentration analyte materials in order to minimize the amount of
spiking material or matrix introduced to the sample. Similarly use patient samples with low concentrations of
naturally occurring analyte or negative patient sample to minimize the use of diluent when targeting low
analyte concentrations.
How to Use
As shown in Figure 3 and the sidebar, the preferred type of surrogate samples are unspiked
patient samples or patient samples spiked with a different patient sample or pool of patient
samples with a high concentration to achieve the desired concentration of analyte (A1, B1). If
individual samples are not available, pooled patient samples or pooled patient samples spiked
with a different patient sample or pool of patient samples with a high concentration to achieve
the desired concentration of analyte (A2 followed by B2) are preferable. The pools should be
made up of samples with similar characteristics (similar concentrations or disease status).
If patient samples are not available, assess the importance of whether altering an analyte or
matrix more closely mimics a patient sample. When matrix has been determined as the unaltered
element it may be acceptable to use an appropriate stock material to spike into the patient
sample or pool of patient samples to the desired concentration of analyte (E1 followed by E2).
Use of an altered sample matrix (C1, C2, D1, D2, F1, F2) or an artificial matrix such as the assay
diluent (G, H, I) is less preferential but may be appropriate. When analyte has been determined as
the unaltered element, the assessment following B2 begins with C1 followed by D1, C2, D2. For
example, for molecular tests using altered sample matrix containing biological analyte (C1, D1)
may be preferable to using artificial nucleic acid spiked into biological matrix (E1) and individual
samples may be preferable to pooled samples to preserve biological variability.

Method
Comparison

A1
B1
A2
B2
E1
E2
C1
C2
D1
D2
F1
F2
H
I
*

For obtaining unbiased estimates of sensitivity and specificity or PPA and NPA in the method comparison study
of the qualitative candidate test, the percent of samples close to the candidate test cutoff should reflect the
intended use population or requirements applied for the patient samples (e.g., migration study). Therefore,
the use of surrogate samples in the method comparison study should preserve the percent of samples close to
the cutoff. When surrogate samples are used in the method comparison study, theC5 – C95 interval (or LoD) of
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the candidate test should be determined for defining the range “close to the cutoff”. The percent of samples
close to the cutoff should be evaluated in the intended use population. For this, consider all patient samples in
the comparison study (randomly selected from the intended use population), and estimate the percent of
patient samples close to the cutoff of the candidate test. The distribution of surrogate samples should have the
same percentage of samples close to the cutoff as observed in the intended use population. To determine
whether a patient sample result was close to the cutoff, one can use values of the signal from the candidate
test (if available). If the signal of the candidate test is not available (e.g., influenza test with visual reading of
the line), consider a signal of the comparator test (if available) or quantitative values of the quantitative
comparator. If a spiking or dilution technique is used to prepare the surrogate samples, one should understand
the relationship between the amount of spiking material (or amount of “true” negative patient sample in
dilution) and how close to the cutoff these samples are. If the candidate test and comparator test do not have
available signals then the use of surrogate samples can be problematic, for instance, a method comparison
study for influenza test with visual reading of the line (candidate) versus culture (comparator).
When to Use
Not enough volume
In most method comparison studies, each sample needs to be measured by the candidate test and by the
comparator test. If volumes of neat patient samples do not allow this, pooling of patient samples may be used.
Covering the measuring interval
For a quantitative candidate test, samples in the method comparison study should cover the measuring
interval of the test. Sometimes, it is difficult to have samples with high values or low values; surrogate samples
can be used in the method comparison study to meet these needs.
Samples close to medical decision levels (MDLs)
For a candidate test, a sufficient number of samples close to the MDL should be included to allow for a
meaningful estimation of systematic differences or bias at the MDL. If it is difficult to find patient samples close
to the MDL, surrogate samples may be used.
Not enough samples positive by the comparator
For a qualitative candidate test, an estimation of the sensitivity or PPA with some level of uncertainty
(confidence intervals) requires some number of samples positive by the comparator test. If it is difficult to find
patient samples positive by the comparator test, surrogate positive samples can be added for estimation of
sensitivity or PPA. An inclusion of surrogate samples can be limited to only special types of studies. In most
instances, archived samples should be considered before surrogate samples.
Samples close to the cutoff
In some method comparison studies (e.g., migration studies), it is required to have a certain percentage of
samples close to the cutoff of the candidate test among all positive samples. If it is difficult to find patient
samples close to the cutoff, surrogate samples may be used.
Additional Considerations
Statistical analyses for patient specimens and for surrogate samples should be performed separately to
determine if it is possible to pool the data for an overall analysis. If performances are similar, as described by
estimates of biases (systematic differences) at MDLs for quantitative tests or sensitivity and specificity or PPA
and NPA for qualitative tests, then perform a statistical analysis for all samples combined between the
methods.
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For a quantitative candidate test, estimates of the slopes, intercepts, and biases (or systematic differences) at
MDLs using patient specimens and using the surrogate samples should be compared. If the surrogate samples
show less dispersion around the regression line compared to the dispersion around the regression line for the
patient samples, then confidence intervals about the slope, intercept, and biases at MDL with combined data
may be misstated.

References
• CLSI. Measurement Procedure Comparison and Bias Estimation Using Patient Samples; Approved
Guideline—Third Edition. CLSI document EP09-A3. Wayne, PA: Clinical and Laboratory Standards Institute;
2013.
• CLSI. User Protocol for Evaluation of Qualitative Test Performance; Approved Guideline—Second Edition.
CLSI document EP12-A2. Wayne, PA: Clinical and Laboratory Standards Institute; 2008.
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Specimen Stability
Objective
Specimen stability is the ability of a specimen to maintain its measured characteristic(s) within acceptable
limits over an established period of time. The objective of the study is to assess the magnitude of analyte
degradation through its measured characteristic(s) over time when stored under defined conditions.
Principles of the Use of Surrogate Samples
Acceptable changes of bias or variability that may arise from sample stability are identified by assessing
analyte stability in a known storage matrix. Surrogate samples may be used to facilitate specimen stability
studies by providing sufficient sample volume to conduct tests or to obtain targeted analyte levels, such as
levels near the medical decision level (MDL) or within a certain range of the LoD of the assay. Although the use
of surrogate samples to establish specimen stability is not well-documented in standards or literature,
assessment of analyte stability may occur with the use of a well-characterized matrix of known stability and
with reagents of known stability. When preparing surrogate samples, follow well-designed pre-analytical steps
to mimic processing steps of patient specimens.
How to Use
Since analyte degradation may be very different depending upon the sample matrix, patient
Specimen
samples in sufficient volume with known concentrations of analyte within a specified range (e.g.,
Stability
the medical decision level, normal range of a quantitative assay or LOD/cut-off of a qualitative
A1
assay) is preferred for performing specimen stability studies. However, there are circumstances
B1
under which patient samples characterized to this extent are not practically available. Therefore,
A2
surrogate samples are sometimes used for this purpose. To closely match the matrix
B2
characteristics of a patient sample, the preferred surrogate sample would be a negative
E1
individual patient sample of sufficient volume spiked with the target analyte of biological origin
E2
(B1 of Figure 3 and the sidebar). When using a spiked analyte, it is important to consider whether
*
there may be potential degradation of the analyte due to a patient response. In circumstances
when the analyte is an exogenous material, such as with qualitative infectious disease assays, the
concentration of the spiked analyte should be sufficiently close to the LoD of the assay to ensure
that specimen stability is challenged at low analyte levels (e.g. 2-3x the assay LoD). When the
sample type of the assay is of relatively small size and not of sufficient volume to accommodate
the duration of the specimen stability testing, pooling of patient samples is next preferred (A2
and B2 of Figure 3 and the sidebar). However, matrix effects should be taken into consideration
when determining the number of patient specimens that can be pooled; the minimum required
to meet the volume requirements of the study is recommended. With proper justification,
artificial-prepared analyte may be acceptable for use (E1 and E2 of the Figure 3 and the sidebar);
however, it is not recommended that altered or artificial matrix be used for specimen stability. Generally, and
particularly when the use of surrogate samples is to address scientific challenges with the functional
characteristics of patient specimens (e.g., whole blood, cerebral spinal fluid), move through each level of the
hierarchy after thoroughly considering the scientific rationale as to why the higher-ranking sample type is not
feasible.
When to Use
Surrogate samples should be used generally in situations when the sample type of the assay is of relatively
small size and not of sufficient volume to accommodate the duration of the specimen stability testing, when
there is limited availability of samples containing a known concentration of analyte in a specific range(s), or for
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emerging threat analytes or analytes associated with rare disease states. Consult the surrogate sample
hierarchy at Figure 3, so that your selection begins with a surrogate that is most representative of a patient
sample. Stability of the selected matrix should be known and understood to avoid the introduction of bias.
Additional Considerations
Consider how well the selected matrix resembles a specimen in terms of viscosity or other key elements of the
naturally occurring specimen. When designing the specimen stability studies, including the pre-analytical steps
which mimic the processing steps of patient specimens is an important consideration, so that spiked analyte is
processed as the naturally occurring analyte in patient specimens.
Reference
• CLSI. Evaluation of Stability of In Vitro Diagnostic Reagents; Approved Guideline. CLSI document EP25A. Wayne, PA: Clinical and Laboratory Standards Institute; 2009.
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Reagent Stability
Objective
Stability is the ability of an in vitro diagnostic (IVD) reagent to maintain its performance characteristics within
pre-established acceptance limits over time.
Principles of the Use of Surrogate Samples
Surrogate samples facilitate reagent stability studies because they ensure sufficient volume of sample for
testing over the study’s duration. Manufacturers establish shelf-life and in-use stability for quantitative and
qualitative IVD reagents. IVD reagent stability is evaluated by ensuring key performance metrics continue to
meet predefined acceptance criteria within the expiry date. The choice of test material is dependent upon the
needs of the test design. For example, if short term on-board reagent stability is to be established, patient
samples that have sufficient volume and represent a reasonable range of analyte concentrations are
preferable. However, reagent stability, regardless of whether on-board or under recommended storage
conditions, is usually longer term and often requires significant sample volumes that are shown to be stable
over the anticipated time period for establishing an expiration date. Surrogate samples allow for sufficient
sample volume targeted at the appropriate levels for testing and eliminate or reduce variation in the
evaluation of IVD reagent stability.
How to Use
Patient sample pools, controls, and other suitable materials of known analyte stability are
recognized as appropriate surrogate sample types. 4 Surrogate sample types may be neat, diluted,
or supplemented to represent the medical decision level (MDL), low level of measuring interval,
and high level of the measuring interval for quantitative tests. For qualitative tests, surrogate
sample types may be neat, diluted, or supplemented to represent the MDL

Reagent
Stability

A1
A2
B1

B2
Although the use of surrogate samples is generally acceptable in establishing reagent stability
E1
consult Figure 3 and the sidebar, so that your selection begins with a surrogate that is most
representative of a patient sample. In addition to the general principles, consider test material
E2
stability and the following points to guide your decisions.
C1
 Include analyte concentrations that are best suited to monitor reagent stability. Options
C2
might be concentrations near the limit of detection, the highest measuring range or
D1
where the signal (physical parameter) is most sensitive to change. Surrogate samples can
D2
be used to optimize this test condition.
F1
 Pooled individual patient specimens at the MDL and near the lower and upper measuring
F2
ranges when the analyte has been shown to be stable under validated storage conditions.
H
 Spiked samples with a pooled, common matrix (consult Figure 2 Surrogate Sample
G
Hierarchy) at the MDL and near the lower and upper measuring ranges.
 Commercially available control and calibrator materials (often as lyophilized materials)
I
intended to be used for routine quality control monitoring and calibration.
 If analyte is unstable under usual long-term storage conditions, such as might occur with conjugates or
some proteins, “bio-similar” materials might be used. For example, taurine conjugated bilirubin,
tanned cells or identified epitopes (for immunoassays)

CLSI. Evaluation of Stability of In Vitro Diagnostic Reagents; Approved Guideline. CLSI document EP25-A.
Wayne, PA: Clinical and Laboratory Standards Institute; 2009.
4
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Specimen extract (often containing antigen for analysis) is frequently more stable than specimen-like
material and can be preferable for monitoring reagent performance. For qualitative assays, analyte
concentration optimal for monitoring can vary depending upon technology and the intended use of
the assay.

When to Use
Surrogate samples are used when studies require significant sample volumes that are shown to be stable over
the anticipated time period for establishing an expiration date, and patient sample is insufficient in volume
and/or lacks the stability necessary to evaluate the reagents over the duration of the study time period.
Additional Considerations
Describe the surrogate sample in the stability testing plan. Consider differential recognition of the analyte
changing over time when using surrogate samples. When able, include patient specimens comparable to one
surrogate sample level or the MDL. Consider performance of surrogate samples in other testing to support the
use in stability studies when patient specimens are unavailable. Calibrators and controls may be used as part of
the study. However, they should not be used at the exclusion of surrogate sample types ranking higher on the
hierarchy without clear scientific rationale as to why the higher-ranking sample type is not feasible.
References
• CLSI. Evaluation of Stability of In Vitro Diagnostic Reagents; Approved Guideline. CLSI document EP25-A.
Wayne, PA: Clinical and Laboratory Standards Institute; 2009.
• ISO. In vitro diagnostic medical devices – Evaluation of stability of in vitro diagnostic reagents. ISO 23640.
Geneva, Switzerland: International Organization for Standardization; 2012.

MDIC Clinical Diagnostics Surrogate Sample Framework

Page 29

Instrument Carry-Over Studies
Objective
For automated liquid handling systems used in clinical diagnostics, developers must demonstrate that carryover and cross-contamination will not occur during use of the system with patient specimens. These types of
phenomena may contribute to a false negative, false positive, incorrect concentration level, indeterminate, or
no result. The results of carry-over and cross-contamination studies should demonstrate that there is no
detrimental impact of the liquid handling system when used with patient specimens on the results of the tests
run on the automated analyzer.
It should be noted that these types of studies might be smaller (or not be necessary) if system design prevents
the possibility of carry-over and cross-contamination.
Principles of the Use of Surrogate Samples
The matrix selected for testing should closely represent a patient sample. If matrices other than patient
samples are used, the sample may not properly mimic the intended specimen type. For example, the viscosity
of the surrogate sample may not accurately reflect the opportunity for specimen/analyte carry-over effects. It
is also important to maintain a degree of biological variability in the samples used for the study. The primary
reason for using surrogate samples for instrument carryover studies is to ensure the availability of samples of
sufficient volume containing a high concentration of analyte. Therefore, individual or pooled surrogate
samples spiked with a high amount of analyte should be used to simulate high positive (or high concentration)
samples; for example, at a level at least equal to the highest levels encountered clinically. Individual patient
samples known to be negative for the target analyte are also used. The samples should be tested in series
alternating with negative (or low concentration) samples in patterns dependent upon the operational function
of the device.
How to Use
The surrogate samples should be derived from the specimen types intended to be used with the
automated system. Therefore, referring to Figure 3 and the sidebar, the preferred specimen
types are pooled patient specimens that are unspiked (A2) or individual/pooled samples that are
spiked with the target analyte (B1 followed by B2). The surrogate samples should be spiked with
the analyte to an appropriately high level to measure the impact of sample/analyte carry-over.
Based on manufacturer instructions, it may be necessary to process the specimen (e.g., in a
sample buffer) prior to analysis in the carry-over study. With proper justification, artificialprepared analyte may be acceptable for use (E1 followed by E2); however, it is not
recommended that altered or artificial matrix be used for instrument carryover.

Instrument
Carryover
A1
A2
B1
B2
E1
E2
*

The rationale for limiting the formulation of the surrogate sample to “E2” on the surrogate
sample hierarchy (Figure 3 and the sidebar) is so that sample matrix integrity is maintained and
the key characteristics of the matrix such as viscosity or ionic strength are not compromised,
potentially negatively impacting the ability of the study to accurately assess instrument
carryover/cross-contamination. Therefore, artificial sample matrices should be avoided when
evaluating the impact of patient sample carry-over and cross-contamination.
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When to Use
When determining the impact of potential carry-over and cross-contamination effects using patient samples,
surrogate samples may be needed due to a lack of patient specimens with known, high concentrations of the
target analyte, in the clinical population.
Additional Considerations
Note that some specimen types may have inherent biological variability that may be difficult to mimic with a
surrogate sample (e.g., excessively mucoidal specimens, sputum, hemolyzed blood samples). In this case, it
would be necessary to obtain negative patient specimens with these characteristics and spike in the
appropriate levels of the target analyte(s).
References
• Broughton P. M. Carry-over in automatic analysers. J Automatic Chem, 1984; 6(2): 94-95.
• Haeckel R. Proposals for the description and measurement of carry-over effects in clinical chemistry. Pure
Appl Chem. 1991; 63: 301-306.
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GLOSSARY
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Glossary
Altered Biological Matrix: Milieu in which the specimen exists that has been modified or changed through the
application of additional processes not routinely conducted as part of the normal specimen collection process.
Examples include heat treated, NaOH treated, or diluting out with centrifuge.
Analyte: Component represented in the name of a measurable quantity. In this framework, we have used
analyte preferentially over the term measurand (ISO 17511)
Analytical Specificity: Ability of a measurement procedure to measure solely the measurand [analyte] (ISO
17511)
Artificial Matrix: Milieu that is created or manufactured with the intention to emulate the specimen biological
matrix. Examples include collection media, elution media, isotonic solutions, or Bovine Serum Albumin or
Human Serum Albumin dissolved in buffer.
Artificial Analyte: Analyte created or manufactured for use in spiking surrogate samples with the intention to
emulate analyte in a specimen. Examples include synthesized chemical compounds, plasmid or cell line DNA,
transcript RNA, cell cultures, or stock solutions.
Biological Matrix: Milieu in which the specimen exists (derived from specimen matrix in CLSI EP07-A3).
Biological Specimen Derived Analyte: Analyte composed or derived from a specimen for use in spiking
surrogate samples. Examples include patient specimens or DNA extracted from formalin fixed paraffin
embedded tissue (FFPET) specimens.
Cut-off value (laboratory medicine): for a qualitative test, the threshold above which the result is reported as
positive and below which the result is reported as negative (CLSI EP12).
Detection Limit (Limit of Detection, LoD): The lowest concentration of analyte that can be consistently
detected. (Adopted from CLSI EP17-A2:2012)
i.

Limit of Blank (LoB): The highest measurement result that is likely to be observed, with a
stated probability (typically, in ≥95% of samples tested under routine clinical laboratory
conditions and in a defined type of sample), for a blank sample (CLSI EP17-A2:2012)

ii.

Limit of Quantitation (LoQ): The lowest amount of measurand [analyte] in a material that can
be quantitatively determined with a stated accuracy under stated experimental conditions
(CLSI EP17-A2:2012)

Interference (analytical): Systematic error of measurement caused by an influence quantity, which does not by
itself produce a signal in the measuring system, but which causes an enhancement or depression of the value
indicated (CLSI MM17-A:2008)
In-use stability: Duration of time over which the performance of an IVD reagent within its expiration date
remains within specified limits after opening the container system supplied by the manufacturer, and put into
use under standard operation conditions (e.g., storage on the instrument). (CLSI EP25-A:2009)
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Linearity: The ability (within a given range) to provide results that are directly proportional to the
concentration (amount) of the analyte in the test sample (CLSI EP06-A:2003)
Matrix (of a material system): Components of a material system, except the analyte (ISO 15193)
Matrix comparison: Equivalence of matrix types
Matrix effect: Influence of a property of the sample, other than the analyte, on the measurement, and thereby
on the value of the measurable quantity (ISO 15194)
Measurand: Quantity intended to be measured (ISO 15193)
Method comparison: Evaluation of bias or systematic difference between two quantitative tests or evaluation
of agreements between results of two qualitative tests.
Patient Sample or Specimen: Discrete portion of a body fluid or tissue taken for examination, study, or analysis
of one or more quantities or properties assumed to apply for the whole (specimen as defined in ISO 15189).
NOTE: patient sample includes patient specimens collected and stored in a media or otherwise processed with
preanalytic steps to prepare the analyte(s) for measurement. Examples of patient specimens include serum,
plasma, source plasma, urine, cerebrospinal fluid, or swabs stored in collection media.
Precision (of measurement): Closeness of agreement between indications or measured quantity values
obtained by replicate measurements on the same or similar objects obtained under specified conditions (CLSI
EP05)
i.

Repeatability: Precision under the same conditions over a short period of time, often termed
“within-run precision”

ii.

Reproducibility: Precision under changes in conditions (e.g., different laboratories, operators,
and measuring systems [including different calibrations and reagent batches]), (ISO 17511)

Reference Range or Reference Interval: The range of test values expected for a designated population of
individuals (42 CFR 293.2)
Shelf life: Period of time until the expiration (expiry) date, during which an IVD reagent in the packaging
configuration provided to the user maintains its stability under storage conditions specified by the
manufacturer (CLSI EP25-A:2009)
Specimen: Discrete portion of a body fluid or tissue taken for examination, study, or analysis of one or more
quantities or properties assumed to apply for the whole (ISO 15189)

Surrogate Material: Material used as a substitute for biologic material without having all of the functional
characteristics of such materials (CLSI H26)
Surrogate Sample: Material or combination of materials that is used as a substitute for body fluid or tissue
taken for examination from a single human subject to study the characteristic of interest.
Examples include, but are not limited to:
•
•
•

Materials supplemented (spiked) with an analyte of interest
Pooled patient specimens of biological origin
Material created to have properties of interest of a body fluid or a tissue
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•

Material comprised of a combination of an analyte that simulates the analyte of interest, and a
material created to have properties similar to or representative of the body fluid or tissue or of the
patient/subject.

Unaltered Biological Matrix: Milieu in which the specimen exists that has not been modified or changed from
the normal specimen collection process. Examples of patient specimens include serum, plasma, source plasma,
urine, cerebrospinal fluid, swabs stored in collection media, or FFPET.

Sources:
42 CFR 293.2 Laboratory requirements. General provisions. Definitions.
CLSI. Evaluation of Precision of Quantitative Measurement Procedures; Approved Guideline—Third Edition. CLSI
document EP05-A3. Wayne, PA: Clinical and Laboratory Standards Institute; 2014.
CLSI. Evaluation of the linearity of quantitative measurement procedures: A statistical approach; Approved
Guideline. CLSI document EP06-A. Wayne, PA: Clinical and Laboratory Standards Institute; 2003.
CLSI. Interference Testing in Clinical Chemistry; Approved Guideline—Second Edition. CLSI document EP07-A3.
Wayne, PA: Clinical and Laboratory Standards Institute; 2005.
CLSI. Measurement Procedure Comparison and Bias Estimation Using Patient Samples; Approved Guideline—
Third Edition. CLSI document EP09-A3. Wayne, PA: Clinical and Laboratory Standards Institute; 2005.
CLSI. User Protocol for Evaluation of Qualitative Test Performance; Approved Guideline—Second Edition. CLSI
document EP12-A2. Wayne, PA: Clinical and Laboratory Standards Institute; 2008.
CLSI. Evaluation of Detection Capability for Clinical Laboratory Measurement Procedures; Approved Guideline—
Second Edition. CLSI document EP17-A2. Wayne, PA: Clinical and Laboratory Standards Institute; 2012.
CLSI. Evaluation of Stability of In Vitro Diagnostic Reagents; Approved Guideline. CLSI document EP25-A.
Wayne, PA: Clinical and Laboratory Standards Institute; 2009.
CLSI. Characterization and Qualification of Commutable Reference Materials for Laboratory Medicine;
Approved Guideline. CLSI document EP30-A. Wayne, PA: Clinical and Laboratory Standards Institute; 2010.
CLSI. Validation, Verification, and Quality Assurance of Automated Hematology Analyzers; Approved
Standard—Second Edition. CLSI document H26-A2. Wayne, PA: Clinical and Laboratory Standards Institute;
2010.
CLSI. Quality Assurance for Design Control and Implementation of Immunohistochemistry Assays; Approved
Guideline—Second Edition. CLSI document I/LA28-A2. Wayne, PA: Clinical and Laboratory Standards Institute;
2011.
CLSI. Verification and Validation of Multiplex Nucleic Acid Assays; Approved Guideline. CLSI document MM17-A.
Wayne, PA: Clinical and Laboratory Standards Institute; 2008.
ISO/TS 17822-1:2014 (en): In vitro diagnostic test systems—Qualitative nucleic acid-based in vitro examination
procedures for detection and identification of microbial pathogens—Part 1: General requirements, terms and
definitions
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ISO 17511: In vitro diagnostic medical devices—Measurement of quantities in biological samples—
Metrological traceability of values assigned to calibrators and control materials
ISO 15194: In vitro diagnostic medical devices—Measurement of quantities in samples of biological origin—
Requirements for certified reference materials and the content of supporting documentation
ISO 15193: In vitro diagnostic medical devices—Measurement of quantities in samples of biological origin—
Requirements for content and presentation of reference measurement procedures
ISO 15189: Medical laboratories—Requirements for quality and competence
ISO 11843: Capability of detection
ISO 23640:2011 – Evaluation of stability in in vitro diagnostic reagents
ISO/Guide 30:2015 (en) Reference materials—Selected items and definitions
JCGM 200:2012 International vocabulary of metrology—Basic and general concepts and associated terms.
International Bureau of Weights and Measures.
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Appendix 1
Alpha
Numeric
Designation

A1

Sample Description
Patient sample, includes
prospectively collected/tested
(fresh), prospectively
collected/retrospectively tested,
and archived specimens plus
patient specimen prepared with
assay process steps (e.g.,
extraction) (A1)

A2

Pooled individual patient samples
(A2)

B1

Individual patient sample
supplemented with biological
analyte (B1)

B2

Pooled patient samples
supplemented with biological
analyte (B2)

C1

Individual patient sample that has
been altered (C1)

C2

Pooled patient samples that have
been altered (C2)

D1

Individual patient sample that has
been altered and supplemented
with biological analyte (D1)

Examples
(1) Hyperlipidemic plasma specimens; plasma specimen from
Crigler-Najjar patient [conjugated hyperbilirubinemia]; high
HDL plasma specimen [with extraction needed], (2) Patient
stool sample processed through sample preparation steps of
the assay, (3) Patient specimen (plasma, serum, whole blood,
FFPET (formalin-fixed Paraffin-Embedded Tissue), source
plasma, swab or specimen in collection media), or (4) Patient
sputum sample processed through sample prep steps of the
assay
(1) Combined plasma specimens from patients with high
hormone concentration, e.g., Cushing disease or pregnant
female urine or plasma specimens; plasma with elevated
enzyme activities, (2) Three known assay positive patient
stool samples combined, (3) Pool of patient specimens
(plasma, serum, whole blood, FFPET, swab or sample in
collection media), or (4) Three known assay positive patient
sputum samples combined
(1) Material from one patient specimen with high analyte
concentration spiked into another patient specimen (plasma,
serum, whole blood, FFPET, swab or sample in collection
media), (2) Known negative patient stool sample spiked with
a known high concentration positive patient stool sample
(1) Material from pool of patient specimens spiked into a
different pool of patient specimens (plasma, serum, whole
blood, FFPET, swab or sample in collection media), or (2) Pool
of known assay negative patient samples combined and
spiked with a known assay positive patient sample
(1) Heat treatment or 'stripping' of analyte in specimen used
for hormone analysis where low or absence of hormone has
clinical implications, or (2) Known assay positive patient
sputum sample diluted with assay sample prep buffer
(1) Serum from several different patients combined and heat
treated, (2) Pool of known assay positive patient sputum
samples combined and diluted with assay sample prep buffer
(1) Known negative patient stool sample, diluted in assay
buffer, clarified by centrifugation and spiked with a known
high analyte positive sample, (2) Known negative patient
sputum sample, treated with NALC-NaOH and spiked with a
known high analyte positive sample treated with NALC-NaOH
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D2

Pooled patient samples that have
been altered and supplemented
with biological analyte (D2)

E1

Individual patient sample
supplemented with simulated
analyte (E1)

E2

Pooled patient samples
supplemented with simulated
analyte (E2)

(1) Known negative patient stool samples combined, diluted
in assay buffer, clarified by centrifugation and spiked with a
known high analyte positive sample, (2) Pool of known
negative patient sputum samples combined, treated with
NALC-NaOH, homogenized with glass beads and spiked with
a known high positive sample treated with NALC-NaOH
(1) Plasmid, armored RNA, viral culture, bacterial culture, cell
line DNA, WHO or other standard, spiked into individual
patient specimen (plasma, serum, whole blood, FFPET, swab
or sample in collection media) or (2) Animal source of
homolog used to spike specimen, e.g. taurine conjugated
bilirubin; salt version of drug used to enhance solubility into
individual plasma or urine or (3) Known negative patient
sputum sample spiked with an ATCC culture of target analyte
Plasmid, armored RNA, viral culture, bacterial culture, cell
line DNA, WHO or other standard, spiked into pool of patient
specimens (plasma, serum, whole blood, FFPET, swab or
sample in collection media)

F1

Individual patient sample that has
been altered and supplemented
with simulated analyte (F1)

(1) Organic stock solution of drug used to spike individual
heat treated specimens. (2) Isolated antigen or primer added
to individual treated specimens.

F2

Pooled patient samples that have
been altered and supplemented
with simulated analyte (F2)

G

Artificial matrix (G)

H

Artificial matrix supplemented with
biological analyte (H)

I

Artificial matrix supplemented with
simulated analyte (I)

Pool of known negative patient stool samples combined,
diluted in assay buffer, clarified by centrifugation and spiked
with an ATCC culture of target analyte
Diluent, collection media alone, elution media, isotonic
solutions, or Bovine Serum Albumin or Human Serum
Albumin dissolved in buffer. Stool-mimicking or mucus
mimicking matrix.
(1) Artificial vaginal sample matrix spiked with a known high
analyte positive vaginal swab sample, (2) Single patient
whole blood specimen diluted with diluent
(1) Plasmid, armored RNA, cell line DNA, spiked into sample
composed of whole blood diluted with diluent (2) Artificial
vaginal sample matrix spiked with an ATCC culture of target
analyte (3) Human cell lines in diluent spiked with immortal
cell cultures.
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