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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Coronaviruses are enveloped RNA viruses that are broadly distributed in the animal kingdom. They
have been identified in humans, other mammals, and birds. Coronaviruses were named because the
spike proteins known to facilitate viral attachment and cell entry appear like a halo on the virus surface
when viewed under an electron microscope. Coronaviruses are roughly spherical with a diameter
ranging from 118 nm to 136 nm. The coronavirus genome, which ranges from 26 kb to 32 kb, is the
largest among all RNA viruses, including RNA viruses that have segmented genomes. Until 2019, six
coronaviruses have been associated with human diseases:

— severgacute respiratory syndrome-related coronavirus (SARS-CoV),
— Middlg East respiratory syndrome coronavirus (MERS-CoV),

— human coronavirus 229E (HCoV-229E),

— human coronavirus 0C43 (HCoV-0C43),

— human coronavirus NL63 (HCoV-NL63), and

— human coronavirus HKU1 (HCoV-HKU1)[l,

In 2019, a fluster of patients presenting with a respiratory disease were shown, by sequencing, t¢ be
infected with a novel coronavirusl2l. The coronavirus associated with this cluster was subsequeptly
named sevgre acute respiratory syndrome coronavirus 2 (SARS-GoV-2) by the International Commiftee
on Taxonomy of Viruses[3]l. SARS-CoV-2 is the seventh coronaviru$'known to infect humans. The disdase
caused by PARS-CoV-2 was designated as coronavirus infectious disease 2019 (COVID-19) by the World
Health Ordanization (WHO)[4.

The host range for SARS-CoV-2 is not yet fully defined {SARS-CoV-2 is a beta-coronavirus. The receptor

variants h
and MERS
at 0,1. Mogt i
pneumonid
failures. R
chronic cardi

Clinical mz
and efficie ]
CoV-2 and the number of methods w1ll contlnue to increase. Acceptable de51gn development and
establishment of quality SARS-CoV-2 diagnostics based on nucleic acid detection methods is critical
to ensure COVID-19 infection control. Establishing indices for conducting comprehensive quality
evaluation of these methods and kits both during development and in routine application will ensure
the accuracy of the test results and support epidemic prevention and control. This document provides
requirements and recommendations to consider for the quality practice of SARS-CoV-2 nucleic acid
amplification methods.
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In vitro diagnostic test systems — Requirements and
recommendations for detection of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) by nucleic acid
amplification methods

1 |Scope

Thik document provides requirements and recommendations for the design, development, verification,
valjdation and implementation of analytical tests for detecting the severe acute resSpiratory| syndrome
corpnavirus 2 (SARS-CoV-2) using nucleic acid amplification. It addresses pre-examination, examination
and post-examination process steps for human specimens.

Thik document is applicable to medical laboratories. It is also intended to-be used by in vitro|diagnostic
devielopers and manufacturers, as well as by institutions and organizations supporting SARS-CoV-2
research and diagnostics.

Thik document does not apply to environmental samples.

2 |[Normative references

Thdre are no normative references in this documentt

3 |Terms and definitions
For|the purposes of this document, the felowing terms and definitions apply.
[SOjand IEC maintain terminology databases for use in standardization at the following addfqesses:

— |ISO Online browsing platfoxrm: available at https://www.iso.org/obp

— | IEC Electropedia: available at https://www.electropedia.org/

3.1
seviere acute respiratory syndrome coronavirus 2
SARS-CoV-2

viryis that causes coronavirus infectious disease 2019 (COVID-19)

3.2
spdcimen
primary sample
discrete portion of a body fluid, breath, hair or tissue taken for examination, study or analysis of one or
more quantities or properties assumed to apply for the whole

Note 1 to entry: The Global Harmonisation Task Force (GHTF) uses the term specimen in its harmonized guidance
documents to mean a sample of biological origin intended for examination by a medical laboratory.

Note 2 to entry: In some countries, the term “specimen” is used instead of “primary sample” (or a subsample
of it), which is the sample prepared for sending to, or as received by, the laboratory and which is intended for
examination.

[SOURCE: ISO 15189:2012, 3.16/] modified — Note 2 to entry was removed and Note 3 to entry was
renumbered as Note 2 to entry.]

©1S0 2022 - All rights reserved 1
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3.3
sample

one or more parts taken from a primary sample (3.2)

EXAMPLE
[SOURCE: I
3.4

A volume of serum taken from a larger volume of serum.

SO 15189:2012, 3.24l¢]]

reverse transcription

RT

process o
enzymatic
under a su

[SOURCE: |

3.5
deoxyribg
DNA
polymer o
form

[SOURCE: ]

3.6
compleme
cDNA

single-stranded DNA (3.5), complementary to a given RNA*(3.20) and synthesised in the presenc

reverse trg
[SOURCE: |

3.7
analytical
capability
results for
system un

Note 1 to er]
[SOURCE: |
3.8

limit of ddtection

LOD
measured

MaRing compiementary DNA [cONA(36)] from an RNA (3:-20) tempiate (3-22), Using
activity of a reverse transcriptase associated with one or more oligonucleotide prin
table set of conditions

nucleic acid

deoxyribonucleotides occurring in a double-stranded (dsDNA) o¥~single-stranded (ssD

SO 22174:2005, 3.1.2(81]

ntary DNA

nscriptase to serve as a template (3.22) for DNA amplification

S0 20395:2019, 3.5[9]]

specificity
pf a measuring system, using a specified measurement procedure, to provide measuren
one or more measurands which do not depend on each other nor on any other quantity in
lergoing measurement

try: Lack of analyticalspecificity is called analytical interference (see ISO 18113-1:2009, A.3.2).
SO 18113-1:2009;A.3.4110]]

quantity value, obtained by a given measurement procedure, for which the probabilit

falsely clainying the absence of a component in a material is 0,05, given a probability of 0,05 of fal

SO 16577:2016, 3.180[Z], modified — Replaced “DNA” with “complementary DNA{cDNA)].

the
ers

[

NA)

b of

ent
the

y of

sely

claiming it

S presence

[SOURCE: ISO/IEC Guide 99:2007, 4.18[11], modified — “B, given a probability «” was replaced by “0,05,
given a probability of 0,05” and Notes 1 to 3 to entry were deleted.]

39

verification
provision of objective evidence that a given item fulfils specified requirements

[SOURCE: ISO/IEC Guide 99:2007, 2.44[11], modified — EXAMPLES 1 to 3 and Notes 1 to 6 to entry were

deleted.]
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3.10
validation
confirmation, through the provision of objective evidence, that the requirements for a specific intended

use

Not

or application have been fulfilled

e 1 to entry: The word “validated” is used to designate the corresponding status.

[SOURCE: ISO 9000:2015, 3.8.13[12], modified — Notes 1 and 3 to entry were deleted and Note 2 to
entry was renamed Note 1 to entry.]

3.11

am
spe|
rea

[SO
3.1

polymerase chain reaction

PC

enzlymatic procedure which allows in vitro amplification of DNA (3.5)‘6v RNA (3.20)

[SO
has|

3.1
refi

material, sufficiently homogeneous and stable with reference to specified properties, whic

established to be fit for its intended use in measurement or in examination of nominal prope
[SOURCE: ISO/IEC Guide 99:2007, 5.13[11], modifted — Notes 1 to 8 to entry and EXAMPLES
delgted.]

31

psdudo-virus

vir
wit
31
dig

dPCR

pro

equivalent volufiie; such that some partitions contain template and others do not, follow
(3.12) amplification of target sequences and detection of specific PCR products, providing a d
nurhber of partitions with a positive and negative signal for the target template

Not
the

plicon
cific DNA (3.5) fragment produced by a DNA-amplification technology, such as the palym
ction (PCR) (3.12)

URCE: ISO 13495:2013, 3.3.1113]]
P

RCE: ISO 22174:2005, 3.4.1[8] modified — “or RNA” added to thé end of the definition an
been unitalicized in accordance with the ISO House Style |

3
brence material

s or virus-like particle that can integrate the envelope glycoprotein of another virus to fq
h an exogenous viral envelope; and the genome retains the characteristics of the retrovir

D

ital PCR

cedure in whichnnucleic acid templates (3.22) are distributed across multiple partitions of

e 1.to.entry: Nucleic acid target sequences are assumed to be randomly and independently distriH

brase chain

1 “in vitro”

h has been
rties

| to 5 were

rm a virus
us itself

nominally
ed by PCR
ount of the

uted across

actitions during the partitioning process.

Note 2 to entry: The count of positive and negative partitions is normally based on end point detection of PCR
products following thermal cycling, however real-time gPCR (3.16) monitoring of PCR product accumulation is

add
[SO

itionally possible for some dPCR platforms.

URCE: IS0 20395:2019, 3.10[2]]
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3.16

quantitative real-time PCR

qPCR

enzymatic procedure which combines the in vitro amplification of specific DNA (3.5) or RNA (3.20)
segments with the detection and quantification of specific PCR (3.12) products during the amplification
process

Note 1 to entry: While the PCR is producing copies of the relevant DNA sequence, the fluorescent marker
fluoresces in direct proportion to the amount of DNA present, which can theoretically be back-calculated to infer
the original amount of that particular DNA present in a sample (3.3) prior to initiation of PCR.

[SOURCE: [SO20395:2019, 3.25°I, modified — "RNA” was added.]

3.17
quantificdtion cycle
C
q
quantitatie real-time PCR (qPCR) (3.16) cycle at which the fluorescence from the réaction cross¢s a
specified threshold level at which the signal can be distinguished from backgrounddeyvels
Note 1 to eptry: Quantification cycle is a generic term which includes cycle threshold (C), crossing point [C,),
take off point and all other instrument specific terms referring to the fractional ey¢le which is proportiongl to
the concentfation of target in the qPCR assay.

Note 2 to dntry: The quantification cycle is based either on a threshold-applied to all samples (3.3) or ¢n a
regression @nalysis of the signal, for each sample.

Note 3 to gntry: The quantification cycle is a measure with poortreproducibility and cannot be used when
comparing kit performance.

Note 4 to eptry: Laboratory based considerations sometimes.ead to selection of a cut-off for the cycle nunjber.
The cut-off fannot be chosen not to have a detrimental influénce on available limit of detection (3.8).

Note 5 to enftry: C, does not apply for digital PCR (3.15) @nd isothermal amplification methods.
[SOURCE: }SO 20395:2019, 3.8[2], modified —Notes 3 to 5 to entry have been added.]

3.18
clinical specificity

diagnostic|specificity
ability of gn in vitro diagnostic-examination procedure to recognize the absence of a target margker
associated|with a particular disedse or condition

Note 1 to eptry: Also definedas “percent negativity” in samples (3.3) where the target marker is known tp be
absent.

Note 2 to efjtry: Clinjeal specificity is expressed as a percentage (number fraction multiplied by 100), calculated
as 100 x thp number of true negative values (TN) divided by the sum of the number of true negative plus|the
number of false\positive (FP) values, or 100 x TN/ (TN + FP). This calculation is based on a study design where
only one sampfe is taken from each subject. T

Note 3 to entry: The target condition is defined by criteria independent of the examination procedure under
consideration.

[SOURCE: ISO 18113-1:2009, A.3.16[10]]

3.19

clinical sensitivity

diagnostic sensitivity

ability of an in vitro diagnostic examination procedure to identify the presence of a target marker
associated with a particular disease or condition

Note 1 to entry: Also defined as “percent positivity” in samples (3.3) where the target marker is known to be
present.

4 © IS0 2022 - All rights reserved
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Note 2 to entry: Diagnostic sensitivity is expressed as a percentage (number fraction multiplied by 100),
calculated as 100 x the number of true positive values (TP) divided by the sum of the number of true positive
values (TP) plus the number of false negative values (FN), or 100 x TP/(TP + FN). This calculation is based on a
study design where only one sample is taken from each subject.

Note 3 to entry: The target condition is defined by criteria independent of the examination procedure under
consideration.

[SOURCE: ISO 18113-1:2009, A.3.15[10]]
3.20

ribenucleic-acid

RNA
polymer of ribonucleotides occurring in a double-stranded or single-stranded form

[SO[:RCE: 1SO 22174:2005, 3.1.3[8]]

3.2
calibrator
measurement standard used for calibration

[SOURCE: ISO 20395:2019, 3.419], modified — Note 1 to entry and the"\EXAMPLE were deleted.]

3.2p
tempplate
strand of DNA (3.5) or RNA (3.21) that specifies the base seqtience of a newly synthesized strand of DNA
or RNA, the two strands being complementary

[SOURCE: ISO 16577:2016, 3.206!71]

3.28
saljva
whole saliva
bio{fluid of the mouth composed mainlylof secretion originating from the three major saliviary glands
(pafotids, submandibular and sublingtial glands) and from salivary glands present in the orgl cavity

[SOURCE: IS0 4307:2021, 3.15114]]

3.2

revierse transcription pelymerase chain reaction
RT{PCR

profcess that combines\RT (3.4) and PCR (3.12) to allow amplification of cDNA (3.6) target ag a route to
detpct RNA (3.20)templates (3.22)

Notp 1 to entry: This can be conducted using various formats. A popular approach uses redl time PCR
instfrumentatien which simultaneously conducts the PCR and the analysis; this is described|as reverse
tragscriptien quantitative PCR [RT-qPCR (3.16)].

Notp 2to entry: Adapted from ISO 20395:2019, 3.31[2],

3.25

in vitro diagnostic medical device

IVD medical device

device, whether used alone or in combination, intended by the manufacturer for the in vitro examination
of specimens (3.2) derived from the human body solely or principally to provide information for
diagnostic, monitoring or compatibility purposes and including reagents, calibrators (3.21), control
materials, specimen receptacles, software, and related instruments or apparatus or other articles

[SOURCE: ISO 17511:2020, 3.21[15]]

© IS0 2022 - All rights reserved 5
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3.26
pre-examination processes

processes thatinclude preparation and identification of the patient, collection of the primary specimen(s)

(3.2), transportation to and within the medical laboratory, and isolation of RNA (3.20)
Note 1 to entry: Pre-analysis or pre-analytics are synonymous with pre-examination.
Note 2 to entry: Adapted from ISO 15189:2012, 3.15[6l,

3.27
limit of quantification

LOQ
lowest confcentration or content of the analyte of interest per defined amount of matrix (3.31) that

can

be measufed with reasonable statistical certainty consistently under the experimental eonditions

specified ih the method

Note 1 to gntry: Generally expressed in terms of the signal or measurement (true) value(that will prod
estimates hpving a specified relative standard deviation (RSD).

[SOURCE: 1SO 16577:2016, 3.91171]

3.28

positive PCR control

reliable source of well-characterized positive sample (3.3) material,~¢ontaining intact target nud
acid sequepces for PCR (3.12)

[SOURCE: SO 16577:2016, 3.1501Z], modified — Note 1 to entryxwas deleted.]

3.29
internal imhibition control

material apting as an internal control and obtained.during the amplification reaction of the tar

fragment Hy adding DNA (3.5) or primers
Note 1 to erjtry: This material is clearly different front the target fragment.
Note 2 to erJtry: Adapted from ISO 16577:2016,"3:82[71,

3.30
laboratory developed test
LDT
test develgpped (or modified}-and used within a single laboratory to carry out testing on sam

uce

leic

get

bles

(3.3), wherye the results are-intended to assist in clinical diagnosis or to be used in making decisions

concerning clinical management
Note 1 to erftry: Labofatory developed test needs to be validated for its intended use before putting into sery

Note 2 to erftryyAdapted from ISO 17822:2020, 3.23[16l,

ice.

3.31

matrix
components of a material system, except the analyte

[SOURCE: ISO 15193:2009, 3.6117]]

3.32

matrix effect

influence of a property of the sample (3.3), independent of the presence of the analyte, on
measurement and thereby on the measured quantity value

the

[SOURCE: ISO 15194:2009, 3.7l18], modified — Notes 1 to 2 to entry and the EXAMPLE were deleted.]
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3.33
no template control
NTC
control reaction containing all reagents except the extracted test sample (3.3) template (3.22) nucleic
acid

Note 1 to entry: This control is used to demonstrate the absence of contaminating nucleic acids. Instead of the
template DNA, for example, a corresponding volume of nucleic acid free water is added to the reaction. The term
“PCR reagent control” is also sometimes used.

[SOURCE: IS0 20395:2019, 3.20[91]

3.3

loop-mediated isothermal amplification
LAMP
strategy for achieving isothermal DNA (3.5) amplification by utilizing two or three-uniquel

pri
[SO

4
4.1

4.1

The
typ
of d
Ex4d
mef
res

Qus
the
crit]
and

Thd
pro

NOT

nuc

er sets and a polymerase with high strand displacement activity

RCE: ISO 16577:2016, 3.94171]

Overview
SARS-CoV-2

1 General

process of SARS-CoV-2 molecular detection testing using the nucleic acid amplification t{
jcally includes pre-examination and examination steps. The pre-examination steps includg
linical specimens, transport, storage, sample lysis, and nucleic acid extraction and con

hod. In addition, post-examination.steps such as management of waste and reporting
11ts are included.

lity attributes for the NAAT-based detection processes include, but are not limited to, ev

eria, a comprehensive evaldation of the analytical specificity, limit of detection (LOD) o
evaluation of the stability of the reagents.

cess evaluatiomand the key analytic performance evaluation.

eic acid €xtraction method is used or when the extraction method is an integral part of the work

[y designed

pst (NAAT)
b collection
centration.

mination steps include reverse transcription (cDNA synthesis) and an appropriate anpplification

of the test

aluation of

performance of a suitable extraction procedure, evaluation of test reagents to meet mijimum test

F the assay,

technical procedure to evaluate the quality attributes is shown in Figure 1, including the whole

E The Tiucleic acid extraction part of quality evaluation is not always needed for NAATs wh¢re only one

low.
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Pre- Specimen collection,
examination transport, storage etc

Assess the nucleic acid

Nucleic acid — extraction efficiency and

extraction purity
Iaternat Monitortha affactivan
— quality of the entire testing
control process C
~Q
Positive samples —_— Evaluate thezgﬁ ment
—  Accuracy —[: l_» rateofall % of test
Negative samples —_— % Y. &5
serial dilution of a
Lt aff nown concentration
WM Goecion positive reference
material or artificial
matrix
— Operator —
- Analyser E—
Evaluate the repeatability,
> Precision —— Location intermediate p.re.cision
Qfality and reproducibility
evajuation > Detection reagents ——4
L Test batch
TF . Reveal potential
> Insilico analy;]{ﬁ—’ cross-r%actions Evaluate the suitability
— Inclusivity ] Y . with different
L» Wet testinlg%ualysis — Selectteestiiic;ams representative strains
- Evaluate the performance
terfering substances testing of cross-reactivity and in
—  Specificity 3 :'—> the presence of
Cross-reactivity testing interfering
pathogen/nucleic acid
» Evaluate influence of
— ustness factors throughout the
entire workflow
Within the period of
validity
T . Evaluate the performance
> Stability After transportation E? differeIr)lt e~
After unsealing and
freezing and
thawing
kel Assess the consistency of
performance the testing capabilities

with the intended use

Figure 1 — Workflow of quality evaluation of SARS-CoV-2 detection method based on the

nucleic acid amplification test (NAAT)
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2 Pre-examination

For the detection of SARS-CoV-2, during the pre-examination work process, the following general

con

a)

siderations should be taken into account:

Appropriate personal protective equipment (PPE) should be used.

b) Specimen type selection: SARS-CoV-2 mainly infects the respiratory system; specimen selection
should be determined with reference to the characteristics of SARS-CoV-2-related exposure or

infection.

NO'

4.1

4.1

Dui
tak

Spetimrenr tottectiomdepending omthe setectedSpecinmenr types, thiicat SpeciTens
obtained according to standardized sampling requirements.

Specimen packaging: specimen packaging should take into account appropriate biosafety

Specimen transport and storage: during the transport and storage process; the imp
degradation of viral nucleic acid should be taken into account.

Inactivation of SARS-CoV-2: before testing in the laboratory, initial processing (before in
of all specimens should take place in a validated biosafety cabinet,(BSC) or primary cd
device. If initial procedures involve manipulation of a primary specimen (e.g. dil

inactivating reagent), they should be included in assay verificdtion and validation.
'E Further detailed information on pre-examination parameters can be found in 6.5.1.

3 Examination — Overview

3.1 General

ing laboratory testing of SARS-CoV-2 nueleic acid, the following general considerations
bn into account:

Appropriate PPE should be used for-all examinations.

Separate equipment, single use disposables, or both should be used for all activities to a|
contamination.

Sample extraction, reaetion reagent preparation, and amplicon handling should be co
separate laboratory'reoms.

should be

y practices.

act on the

pctivation)
ntainment
ition with

should be

fvoid cross-

hducted in

The need for separate rooms can be somewhat reduced by use of commercially available assays,

closed-tube/imeéthods, and automated instruments. The fully automated methods re
one room 'or dedicated zone for laboratories using only commercially available kit-ba
Closed*tube methods are methodologies where the amplification and analysis are perf
single-tube without the need to transfer the PCR products for further analysis.

d)

Unless used for post-amplification steps, opening tube caps should be avoided as much &

quire only
ed assays.
brmed in a

s possible.

f)

g)

h)

To avoid cross-contamination, it is recommended to avoid movement of the instrument
equipment in different work areas.

or sharing

For detection methods using conventional NAAT techniques, partition requirements for a NAAT

laboratory should be strictly followed when performing the tests.

The dUTP and Uracil-DNA Glycosylase (UDG) may be included in the reaction mix to eliminate

amplicon contamination.

Temporary storage and disposal of waste during sample testing should be considered.
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i) A biobanking infrastructure can be considered if specimen archiving is intended to enable,
for example, preservation of valuable biological materials. Further information on quality and
competence of biobanks can be found in ISO 20387191,

j) Laboratories should always establish the information system for the collection, processing,
recording, reporting, storage or retrieval of examination and pre-examination data and relevant
information.

4.1.3.2 Metrological traceability

Assay perf’\rmanrn r’]ncign-inpnf characteristics should be verifiedwith established reference materials.

The mateifials should be traceable to verified new coronavirus reference materials (e.g. theWHO
standard dn SARS-CoV-2[2%]) or appropriate equivalent or the assays should be validated according to
external gpality assurance schemes. Reference materials should be stored and handled apprepriately
and where commercially available, according to the supplier’s instructions. Reference materials ffom
different spurces should be quantitatively traceable, i.e. the test results of reference materials from
different spurces should be consistent. Further information on metrological traceability can be found in
1SO 17511[=1,

The labordtory can prepare its own reference materials for feasibility and use of reagents (in-hquse
reference material) using the following indications:

a) substdnces that can be used to formulate reference materials inclide materials of the same type
or thaf have the same ingredients as the test sample, as welkas“inactivated new coronavirug or
pseudg-virus;

b) inactiyated viruses or prepared pseudo-viruses should he used after concentration determination
by a r¢ference measurement procedure employing a werified quantitative method such as digital
PCR (dPCR) to ensure the accuracy of the results.

The storage conditions and storage time of in-house prepared reference materials should be specified
and verifigd to avoid the loss of target nucleic acid. dPCR or qPCR can be used for this purpose. [[he
reference material should be stored at an appropriate temperature, and if commercially availablg, at
the tempegature specified by the supplier and should be used prior to the expiration date, otherwige it
will affect fhe test results.

4.1.3.3 Positive threshold

For PCR-b3sed nucleic acid amplification methods, the positive threshold refers to the critical Cy value
used as a |imit to determine the presence of the target nucleic acid and defines which measurenjent
results arg reported as “detécted” and which are reported as “not detected”. The appropriate settinig of
the positive threshold.value determines the clinical specificity and clinical sensitivity of the examinatjon.
Confirmatjon of the inicreased amplification signal can be used for result interpretation. The C, value
should be|comparable with the shape of the amplification curve. A well designed and optimized
SARS-CoV PCR'should yield no C signal where no SARS-CoV-2 RNA is present. Any (, cut-off that
differentiaFes between the negative and positive result should be verified with clinical specimens.

High C, values have been applied to rule out very low signals that can be due to very low viral quantity
or non-specific amplification. However, C, values obtained by different laboratories should not be
compared directly, unless the results are harmonized, e.g. by using a certified reference material.

4.1.3.4 Packaging
Reagent kits, whether commercially obtained or in-house produced, should only be used by the

laboratory if the packaging is intact and labelled clearly (e.g. product name, batch code, contents, expiry
date, storage condition).

10 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=a622536501f7b10e9b371be48adfb179

ISO/TS 5798:2022(E)

4.1.3.5 Instructions for use (IFU)

[FU of both commercially obtained and in-house produced reagent kits should detail the intended use
and handling procedures for application. The IFU contents should include target user, application area,
interpretation of the test results, handling procedures and precautions.

4.1.4 Post-examination

Because SARS-CoV-2 is pathogenic, appropriate biorisk management procedures shall be followed
under all circumstances and the following procedures should be properly performed after laboratory
testing:

a) |preservation and processing of remaining clinical specimens;
b) [disposal of discarded samples after amplification;

c) |provision of appropriate test report after laboratory testing: the content 0f;the test regort should
contain at least the following information: essential specimen information, type of test specimen,
test method, specimen collection time, storage and transport duration and conditigns, report
issuance time, information of judgement and interpretation of test.results, information of person
reviewing the result and authorizing release;

d) |cleaning and decontamination of laboratories including roofns used and equipment;
e) |[storage and disposal of amplification product after amplification.

Further guidance for biorisk management can be found #r1S0 35001[21],
4.2 Nucleic acid amplification methods

4.2{1 Reverse transcription qPCR (RT-qRCR)

RT-gPCR is a test method for SARS-CeV-2 RNA that combines reverse transcription (RT) with qPCR to
enable detection and quantificatio once a user applied calibration step is performed. RT generates a
complementary DNA (cDNA) copy of the RNA sequence enabling qPCR to be performed. qPCR-amplified
cDNA is measured (typically with a fluorescent readout) following each cycle. The fluorefcence can
be Incorporated using non-specific intercalating dyes or specific oligonucleotide hybrid grobes that
confain fluorophores. The latter tends to be the more common use for SARS-CoV-2 testing|due to the
additional analytic specificity provided by the addition of a third oligonucleotide.

Curfrently, the most-eommonly used method for SARS-CoV-2 nucleic acid detection is the |hydrolysis
flugrescent probe-technique (which contains fluorophore and quencher). The diagnostic| RT-qPCRs
typlcally target the ORFlab, RdRp, S, E or N gene(s) of the SARS-CoV-2 genome (see Figyre 2). The
detpction 0fSARS-CoV-2 nucleic acid using RT-qPCR technique requires a qPCR instrument.

(ORF 1) ORF7a ORF8
N J
5 | Pppla SN TIT T
pplab |} + E {
! ~F 7/ 1\\
(ORF 1ab) RARP ORF3a,b,c,d* oRrFe ,’ORF%*It ORF10

ORF7b  ORF9c

Figure 2 — SARS-CoV-2 genomel2Z]

If the SARS-CoV-2 cDNA is present in the sample, the primers and probe specifically bind to the target
region and a new nucleic acid sequence is generated, primed off the respective primers that bind the
complementary DNA strands frequently between 60 bp and 150 bp apart. The complementary molecule
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is generated, and the exonuclease activity of the polymerase digests the hydrolysis probe separating the
fluorophore from a quencher also attached to the probe. Liberating the fluorophore from its quencher
allows fluorescence to be detected. As the number of reaction cycles increases, the concentration
of labelled target nucleic acid sequence in samples increases, and so does the fluorescent signal. An
increase in fluorescent signal through the fluorescence monitoring system coincides with detection of
the SARS-CoV-2 nucleic acid sequence in the sample. With the addition of a reference calibrator with
known concentration for the RT-qPCR, the relationship between C, value and calibrator copies can be
established according to the gradients of each standard to set the standard curve, and SARS-CoV-2
nucleic acid can be quantified.

RT-dPCR
statistics,

es the same reagents as RT-qPCR, but applies limiting dilution, end-point PCR, and Pois
ithout using a calibrator. The template is randomly distributed at limiting dilution

son
nto
ain
hnd
ion

by
pias

s of
[23]

Further gdidance on the use of dPCR can be found in ISO 2039521,

4.2.3 Isgthermal amplification methods

While PCR}based approaches are most widely used for‘Confirmatory SARS-CoV-2 diagnosis, isothermal
amplification methods offer an alternative strategy. for detecting the SARS-CoV-2 virus and identifyfing
infected pptients. Isothermal amplification methods can be used without expensive thermocyc|ing
equipmentf and are often applied in combination with other diagnostic solutions that apply n¢vel

detection dtrategies such as CRISPR or DNAsequencing.

Examples
published
limitationg

5 Labo

5.1 Gen

Laboratori
requireme

of isothermal amplification\methods can be found in Annex A. Readers should rev|
iterature to best determine the most suitable methods, including potential advantages
, for their intended use.

ratory requirements

eral

es carrying out SARS-CoV-2 nucleic acid testing should take into account reley
hts. for biorisk and biosafety levels, laboratory setup, use of equipment and persoj

iew
hnd

ant
inel

protection

hardwwara and cnfturara of inctriim
oo Ot oy P rc i Cra ey, TOT XTI pPTIC; ot orvy ol © Ottt OO Ttvy ol © OT  TItoth Tritc

measuring systems, and laboratory information systems.

ts,

The laboratory should be aware of relevant national, regional, and international ethical requirements,
laws, and regulations related to the collection and use of the specimens.

When using specimens derived from patients, even for quality control purposes, the laboratory shall
take into account the considerations in this subclause.

12
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5.2 Biosafety requirements

5.2.1 Laboratory area

Safe detection of SARS-CoV-2 requires a working area in the laboratory designed for preventing
aerosol contamination. The use of suitable BSCs and separated dedicated work areas can be taken into
consideration. Laboratories used for NAAT detection of SARS-CoV-2 should be set up to an appropriate
biosafety level. At least biosafety level 2 is recommended. In addition, at least three physically separate
rooms should be available in the laboratory for detection of SARS-CoV-2 by NAAT, one for reagent

preparation, one for sample processing and the other for NAAT.

5.2

Thd
the
ass
haz
equ
and

2 Risk control

laboratory should conduct a local risk assessment to ensure it is competent to” safe
intended testing with appropriate risk control measures. Infection risks ,af-handling

ards arising from the work procedures. Thorough risk assessments of all work sequences,
ipment, and workplace environments should be completed. Aerosol-generating procedut
transfer steps) should be performed in BSCs.

Although external lysis buffer of the common RNA extraction kitg-is possibly effective in i

the
pot
disi
mir
WOl
the

Per
aut

All

Fun

5.2

SAH
as |
eye
han
aer
ren

NO'

SARS-CoV-2 without heat or other additional means, any/surface or material know
entially contaminated by biological agents during laboratory operations should be
nfected to minimize infectious risks. All technical precédures should be performed in
imizes the generation of aerosols and droplets. Appropriate PPE should be provided for
k. Competence in proper donning and doffing of PPE accompanied by hand hygiene techi
utmost importance for infection control.

sonnel analysing samples potentially containing viable SARS-CoV-2 viruses should b
horities and regulations applicable to handling of these samples.

Fesidual risk levels of the potential hazards identified should be within the acceptable ley

ther guidance for biorisk managerhent can be found in 1ISO 35001[21],

3 Personal protective(equipment (PPE)

2 S-CoV-2 is highly conitagious. Laboratory staff should wear PPE appropriate to the level (
brotective suits, gleves (cover all) and shoe covers. Face shields and appropriate face

dling of suspected SARS-CoV-2 specimens and samples, especially when procedures that
bsols and dreplets are performed. Local biosafety requirements for handling disposal a
oval of protective equipment should be made aware to relevant personnel.

'E 1< Y General guidance on biorisk management and safe practices in medical laboratories can

protection are highly recommended. Respiratory protection is of particular importarc

y perform
specimens

pciated with SARS-CoV-2 by laboratory services teams should be assessed torscrutinize thle potential

laboratory
es (mixing

activating
to be, or
correctly
A way that
laboratory
hiques is of

b aware of

el.

frisk such
asks plus
e for the
can create
hd use and

be found in

ISO

151900231 and 1SO 35001[211.

Further information is provided in the WHO Laboratory Biosafety Manual, and it should be regularly
checked for updated biosafety information regarding SARS-CoV-2 on the WHO or the US Centers for
Disease Control and Prevention (CDC) websites1).

NOTE 2

synthetic blood.

5.3

General laboratory set-up

ISO 22609[28] describes test methods for resistance of medical face masks against penetration by

A unidirectional workflow should be observed in the laboratory, to reduce the chances for
contamination to occur. Materials, supplies or equipment from the sample preparation room should

1

WHO: www.who.int, CDC: www.cdc.gov
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not be taken into the reagent preparation room. Similarly, nothing from the amplification and product
detection room should be taken into the sample preparation room or the reagent preparation room.
Further information can be found in ISO 17822[16],

Those recommendations should be applied taking into account the laboratory equipment and facilities

after benefit risk analysis.

5.4 Instrumentation

Differences among manufacturers and models of instruments can lead to variable detection

conditions
the corres
models, ap
and claimd

5.5 Lab

Clinical Ial
operating
NAAT tech
the interp
In additioy
laboratorig
the mecha

6 Desig

6.1 Cust

Customer,
Collecting
specificati
CoV-2 RNA
health ma
from indiy
targeted p|
signs or sy

Apart fror
virus dete
situation i
surveys an
population

e e e
pbonding nucleic acid amplification method. To establish suitability of reagents for mul
plicable performance should be demonstrated with various instruments if these are Speci

d in the IFU.

bratory personnel

poratory operators should be specifically instructed and trained in‘all relevant stand
procedures (SOPs) as appropriate in the detection methods and procedures for SARS-Co
niques, in vitro diagnostic procedures, the applicable laboratory-information system

etation of results, with special attention paid to the highly infectious nature of SARS-Co
, specific training on relevant knowledge of biosafety andimanaging molecular biolog
s should be performed as appropriate, including the handling of SARS-CoV-2 specimens,

hisms and proper use of PPE (donning and doffing).

n and development

omer, patient and stakeholder needs

patient and stakeholder needs are defined and documented depending on intended
and documenting these needs and.fequirements are essential for defining the design in
bns as the next development step, The purpose, benefit and use of diagnostic testing for SA

d in
iple
fied

ard
V-2,
hnd
V-2.
ical
nnd

ise.
put
RS-

in respiratory specimens support decision-making for clinical, infection control or puplic

hagement, along with policy=oriented surveillance purposes. The target population rarf
idual primary care orchospital care patients, vulnerable peoples in healthcare facilit
opulations at risk insthé ’community for detection, tracking and isolation to those with
mptoms of respiratory infection (e.g. monitoring work force or school populations).

h real-time usé“for medical or public health case management and transmission cont
Ction tests ake-used for policy-oriented surveillance purposes to monitor the epidemiol
h terms of\incidence and prevalence of infection and disease. This use includes prevalg
d sentinel’'surveillance programmes in the community, primary care or hospital care pat
S.

ges
ies,
out

rol,
gic
nce
ent

Specimens

fordiaonostictests for SARS-CoV-2 canbhe taken fromthe unner (e o nasopnharvnoeal swus
l=) rr o r J l=)

bs,

oropharyngeal swabs, saliva) or lower respiratory tract, e.g. sputum, tracheal aspirate, bronchoalveolar
lavage (BAL). Data comparing the accuracy of RT-PCR testing suggest that test clinical sensitivity
and LOD can vary by type of specimen and disease progression[2Zl. The manufacturers’ instructions
for intended use(s) for appropriate specimen types should always be consulted. More information is
provided in 6.5.1 and should always be consulted.

6.2 Intended use of analytical test

The intended use of dedicated SARS-CoV-2 analytical tests is based on the customer and stakeholder
needs and requirements. Analytical tests for SARS-CoV-2 RNA in respiratory specimens can support
decision-making for clinical treatment, infection control or public health management. SARS-CoV-2
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detection for diagnosis of patients with COVID-19-like symptoms is essential for patient care, triage and
isolation in healthcare facilities.

SARS-CoV-2 detection can also be used for screening close contacts for asymptomatic infection and
disease as part of contact tracing or outbreak investigations. The manufacturers’ and providers’
instructions should be consulted for intended use(s).

Two other important aspects of detection assays are their rapidity and ease of use. Tests that can be

performed at the point-of-care are called point-of-care tests (POCT).

6.3

Institutional cuideline strateov
5 5

6.3
me

1 Laboratory developed tests (LDTs) versus in vitro diagnostic medical devices(I
ical devices)

Lab
foll
acc
sta
var
PCH
of ¢

oratory developed tests (LDTs) are non-commercial in vitro test methods performed in 12

prdance with their quality assurance system based on internationdl\clinical laboratd
ndards. RT-PCR test methods targeting SARS-CoV-2 viral RNA aré_frequently used an
ous RNA based in vitro methods for diagnosing suspected cases of SARS-CoV-2 (see Anne|
 tests can be automated by using robotic molecular platforms fer-high-throughput batch
linical specimens.

The
acc
malf

“intended purpose” of an IVD medical device refers.to{the use for which the device 1
brding to the data supplied by the manufacturer on the labelling, in the IFU, and in p
erials.

2 Emergency use authorization

idance from relevant authorities should determine the criteria for authorization for emerg
lytical tests that lack the required goyvérnmental, regulatory, agency approvals and clear

relevant authorities, e.g. WHO, ;US Food and Drug Administration (FDA), in respons
-2-related health care efforts, should evaluate those criteria prior to providing the pro

ensjure that laboratory testing benefits the public health response.

Facpd with'eommunity transmission over large areas, laboratories should be prepared for a
increase‘in'the number of specimens that need to be tested for SARS-CoV-2. Testing constra

VD

boratories

bwing a scientifically sound protocol after internal performance verification and validation in

ry quality
hong other
x A). These
processing

s intended
fomotional

ency use of
Ances or in
horization
b to SARS-
Huct to the

entify and
portant to

significant
nts should
impact of

be [nvestigated, and prioritization will be required to assure the highest public health
redies S X X

As part of the measures to contain the spread of SARS-CoV-2, a number of actions should be undertaken
to scale up the testing capacity and ensure adequate quality of tests locally and internationally,

including:

a)

specimen pool testing);

assessment of common approaches in national testing strategies (e.g. individual specimen or

b) discussion of best practices and development of guidance on performance evaluation and
conformity assessment of tests;
c) provision of reference materials, certified reference materials, quality control material or research

grade materials or all of these and common methods for the comparison of devices;
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d) sharing of information on the performance of tests;
e) additional dialogue with industry and national competent authorities;
f) ensuring appropriate labelling to ensure the acceptability of test devices;

g) coordination of supply and demand.

6.5 Design and development planning

swabs, anferior mid-turbinate nasal swabs, sputa, bronchial-alveolar lavage (fluid and saliy
specimens| Appropriate specimen handling is critical to ensure specimen integrity.and the accuracjy of

qualitative or quantitative for both types of nucleic acid detection. Specimens.should be collected uj

Fus.
pal)
ary

ing

all approptiate biosafety guidelines. Information regarding potential interfering substances (e.g. nasal

or other medications) should be reviewed. Specimens should be collected, transported, and stq
properly prior to testing. If extended transport time to the testing labotatory is expected, the collec

red
ion

devices shpuld be constructed such as to provide for stabilization ef.yiral RNA. Inappropriate sanpple

handling chn result in nucleic acid degradation and false negativexeSults (CLSI-MM13A)[28]. It is crit
that laborgtory personnel are trained to understand the impontance of maintaining the integrity of
sample redeived for testing.

6.5.1.2 §pecimen collection

ical
the

Correctly performed sampling from the respiratory tract can have a profound effect on the viral lpad

detected, Which is also known to change dramatically in the course of the infectionl4l. It is import
therefore, fo ensure that the sampling technidque includes both recovery of fluid and epithelial cell
the respirgtory tract that have been infected by the SARS-CoV-2 virus to improve the capture of v
RNAI291(30] Tt is expected this will improve the sensitivity of the nucleic acid tests described herei
is also esspntial that personnel collecting the respiratory specimens are well-trained to ensure {
specimen ¢ollection accurately refleets the sampling site. Well-documented information on samp
of the respliratory tract has beemcomplicated because of the need for rapid determination of poten
SARS-CoV{ positive cases. Available information on other viral pathogens (e.g. influenza, measles)
provide uspful informationfes the best swabs or other systems for sampling[311(32],

Informatign accompanying collected specimens, e.g. patient demographics, in-patient or out-pati
date and time of cellgction, is highly recommended in order to track patients with positive rest

In out-patient settings, available data suggest that flocked nylon swabs show the best clin
sensitivity compared to standard dacron swabs for fluid absorption and adherence of epithelial ¢

hnt,
s of
iral
n. It
hat
ing
tial
can

ent,
1ts.

ical
ells

for pathogen recoveryl33l. In recent studies which were often not well standardized, and subject to
many variables, nasopharyngeal swabs have shown the best clinical sensitivity (90 % to 95 %) and

good specificity. Oral pharyngeal (throat) specimens can have lower clinical sensitivity (80 % to 90

%)

depending on sampling techniques and standardization[34l, For various reasons, if a nasopharyngeal
specimen cannot be collected, a combined nasal-mid-turbinate specimen and a throat swab specimen
(if possible), or aspirate specimens can provide good virus recoveryl32l, and gargling for collection of
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salivary specimens can be effectivel33], The criteria for quantitative virus recovery should take into

account the intended use of the test result.

NOTE
swab, and sputum) from over 3 000 patients[3¢], sputum was shown to have the best clinical sensitiv
by nasopharyngeal swabs and then oropharyngeal swabs.

In ameta-analysis of collection studies of three specimen types (naso-pharyngeal swab, oropharyngeal

ity followed

Training in specimen collection should always be conducted due to the importance of specimen quality.

CLSI MM13-A [28] can be referenced as an appropriate resource.

Before the specimens are collected, information that identifies the source of the specimen and the

pat = ; [ specimen
types should be performed according to corresponding standard procedures. The gecpmmended
sanjpling methods are given in 6.5.1.3.

1.3 Specimen types

6.5/{1.3.1 Nasopharyngeal swabs

Sampling personnel should gently support the subject’s head, hold thesswab with one hand a
intg the nostril, and then, slowly push the swab backward along the base of the inferior nas
Bedause the nasal passage is curved, excessive force should be aveided to prevent traumati
Wh
(thg
slov
me
the
tral

rotation should be paused in the case of reflex cough).{Phén, the swab should always b
vly to avoid breaking off the swab in the nasal cavity..\The swab is immersed in a vira
lium or equivalent stabilizing solution. After discarding the end of the swab at the b
tube cap is tightened. A nasopharyngeal swab and’ throat swab can be placed in the sa
1sport medium if required.

6.5{1.3.2 Throat (oropharyngeal) swabs

The
phdryngeal tonsils. It is highly recommended to rub the swab over both tonsillar pillars bac
with mild force at least three times,and avoid touching the tongue, teeth, and gums. Then t}
is ifjnmersed in a viral transport'medium.

6.5|1.3.3 Nasal swabs

Antlerior nasal swabs.can be used for testing for SARS-CoV-2, so long as they are verifie|
recpmmended they Hot be used alonel32], False negatives can occur more frequently in|
envliironments if pefrsonnel collecting the specimens are not well trained to ensure that at
nargs are sampled, and that sufficient fluid and cells are collected. If nasopharyngeal swe
possible, then/a combined throat and nasal swab can be acceptablel3Z].

Collection of a nasal-mid-turbinate specimen has greater clinical sensitivity than an ant
swabf38]. The swab should be inserted into the nostril to the level of the mid-turbinate, rota

hd insert it
pl passage.
c bleeding.

en the swab tip reaches the posterior wall of the nasopharyiigeal cavity, it should be genttly rotated

e removed

transport
‘eak point,
Ime tube of

patient should slightly raise the head; open the mouth widely, and say “ah” to expose the bilateral

k and forth
le swab tip

d, but it is
screening
least both
bs are not

brior nasal
fed several

times for 10 s to 15 s and then the process repeated with the same swab in the other nostril. Then, the

swab tip is immersed in a viral transport medium. In some areas where there is significant
of SARS-CoV-2, and limited trained personnel to perform the testing, self-collection using n
can be done so long as explicit collection instructions are provided with testing kits to

likelihood of false negative test results.

6.5.1.3.4 Upper respiratory (salivary) rinses and saliva

circulation
asal swabs
reduce the

Recent data has suggested that respiratory rinses can provide adequate samples for qPCR testing.
These are sometimes called “gargle and spit” samples. Available evidence suggests that these can be

useful for self-collection in outpatients and in children as an alternate to nasopharyngeal
with equivalent clinical sensitivity, at least in that populationl32]. Other datal3?] suggest

saliva collection is not necessarily as effective as a nasopharyngeal swab for collection of s

© IS0 2022 - All rights reserved

specimens
that direct
pecimens.

17


https://standardsiso.com/api/?name=a622536501f7b10e9b371be48adfb179

ISO/TS 5798:2022(E)

Saliva naturally contains microorganisms and extraneous substances (e.g. food debris), which make
the composition of saliva more complex and unique among patients and donors. This bears a risk of
SARS-CoV-2 degradation including loss of viral RNA copies during the pre-examination workflow.
This can impact the examination performance. The stability of the SARS-CoV-2 RNA copies during the
pre-examination process is, therefore, an important prerequisite for reliably performing SARS-CoV-2
examinations from saliva.

Preliminary information suggests that saliva directly spit into collection devices without prior gargling
can also be used for larger scale screening purposes, particularly in younger age groups. Collection of
saliva in devices with suitable SARS-CoV-2 RNA stabilization solutions can, therefore, be an appropriate
solution. Therefare it ig highly recommended also to specify verify and validate the pre-examination
workflow kteps during the development of a SARS-CoV-2 test. This includes, but is not limited_ to,|the
saliva coll¢ction device choice, the collection process, transport to and within the testing laboratory
and storage duration and conditions as well as the SARS-CoV-2 RNA isolation where required.

6.5.1.3.5 | Respiratory tract aspiration fluid

A catheter|with collector head should be used with a negative pressure pump te“aspirate mucus fi
the nasopharynx or aspirate respiratory secretions from the trachea. The callector head is inser
into the nafal cavity or trachea. Negative pressure is then applied, and the catheter is slowly withdrs

om
ted
wn

with a rot|
the base o
collector s
with a 50 1

6.5.1.3.6

Before the
is able to ¢

ption movement. A soft catheter with a thumbhole can be uséd to control the suctiol
f the catheter. Sample preserving media are used to collect the aspirated mucus. Then
hould be rinsed once with 3 ml of sampling solution (a paédjatric catheter can be conneq
hl syringe). The collected sample volume should be 2 m] t0 3 ml.

Deep cough sputum

sputum specimen is collected, it is recommended to always determine whether the pat
poperate with deep expectoration. The patient is instructed to rinse the mouth with nor

saline 2 times to 3 times (those wearing dentures,should remove the dentures first). After the pat

is asked to
saliva shoy

6.5.1.3.7

The collec
After injed
rotated an
equivalent
can be con

6.5.1.3.8

After local

exert a deep cough, the coughed-up_sputum is transferred into a collector (tube). Collec
1d be avoided. The collected sample'volume should be 2 ml to 3 ml.

Bronchial lavage fluid

or head is inserted intp-the trachea (~30 cm deep) through the nostril or tracheal soc
ting 5 ml of normal saline, negative pressure is turned on, and then the collector hea
d withdrawn slowly—~The aspirated mucus is collected in a viral transport medium
stabilizing solutioh, and the collector is rinsed once with normal saline (a paediatric cath
hected with a§0ml syringe). The collected sample volume should be 2 ml to 3 ml.

Alveolar lavage fluid

andesthesia, a fibre-optic bronchoscope is inserted into the trachea of the right middle ]

or left ling

ular segment through the mouth or nose and then the pharynx. After its top is tapped

1 at
the
ted

ent
mal
ent
ing

ket.
d is

or
pter

obe
nto

the bronchial opening, sterilized normal saline is slowly added through the tracheal biopsy hole, 30 ml
to 50 ml each time, the total volume is 100 ml to 250 ml, and should not exceed 300 ml. Alveolar lavage
fluid is immediately aspirated using appropriate negative pressure (100 mmHg equivalent to 13,3 kPa
is generally recommended), and the total recovery rate should be = 30 %. The recovered fluid contains
~10 ml of secretions from terminal bronchi and alveoli. After the potentially contaminated prior
portion is discarded, approximately 2 ml to 3 ml of the remaining portion should be collected using
viral transport media or equivalent stabilizing solution.

6.5.1.3.9 Pooled respiratory specimens

When there is a need for high-throughput SARS-CoV-2 testing in a low prevalence population, pooling
of respiratory screening specimens can be helpful to provide more rapid throughput of specimens
in order to provide more rapid turnaround of population and case reporting. For this purpose, the
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importance of properly collected specimens as detailed above cannot be overstated. Available evidence
suggests that pooling can be most effective and potentially increase throughput by a factor of 5-fold
when the prevalence of the disease in the population being tested is low (5 % to < 10 %) and the
number of pooled specimens is fewer than 10. Depending on the testing strategy, it can be preferable
to pool after extraction from each primary specimen (to avoid cross-contamination) for testing. Risk of
false negativity increases significantly when viral RNA concentration is low in the pooled samples. In
these populations, pools of about five samples, if negative, can all be considered negative and reported
as not detected. If any pool is positive, the individual samples in the pool should be re-tested prior to

reporting[40l,

Iti
dev
the
the
are
was
te

the

6.5

The
hav

ices or from a pool of swabs in the same devicel41l. If it is clear that the entire pool is nég
RT-qPCR test results) then individual results from the pool can be reported asmat (
e is a suggestion that one or more samples within the pool are positive, then.repeat
required from each patient within that pool of specimens to determine which’ of the
positive. This can result in delays in reporting individual positive resultfs)\within the
nique should be verified and clinically validated to ensure that within-pool and bef

c
sanTples perform in the same manner in RT-qPCR tests and that testing individual samples in

same time provides the same test results.

1.3.10 Alternative methods for respiratory specimen colleetion

current publication of this document was developed based on knowledge of collection m¢
e been validated and verified in clinical studies for their initended use to recover SARS-Cq

from the collection sites identified above. As the pre-exahiination technology develops it i

tha
can|
by

spe

6.5

L alternative methods, which are more acceptable-for collection from some groups (e.g

be utilized. Such techniques, which are then werified, and then validated for their int
manufacturers, and then used in peer reviewed studies with proven high clinical seng
cificity, will become acceptable for routine;use.

1.3.11 Other specimen types

OtHer specimen or sample types stich as blood plasma, urine, and faeces, collected from

pat
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be ¢
env

NOT
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des such specimens in- their diagnostic pipeline, their collection should employ usual practices

ents have been reported to ‘contain detectable SARS-CoV-2 RNA[42] although the a
extra-oral specimens for-SARS-CoV-2 testing has been called into questionl43l. If a

h notification to the laboratory of suspected or confirmed infection. Facility outflow g
ffective, particularly-in long-term care facilities, to identify the burden of SARS-CoV-2 v
ironment.

'E Regular-inspection of waste water or sewage (prior to treatment) for SARS-CoV-2 RNA
ul early information about the potential burden of infection in various environments (e.g. reside
re persous.concentrate), or increased transmission of viral mutants[441,

pnccihlp to pnn] hetween 5 to 10 respiratory specimens either from individual specimen collection
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1:3.12 Collection period during infection

For testing of different specimen types, the collection times (in the course of infection) in Table 1 are
given.

Table 1 — Recommended collection time

Specimen type

Recommended collection time

Nasopharyngeal swabs
Throat (oropharyngeal) swabs
Anterior mid-turbinate nasal swabs

Upper respiratory (salivary) rinses

These specimens are all upper respiratory and are
recommended for testing in early-stage infections,
especially in asymptomatic or mild cases.
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Table 1 (continued)

Specimen type Recommended collection time

Respiratory tract aspiration fluid Lower respiratory specimens are recommended if collected
later in the course of the COVID-19 disease, in hospitalized
patients, or in patients with negative upper respiratory
sampling and there is a strong clinical suspicion of

COVID-19.

Deep cough sputum
Bronchial lavage fluid

Alveolar lavage fluid

Blood (plasma) It is recommended to collect blood specimens from patients

with significant acute phase infection within seven days after
OTSEL Of SYMPTOITS. PIasSIa teStNg 15 alSo TeCoIMImended for
patients with chronic infections or severe diseases to estim4

disease severity and monitor treatment responsel431[46H47],

te

Conjunctivpl swabs Conjunctival swab collection is recommended in suspécted

SARS-CoV-2 cases presenting symptoms of eye infection.

6.5.1.4 Transportation

Unless oth
laboratory]
in stabilizi

erwise specified in manufacturer’s instructions, respiratory specimens should be sent to|the
within 2 h to 4 h after collection for testing, as long as the speciurens are not transpoited
Ing solution verified for different transport conditions and durations. If the shipping time is

likely to b
stabilizing
(refrigerat
delayed fo

e more than 4 h, specimens should be placed into a viral-fransport medium or equiva
solution and immediately placed, as appropriate, on refrigerant gel packs or at 2 °C to

on) for transport to the testing laboratory, if not verified differently. If delivery wil
" more than 3 d to 4 d, as can occur in remote locdtions, the specimen should be froze

ent
B °C
be
h at

=70 °C, if n
transportg
degradatio

ot verified differently. If not available, specimens@an be stored at -20 °C. During specifnen
tion, repeated freezing and thawing should *be avoided as far as possible to preyent
n of viral nucleic acid.

V-2
for
S in

Data on st
RNA has g
at least 48
various m4

hbility of RNA in specimen collection transport tubes at this time suggest that SARS-Cd
pod long-term stability. Recent data indicates that SARS-CoV-2 RNA maintains stability
h and up to a week at 4 °C without{degradation, and for months at freezer temperature
trices such as lysis buffers and buffered salinel481[49],

Transport
regulation
take into d
depending
documents

of specimens within national borders should take into consideration applicable natignal
5. International transpokt)of potential SARS-CoV-2 virus containing specimens shquld
onsideration, for example, the UN Model Regulations, and any other applicable regulations

on the mode of transport being used. More information can be found in the WHO guidance
[50][51],

All materials transported“within and between laboratories should be placed in secondary packag
to minimifge the potential for breakage or a spill. Specimens leaving the BSC should be sur
decontamipated. The’WHO biosafety video series can be referenced[52.

ing,
ace

Patient sp¢cirhens from suspected or confirmed cases of COVID-19 should be transported as UN3373,
“BiologicallSubstance Category B”, when they are transported for diagnostic or investigational purpokes.
Viral cultures or isolates should be transported as Category A UN2814, “infectious substance, affecting
humans”[23], All specimens being transported (whether UN3373 or UN2814) should have appropriate
packaging, labelling, and documentation, as described in the documents referenced in this subclause.

6.5.1.5 Specimen receipt and storage

Laboratory recipients should be properly trained and have the ability to handle emergency situations
such as container damage and sample leakage. After specimens are received, the transport boxes should
always be disinfected with a disinfectant before opening, and the secondary containment plastic bags
should also always be disinfected. The secondary containment plastic bags should be opened in a BSC to
remove the specimens. The name, gender, age, number and test item of the specimen should be verified
as well as the status of specimens and the abnormalities of the specimens. All information should be
recorded in the laboratory information system.
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Specimens should be stored in containers with adequate strength, integrity, and volume to contain the
specimen, and that are leakproof when the cap or stopper is correctly applied. Plastic containers that
are free of any biological material on the outside of the packaging, should always be used whenever
possible. In addition, containers should always be correctly labelled, marked and correspondingly,
laboratory system recorded to facilitate identification. They should be made of an appropriate material
for the type of storage required. Inactivation methods should be properly validated whenever an
inactivation step is used, before the storage of specimens. The specimens should be stored at the
appropriate conditions or at =70 °C if no IFU or recommendations on storage condition are available.
Extracted nucleic acid should be stored at appropriate verified conditions or, in the absence of such
specifications, =70 °C or below.

6.5]1.6 Archiving

6.5|1.6.1 Archiving information

After specimens are received, the specimen information should be recorded and archived n a timely
mahner. The information should be recorded in the laboratory information system and the content
should include, but is not limited to:

a) [unique laboratory identification;

b) |patient personal information (at least two identifiers, including name, unique health cafe number,
date of birth);

c) |specimen information (source including, for example,type of swab, sampling date, sample volume
if important, whether the sample status is screening-or for clinical diagnosis);

d) |clinical information (e.g. clinical symptoms, epidemiological information).

Thg archived information should always be“properly stored to minimize deterioratiorn, preserve
conffidentiality and prevent loss.

6.5{1.6.2 Archiving of specimens.ox'samples

Infdrmation on specimen collection devices and sample storage devices, whether they dtabilize or
ina¢tivate viral specimens orgsaimples, should be available. This is important for retrospectiye analysis,
e.g.[sequencing (allows virys cultivation), as well as biosafety measures for storage (see also|6.5.1.4).

6.5|1.7 Specimen processing including RNA isolation

It i common practice to extract and isolate viral RNA before RT and detection by PCR. This process
typlcally alsoty;concentrates the RNA solution potentially providing improvements to|analytical
spefificity «and LOD. Extraction is a critical step for purification and particularly to rgmove PCR
inh|bitors that can disrupt the reaction leading to false negative results.

NOTE ISO 20395[2! can be referred to for general methods of measuring total concentration arld assessing
the quality of nucleic acid.

To verify whole procedure performance, the procedure (e.g. extraction efficiency, reagents, PCR
performance) should be compared to other existing assays used for extracting viral RNA from similar
specimens or samples, to ensure the smooth progress of the downstream PCR based detection. This
should include using a dilution series approach to determine the LOD and, where necessary, limit of
quantification (LOQ). This can also include comparing the influence of different extraction methods on
analytical sensitivity.

For kits that include nucleic acid extraction components, the product description should offer technical
guidance for nucleic acid extraction and describe how the efficiency of nucleic acid extraction was
verified. For example, known interference factors in the sample extraction process and their possible
impact on the subsequent amplification process should be stated.
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Assays are available that do not contain nucleic acid extraction components, and the user is expected
to provide this aspect of the procedure. For such assays, the product description should fully describe
or specify a suitable extraction process (kit) and indicate the nucleic acid extraction efficiency and
expected analytical performance.

Direct addition amplification kits are available that work without a separate extraction step (samples
are added directly to the reaction).

The extraction of nucleic acid can be evaluated in accordance with relevant ISO standards, e.g. the
ISO 20184 series[>2] and the I1SO 20186 series[26]l. Assessment of the nucleic acid extraction and purity
should be done by performing tests using inactivated SARS-CoV-2 virus in a specimen matrix that
mimics clifiical specimens.

Sample prpcessing for extraction in the laboratory should be performed strictly in line with deyice
instructions to ensure claimed performance and quality. The following points should be given particyilar
attention:
a) ant
ded

er’s

Corred
for ef
nuclei
instru

t temperature and volume of reagents and samples in nucleic acid extraCtion are import
ficiency of extraction and performance of downstream PCR test$.\The recommen
acid extraction method should be used and operated strictly inline with manufactur
Ctions.

the
the

b) Opera
manuf]

exami

ions of reaction mix preparation and program setting shiould proceed in line with
acturer’s instructions. Otherwise, there is a possibility) that the performance of
hation is negatively impacted, and unexpected results car be produced in testing.

Techn
from d
manuf

cians responsible for result interpretation should be trained on reading the results corre
alibrating the results as needed or addressing-any complicated situations in line with
acturer’s instructions.

tly,
the

In additior}, the operator should avoid any conditions'that can lead to degradation of nucleic acid (e.g.
prolonged pxposure to ambient temperature, enzyme deactivation caused by direct contact with hands).
It is generplly recommended to keep reaction/components on crushed ice unless the manufactyrer

instructions explicitly require a different temperature.

6.5.2 Expmination design specifications (analytical test specifications)

6.5.2.1 (ualitative and quantitative assays

6.5.2.1.1 | Qualitative testing

Qualitative
samples is
materials

intensity is

testing is.appropriate for situations where only negative or positive determination of|
needed dvithout requiring measurement of viral loads. It is unnecessary to use refers
bf knowr concentration gradients to plot the standard curves. Instead, only the final sig
neéded, and the obtained results can be a negative or positive description of the sample|

the
nce
nal
S. It

is suitable

forthe screening and testing of subjects with suspected infection.

gPCR and isothermal amplification are frequently used for qualitative evaluation. Isothermal
amplification methods are referenced in Annex A. Readers should review published literature to best
determine the most suitable methods, including potential advantages and limitations, for their intended
use.

6.5.2.1.2 Quantitative testing

Quantitative testing is appropriate for situations where measurement of the viral loads in samples
is needed. For qPCR detection, reference materials of known concentration gradients should always
be used to plot the standard curves. Meanwhile, fluorescence signal intensity of the samples should
always be recorded in real time so that the fluorescence signals during exponential growth period can
be quantitatively analysed. The obtained results are specific values, such as virus loads. It is suitable
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for observation of the therapeutic efficacy or disease progression, determination of disease severity
and scientific research.

gPCR and dPCR are applicable for quantitative evaluation. Isothermal amplification methods are
referenced in Annex A. Readers should review published literature to best determine the most suitable

methods, including potential advantages and limitations, for their intended use.

6.5.

2.2 Selection of nucleic acid amplification technology

Laboratories should select the appropriate amplification technique according to the testing

req,
am

a)

b)

6.5

6.5

The
det

calibrator materials as per mahufacturer’s instructions or, if no instructions are provided, 3

=70
All

All
req

Nar
tag

lirements and environment. Eollowing RT where appronriate (see 4 2 1) the characteris
[=] rr r AY —J7

plification technique are as follows:

gPCR is suitable for situations where qualitative evaluation or quantitation of the
needed. It is always recommended to provide a fluorescent quantitative PCRoinstrun
stable energy supply. qPCR provides high analytical sensitivity and high throughput, an
to operate, but the reaction time is relatively long.

dPCR is suitable for situations that require absolute quantitation ef the samples. Bec
requires only a small sample volume, it is also suitable for precious.samples or samples {
nucleic acid degradation. It is always recommended to provide‘da dedicated dPCR ins
analyse and read samples, a reaction chip or droplet generatof, and a stable energy supf

more complicated, and the reaction time is relatively lorg.

A thermal cycler and a stable energy supply are not necessarily needed. It is characteri
LOD, low throughput, short reaction time, and is'easy to operate.

2.3 Quality control concept and material

2.3.1 Material and environmental-control

claimed conditions and duration for storage and transportation of IVD reagents
brmined by evidence of stability studies. It is recommended to store the samples and

°C for no more than one week or six months, respectively.
Feagents used shouild be free of DNase or RNase, unless otherwise specified.

reagents shotild be handled, stored, transported or disposed of according to the

ne, concentration, date of preparation and storage conditions of all the lab-made reagent
bed owthe reagents.

Fics of each

samples is
hent and a
d is simple

use dPCR
vith severe
rument to
ly. Despite

the low LOD, the throughput depends on specific instrument systems. In addition, the operation is

[sothermal amplification is suitable for situations thatrequire qualitative evaluation of the samples.

zed by low

should be
RNA-based
t-18 °C or

applicable

pirements and laboratory standards. Date of arrival and date of unsealing should be recorded.

E should be

Th

reagents should be sterilized hy :mfnr‘]:nn'ng after mqnnfqr‘hlring’ when needed. For thaod

which cannot be autoclaved, use of filtration for sterilization is recommended.

ereagents

Repeated freezing and thawing the reagents should be avoided. The reagent should always be
maintained on ice when thawed. The freeze and thaw cycles should be determined according to the key
performance indices described in the instructions or after sufficient laboratory verification.

Extracted RNA and related calibrator material is prone to degradation, therefore the NAAT tests should
be carried out immediately, as long as they are not verified differently.

The water used should be suitable to enable the required performance for the examination (e.g. no
interfering compounds, nuclease free water, reduced ion content).
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6.5.2.3.2 Quality control set-up

Controls are always recommended to monitor the performance of the developed method and are ideally
used in each amplification and detection run. A negative control should always be used to monitor
whether there is contamination for the whole process. A positive PCR control should always be used
to monitor the detection performance. An internal inhibition control is recommended to monitor the
specimen collection, handling, RNA isolation, and RT-qPCR process. When using controls in each run is
not possible (e.g. POC systems where each run consists of a single sample), they should be tested when

areagent lot or batch is changed, or alternatively at a pre-defined time interval (e.g. daily or weekly).

6-5-2 -4' Ecl fUl HIdiitT pdal auu‘:tr:l S

The perfor
of positive
instrumen
example, s

Diagnostic
samples w|
The confir
known cliy

After the p|
detectable
evaluate th

If the kit
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mance parameters requiring an assessment include, but are not limited to, the confirma
determination cut-off value, the confirmation of lower LOD, and the applicability in.diffe
[ systems or models (if any). The stability parameters include, but are not dithited to,
hmple stability evaluation and reagent stability evaluation.

performance should be confirmed through testing a statistically significant numbe
ith known clinical diagnosis results using appropriate evaluation methods (e.g. ROC cur
ned diagnostic performance should pass validation using a certaiiTmumber of samples ¢
ical diagnostic results regarding detection of infection.

ositive determination cut-off value is confirmed, it is recomniended to confirm the minin
concentration of the kit using a reference material of known SARS-CoV-2 concentratio
e lower LOD for the kit. Further information can be found in 7.2.2.

s suitable for different instrument systems, such;as qPCR instruments and nucleic
methods from different manufacturers, it is récommended to assess different models

evaluate their equivalence. Further information on the:évaluation of sample and reagent stability

be found ix

ISO/TS 16]

6.5.2.5 1
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Trueness s

The select]
requireme
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During acg
should be

93[57] provides guidance for developingqualitative (binary) PCR test methods.

'Tueness (recovery, accuracy, matrix effects)

es should spread the testinng over a length of time that reflects test performance un
bratory conditions.

fudies should be conducted in accordance with statistical recommendations and ISO 1518

ion of test sample size should comprehensively consider the complexity and precij
hts of the established methods, statistical protocol for data analysis and acceptable statist
level. It is kecommended that no fewer than 20 samples be tested.

ion
ent
for

- of
ve).
Uith

um
L to

hcid
hnd
can

der

DL6],

ion
ical

uracy.studies, all test specimen and sample types defined in the design input specifications

included (e.g. pharyngeal swabs, nasal swabs, alveolar lavage fluid, sputum, whole bl

stool, anal

od,

swabs) unless otherwise justified. If clinical specimens and samples cannot be obtaifed,

simulated samples may be used. They should be composed of SARS-CoV-2-negative sample matrix
spike with appropriate SARS-CoV-2 target (e.g. pseudo-virus containing internal reference sequences
or SARS-CoV-2 target sequences) and can be prepared in-house or obtained from commercial sources.

In order to determine test accuracy, laboratories should interpret the obtained data using graphical
and statistical presentations.

Data analysis and comparison should include use of relevant scatter plot and regression analysis and
describe the method for calculating 95 % confidence intervals.
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6.5.2.6 Precision (repeatability, intermediate precision, reproducibility)

It is always recommended to evaluate the main variables that can affect test precision, including
detection reagents (including nucleic acid extraction components), the analyser, operator, location, test
round and other factors.

Precision studies should test the repeatability, intermediate precision and reproducibility, if applicable
(see 6.6.7).

Testing of samples used for precision evaluation can include standards, quality control materials,
proficiency testing samples, or patient specimens, in sufficient quantity to complete the study. For
exajmple, spike-in sample prepared with materials, which 1s sufficiently homogeneous and $table with
respect to pre-measured characteristic values, can be used for this purpose. Those matefialq can spike-
in to the samples including patient specimens or extracted nucleic acid samples before anpplification
or both if the amplification of both materials can be discriminated. Single spike-imymateria| should be
conlsidered for monitoring all processes of precision evaluation test, namely fromthe step$ of nucleic
acid extraction to detection. The sample selection should contain at least three'levels: negatiye, positive
sanpple near LOD, and (medium or strong) positive samples. Appropriate preeision requirem¢nts should
be get according to the product characteristics.

Test precision should be expressed on the basis of statistical measurements of imprefision, e.g.
stapdard deviation (SD).

6.5{2.7 Performance of an analytical test

Thg performance of an analytical test is characterized by several parameters. These parameters should
be ¢valuated using a dilution series of a traceable positive standard to measure the respons¢ curve. An
example for measurements is shown in Figure 3 for‘a-test applying qPCR.

40
35 +
30
25
T I T I T I T I T I T I i
0 1 2 3 4 S5 6
Key
X log10 concentration

LOD limit of detection
LOQ limit of quantification

a Linear range.
b Sensitivity.
¢ Alog;y(conc).

Figure 3 — Schematic response curve for a qPCR test
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The LOQ is the lowest concentration that can be measured with reasonable statistical certainty
consistently under the experimental conditions specified for the analytical test. The LOQ sets the
lower limit for the linear range. The sensitivity is the slope in the linear range. In case the slope is
negative, the absolute value of the slope should be reported as sensitivity. A minimum of three varying
concentrations should be included in sensitivity studies.

The LOD of the assay should be determined utilizing the entire test procedures of the kit from specimen
preparation, nucleic acid extraction, to detection for each clinical specimen type or matrix claimed.
The LOD sets the lower limit for the working range. The upper limit of the working range is given by
concentrations at which significant anomalies in sensitivity are observed.

the
ing

Representative SARS-CoV-2 samples of a clinically relevant type strain should be used to determine
LOD. The LOD should also be verified using samples of other different SARS-CoV-2 strains, iidlig
genetic vafiants.

it is
Jise

If a varietyf of matrix specimen types are applicable, e.g. sputum, BAL fluid, nasopharyngeal swab,
recommended to conduct an LOD study for each claimed specimen type separately unless othery
justified sipce variations in sampling and extraction efficiency can influence LOD,

6.5.2.8 S§pecificity interferences

The analytfical specificity is assessed through testing both interfering sub§tances and potentially cr
reactive mjicroorganisms.
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hce of interfering substances is usually already known for routine PCR detection reagg
s with established extraction methods before application in testing a new patho
heir specificity against the potentially cross-reactive organisms can be tested. For of

es should always be evaluated.

hterfering substances can include, but are not limited to, blood clot, nasal spray (benzq
bthozoline, sodium chloride with, “preservatives), nasal medicine (beclomethas
sone, flunisolone, triamcinolone. acetonide, budesonide, mometasone, fluticasone),
dicine (histamine hydrochlorid€); anti-viral medicine (interferon - a, zanamivir, riba
I, pramivir, lopinavir, litonavir, abidol), antimicrobials (levofloxacin, azithromy
e, meropenem, tobramycin)@and human genomic DNA and RNA.

mended that interference samples be tested in triplicate to avoid random errors causec
Kt. For cross-reactioh_studies of pathogens, it is recommended to prepare test samples
culture isolates,inte’a sample buffer, in order to avoid directly using the pathogen cultur

tivity of pathogens should be evaluated through testing. In cases when wet testing can

fonducted,to assess the homology between the testing microorganisms and the primers
assay,-The analysis should include multiple representative strains of all testing pathog
canism whenever possible. It is recommended to refer to a) to e) in this subclause.

VTin,

nts
ben.
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tial
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ne,
ti-

Cln,
by

by
c.

not

ed, in silicoranalysis (use of bioinformatics to aid assay design and/or predict performaice)

hnd
ens

If in silico analysis reveals = 80 % homology between the cross-reactive microorganisms and the assay
test primers and probe(s), the following actions should be taken:

a) a microbial interference study should be conducted between SARS-CoV-2 and the microorganisms
that the test primers and probe(s) have homology to; or

b) as an alternative to the microbial interference study, a justification study should be performed as
to why (e.g. amount of primers and probe(s) included in the master mix) the performance of the
device is not impacted by the presence of microorganisms bearing = 80 % homology with the test
primers and probe(s); or

c) an explanation should be given as to why the in silico results are clinically irrelevant (e.g. low
prevalence of MERS-CoV).
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Testing of near-neighbour species and strains as well as testing of organisms whose infection produces
symptoms similar to those observed at the onset of COVID-19, should be conducted by in silico and by
wet testing. The testing organisms and strains should be included, but not limited to, those indicated
below.

The following pathogens and nucleic acids are examples for testing cross-reactivity for avoiding false
positive results in known negative specimens or false negative results in known positive specimens in

SARS-CoV-2 examination:

a) regional human coronavirus (HKU1, 0C43, NL63 and 229E), SARS-CoV-1 and MERS coronavirus;

b) [otherrespiratory viruses, such as HINT [new HINT influenza virus (2009], seasonal HIN] influenza
virus], H3N2, H5N1, H7N9, Influenza B Yamagata, Victoria, Respiratory syncytial @irds A and B,
Parainfluenza virus 1, 2 and 3, rhinovirus A, B, and C, Adenovirus 1, 2, 3, 4, 5, 7, and\55, Enterovirus
A, B, C, and D, Human metapneumovirus;

c) |EBvirus, Measles virus, Human cytomegalovirus, Rotavirus, Norovirus, Mmps virus;

d) | Mycoplasma pneumoniae, Chlamydia pneumoniae, Legionella pneuntophila, Bordetelld pertussis,
Haemophilus influenzae, Staphylococcus aureus, Streptococcus pneumoniae, Streptococcuf pyogenes,
Klebsiella pneumoniae, Mycobacterium tuberculosis;

e) |Aspergillus fumigatus, Candida albicans, Candida glabrata, Cryptaecoccus neoformans;

Thik information applies to manufacturers or LDTs and shouldd@ppear in the technical commpinications.

6.5]2.9 Productivity (e.g. speed, hazards)

Manufacturers of SARS-CoV-2 NAAT IVD should meet the same requirements as those for ¢ther IVDs,

incuding but not limited to production environnient of the factory, facilities and equipment, production

ma

It ig
and

country specific standards, e.g. Chinese GMP, US QSR (21 CFR 820), Japanese Ministry of Hea

and

6.5

The
are
(in

hagement, quality control system, risk maniagement system, and production capacity.

pre-supposed that the production environment, facilities and equipment, production m
quality control systems of the plant meet international quality standards, e.g. ISO 1!

Welfare Ordinance No. 169.

3 Design risk management

design risk analysis shall specifically address how to mitigate the risk that SARS-CoV
not detected by‘the developed examination. A typical PCR assay design begins with con
silico) identification of a unique region (signature) that can support the binding of primer

seq

ences for target-specific amplification as a means of detecting the presence of the target

hnagement
p485[28] or
th, Labour

2 variants
putational
and probe
organism.

d RNA and
e intended

Thif step is4ollowed by wet lab testing of the primers and probes using reverse transcribe
performance-optimization of selected assays. In addition, extensive testing of the assay in tH
clinical\matrix is recommended to evaluate assay parameters, such as LOD, clinical sensjtivity, and
spegificity. The clinical sensitivity and specificity of the assay are experimentally determirned using a
set of target strains (inclusivity), near-neighbour strains (exclusivity), and matrix-relevant organisms
(background). Assay performance also should always be measured in assay-specific matrices (i.e.
respiratory tract swab, sputum and saliva). Often, assays are computationally designed using a set
of available genomic or gene sequences at that time and then experimentally validated for signature
presence in all available samples of the target organism (inclusivity panel) and validated for signature
absence in many other samples that do not contain the target (exclusivity panel and matrix panel).
Detection assays are typically designed using all sequences available at that time, which may, however,
change during product application (see 10.1).

NOTE 1 Verification of in silico nucleotide identity match, termed as inclusivity analysis, is also a component
of the performance criteria of SARS-CoV-2 diagnostic assays by the US FDA as well as the European Commission.

NOTE 2  This information applies to manufacturers or LDTs and appears in the technical specification.
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6.6 Optimization of reagents and methods

6.6.1 Selection of SARS-CoV-2 target sequences

It is recommended that SARS-CoV-2 specific sequences, published by WHO or other reputable genetic
sequence sources (e.g. GISAIDI22]), be used for the identification of an assay’s target regions and the
development of primers for detection.

For laboratories independently selecting target regions, regular checks against sequence databases
should be performed to determine whether a modification or change is required. For selected SARS-

ba conacifioity chonld bha €11 vyasei £ el ding copa oot Al
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CoV-2 target

between h

NOTE
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These recommendations apply to manufacturers or LDTs, but this information does not appgear in
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bmologous species.
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6.6.2 Potential impact of variants of concern (VOCs) on the quality of NAAT diagnostic methods

for detecti
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does not d
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multiplex
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it is alway
impact on
tests that |
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Test devel
the geogrd
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eventualit)
relevant fa

the panderic can depend on the most accurate use of diagnostic tests. This can be compromised if

testin que
given regid

ng SARS-CoV-2

the genetics of the circulating variants are known, it is relatively straightforwarc
likely impact by comparing the new sequence with that of thé primer and probe. Gen
t known at the time of test design can require separate validation for patient care (see 1
ence changes in the primer and the probe binding region<can lead to no effect, primers
not usually knowingly designed with such sequence mismatches, and identification of g
in indicate a need to redesign an assay (either by targeting a different genetic region {
ffer or by incorporating degeneracy in the assay to account for multiple genetic sequenc
use such changes can reduce performance or result in failure of the molecular step lead
gative results[€0l[6l], Performing a test that targets multiple genetic regions (usually
format) can mitigate against false negativeZresults occurring due to changes at a spe
rion. However, as such changes can be cumulative, occurring together in the same vari
b recommended that test developers are-tognisant of the fact that such genetic changes
fest performancell, Furthermore, ifSARS molecular diagnostics becomes incorporated
measure multiple possible pathogens (e.g. a viral respiratory panel including Influenza s
respiratory syncytial virus), the-ability to target multiple regions of the same virus caf

bpers should monitor primer and probe complementarity within circulating variant
phical regions wherfe the tests are being used. Where the genetics of a new variant
bd to affect the assay performance, developers should alert those using the test of such

r situationsdike those caused by SARS-CoV-2, because timely and effective managemen

Stion is negatively impacted by new VOCs that are rapidly spreading across a population
n andsdelay the ability to implement mitigating interventions to stop the spread.
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;. The urgency-with which this information is determined and disseminated is especiplly
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the
of a

NOTE

A

\sprimer and probe sequences represent only a part of a successful test solution, many IVD proviglers

opt to disclose primer and probe sequences!®4l as this enables wider and more rapid determination of the likely
impact of a given genetic change on the diagnostic tests.

6.6.3 Selection of amplification methods

According to laboratory environment, conditions and facility compatibility, amplification methods
suitable for the laboratory should be selected, including, but not limited to, fluorescent PCR, dPCR,
isothermal amplification, and other amplification methods.

6.6.4 Design and selection of primers

Primer sequences published by WHO are recommended for testing.

28

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=a622536501f7b10e9b371be48adfb179

ISO/TS 5798:2022(E)

For laboratories determining and selecting SARS-CoV-2 target regions for their assay design,
the amplification primers for the selected target region should be screened and should take into
consideration the design factors of primer length, GC content and dissolution curve to benefit from

optimal annealing and avoid formation of primer dimers.
NOTE These recommendations apply to manufacturers or LDTs.
6.6.5 Optimization of the reaction system

In development of the reaction system, the PCR components used in the reaction system (including

but,

exp

am

not limited to amp]ifi{‘nfinn enzyme, reagents, and primprc) should be fhnrmlgh]y ex

erimental processes to determine the optimal component balance. In addition, fort}
blification protocol, the efficacy and stability of the amplification conditions shoul

conlsidered to establish efficient amplification reaction conditions.
NOTE These recommendations apply to manufacturers or LDTs.
6.6/6 Determination of cut-off values

Cut

sanjples that indicate the presence or the absence of a specific disedse, condition or measur

Tal[; samples

For
sho

pos

The
locd

for

NO'

neg

NOT

NO’]
exa

Cut
and

6.6

6.6

Dui
of t

off values should be determined according to the intended use€-and used as a limit

mined by
e selected
d be fully

to identify

samples used to determine the cut-off values, clinical saiiples should be selected.
juld represent varying concentrations of the target from niegative, borderline positive, up
itive. In addition, the cut-off should be verified for various lots.

se recommendations apply to manufacturers and@DTs. The user should be aware that
1l requirements regarding ethical consideration‘can apply, particularly when using clinig
pvaluation of the accuracy of a test method orassay.

'E 1
htive.

Cut-off value defines which measurement results are reported as positive, and which are

'E2  Measurement results near thécut-off value can be considered inconclusive.

'E3  The selection of the cut:off value determines the clinical specificity and clinical sensif
mination.

off values should be,determined based on a specific confidence interval with an associg
coefficient of variance.

7 Verification and validation of test design

7.1 General

ing'the development of SARS-CoV-2 nucleic acid test kit, the performance and stability |

d

fo strongly

hational or
al samples

reported as

ivity of the

ited power

arameters

he kit should be evaluated against a predefined verification and validation plan. For thq

b detection

of SARS-CoV-2, clinical specimens from targeted patient populations should be selected for testing in
order to ensure the accuracy of test results, and an appropriate number of samples should be selected
for testing according to the study requirements (see 6.5.2.5).

The verification study for precision should allow calculation of inter- and intra-run variation, which
can then be combined to determine the total variation of the assay (see 6.5.2.6). Repeatability should
be tested by assessing replicates of the identical test items (e.g. specimen matrix, contrived samples,
artificial matrix) suitable for the examination workflow, the same equipment and by the same operator
in the same laboratory over a short period of time. It is recommended to perform repeatability tests
over a defined period of time as described in the verification plan reflecting design input specifications.
It can also be referred as within-lot, run or intra-assay precision.
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Where required, intermediate precision should be tested by assessing replicates of the identical test
items (e.g. specimen matrix, contrived samples, artificial matrix) suitable for the examination workflow,
the same equipment and by the same operator in the same laboratory over an extended period of time
as described in the validation plan.

Reproducibility should be verified by assessing replicates of the identical test items (e.g. specimen
matrix, contrived samples, artificial matrix) suitable for the examination workflow by different
operators and different equipment. It is also known as “interlaboratory reproducibility”.

Verification of analytical specificity should reflect test specimens prepared at the highest clinically
relevant level of organism (6.5.2.8). Test samples can be prepared by spiking cultured isolates into
negative clinical matrix or from clinical specimen confirmed positive by authorized methods. Thecrpss-
reaction should be verified at concentrations observed in clinical infections for the microorganisnt.

6.6.7.2 Stability of reagents

Stability stfudies should be performed to determine the shelf life of the reagents or LDT-reagents. THese
studies shqguld ensure claimed performance characteristics are met during the claimed shelf life.

The reagents should be subjected to real or simulated shipping conditions aspart of the shelf life stlidy.
The conditions investigated should include the extremes of conditions (e.g.” temperature, humidity,
vibration, pressure) to which the reagents are likely to be exposed to during transport and storage.

In the cas¢ of limited time for emergency use, not all studies will*have been completed. A plan| for
completion of the studies should be made, and the stability study:can be continued after the produgt is
launched.

In practicdl operation, reference materials with known edncentration of analytes should be used in
stability tests.

fe of reagents should be determined based on ISO 23640[631, It is always recommendegl to

cycles durng use. It is always recommended to test the reference materials using reagents that have
been expoped to repeated freezing(and thawing to determine the maximum number of freeze-thaw
cycles thatf can occur without affécting performance of the reagents. Performance should be assegsed
after the reagents have been (exposed to various storage and transport conditions with diffefent
duration, taking into consideration also the local routes, transport means, and transit used to supply
the reagents.

stability should be determined/for reagents that can be exposed to multiple freeze—t{aw

6.6.7.3 Heasibility.studies of in-house tests

The planning phase of developing an LDT should always be composed of a design phase and feasib{lity
testing p ase. During thls fea51b111ty phase performance data should be collected f1rst then
troubleshao
to develop a useful Valldatlon procedure, as described in ISO 17822[16]

6.6.7.4 Diagnostic accuracy and validation

Manufacturers should assess what information SARS-CoV-2 NAAT can deliver for medical and public
health decision-making and how to verify and validate that the test performance is fit for purpose. The
criteria for assay performance include, but are not limited to, LOD, analytical specificity, reportable
range, robustness, interferences, clinical sensitivity and clinical specificity.

Prior to the availability of full clinical validation, manufacturers data should always be reviewed to
assess molecular detection assays suitable for emergency use by authorities in according with specific
procedure.
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7 Verification for patient care

7.1 General

Performance verification for patient care is a process to confirm that the performance of the approved
IVD reagent by a regulatory body (e.g. FDA cleared or approved, or CE labelled) can be used for patient
care. Before carrying out performance verification, the laboratory environment, facilities and the local
quality management system should be fully considered to meet the requirements of the test.

NOTE
pro

Further information on verification of assays applying nucleic acid amplification-based examination

A H H el 170992.9090 A Rnl1al
LCUUTCO 15 SIVCII IOV 1704 4. a4V, IXIITICA DV,

Per
test
tha
env

formance verification should take place in the laboratory that will carry out SARS-CoV:2 nucleic acid
ing. If the verified analysis is transferred to another laboratory, it is recommended to|determine
E the relevant performance characteristics of this testing method have ngtobeen dffected by
ironmental changes.

For
acc
env

Thd

andlytical specificity, LOD, and precision.

approved IVD reagents, the purpose of verification is to confirm that reagents or produc
brding to the key performance characteristics described to prove the\suitability in the
ironment.

evaluation indices for performance verification include, but aréxiot limited to, accuracy,

The
si

sarrrijples should include at least three concentrations;,i.e. negative, borderline positive, m|
str¢ng positive. Performance verification methods forrelevant indices are listed in 6.5.2.

7.2

7.2

Ide
the
neg
and

For
the

lation samples (matrix effects need to be considered). During verification of precisid

Confirmation of analytical performance characteristics

1 Accuracy

accuracy of a test method. Or dssay. For qualitative detection methods, i.e. agreement
ative and positive sample§, the accuracy should be assessed from the underlying quantits
summarized according.to the specific range of detection from the quantitative method.

detection method$-covering multiple sample types, all types of test samples should be

sa

sequences cambe added for testing.

Ac

of fccdrdacy results (see 6.5.2.5). The number of test specimens should be adequate
statiStical data analysis with acceptable level of confidence. It is recommended to test no

same time. In situations where samples cannot be obtained, non-target clinical samples o
ples can be selected as the dilution matrix, and then pseudo-virus of known concentratio

racy tests should also take into account the selection of test sample size and the det

ks function
end user’s

sensitivity,

types of specimens used for performance verification can be clinical specimens o artificial

n, the test
oderate or

hlly, clinical specimens or samples with known examination results should be used to evaluate

rates with
itive result

ncluded at
- contrived
ns of target

brmination
to ensure

Fewer than

20 and typically 40 to 50 or more specimens. Users of clinical samples for evaluation of the accuracy
of a test method or assay should be aware of necessary ethical considerations under national or local
jurisdiction.

7.2.2 Limit of detection (LOD)

The LOD should be determined utilizing the entire test system from specimen preparation, nucleic acid
extraction, to detection for each clinical specimen type and matrix claimed, unless otherwise justified.
A variety of commercially available products are available for use in establishing the LOD of the assay if
cell culture virus cannot be used due to the required biosafety level.

In order to ensure statistical validity, a sufficiently large specimen matrix volume is recommended to
pool individual negative donor specimens to generate a sufficiently large volume of a homogeneous
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matrix. Alternatively, an artificial matrix can be used if it can be demonstrated that this performs
equivalently to the patient clinical matrix.

LOD confirmation should be performed on enough samples to be statistically valid and include template
control (or negative control) and known low concentration samples. More information on statistical
analysis of NAAT tests is available in ISO 20395!2],

The performance specifications are constantly evolving, thus, the provider of the test should be aware
of and monitor the recommendations set out by local competent authorities.

The LOD should be determined for each claimed specimen type.

The LOD should be reported in copies/ml or 1U/ml[20], Cq (C; or C}) should not be used to repest|HOD,
unless otherwise justified.

NOTE These recommendations apply to manufacturers or LDT. The LOD, analytical specificity,’ robustress,
clinical performance can be evaluated systematically and can be included in the datasheet.

7.2.3 Inglusivity

The includivity should include in silico analysis and wet testing analyses;”When possible. In silico
analysis should include multiple representative strains from, for example, the GenBank or GISAID
sequence databasel®?] for each organism. If in silico analysis reveals other potential cross-reactants,
it is highly] recommended to carefully review the alignment and detepmine, based on the positions of
the homolggous stretches and mismatches, whether additional cros$-reactivity or interference or Hoth
types can be present and can affect specificity.

For wet testing analysis, representative SARS-CoV-2 samples’ from different sources should be used.
The selectpd strains should be tested at a concentration near the LOD. It should be ensured thag all
different sources can be accurately detected.

cificity

Specificity[should be evaluated by testing thatincludes the presence of interfering substances and for
cross-reacfivity with common respiratory-pathogens. For the detection of SARS-CoV-2 nucleic acid,
the interfering substances include interference introduced by, for example, sampling disposables pnd
sample stafte itself (including interfetence of various potential drugs).

Details regarding interfering substances and cross-reactive pathogens are described in 6.5.2.8.

7.2.5 Rdbustness

Varying fagtors that can'impact the assay performance and stability should be evaluated. The influgnce
of specimep types;transport media brands, reagent volumes, contaminants, instrumentation, operating
temperatufe among other factors should be considered. Exploring this will ensure the possfble
challenges|tothe test performance and should be documented for consideration and evaluation by|the
user.

Robustness of testing should fully consider the influencing factors during detection of different
amplification methods.

Robustness studies are designed to challenge the system under conditions of stress to identify potential
deficiencies and determine the robustness of the product.

The influence of the following factors on expected results should be evaluated: sample and reagent
volume, handling and operating temperature.

For new instrumentation to be used, compatibility with the IVD reagent should be validated and
the following should be taken into account: ruggedness (including the effect of vibration from other
instruments), impact of environmental contaminants (e.g. dust, moisture, mold) on equipment (e.g.
optics), impact of power supply fluctuation.

32 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=a622536501f7b10e9b371be48adfb179

ISO/TS 5798:2022(E)

Studies investigating the impact of sample volume should ideally be conducted on all claimed specimen

types.

7.3 Clinical evidence

Clinical evaluation is the assessment and analysis of data generated from studies for validating the
clinical intended use of the product, and the verification of clinical performance. Clinical evidence is
the combined information from the clinical data and its evaluation. A manufacturer should have clinical

evidence to support any clinical claims.

The
typ
mix
met

. Specimens should be tested in a blinded fashion, e.g. positive and negative samples
ed and blinded to the end user, the end user should also be blinded to the results ofiany o
hod testing.

7

For
ind
stu
acc
pre

clinical evaluation, natural clinical specimens should be selected to test.”Repeat sa
viduals should be avoided. Ideally, prospective specimens should bge tested. If a
ly is not feasible, an alternative can be to test retrospectively collectéd-specimens fro
bmpanied by basic information, e.g. the specimen collection date,(date of onset of sy
Kent and known), tests used to identify SARS-CoV-2 positive specimens.

The
per
per|

cent agreement should be calculated in comparison to a reference method to evaluate
formance of the product.

8 |Validation for patient care

8.1] General consideration

Whien laboratories carry out SARS-CoV-2 @ucleic acid detection using in-house-developed
moflified commercially available SARS-0oV-2 nucleic acid detection IVD assays (e.g. modify
conditions or testing off-label specimen types), performance of the analytical test should
ver|fied and its intended use be validated to be suitable for patient care. Laboratories should
infgrmation SARS-CoV-2 NAAT, c¢an‘deliver for medical and public health decision-making (se

NO1
pro

'E Further information,on validation of assays applying nucleic acid amplification-based {
Fedures is given in ISO #7822:2020 Annex Bl1el,

The
clin
use

purpose of perfermance validation is to evaluate whether the assay can meet the corti
ical applicatiofis,that is, to assess whether the assay can meet the test needs of inteng

8.2 Clarification of the intended use

Thg

intended use should be determined by taking the following factors into account, includ

limited to:

specimen
should be
omparator

pling from
rospective

patients,
ptoms (if

number of clinical specimens tested should meet the basic statistical requirements and

he clinical

assays or
ng the use
always be
assess the
e 6.6.7.4).

Xamination

esponding
ed clinical

ng but not

a) purpose, benefit and use of the test (e.g. screening or diagnosis); whether the result is qualitative,

semi-quantitative or quantitative;

b) target population;

c) specimen types;
d) collection and processing procedures;
e) specimen acceptance and rejection criteria.
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8.3 Performance with clinical specimens or samples

Clinical specimens or samples with known examination results should be tested in accordance with the
intended use to assess the ability of the test to yield results that correlate with the presence or absence
of SARS-CoV-2 infection and the consistency with which the method produces those results.

The assays should be reassessed in light of the risk of mutations during viral evolution. As with any
pathogen, SARS-CoV-2 genetic VOCs, which differ temporally and geographically, can occur that will
impact the performance of a NAAT assay. The resultant phenotypic changes can lead to differences
in the viral burden or tropism during the course of infection that can be advantageous or deleterlous

to a diagna line. fr
evaluation| Furthermore, as the final molecular step in the NAAT process, it works by directly measuring
the geneti¢ material, and any genetic changes that occur at the binding sites of the primers or, prdbes
also impadt on assay performance. Reassessment should include in silico cross-reactivity with huhan
genes, genes of other members of family Coronaviridae, and other respiratory viruses or bactéria.

The clinicgl performance, in general, should be ideally evaluated for each claimed ¢linical specifen
type, and |the test developers should establish the corresponding statistical analysis method§ to
describe the results.

The selectjon of clinical sample size should meet the basic statistical requirements and the clinfical

performan
and the nu

9 Desig

Each organization should have procedures to perform and“document design transfer to ensure {

device des
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as suitablg
materials,
specificati
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10 Impl¢

ce should be consistent with the pre-defined acceptance critepia. The underlying anal
mmber of individuals included in clinical testing should be des¢ribed.

n transfer to production

gn is correctly translated into production specifications and that processes will consiste
pbduct that meets requirements. The desigiiyand development outputs should be veri

for manufacturing and production capability, including availability of components
required production equipment, traifing of operators, before becoming final produc
hNS.

mended that the design translation activities should transfer every specific process in
lirement that relates to product realization.

rmentation and uSe in the laboratory and reporting of results

ementationand use in the laboratory

ySis

hat
htly
Fied
hnd
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[0 a

burden or troplsm during the course ofmfectlon that can be advantageous or deleterlous to a diagnostic
pipeline. Consequently, the impact of VOCs should be monitored as part of the routine test evaluation.
Furthermore, as the final molecular step of the NAAT procedure function by directly measuring the
genetic material, any genetic changes that occur where the primers or probes bind, can also impact on
assay performance for clinical specimens. Reassessment should include in silico cross-reactivity with
human genes, genes of other members of family Coronaviridae and other respiratory viruses or bacteria.

NOTE Further information on validation and verification of assays applying nucleic acid amplification-based
examination procedures is given in ISO 17822:2020 Annex B[1el,

A complete set of SOPs should be compiled for daily operation of the test methods.
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When testing procedures for [VD reagents are modified by a laboratory, reagent performance should be

fully validated prior to implementation for routine use.

In case of subsequent modifications to the validated testing procedures, the modified procedures

should be confirmed before implementation and use in the laboratory.

Before implementing the test, the laboratory should formulate regular quality control procedures.

Before implementing the new procedures, the laboratory should complete the quality requirements for

training and competence assessment of relevant personnel.
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/ly introduced test methods for medical use.

102 Reporting and interpretation of results

ropriate procedures should be implemented to ensure timely reporting ofthe results
h maintenance. The results of quantitative molecular analysis should usually be reporte
copy-based unit (e.g. copies, international units) per unit volume (e.g.zolume of collected
1sport medium, or body fluid).
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detection range of assay should be reported and the units used (including denominat
ed (e.g. genome copies, international units, per ml samples, {il extract).

EXAMPLE “not detected” or “below the limit of detection”.

ile quantitative metrics are useful for SARS-CoV-20NAAT assay development, optimi
inued performance monitoring, the actual clini¢al value of a given quantitative mea
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of $ARS-CoV-2 RNA remains unclear. The use of ‘¢opy based (genome copies, internati
quantitative measurements should be applied with caution when managing patients. Furt
a gven C, (C; or C,) value can differ in magnitude between laboratories by > 1 000 fold[64],
unduitable to be used to stratify individual'patients or as reference units to set analytical
othpr in vitro diagnostic tests.

Qualitative test results should not be expressed as “positive” or “negative”, rather they
expressed as “detected” or “not. detected”. The laboratory should always implement and
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doqumented procedure for thelinterpretation of results that ensures that results have been reviewed

and authorized by qualified jstaff before release. The laboratory should always have a std
procedure of tools and parameters for data analysis. For indeterminate results, the laboraf]
always have a procedure for retesting by the same or another method or for requesting an ad
different specimen.(Additionally, the limits of detection and the cut-off values for the assay,
the|clinical picture dre all considerations for result interpretation.

For| quantitative analysis, the laboratory should indicate clinically important test lim
combination-of cut-off values, effective range of linearity, limits of detection and limits of qua
for [ease \of interpretation of the results. The laboratory should define critical results fg
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thaf Gignificantly influence the decisions on patient management. When such results arg

obtained,

notification ol relevant clinical personnel snould occur through a reporting process.

Interpretation of results from in vitro diagnostic assays should be performed in accordance with the
manufacturer’s IFU by personnel, where allowed by the manufacturer. The PCR positivity threshold can
be adjusted to ensure reduction of false SARS-CoV-2 results caused by noise signals.

All result reports should be designed to deliver and include the relevant interpretation considerations
and notes about the testing limits as it relates to the method of detection.

The result where SARS-CoV-2 was detected should be reported to public health authorities.
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