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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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Molecular in vitro diagnostics has enabled significant progress in medicine. Further progress is
expected by new technologies analysing profiles of nucleic acids, proteins, and metabolites in human
tissues and body fluids. However, the profiles of these molecules can change drastically during the
pre-examination process, including the specimen collection, transport, storage, and processing.
Consequently, this makes the outcome from diagnostics or research unreliable or even impossible,
because the subsequent examination might not determine the real situation in the patient but an
artificial profile generated during the pre-examination process.

Blogd cellular RNA profiles can change significantly after blood collection. Therefore, spegiall measures
neefd to be taken to secure good quality blood samples for cellular RNA examination and’stofage.

Standardization of the entire workflow from specimen collection to the cellular RNA examination is
needed. Studies have been undertaken to determine the important influencing factors. Thi§ document
draps upon such work to codify and standardize the steps for venous whle blood cejlular RNA
examination in what is referred to as the pre-examination phase.

In this document, the following verbal forms are used:
— |“shall” indicates a requirement;

— |“should” indicates a recommendation;

— |“may” indicates a permission;

— |“can” indicates a possibility or a capability.

© IS0 2019 - All rights reserved v
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Molecular in vitro diagnostic examinations —
Specifications for pre-examination processes for venous
whole blood —

Part 1:

Isq

1
Thi

piated cettular RNA

Scope

5 document gives guidelines on the handling, storage, processing and_doeumentation| of venous

wh

Thi

le blood specimens intended for cellular RNA examination duringcthe pre-examination phase

le blood collection tubes.

5 document is applicable to any molecular in vitro diagnostic(éxamination performed

lab

Dif
exo
Dif
blo
gen

Thi
RN/

RN/

2

Thd
con
und

ISO

wh
befpre a molecular examination is performed. This document covers specimens collected in venous

by medical

ratories. It is also intended to be used by laboratory customérs, in vitro diagnostics deve¢lopers and
manufacturers, biobanks, institutions and commercial orgafizations performing biomedicdl research,
and/regulatory authorities.

rent dedicated measures are taken for stabilizifig blood cell free circulating RNA and RNA in

somes circulating in blood. These are not described in this document.

rent dedicated measures are taken for ceecting, stabilizing, transporting and storing capillary
d as well as for collecting and storing-blood by paper based technologies or other tdchnologies

erating dried blood. These are not described in this document.

5 document does not cover the isolation of specific blood cells and subsequent isolation| of cellular

\ therefrom.

\ in pathogens present in blpod is not covered by this document.

Normative reférences

following do€uments are referred to in the text in such a way that some or all of th

pir content

stitutes requirements of this document. For dated references, only the edition cited gpplies. For

ated references, the latest edition of the referenced document (including any amendmen

15189:2012, Medical laboratories — Requirements for quality and competence

[s) applies.

3

For

Terms and definitions

the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

31

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

ambient temperature
unregulated temperature of the surrounding air
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3.2
analyte

-1:2019(E)

component represented in the name of a measurable quantity

[SOURCE: 1

3.3
backflow

S0 17511:2003, 3.2]

flow of a liquid opposite to the usual or desired direction

3.4

blood cell
cellular R
RNA moled

3.5

blood celly
amounts o
absence of

3.6

blood cell;
compound
profile (3.5

3.7

blood coll
intravenou
(tubing) w

Note 1toen

3.8
blood coll

ilar RNA
NA
ules present in blood cells

hlar RNA profile
f different RNA molecules, that are present in blood cells and that can be ‘measured in
any losses, inhibition and interference

hlar RNA profile stabilizers
5, solutions or mixtures that are designed to minimize changes of the blood cellular |

pction set
s device specialized for venepuncture consistingofa stainless steel beveled needle and t
th attached plastic wings and fitting connectox

bction tube

tube used for blood collection, usually in a ¥acuum which forces blood from the vein through the ne

into the tu

3.9

closed sys|
non-modif
(i.e. hardw

3.10
deoxyriba
DNA
polymer ¢
(ssDNA) fo

[SOURCE: I
3.11

De

tem
able system provided-by the vendor including all necessary components for the examina
hre, software, procedures and reagents)

nucleic acid

the

RNA

ube

'ry: The connector attaches to an additional blead collection device, such as a blood collection tube (B.8

pdle

fion

f deoxyribonucleotides occurring in a double-stranded (dsDNA) or single-stranded

I[‘m

S0 22174:2005, 3.1.2]

deoxyribonuclease

DNase

enzyme tha

t catalyzes the degradation of DNA into smaller components
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3.12

examination

analytical test

set of operations having the object of determining the value or characteristics of a property

[SOURCE: ISO 15189:2012, 3.7, modified — Term and definition are used here without the original
notes; an additional term was added.]

Note 1 to entry: Processes that start with the isolated analyte (3.2) and include all kinds of parameter testing or
chemical manipulation for quantitative or qualitative examination.

3.1
examination performance

andlytical test performance

analytical performance

abillity of an examination procedure to measure or detect a particular analyte (3.2)

Note¢ 1 to entry: Analytical performance is determined from analytical performance studies used tp assess the
abillty of an in vitro diagnostic examination procedure to measure or detect a pafticalar analyte.

Note 2 to entry: Analytical performance includes such characteristics as afialytical sensitivity, detpction limit,
analytical specificity (interference and cross-reactivity), trueness, precision‘and linearity.

[SOPRCE: ISO/TS 17822-1:2014, 3.2, modified — Two terms havebeen added.]

3.14
examination provider

analytical test provider

entity that provides the specific analytical test

endogenous or exogenous substances in“clinical specimens (3.18)/samples (3.24) that cdn alter an

barfel used in routine venepuncture procedures to hold the blood collection tube (3.8) in pjace and to

e-examination processes
analytical phase

: nalytlcal workflow
proce i fTTic] i Xamination
request, preparatlon and 1dent1f1cat10n of the patient, collectlon of the primary sample(s) (3.18),
transportation to and within the medical laboratory, isolation of analytes, and end when the analytical
examination begins

Note 1 to entry: The pre-examination phase includes preparative processes, e.g. RNA isolation procedures, which
influence the outcome of the intended examination.

[SOURCE: ISO 15189:2012, 3.15, modified — An additional term was added and more detail was
included.]

© IS0 2019 - All rights reserved 3
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3.18

primary sample

specimen

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

[SOURCE: ISO 15189:2012, 3.16, modified — Notes to entry have been omitted.]

3.19

primary sample collection device
apparatus specifically intended by an IVD manufacturer to obtain, contain and preserve a body fluid or
tissue for ih vitro diagnostic examination

Note 1 to e:]:ry: Includes devices intended to store a specimen prior to examination.

Note 2 to enftry: Includes both vacuum and non-vacuum specimen collection devices.

[SOURCE: ISO 18113-1:2009, 3.55]

3.20
proficiendy testing
evaluation|of participant performance against pre-established criteria By means of interlaboratory
comparisops

[SOURCE: IISO 17043:2010, 3.7, modified — Notes to entry have beeromitted.]

3.21
ribonucleic acid
RNA
polymer off[ribonucleotides occurring in a double-strandéd or single-stranded form

[SOURCE: ISO 22174:2005, 3.1.3]

3.22
ribonuclease
RNase
enzyme that catalyses the degradation.0f RNA into smaller components

3.23
room temperature
temperatufe in the range of 182C to 25 °C

Note 1 to erftry: The definition is given for the purposes of this document. Local or national regulations can ave
different definitions.

3.24
sample
one or more@arts taken from a primary sample (3.18)

[SOURCE: ISO 15189:2012, 3.24, modified — The example has been omitted.]

3.25

stability

ability of a sample material, when stored under specified conditions, to maintain a stated property
value within specified limits for a specified period of time

[SOURCE: ISO Guide 30:2015, 2.1.15, modified — The phrase “reference material” has been replaced by
“sample material”.]
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3.26

validation

confirmation, through the provision of objective evidence, that the requirements for a specific intended
use or application have been fulfilled

Note 1 to entry: The term “validated” is used to designate the corresponding status.
[SOURCE: IS0 9000:2015, 3.8.13, modified — Note 1 and Note 3 have been omitted.]

3.27
venous whole blood

blcho €Cted after directly puncturing a vein, usually with a needie and syringdg, or other
collection device

3.28
verjfication

confirmation, through the provision of objective evidence, that specified régquirements [have been
fulfjlled

Note 1 to entry: The term “verified” is used to designate the corresponding status.

Notg 2 to entry: Confirmation can comprise activities such as:

— |performing alternative calculations;

— |comparing a new design specification with a similar proven design specification;

— |undertaking tests and demonstrations;

— |reviewing documents prior to issue.

[SOPRCE: ISO 9000:2015, 3.8.12, modified — Naote 1 and Note 2 were not taken over.]

3.29
workflow
serijes of activities necessary to complete a task

4 |[General considerations

For| general statements(on medical laboratory quality management systems and in particular on
spefimen collection,~réception and handling (including avoidance of cross contaminations), see
[SO[ 15189:2012, 4.2) 5.4.4, 5.4.6 or ISO/IEC 17020:2012, 7.2 and Clause 8. The requirements on
labgratory equipmient, reagents, and consumables according to ISO 15189:2012, 5.3 shall bg followed;
[S0|15189:20125-5.5.1.2 and 5.5.1.3 and ISO/IEC 17020:2012, 6.2 can also apply.

All steps.ofa'diagnostic workflow can influence the final examination result. Thus, the entirg workflow,
including® specimen/sample storage and transport conditions, and its impact on the §tability of
bio;Fnolecules intended to be examined shall be verified and validated. Workflow steps wHich cannot
always be controlled shall be documented and their impact on the examination performance shall
be investigated and mitigation measures shall be established to enable the required examination
performance. In these cases, risk assessment is recommended.

Cellular RNA profiles can change significantly after blood collection, for example by gene induction, gene
down regulation or RNA degradation[8][2][10][11], These changes can vary individually in blood from
different donors or patients[8][12][13][14][15], and can impact the validity and reliability of examination
results.

Before or during the design of an examination, it should therefore be investigated and ensured that the
specific blood cellular RNA profile(s) intended to be analysed is/are not compromised by the envisioned
pre-examination process in a manner impacting the examination performance. This can, for example,

© IS0 2019 - All rights reserved 5
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be done by performing time-course studies examining the post collection stability of the specific RNA
profile intended to by analysed.

Safety procedures for handling and transport shall be in place. Safety regulations on transport and
handling shall be considered (see [SO 15189:2012, 5.2.3 and 5.4.5 and 1SO 15190).

During the whole pre-examination process, precautions shall be taken to avoid cross contamination
between different samples/specimens, for example by using single-use material whenever feasible or
appropriate cleaning procedures between processing of different specimens/samples.

If a commercial product is not used in accordance with the manufacturer's instructions, responsibility
for its valiftlon, Verification, Use and performance 1ies with the user.
I

NOTE ternational, national or regional regulations or requirements can also apply to specific tdpics
covered in this document.

5 Outside the laboratory
5.1 Spe¢imen collection

5.1.1 Information about the specimen donor/patient
The documlentation shall include the ID of the specimen donor/patient; which can be in the form of a cpde.
The docun]entation should include, but is not limited to:

a) the relevant health status of the specimen donor or patient [e.g. healthy, disease type, concomifant
diseasg, demographics (e.g. age and gender)];

b) the information about medical treatment and-special treatment prior to blood collection [e.g.
anaesthetics, medications, fasting status);

c) thetype and purpose of the proposed examination requested;
d) the appropriate consent from the specimen donor/patient.

See also ISP 15189:2012, 5.4.4.

5.1.2 Selection of the vengus whole blood collection tube by the laboratory

Due to th¢ high instability of blood cellular RNA profiles in specimens collected from indivigual
patients/d¢nors[8]1[12][13]f14][15] commercially available venous whole blood collection tubes containing
blood cellyilar RNAprofile stabilizers should be used[12][13][15][16][17] and their catalogue and| lot
number shpuld be-:documented. See also Figure A.1.

Blood collgction tubes not Contamlng any blood cellular RNA profile stab1l1zer should only be usef, if
the specifié& e e
blood draw during the entlre pre- exam1nat1on process (see Figure A 2) or if the requested exam1nat1on
allows the use of such tubes.

5.1.3 Venous whole blood specimen collection from the donor/patient and stabilization
procedures

a) The identity of the person collecting the specimen and the date and time of blood collection
according to ISO 15189:2012, 5.4.4.3, f) shall be documented.

b) Forthelabelling (sample/specimen identification) of the blood collection tube, a routine procedure
[ISO 15189:2012, 5.4.4.3, €)] or a procedure with additional information (e.g. 2D-barcode) shall
be used.

6 © IS0 2019 - All rights reserved
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c) Standard venepuncture technique can be used. Steps for preventing possible backflow into the
donor's/patient’s body can be required. The manufacturer's instructions for using the blood
collection tubes shall be followed. A blood collection set and needle holder can be required when
using blood cellular RNA profile stabilizer containing tubes. In this case, the instructions of the
collection set and needle holder manufacturer shall be followed.

NOTE1 There is no known specific effect of venous whole blood draw procedure on cellular RNA profiles.
Routine procedures can therefore be used.

d) Blood collection tubes shall be filled in accordance to the manufacturer's instructions and attention
should be drawn to the correct positioning of the collection tube during the blood draw as well as
the required blood volume.

NOTE 2  Underfilling of blood collection tubes containing cellular RNA profile stabilizer's can fompromise
the function of the stabilizers due to an unfavourable blood to stabilizer ratio. This can in'itself (ompromise
the blood cellular RNA profile, which can impact the validity and reliability of the examination rgsults.

e) |The blood collection tube manufacturer's instructions, for mixing™or inverting the tube
immediately after blood collection, shall be followed. Mixing or invertihg’the blood coll¢ction tube
shall be done gently.
NOTE3  Wrong and/or insufficient mixing can be one of the mostiimportant pre-examinatign variables.
Unless additives in the blood collection tubes are homogenously mixed with the specimen, the blood cellular
RNA profile quality and quantity of individual cellular RNA_ malecules can be compromised} which can
impact the validity and reliability of the examination results«

f) |Any tampering with and/or additions to the specimenyshall be documented.
5.144 Information about the specimen and storage requirements at the blood collectifon facility

5.1/4.1 General

As blood cellular RNA profiles can change significantly after blood collection and can thefeby affect
the[validity and reliability of the examlination result[8][16][18][19], the documentation regarding the
spefimen shall include the date and'time of blood collection[8][19][20][21],

In cpse of specimens for long-term storage in a biobank, it is usually not known which individpal cellular
RNA profiles will be examified after the long-term storage. Therefore, blood collection tubjes without
blogd cellular RNA profileistabilizers should not be used for biobanking.

The storage conditiens (duration and temperature, etc.) shall be documented.

The temporary<sterage duration in the blood collection facility contributes to the total duration for
stofage.

5.1{4.2¢ \Using blood collection tubes with stabilizers

Bl RN ikl 11,1 RALA £31 +olaals L 11 L PR R £ H +1 H 11 t d'
O U LTUUCTS VWILIT LUIIUIdL ININSY lJl UITIC SUAUIIIZTT 5 S1IUUIU UT UOSTU,. 1T'UI S5LUI llls LIIT oycuuucuo LO eC e 1n

blood collection tubes with blood cellular RNA profile stabilizers, the dedicated blood collection tube
manufacturer's instructions on storage conditions shall be followed (e.g. temperature, freezing and
duration). Where the examination provider’s instructions are more stringent, these shall be followed.

5.1.4.3 Using blood collection tubes without stabilizers

5.1.4.3.1 Blood collection tubes without blood cellular RNA profile stabilizers should only be used, if
the ordered examination specifications allow the usage of such tubes. In these cases, the examination
provider's instructions on storage conditions (temperature and duration, etc.) shall be followed.

5.1.4.3.2 When using blood collection tubes without blood cellular RNA profile stabilizers and no
requirements on the storage conditions are available, the specimens should be transferred immediately

© IS0 2019 - All rights reserved 7
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to 2 °C to 8 °C or on wet ice in order to minimize blood cellular RNA profile changes[13]1[19][20][21] (see
Figure B.1). The storage duration allowed at 2 °C to 8 °C or on wet ice is highly dependent on the stability
of the individual blood cellular RNA profile to be analysed in the examination. This stability can vary
between several minutes and over 24 h.

NOTE Under these conditions, blood cellular RNA profile changes can still occur when no blood cellular RNA
profile stabilizers are used (see Figure B.1).

5.2 Transportrequirements

Temperature monitoring should be applied in a suitable manner.

When usirlg blood collection tubes with blood cellular RNA profile stabilizers, the dedicated tupe's
manufactufrer's instructions on transport conditions shall be followed (duration and~temperatpre,
etc.). Wheile the examination provider's instructions are more stringent, these shall beé followed. [The
transport ¢onditions (duration and temperature, etc.) shall be documented.

—

When usirlg blood collection tubes without blood cellular RNA profile stabilizers, the examination
provider’s instructions on transport conditions shall be followed. This can require the documentagion
of transport conditions (duration and temperature, etc.).

When usinfg blood collection tubes without blood cellular RNA profile/stabilizers and no examinafion
provider's finstructions are available, the specimen should be transported at 2 °C to 8 °C or on wet ice
without dejay in order to minimize the blood cellular RNA profile\changes[21]. The transport condit{ons
(duration gnd temperature, etc.) shall be documented.

NOTE nder these conditions, blood cellular RNA profile changes can still occur when no blood cellular RNA
profile stab]lizers are used (see Figure B.1).

See also ISP 15189:2012, 5.4.5.

The transport duration to the laboratory conttibutes to the total duration for storage.

6 Insidg the laboratory

6.1 Spe¢imen reception

The specinjen reception datej,and time shall be documented as well as the name of the person receiying
the specinpen. Nonconfermities of labelling, transport conditions and blood volume difference$ to

NOTE his includés for example a note, when specimens shipped at 2 °C to 8 °C or on wet ice are not co¢l or
transportatjion eontainers do not contain dry ice as intended by the sender.

Where th 2 onfc S ak g transpc , ons,—overall storage 3 ans
duration or blood volume that could affect the validity and reliability of the examination result, a new
specimen should be obtained.

The correct identity of the specimen shall be checked. This should include the clinical information
(see 5.1.1 and 5.1.3) of the specimen, hospital admission number and/or donor/patient ID, name of the
patient, date of birth of the patient.

6.2 Storage requirements

The storage temperature and time interval between specimen receipt and sample processing for
cellular RNA isolation shall be documented. Storage temperature and total storage duration shall not
exceed specifications identified in 5.1.4 and 5.2.

8 © IS0 2019 - All rights reserved
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The specimen total storage duration shall include the duration for storage at the blood collection facility
(see 5.1.4), for transportation to the laboratory (see 5.2) and for further storage at the laboratory or
other institutions.

The stability of specific blood cellular RNA profiles can vary between different RNA molecules, different
blood donors/patients, and different blood storage and transport conditions. Any specified maximum
storage duration given by the blood collection tube manufacturer or the provider of the examination
shall not be exceeded. If such specifications are not available, the maximum storage duration shall be
verified and generally kept to a minimum.

See also Table 1.

Il'able 1 — Summary of storage conditions for venous whole blood collection tubes with or
without blood cellular RNA profile stabilizers

Blood collection, transport and.storage

Blood collection tube

Duration Temperature
With blood cellular RNA profile — Blood collection tube manufacturer’s instpuctions
stapilizer
— Examination provider's instructios?
Without blood cellular RNA profile|— Examination provider's — Examination provider's
stapilizer instructions instructions

— Weticeor2°Cto8°[b

a |If more stringent than blood tube manufacturer’s instructions.

b 11f no examination provider's instructions are available. Undér these conditions blood cellular RNA profile[changes can
still occur (Figure B.1).

6.3| Isolation of the cellular RNA

6.3{]1 General

To avoid a cross contamination with’amplified material, the isolation of the cellular RNA [should not
be performed in the same area as the amplification steps of the examination process, unlgss a closed
sysfem is used, which is designed to avoid cross-contamination.

6.3{2 Using blood collection tubes with RNA profile stabilizers

WhEn processing blood from tubes containing blood cellular RNA profile stabilizers, kits specified by
the manufacturen.of the blood collection tube should be used for the isolation of cellular RNA| The blood
collpction tubéand kit manufacturer's instructions for isolating the cellular RNA shall be followed.

If the specifications of the examination provider require the use of a dedicated commercially available
Kit, [then this shall be used instead in accordance with the instructions of the examination prfovider.

Alternative 1solation procedures can be used, If N0 examination provider s Instructions are available
and if they are verified for the same requirements and validated for the same intended use. In this case,
the instructions for the validated alternative for isolating the cellular RNA shall be followed.

NOTE1 When using alternative isolation procedures, dedicated measures and technologies can be needed in
order to avoid carrying over cellular RNA stabilization molecules to the final RNA eluate. Stabilization molecules
carry-over can lead to an inhibition of the examination reaction.

NOTE 2  Dedicated procedures for processing frozen specimens/samples can be included in the RNA isolation
kit manufacturer's or examination provider's instructions.

© IS0 2019 - All rights reserved 9
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6.3.3 Using blood collection tubes without RNA profile stabilizers

6.3.3.1

examination provider’s instructions for cellular RNA isolation shall be followed.

When using blood collection tubes not containing any blood cellular RNA profile stabilizers, the

6.3.3.2 When using blood collection tubes not containing any blood cellular RNA profile stabilizers,
where there are no examination provider’s instructions available, a commercially available kit for the
isolation of blood cellular RNA should be used. The kit manufacturer's instructions for isolating the

cellular RN

A shall be followed.

Alternativ
validated
isolating th

The labora
procedure
process in
verify if it
based solu

A DNase ti
examinatig

The DNase

The extrac
without de

6.3.3.3 i
these cont
of cellular
the blood

immediate

For the iso
be used.

The extrac
without de

6.4 Qua
The RNA

or accordqiE

procedure

b

1solation procedures can also be used 1f they are verified for the same requirements
r the same intended use. In this case, the instructions for this validated alternative
e cellular RNA shall be followed.

fory's development, verification and validation of this alternative blood cellular RNA isola
shall specifically include the verification and validation of the entire cellular RNA isola
Cluding the compatibility of the reagents and substances used. The ldboratory shall

fion) without delay after specimen reception to avoid changes in the RNA profile of inter¢

eatment step should be incorporated into the cellular RNA iselation procedure where
n is sensitive to DNA contamination in the RNA eluatel22][23],

other reagents and consumables coming in contact with the cellular RNA shall be RNase-f

lay. For longer storage and long-term storage see6:5.

blood collection tubes without any blood/cellular RNA profile stabilizers are used
hin frozen specimens, thawing should be avoided as this can lead to immediate degrada
RNA. To limit cellular RNA degradation; the still frozen blood should be transferred f
collection tube directly into a blood~cellular RNA profile stabilizing extraction buffer
y homogenized.

ation of cellular RNA from.the homogenized sample, a verified and validated protocol s

ted RNA should be képt at 2 °C to 8 °C (e.g. cooling block) or on wet ice and should be ass3
lay. For longer storage and long-term storage, see 6.5.

htity and quality assessment of isolated cellular RNA

antity'and quality should be checked according to the examination provider’s instruct
g to»validated procedures by generally accepted physical, chemical and biochem
[18]£24](25](26]. These may include one or more of the following:

hnd
for

fion
Fion
hlso

s necessary to transfer the blood specimen into a lysis buffer (e.g. guanidine isothiocyanpate

pSt.

the

ree.

Led RNA should be keptat 2 °C to 8 °C (e.g. cooling block) or on wet ice and should be examined

and
fion
Fom
and

hall

yed

ons
ical

a)
b)

EXAMPLE

quantification by absorbance measurements (A240) or spectrofluorometry;

as 10 mM Tris-HCl pH 7,5).

test for purity by absorbance measurements (e.g. wavelength scan, A60/A2g80 ratio, Apeo/A230 ratio);

Pure RNA has an Ag0/A2g0 ratio of 1,9 to 2,1 in 10 mM Tris-Cl pH 7,5 (this can also be written

test for RNA integrity (by e.g. electrophoresis, chromatography, molecular methods such as the

3’/5" assay or differential length amplicon ratiol26][27], or electrophoretic methods to determine
the RNA integrity number (RIN) or equivalent);

d)

test for presence of interfering substances [using exogenous controls (spiked in RNA and DNA

controls) or inspecting qPCR response curves for anomalies[28] or using an endogenous RNA for an
RT-PCR inhibition test by introducing increasing eluate volumes into the examination].
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The cellular RNA isolation performance should be tested in a RNA proficiency test program.

6.5

6.5.

Storage of isolated cellular RNA

1 General

For long-term storage, the isolated cellular RNA is usually frozen. However, for cellular RNA
preservation, other validated methods for archiving can also be used, see, for example, Reference [29].

For long-term storage, aliquots of the isolated cellular RNA should be generated to avoid repeated

freq

For
be

Uni
eva
or

avo

Tra

ZITTg amnd thawing Or Tepeated TECOVETy [TONT Oter arciiving SyStenTs.

small RNA amounts, storage vessels with reduced nucleic acid adsorption to the tube v
(sed.

htended freeze-drying of the isolated cellular RNA during long-termstorage due
poration should be avoided as the RNA can degrade and the recovery from-the tube can
bven impossible. Therefore, appropriate storage vessels, such as screw-capped cryog
ding water evaporation during long-term storage, should be used andydocumented.

ali
be
tub
san

6.5

For
inst
the

6.5

If th
sho
how

Dep
sho

i3

Ceability shall be ensured. For long-term storage, a validated system to organize and uni
ots in the intended storage temperature making them easily-retrievable and identifig

bs with unique codes provided by manufacturers are recommended to avoid loss or
ple identity.

2  Cellular RNA isolated with commercially.available Kits

storing the isolated cellular RNA before the’examination, the RNA isolation kit provide
ructions should be followed. Where the ‘examination provider’s instructions are morg
be shall be followed.

3 Cellular RNA isolated with'the laboratory's own protocols

e laboratory's own validated cellular RNA isolation procedures are used, the isolated ce
1ld be assayed without delay. Otherwise, the laboratory shall have verified procedures
 to store the isolated cellular RNA before examination.

ending on the RNAiSolation procedure and the resulting RNA eluate quality, storage on v
It period of time (ile. 30 min) can be appropriate in certain circumstances.

long-termsstorage, isolated cellular RNA should be eluted in an appropriate buffer an
0 °C[21] Other validated methods for archiving can also be used, see, for example, Refere

E Some cellular RNA isolation procedures can allow long-term storage of the isolated cell

vall should

to water
be difficult
fenic vials,

Juely mark
1ble should

place. Labels suitable for storage temperature with readable 1D- or 2D-barcodes or ]lre-printed
C

nfusion of

r's specific
stringent,

llular RNA
in place on

Vet ice for a
l stored at

nce [29].

lar RNA in

Fange from -20 °C to =70 °C.
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Annex A
(informative)

Impact of pre-examination process steps on venous whole blood

cellular RNA profiles

A1l Genleral information about operated experiments in Annex A and Annex B

The Stand
Diagnostic
standardiz

The SPIDI
improving
examinatic

hrdization and Improvement of Generic Pre-analytical Tools and Proceduresyfor’In V|
5 (SPIDIAY) was a European Commission funded four-and-a-half-year project.aiming at
ation and improvement of pre-examination procedures for in vitro diagnogtios[30].

A consortium performed two consecutive pan-European ring trials |for identifying
critical pre-examination process steps influencing venous whole bleod cellular RNA pr
n[13][24]. A total number of 93 and 109 European laboratories participated in ring tri

itro
the

and
file
nl 1

and 2, resy
consortiu

ectively. The second ring trial protocols included improvements worked out by the S

profile stabilizer (PAXgene?) Blood RNA tubes) or without (K2EDTAstubes), were prepared at a ce

SPIDIA la

shipped in|dedicated boxes in order to maintain a constant temperature range of 2 °C to 8 °C.

The participants were asked to extract the cellular RNA froi one tube immediately after receipt (wi
24 h after blood collection) and from the second tube 24 h later (within 48 h after blood collect

after stor

the cellulal RNA using their routine laboratory procedure and to send the purified RNA samples |
on dry ice to the SPIDIA laboratories. At the SPIDIA laboratories, the RNA samples were evaluated

purity, yie
examinatic
RNA samp
for FB] mu
3-phospha

ratory and subsequently shipped to the participating laboratories. The specimens W

P]
. Two proficiency blood specimens from single donors, both‘either with a blood cellulariDNA

IA

ral
rere

hin
on)

e at either ambient or refrigerated température. The participants were asked to isolate

d, integrity, and presence of interfering substances. In order to analyse the impact of
n variables on the blood cellular;RNA profiles, the amounts of selected transcripts in
es were determined by validated marker analytical tests[14]. These included RT-qPCR asj
rine osteosarcoma viral oncogene homologue (FOS), Interleukin 8 (IL8), Glyceraldehy
le dehydrogenase (GAPDH)) FB] murine osteosarcoma viral oncogene homologue B (F(Q

ack
for
hre-
the
ays
rde-
SB)

and tumoulr necrosis factor receptor superfamily, member 10c, decoy without an intracellular donpain

(TNFRSF1

Results pré

A.2 Infly
profile sf

C).

sented below show important findings.

hence 0f blood collection tube type (with or without blood cellular RNA
rabilizer) on the analysis of specific blood cellular RNA profiles

A21 U

Ffahloa hlood callizlar RNA nxafilac

SLUAUIV UIUUU ClIiiuIdr 1NN lll JIiliv o

Figure A.1 shows the unstable expressions of four genes in blood during the pre-examination process.

Specimens were collected either in blood collection tubes without a blood cellular RNA profile stabilizer
(K2EDTA tube, EDTA, n = 78) or with a blood cellular RNA profile stabilizer (PAXgene Blood RNA tube,
PAX, n = 28). The specimens were shipped at 2 °C to 8 °C to the participating laboratories and the
cellular RNA was isolated within 24 h after blood collection[13].

1) Results incorporated in this standard received funding from the European Union’s Seventh Framework
Programme under grant agreement No 222916. For further information see www.spidia.eu.

2) PAXgene is the trade name of a product supplied by PreAnalytiX GmbH. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.
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sample value —Tyvalue = [log 10 (copies / ug isolated RNA)] mple —[log 10 (copies / ug isolated RNA)]
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NOTE 1 Boxes show the upper and lower quartile ranges (25th centile to 75th centile). The upper and lower
whiskers show the maximum and minimum individual values and the line inside each box shows the median value
per data set. The horizontal base-line in each graph represents the measurement at time 0 (TO, immediate RNA
isolation after blood collection)[13].

NOTE 2 The quantification of FOSBmRNA ina) and TNFRSF10C mRNA in b) was performed by Relative Quantification
(RQ) using TO as calibrator; and normalized to the two housekeeping genes [Peptidyl-Prolyl cis-trans Isomerase B
(PPIB) or cyclophillin B and -Glucuronidase (GUSB)]. RQ is calculated with:

RQ=2 —AACq

AACq = ACq 4y, —ACq .
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ACq=Cq

where Cq is

6-1:2019(E)

target housekeeping genes

the quantification cyclel22].

NOTE 3 The quantification of IL8 mRNA in c¢) was performed by absolute quantification using a standard curve.

NOTE 4 The statistical analysis was performed using the Kruskal-Wallis test.

Figure A.1 — Expressions of four genes in blood collected in tubes either with (PAX) or without

Statisticall
blood colle]
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The result
cellular RN
changes in
native stat

A.2.2 Std

Figure A.2
a blood cel

Specimens
(K2EDTA t
PAX, n = 2§
cellular RN

(EDTA) a blood cellular RNA profile stabilizer measured by RT-qPCR

[y significant differences were observed between the ex vivo gene expressions measure
cted in tubes with and without blood cellular RNA profile stabilizers (p-value < 0,001fo
ranscripts).

b at To.

ble blood cellular RNA profiles

ular RNA profile stabilizer.

ibe, EDTA, n = 78) or with a blood cellular RNA profile stabilizer (PAXgene Blood RNA t

A was isolated within 24 h after blood collection[13].

b demonstrate that blood cellular RNA profile changes can still occur at 2 °€-to 8 °C. Bl
A profile stabilizers in blood collection tubes are an important contributorite;avoid or red
blood cellular RNA profiles during pre-examination processes and to keep them close to

shows the stable GAPDH ex vivo gene expression in blood collécted in tubes with and wit}

were collected either in blood collection tubes withguba blood cellular RNA profile stabil

). The specimens were shipped at 2 °C to 8 °C to<the participating laboratories and the bl
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sample value =logj¢ (copies/pg isolated RNA)
E1 Boxes show the upper and lower quartile ranges (25th centile to 75th centile). The uppe
ckers show the maximum and minimum individaal values and the line inside each box shows

e per data set. The dot in each box representsthe measurement at time 0 (T, immediate RNA is
d collection)[13].

E 3  The statistical analysis was performed using the Kruskal-Wallis test.

(EDTA) a blood cellular RNA stabilizer measured by RT-qPCR

analyses showed no statistically significant difference between the ex vivo expression of
e at To and-after 24 h in both tubes, with and without a blood cellular RNA profile stalj

den
sto

lonstratédjthat ex vivo expression of certain genes such as GAPDH is in some cases not
age add transport (see Figure A.2).

r and lower
the median
lation after

E2  The quantification of GAPDH-mRNA was performed by absolute quantification using a standard curve.

ire A.2 — Stable expression of GAPDH in blood collection tubes either with (PAX) ¢r without

the GAPDH
ilizer. This
hffected by

including stable transcripts.
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Annex B
(informative)

Influence of blood storage temperature on blood cellular RNA

profiles

Figure B.1[shows the unstable expression of three genes in blood when collected in tubes withojt a

blood cell

ar RNA profile stabilizer and stored for 48 h at room temperature (RT) or 2 °C to 8 °C,

Specimens|were collected either in blood collection tubes without a blood cellular RNA profile 'stabi

(K2EDTA t

PAX, n =2

B). The blood specimens were shipped at 2 °C to 8 °C to the participating laboratories.

ljzer

ibe, EDTA, n = 78) or with a blood cellular RNA profile stabilizer (PAXgene Blood RNA thibe,

The

blood in tHe stabilizer containing tubes was stored at room temperature (PAX-RT,'n"= 28), the blood
collected i tubes without a blood cellular RNA profile stabilizer was stored at 2 °Cto 8 °C (EDTA-4 °C,

n = 39) or

ht room temperature (EDTA-RT, n = 39) at the participating laborateries. Cellular RNA

isolated 49 h after blood collection[13].
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