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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 a 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

arti

ficial profile generated during the pre-examination processes.

Cirg
of g
cha
exa

Stai

Thi
pre

Int

ulating cell free DNA (ccfDNA) profiles can change significantly after blood collection,(
enomic DNA from cells in blood, ccfDNA degradation and fragmentation and ccfDN
hge). Therefore, special measures need to be taken to secure good quality specimens
mination. Studies have been undertaken to determine the important influencingfactorsl

idardization of the entire workflow from specimen collection to the ccFDNA@©xaminatior

5 document standardizes the steps of the pre-examination phase of,circulating cell
pared from plasma of venous whole blood.

his 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.

b.o. release
A quantity
for ccfDNA
D3]

is needed.

free DNA
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Molecular in vitro diagnostic examinations —
Specifications for pre-examination processes for venous
whole blood —

Part 3:

Isq

1

Thi
and
exa
cov

Thi

tated-cireatati e DNAS ;

5 document provides recommendations and requirements on the handlihg, storage,

ination during the pre-examination phase before an analytical testisperformed. Thig
brs specimens collected in venous whole blood collection tubes.

Scope

documentation of venous whole blood specimens intended for circulating cell free DN

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

lab

manufacturers, biobanks, institutions and commercial orgafizations performing biomedicz
and/regulatory authorities.

Dif
thid

Different dedicated measures are taken for préeserving DNA in circulating exosomes, wh

des

NOT
pres

DN/

Thd
con
und

ISO

ratories. It is also intended to be used by laboratory customérs, in vitro diagnostics devsg

rent dedicated measures are taken for stabilizing’blood genomic DNA, which are not d
document. Blood genomic DNA is covered in IS@:20186-2.

ribed in this document.

E ccfDNA obtained from blood by'the procedures cited in this document can contain DN
ent in exosomesl[81[2],

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

Normative references

following documerits are referred to in the text in such a way that some or all of th
stitutes requiremients of this document. For dated references, only the edition cited 4
ated refererices, the latest edition of the referenced document (including any amendmen

15189:20%2, Medical laboratories — Requirements for quality and competence

[processing
A (ccfDNA)
document

by medical
lopers and
] research,

bscribed in

ch are not

|A originally

Pir content
pplies. For
[s) applies.

3

Terms and definitions

For

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/

analyte
component represented in the name of a measurable quantity

[SOURCE: ISO 17511:2003, 3.2, modified — The example has been deleted.]

© IS0 2019 - All rights reserved
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3.2
backflow

flow of a liquid opposite to the usual or desired direction

3.3

blood collection set
intravenous device specialized for venipuncture consisting of a stainless steel beveled needle and tube

(tubing) w

ith attached plastic wings and fitting connector

Note 1 to entry: The connector attaches to an additional blood collection device, e.g. a blood collection tube.

3.4

blood coll
tube used
needle inta

3.5
ccfDNA
circulatin
extracellul

Note 1 to enftry: ccfDNA can include DNA present in vesicles such as exosomes[81[2

3.6
ccfDNA pr
circulatin
amount of
of any loss

3.7

closed sys|
non-modif
examinatig

3.8
DNA
deoxyribg

polymer ¢
(ssDNA) fo

[SOURCE: I

39

DNase
deoxyribag
enzyme th

3.10

bction tube
for blood collection, usually with a vacuum which forces blood from the vein thiough
the tube

b cell free DNA
hr human DNA present in blood and plasma

ofile

5 cell free DNA profile
lifferent ccfDNA molecules, present in blood and plasnia that can be measured in the absg
bs, inhibition and interference

tem
able system provided by the vendor(including all necessary components for the
n and/or examination (i.e. hardwarej}software, procedures and reagents)

nucleic acid

IC 11

SO 22174:2005, 3.1:2]

nuclease
ht catalyzes the degradation of DNA into smaller components

the

nce

pre-

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

examination

analytical

test

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

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

[SOURCE: ISO 15189:2012, 3.7, modified —"analytical test" has been added as additional preferred

term; Note

s to entry have been deleted; new Note 1 to entry has been added.]
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3.11

examination performance

analytical test performance

analytical performance

ability of an examination procedure to measure or detect a particular analyte

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

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

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

barfel used in routine venipuncture procedures to hold the blood cdllection tube in place and to protect
hlebotomist from direct contact with blood

examination processes
nalytical phase
nalytical workflow
esses that start, in chronological order, from,the clinician's request and include the examination
est, preparation and identification of £he patient, collection of the primary |sample(s),
sportation to and within the medical labekatory, isolation of analytes, and end when th¢ analytical
ination begins

Not¢ 1 to entry: The pre-examination phase includes preparative processes, e.g. ccfDNA isolation procedures,

[SOPRCE: ISO 15189:2012, 3.15;-mmodified — An additional term has been added and more Hetail have

disqrete portion(éfa body fluid, breath, hair or tissue taken for examination, study or analysjis of one or

proficiency testing
evaluation of participant performance against pre-established criteria by means of inter-laboratory
comparisons

[SOURCE: ISO/IEC 17043:2010, 3.7, modified — Notes have been deleted.]

3.17

RNA

ribonucleic acid

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

[SOURCE: ISO 22174:2005, 3.1.3]

© IS0 2019 - All rights reserved 3
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3.18
RNase

ribonuclease
enzyme that catalyzes the degradation of RNA into smaller components

3.19

room temperature
temperature in the range of 18 °C to 25 °C for the purposes of this document

Note 1 to entry: Local or national regulations can have different definitions.

3.20
sample
one or mor

[SOURCE: 1

3.21
stability
ability of a
value with

[SOURCE: I
“specimen

3.22
validation

e parts taken from a primary sample

SO 15189:2012, 3.24, modified — The example has been deleted.]

specimen or sample, when stored under specified conditions, to maintain a stated prop
n specified limits for a specified period of time

SO Guide 30:2015, 2.1.15, modified — The words “reference material” have been replace
or sample”.]

confirmati

Ity

l by

bn, through the provision of objective evidence, thatthe requirements for a specific intended

use or application have been fulfilled

Noteltoe

[SOURCE: I
has been r§

3.23

venous wk
blood coll
collection

3.24
verificatid
confirmati
fulfilled

I

ry: The term “validated” is used to designate the'corresponding status.

SO 9000:2015, 3.8.13, modified — Notes™1 and 3 to entry have been deleted, Note 2 to enptry

enumbered as Note 1 to entry.]

jole blood
bcted after directly puncturing a vein, usually with a needle and syringe, or of
Hevice

n
bn, through«the’ provision of objective evidence, that specified requirements have b

Noteltoe

Note 2to e

|

ry: Theterm “verified” is used to designate the corresponding status.

fysConfirmation can comprise activities such as

her

een

performing alternative calculations;
comparing a new design specification with a similar proven design specification;
undertaking tests and demonstrations;

reviewing documents prior to issue.

[SOURCE: ISO 9000:2015, 3.8.12, modified — Notes 1 and Note 2 to entry have been deleted; Note 3 to
entry has been renumbered as Note 1 to entry; new Note 2 to entry has been added.]

3.25
workflow

series of activities necessary to complete a task

4
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General consideration

For general statements on medical laboratory quality management systems and in particular on
specimen collection, reception and handling (including avoidance of cross contaminations) see
ISO 15189:2012, 4.2, 5.4.4, 5.4.6 or ISO/IEC 17020:2012, Clause 8 and 7.2. The requirements on
laboratory equipment, reagents, and consumables according to ISO 15189:2012, 5.3 shall be followed;

ISO

15189:2012, 5.5.1.2 and 5.5.1.3 and ISO/IEC 17020:2012, 6.2 can also apply.

All steps of a diagnostic workflow can influence the final examination result. Thus, the entire workflow,

sanj
suc

identified pre-analytical variables, e.g. by using blood collection tubes with stabilizers.

Safq
han|

Dur
bet

appjropriate cleaning procedures between processing of different specimens/samples.

Ifa
for

5.1

5.1

J ) ] W1
ay's be controlled shall be documented and their 1mpact on the examination perfan
nvestigated and mitigation measures shall be established to allow the required-ej
formance. In these cases, risk assessment is recommended.

DNA profiles can change significantly after blood collection. The post-collection release
A from cells in blood can change the ccfDNA profile significantly (see“A.1). Addit
bction effects can also occur, e.g. ccfDNA fragmentation[10[11I[12][13[\A]l these pos
hges can vary individually in specimens from different donors or\patients, and the

mination results (see A.2).

bre or during the design of an examination, it shall therefére be investigated and en
ccfDNA profile(s) intended to be analysed is/are not«€ompromised in a manner imj
mination performance. This can be done, e.g. by applying the intended examination to §
ples which underwent time course studies reflecting'the individual pre-examination pr
h as transport and storage and by implementingdneasures to prevent or reduce imp{

ty procedures for handling and transport shall be in place. Safety requirements on tra
dling shall be considered (see ISO 15189-and ISO 15190).

ing the whole pre-examination praocess, precautions shall be taken to avoid cross con
veen different samples/specimens, e.g. by using single-use material whenever f{

commercial product is ndt wsed in accordance with the manufacturer's instructions, res
ts validation, verification) use and performance lies with the user.

Outside the laboratory
Specimen collection

1 AInformation about the specimen donor/patient

1nclud1ng spec1men/sample storage and transport condltlons and its impact on the stability of

ich cannot

xamination

of genomic
onal post-
[-collection
y can also

end on pathophysiological conditions10l[141115][16], This can impacthe validity and reliability of the

sured that
acting the
pecimens/
hcess steps
icts by the

hsport and

famination
easible or

ponsibility

Th
The

a)

b)

documerntation sirattinciude the tDof the spetimenr donory patient, witichrcarm be ttire for

documentation should include, but is not limited to:

n of a code.

the relevant health status of the specimen donor or patient [e.g. healthy, disease type, concomitant

disease, demographics (e.g. age and gender)];

NOTE In particular, e.g. cancer, inflammation, diabetes, hepatic disease, coronary disease,

respiratory

syndrome, trauma, after exhaustive exerciselll], in elderly patients suffering from acute or chronic disease,
first trimester of pregnancy, placental disorders as pre-term labour, pre-eclampsia and malimplantation

have been reported to affect both ccfDNA quantity and fragmentation[101(14][15][16],

the information about medical treatment and special treatment prior to blood collection (e.g.

anaesthetics, medications, fasting status);

© IS0 2019 - All rights reserved
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<)

the type and purpose of the proposed examination requested;

d) the appropriate consent from the specimen donor/patient.

See also ISO 15189:2012, 5.4.4.

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

The ccfDNA profile can be influenced by inadequate venous whole blood collection procedures and
inappropriate storage/shipping conditions, plasma separation as well as by ccfDNA isolation procedures.

Specifically

7, the post-collection release of genomic DNA from white blood cells can change the ccfDNA

profile sigy

Venous wh|

ificantly (see A.1). This can impact the validity of the examination results (see A.2).

ple blood should be collected in appropriate collection devices.

Blood shoyild be collected in appropriate venous whole blood collection tubes containing ccfIDNA

profile sta
changes ca
documents

Blood collg

the examination provider's instructions. In these cases, EDTA blood colleetion tubes should be y

in preferer
blood cells
examinatig

Induced clgtting process in serum tubes can lead to a leucocytes lysis causing the release of DNA, t

changing t
5.1.3 Ve

a) Theid

docum

For thg
[ISO 1
be use

b)

Standd
donor’
collect
using
and ne

NOTE
Routin

d) Blood

bilizers as post-collection release of genomic DNA from blood cells or othérccfDNA prg
In cause impacts on the intended examination. The tubes' catalogue and lotynumber shoul
d.

ce to other collection tubes[12][17], EDTA prevents clotting Hut not the release of DNA f

n provider requires usage of a dedicated blood collection‘tube, this shall be used.

he native ccfDNA profile. Therefore the use of seriim tubes should be avoided[18l.

hous whole blood collection from the donot/patient and stabilization procedures

entity of the person collecting the speciimen and the date and time of blood collection sha
ented.

labelling (sample/specimen identification) of the blood collection tube a routine proced
5189:2012, 5.4.4.3, e)] or aprocedure with additional information (e.g. 2D-barcode) s
d.

rd venipuncture technique can be used. Steps for preventing possible backflow into
5/patient’s body can be required. The manufacturer's instructions for using the bl

cfDNA profile'stabilizer containing tubes. In this case, the instructions of the collection
edle holdermranufacturer shall be followed.

Thére'is no known specific effect of venous whole blood draw procedure on the ccfDNA prad
e pracedures can therefore be used.

file
] be

ction tubes not containing any ccfDNA profile stabilizers should\be’used only if allowed by

sed
fom

[17]. Consult the specifications by the examination provider for details. Where the ccfDNA

hus

1 be

ure
hall

the
ood

ion tubes shall be)followed. A blood collection set and needle holder can be required when

set

file.

Loll L £1lad 3. AN

callactioan .1 conrdo o ikl maarifactiarar’c daa ot ol oo
COTTCC oo o CS—Sar— ot C T atCoOT OanCC—vv o crrC—rarrarattour ¢ 5SSt actroTs

nd

attention should be drawn to the correct positioning of the collection tube during the blood draw
as well as the required blood volume.

NOTE 1

retract

NOTE 2

ing and/or pulling the syringe plunger too hard, can lead to increased hemolysis.

anticoagulant, which can lead to changed ccfDNA profiles.

Prolonged tourniquet during the venipuncture process or any hard-draw collection, such as

Underfilled/overfilled blood collection tubes alter the dilution factor with the stabilizer and/or

Blood collection tube manufacturer’s instructions, for mixing or inverting the tube immediately

after blood collection, shall be followed. Mixing or inverting the blood collection tube shall be done
gently to avoid the destruction of cells in blood with subsequent release of DNA. If no information

© ISO 2019 - All rights reserved
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about mixing or inverting is given by the manufacturer’s instructions, each tube should be inverted

8 times to 10 times.

NOTE3  Wrong and/or insufficient mixing can be one of the most important pre-examinatio
Unless additives in the blood collection tubes are homogenously mixed with the specimen,

n variables.
the ccfDNA

profile and the ccfDNA quality can be compromised, which can impact the validity and reliability of the

examination results.

Any tampering with and/or additions to the specimen shall be documented.

Until clean plasma is obtained, special care need to be taken to avoid lysis of blood cells thus leading

tot

axralaaca of ~Allila MNA naotivzn cofMNA e filn fFrbhn Ao /natinnt T o

changing tha

refore, the

spe

5.1

5.1

Thd
san
doc

It shall be documented that the required storage conditions havebeen followed. The tempor

dur

5.1

Blo
tub
on
pro
and

5.1

5.1
exal
inst]
con

5.1
the
ord
to §

TCTCICT o COT CTITOTaOT DINI T CITOITS TS crrc— ot v C-CCT DTN T P oI O thC O oot/ pa e T 114

cimen shall not be frozen or shaken vigorously!11l.
4

4.1 General

plelll] and can affect the validity and reliability of the examinatiphrresult (see A.1 an
umentation regarding the specimen shall include the date and timeof blood collection[11

htion in the blood collection facility contributes to the totahduration for storage.

4.2 Using blood collection tubes with stabilizers

bd tubes with ccfDNA profile stabilizers should be'used. For storing the specimens collect]

torage conditions shall be followed (e.g. temperature and storage duration). Where the e}
vider’s instructions are more stringent, these shall be followed. The storage conditions (te
duration etc.) shall be documented.

4.3 Using blood collection tubes without stabilizers

4.3.1 Blood collection tubes without ccfDNA profile stabilizers should only be used, if t
mination specifications ‘allow the usage of such tubes. In these cases, the examination
ructions on storage\.conditions shall be followed. This can require documentation
ditions (temperature’and duration etc.).

4.3.2 When_ using blood collection tubes without ccfDNA profile stabilizers and no requi
storage conditions are available, the specimen should be transferred immediately to 2 °
br to minimize the release of DNA from cells into the blood. The storage duration alloy
°Csshall be validated by analysing the potential impact on the examination. The storage

(ten

Information about the specimen and storage requirements at the blood collectiion facility

cellular DNA released by the ongoing blood cell lysis after blood. cellection contanpinates the

i A.2). The
[18],

\ry storage

ed in blood

bs with ccfDNA profile stabilizers, the dedicated blood collection tube manufacturer’s instructions

xamination
mperature

he ordered
provider's
of storage

‘ements on
C to 8 °C in
bed at 2 °C
conditions

hperature and duration etc.) shall be documented.

NOTE

6 hi1] had no negative impact on results of applied examination(s)[121[22],

5.2

Transport requirements

Some studies using blood collection tubes with EDTA have shown that storage at 2 °C to 8 °C for up to

It shall be required that the specified transport conditions be followed and documented. Any deviations
therefrom shall be documented.

Temperature monitoring should be applied in a suitable manner.

NOTE 1

© IS0 2019 - All rights reserved

Temperature strips are available to detect any extreme temperature occurrence during transit.


https://standardsiso.com/api/?name=5644ba40061d8962ab2a8038a3ad78ec

ISO 20186-3:2019(E)

When using blood collection tubes with ccfDNA profile stabilizers, the dedicated tube's manufacturer’s
instructions on transport conditions shall be followed (transport and temperature etc.). Where the
examination provider’s instructions are more stringent, these shall be followed. The transportation
conditions (duration and temperature etc.) shall be documented.

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

When using blood collection tubes without ccfDNA profile stabilizers and no examination provider’s
instructions are available, the specimen should be transported at 2 °C to 8 °C in order to minimize the

release of [
by analysi
temperatu

q

NOTE 2
of applied e

If the blood collection tube manufacturer or the examination provider requires a‘dedicated packag

specimens
be packed
accidental

The specinjen shall not be frozen or shaken strongly[11l.

See also IS

The transp

6 Insid

6.1 Speq

The specinjen reception date and time shall.be documented as well as the name of the person receiy

the specin

specificatipns, leaking/broken tubesetc. shall be documented.

NOTE ]
another tub

Where the
duration o
specimen S

The corred
(see 5.1.1 4

NA from cells into the blood. The transport duration allowed at 2 °C to 8 °C shall be valid4
g the potential impact on the examination. The transportation conditions (duratien
e etc.) shall be documented.

ome studies have shown that storage at 2 °C to 8 °C for up to 6 h[11] had no negative impact on res
kamination(s). See also Table 1.

shall be transported accordingly. If there are no such requirements, the specimens sh
in tissues, airbags, paper or the like to protect it from shaking during transport, incluc
dropping of the package.

D 15189:2012, 5.4.5.

ort duration to the laboratory contributes to the téfal duration for storage.

e the laboratory

imen reception
en. Non-conformities of labelling, transport conditions and blood volume difference

'his includes for examplea note, when specimens have been accidentally frozen or collecte
e than the indicated one:

" blood volurne-that could affect the validity and reliability of the examination result, a
hould be-ebtained.

t identity of the specimen shall be checked. This should include the clinical informa
nd 5.1.3) of the specimen, hospital admission number and/or donor/patient ID, name of

patient, da

ted
and

ults

ing,
uld
ling

ring
5 to

d in

re are nonconformities in labelling, transport conditions, overall storage, and transport

lew

Fion
the

[e of hirth of the patient

6.2 Storage requirements for blood specimens

The storage temperature and time interval between specimen receipt and sample processing for
obtaining plasma shall be documented.

Storage temperature and total storage duration shall not exceed specifications identified in 5.1.4, 5.2
and Table 1.

The specimen total storage duration shall include the duration for storage at the blood collection facility
(5.1.4), for transportation to the laboratory (5.2) and for further storage at the laboratory or other
institutions. Any specified maximum storage duration given by the blood collection tube manufacturer
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or the provider of the examination shall not be exceeded. If such specifications are not available, the

maximum storage duration shall be validated and generally kept to a minimum.

6.3 Plasma preparation

When using blood collection tubes with ccfDNA profile stabilizers, the manufacturer's instructions to

perform the plasma preparation shall be followed.

When using blood collection tubes without ccfDNA profile stabilizers, and if instructions
preparation are available from the provider of the dedicated examination procedure, the

for plasma
se shall be

follgaazed

When using blood collection tubes without ccfDNA profile stabilizers, and no instructiens.aj
from the provider of the dedicated examination procedure, unstabilized blood specimen
cenfrifuged at 1 600g to 2 500g at 2 °C to 8 °C for 10 min. Plasma shall be carefullytransfe
new tube without disturbing the plasma cellular interface layer in order to aveid contamir
genpmic DNA and cellular RNA derived from leucocytes. A second centrifugation should be
on the supernatant of the first centrifugation step at 14 000g to 16 000g at2'2C to 8 °C for 10
secpnd centrifugation step is performed, the supernatant shall be carefylly transferred into
without disturbing the pellet[221[21], If high g-force centrifugation isatot possible, e.g. due

ap

at a|llower g-force e.g. 3 000g to 5 000g for 20 min at 2 °C to 8 °C¢

6.4| Storage requirements for plasma samples

The
ccfll
dur]
pro
sha

DNA shall be documented, including any deviations therefrom. Any specified maximy
htion given by the blood collection tube manufacturer or the provider of the dedicated e;
redure shall not be exceeded. If such specification is not available, the maximum storag
| be validated and generally kept to a minimum.

t
opriate centrifuge, the examination shall be verified when carrtying out the second cer:ﬁ

e available
should be
rred into a
ation with
performed
min. If the
A new tube
lack of an
rifugation

storage temperature and time interval between-the plasma generation and the isolation of the

Im storage
xamination
e duration

The plasma samples should be processed for analytical down-stream tests immediately. |Depending
on the examination specifications, for.short-term storage, plasma may be stored at 2 °C t¢ 8 °C for a
maximum of 24 h. For long-term storage, plasma should be stored frozen at < -20 °C[111[21], The plasma
storrage conditions (i.e. duration.and temperature) shall be documented.

The freezer temperature shall be continuously monitored and recorded by validated instruthents, such
as g circular temperature ¢hart or an electronic thermometer.

Sanpples should notthe'stored in a “frost-free” freezer. The temperature is cycled several times a day
cauping nucleic acid/target degradation.

Frogen plasma‘samples shall not be thawed more than oncell1l(21][22], Therefore, the plasma samples
shofild besaliquoted into cryo-vials or other suitable vials if further testing is needed[1{l. See also
Table K

Wherededieatedexaminationprovidersinstraetions-onstorage-ef plasmaareavatablethese shall be
followed and documented (see Table 1).
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Table 1 — Summary of storage requirements for venous whole blood collection tubes with or
without ccfDNA profile stabilizers

Blood collection Blood collection, transport and storage Plasma storage
tube Duration Temperature (°C) Duration Temperature (°C)
With ccfDNA pro- |According to blood collection tube manufactur- |According to blood collection tube man-
file stabilizers er’s or examination provider's instructions®b.¢ |ufacturer’s or examination provider's
instructions?
EDTA blood Examination provid- |Examination provider's |Examination pro- |Examination provider's
collection tubes |er's instructions®d instructions®d vider's instruc-  |instructionsf
. CIEDIA . £
T
<24 h8
Long term storage | Examination provider's
instructionsf
<-20¢¢€s

a  Ifmore $tringent than blood tube manufacturer’s instructions.
b Requirement according to 5.1.4.2.
¢ Requirement according to 5.2.

d  Requirement according to 5.1.4.3.1.

¢ Requirement according to 5.1.4.3.2, if there are no examination provider's insgructions.

f Requirement according to 6.4.

8  Requirement according to 6.4, if there are no examination provider's instructions.

6.5 Isolation of the ccfDNA

6.5.1 Gelneral

To avoid a ¢ross contamination with amplified material, the isolation of ccfDNA should not be performed
in the samp area as the amplification and post-amplification steps of the examination, unless a cldsed
system is ysed, which is designed to avoid cross-contamination.

CcfDNA is psually of shorter length than genomic DNA, and contains ccfDNA lengths between a few bp
(basepairs) up to several kbp (kilobasepairs). Therefore, specific dedicated ccfDNA isolation procedures
should be ysed.

Different dcfDNA isolationCprocedures can show significantly different ccfDNA yieldsl211[23][24], Gnd
size distrilpution patterss[211[23]) from the same sample. Therefore, this aspect should be specifidally
considered during thevalidation process.

6.5.2 Usjng bloed collection tubes with stabilizers

When progessing blood from tubes containing blood ccfDNA profile stabilizers, kits specified by
the manufacturer of the blood collection tube should be used for the isolation of ccfDNA. The blood
collection tube and kit manufacturer's instructions for isolating the ccfDNA 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 provider.

Alternative isolation procedures can be used, if no 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 ccfDNA shall be followed.

NOTE1 When using alternative isolation procedures, dedicated measures and technologies can be needed in

order to avoid carrying over ccfDNA stabilization molecules to the final ccfDNA eluate. Stabilization molecules
carry over can lead to an inhibition of the examination reaction.
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processing frozen plasma samples.

6.5.

3 Using blood collection tubes without stabilizers

Dedicated procedures can be included in the ccfDNA isolation kit manufacturer's instructions for

6.5.3.1 When using blood collection tubes not containing any ccfDNA profile stabilizer, the examination
provider’s instructions or validated alternatives for ccfDNA isolation shall be followed.

6.5.3.2 When using blood collection tubes not containing any ccfDNA profile stabilizers, and when
there are no examination provider’s instructions available, the laboratory shall validate the entire ccfDNA

isol
be
inst

Thd

6.6

Wh
pro
and

a)

b)

The
ava

6.7

6.7

htion process. Specific ccfDNA isolation Kkits or alternatives validated to the same require
[sed for reliably isolating the different fragment lengths of the ccfDNA profile. The kit.ma
ructions or the instructions for the validated alternative for isolating the ccfDNA shallbe

reagents and consumables coming in contact with the ccfDNA shall be DNase=free.

Quantity and quality assessment of isolated ccfDNA

ere required, the ccfDNA quantity and quality should be checkédyaccording to the e}
vider’s instructions or according to validated procedures by generally accepted physica
biochemical procedures. These may include one or more of the'following.

Quantity: ccfDNA is usually at very low concentration,which makes the use of UV 3
reading such as spectrophotometers unreliable and:therefore should be avoided. Oft
isolation procedures use carrier nucleic acids [e.g. catrrier RNA of a neutral sequence suc}

methods for ccfDNA quantification are therefore required, such as gPCR (quantitative j
chain reaction), targeting a known sequence of a single copy gene.

Other methods, such as digital polymerase chain reaction (dPCR) and fluorometric or
methods, are available as well.

Quality: Due to the low concentfration and the heterogeneity of ccfDNA profiles, there i
method for quality assessment. Depending on the examination requirements dedica
assessment test may therefore be required to be performed, e.g. percentage of fetal DNA
total ccfDNAI29],

ccfDNA isolation performance should be tested in a ccfDNA proficiency testing prog
lablel30],

Storage-of isolated ccfDNA

1 General

For

ents shall
ufacturer's

xamination
I, chemical

\bsorbance
bn, ccfDNA
as Poly(A)

or Poly(C)]; this carrier will additionally interfere with the UV absorbance reading. Appropriate

olymerase

chip-based

no generic
ed quality
within the

Ffam where

long-term storage, usually the isolated ccfDNA is frozen. However, for ccfDNA preserv

htion other

vali

dated methods for archiving can also be usedl31l.

For long-term storage, aliquots of the isolated ccfDNA should be generated to avoid repeated freezing
and thawing[ll] or repeated recovery from other archiving systems.

For small ccfDNA amounts, storage vessels with reduced nucleic acid adsorption to the tube wall should
be used.

Unintended freeze-drying of the isolated ccfDNA during long-term storage due to water evaporation
should be avoided as the ccfDNA can degrade and the recovery from the tube can be difficult or even
impossible. Therefore, appropriate storage vessels, such as screw-capped cryogenic vials, avoiding
water evaporation during long-term storage, should be used and documented.
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Traceability shall be ensured. For long-term storage, a validated system to organize and uniquely mark
aliquots at the intended storage temperature making them easily retrievable and identifiable should
be in place. Labels suitable for storage temperature with readable 1D- or 2D-barcodes or pre-printed
tubes with unique codes provided by manufacturers are recommended to avoid loss or confusion of
sample identity.

The freezer temperature shall be continuously monitored and recorded by validated instruments, such
as a circular temperature chart or an electronic thermometer.

Samples should not be stored in a “frost-free” freezer. The temperature is cycled several times a day
causing nucleic acid target degradation.

6.7.2 chDNA isolated with commercially available kits

For storing
instructior
these shall

be followed.

6.7.3 cciDNA isolated with the laboratory's own protocols

If the labof
assayed im
have verifi

For long-t
at<-20°C

11], Other validated methods for archiving can also be*used[31,

b the isolated ccfDNA before the examination, the ccfDNA isolation kit provider's spe¢ific
s should be followed. Where the examination provider’s instructions are most stringent,

atory's own validated ccfDNA isolation procedures are used, the isolated ccfDNA should be
mediately. Where the isolated ccfDNA cannot be assayed imumediately, the laboratory shall
bd procedures in place on how to store the isolated ccfDNA before the examination.

brm  storage, isolated ccfDNA should be eluted invan appropriate buffer and stqred

12
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Annex A
(informative)

Impact of pre-examination process steps on circulating cell free

DNA profiles in venous whole blood plasma

A.]I Post collection changes of blood ccfDNA profiles

Upd
pro
DN/
pro
The
plag
obt

n storage and transport of venous whole blood collected in blood collection tubées“with
file stabilizer, blood cells undergo apoptosis or mechanical lysis and release-fragmentg
\ which thus becomes cell-free. These post collection changes artificially modify the nat
file as it was in the donor’s body. This can lead to unreliable or wrong c€fDNA examinat

ma samples obtained immediately after blood collection with ccfDNA/quantities in plasy
hined from stored blood.

Fi
at

Ve
tub
pro
aftd
Plas
tub

re A.1 shows the post collection change of 18S ccfDNA quauiitities in venous whole blood
ifferent storage durations, with or without ccfDNA profile'stabilizers.

us whole blood specimens were collected from healthly donors (n = 6) in EDTA blood
bs without any ccfDNA profile stabilizer and either left untreated or were stabilized b
file stabilizer reagent immediately after blood ¢gllection. Plasma was either obtained in
r blood collection/stabilization (t0) or after blood storage for 1, 3 or 6 days at room te
ma was obtained according to the examinafion provider’s instructions from EDTA bloog
bs. A first centrifugation was performed at 1 900g for 15 min at room temperature. B

trapsferred into a new tube. A second centrifugation of this plasma was performed at 1 900g

atr
inst
pla;
cop

Blo
a si
up 1

An

bom temperature. From stabilized.blood, plasma was obtained according to the tube man
ruction which were identical to those for EDTA blood. ccfDNA was isolated from th|
ma samples by using an automated ccfDNA extraction procedure. The 18S ribosomal D)
y numbers in the isolated c¢fDNA were determined by real-time PCR (66 bp/500 bp amp

bd collected and stored in/EDTA blood collection tubes without any ccfDNA profile stabili
bnificant increase of'18S rDNA copies in the isolated ccfDNA in a range of 5-10 fold after
0 20-150-fold after 6'days of storage at room temperature.

ncrease wasalso observed after one day of storage. In contrast, blood preserved by a ccf]]

sta

ilizer did npt'show these artefactual post collection changes.

The releaSeof cellular DNA can be minimized by using blood collection tubes containing
profilesstabilizing reagent, which prevents or minimizes the increase of ccfDNA quantities
durjngblood storage and transport.

but ccfDNA
d genomic
ive ccfDNA
on results.

artificial post collection release of ccfDNA can be measured by compdring ccfDNA qyantities in

ha samples
specimens

collection
y a ccfDNA
hmediately
mperature.
| collection
lasma was
for 10 min
Llfacturer’s
obtained
NA (rDNA)
icon).

ver showed
3 days and

NA profile

b a ccfDNA
over time

Blood collection tubes with ccfDNA profile stabilizers can be an important contributor to avoid impacts
on examinations by artefactual post collection changes in the native whole blood ccfDNA profile.
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