INTERNATIONAL
STANDARD 203

ISO
91-2

First edition

2019-08

Biotechnology — Cell counting —

Part 2:

Experimental designiand statisti
analysis to quantify counting me
performance

Biotechnologie — Dénoimbrement des cellules —

al
hod

Partie 2: Conceptief’expérimentale et analyse statistique pour

quantifier les performances de la méthode de dénombreme

nt

ISO 2039

Reference number

1-2:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=f6b4d6c01cb5ac7f2289e462c7ad1d5b

IS0 20391-2:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=f6b4d6c01cb5ac7f2289e462c7ad1d5b

IS0 20391-2:2019(E)

Contents Page
0 Q2740 o OO \'4
0 U 00 X0 1D ot 0 ) OO vi
1 S0P ... 1
2 NOIMALIVE FEECT@INCES ...........ooooooooeoeeeeeeeeeeeeeeeeeeeeeeeeeeesees et 1
3 Terms, definitions, symbols and abbreviated terms................ i, 1
3.1 Terms and definitions ...,
3.2 List of abbreviated terms and symbols
4 S0 0 1 1) 0. SO RRN Sh S IR 8
4.1 (05 1) = | D S~ I 8
4.2 Proportionality ... e | 9
4.3 Deviation from proportionality ...l 9
5 Experimental deSiZn. ...l S

51 155 4 ) ) OSSO coos O
5.2 Considerations for the cell counting measurement process
5.3 Preparation of samples for the experimental design

5.3.1  General....sesssessessneesseesdne
5.3.2  StocKk cell SOIULION ..oy Bt
5.3.3  Dilution fraction experimental designte. " ...
5.3.4  Considerations for generating dilution fractions.
54  Testsample labelling ... S
55 Measurement of the test sample........ 3087
6 Statistical MeThOAS ... e
6.1 GBIIETAL .. ATt
6.2 Mean cell count
6.3 MeaSUreMENt PIrECISION .. fuu i e
6.4 Proportional Model fit.a ot s
6.5 Coefficient of determination ...,
6.6 Proportionality index (PI) ...
6.6.1  Generak vt
6.6.2  Calcplation of the smoothed residual (e,,00thed)-
6.6.3  Caleulation of proportionality index (PI)................
6.7  Additioral statistical analysis and quality Metrics ...
6.8 Data IRTPIETATION. ...t
6.8:1) General ...
6.8.2  Interpretation of %CV ...,
6.8.3  Interpretation of RZ ...
6.8.4 Interpretation of PI values
6.8.5  CompariSOn Of PI VAIUES ...
7 Dn?nri‘ihg .................... 20
7.1 Reporting of qUality INAICATOTS ... 20
7.2 Documentation of experimental design parameters and statistical analysis method...... 21
7.3 Additional reporting elements on the cell counting measurement process...................... 22
Annex A (informative) Method to assess pipetting error contributions to dilution integrity............. 23
Annex B (normative) Method to calculate smoothed residual (e, ,,.q) When a set of
measured dilution fractions (DF . c req) iSObtained ... 27
Annex C (informative) Example formulae for calculating Pll..............scesseeeee 29
Annex D (informative) Use case 1 — Evaluating the quality of a single cell counting
IMEASUTCINMEIIT PIOCESS .........oooooiiieiiieeiiieie ek 31

© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=f6b4d6c01cb5ac7f2289e462c7ad1d5b

IS0 20391-2:2019(E)

Annex E (informative) Use case 2 — Comparing the quality of several cell counting
IMEASUTEIMECIIE PIOCESSES .......coocoeieiee et 38

BIBDLIOGTAPIY ... 52

iv © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=f6b4d6c01cb5ac7f2289e462c7ad1d5b

Fo

IS0 20391-2:2019(E)

reword

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

Cell counting impacts many aspects of biotechnology, from biomanufacturing to medical diagnosis
and advanced therapy. The cell count can serve as an in-process quality control or be used in decision-
making. Cell count is also an important parameter in many cell-based assays, including activity and

potency, w

hich are often normalized to the cell count to allow data comparison.

Cell count is generally expressed as a concentration and can reflect the total cell count of a cell
population (total cell count) or subpopulation (differential cell count). Advances in instrumentation
have resulted in a wide range of cell counting techniques/instruments for total and/or differential
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. In the absence of a readily available reference material or ground truth, the accurac
ment method has been difficult to ascertain. This has been confounded by the comple
gical preparation (e.g. cell type, sources, preparation, etc.). Several standards that-add
lication-specific cell counting or the use of a specific measurement system  exist

1 and Reference [16] for further information). Some of these methods use-d*comparab

e established cell counting method. While the comparability approach-allows the data f
instrument to be benchmarked against those obtained from a primary (more establisH
[, it does not address the quality of either measurement processl!Z&-THere remains a nee
ategies to provide assurance for the quality of a cell counting fneasurement process in
a reference material or reference method[1Zl,
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Vhereby the result from a newer cell counting test method is traced to the-fFesults obtained
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hent provides a method for evaluating aspects of the quality of a cell counting measure
fough the use of a dilution series experimental design:=From this experimental design,

This approach is particularly useful when accura¢y cannot be determined (i.e. in the abse
ble reference method or traceable referenee'material) and is also relevant in aspect|
hnd monitoring the quality of cell counting\ineasurement processes in generall1Zl,

In in this document is intended to provide confidence in the data produced by a chosen

agiven cell preparation. This approach can also provide supporting performance parame
utilized during performancequalification of a particular cell counting measurement prod

ent
set

ndicators are derived to assess the performance ofia cell counting measurement prodess.
b, the quality indicators assess precision and proportionality of cell counting measurenfent
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Scope

5 document provides a method for evaluating aspects of the quality of a cell counting mq
ress for a specific cell preparation through a set of quality indicators derived from a dily
erimental design and statistical analysis. The quality indicators arecbased on repe
measurement and the degree to which the results conform to an idéal proportional 1
tion. This method is applicable to total, differential, direct and indifedt cell counting me
resses, provided that the measurement process meets the criteria-ef the experimental
5 are suspended in a solution).

5 method is most suitable during cell counting method development, optimization,
uation and/or verification of cell counting measurementprocesses.

5 method is especially applicable in cases where™an appropriate reference materia
iracy is not readily available. This method does not-directly provide the accuracy of the ¢

5 method is primarily applicable to eukaryotic:cells.
E Several sector/application specific international and national standards for cell counting ¢
icable, consulting existing standards whenoperating within their scope can be helpful.
Normative references

following documents aré veferred to in the text in such a way that some or all of th
stitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

20391-1, Biotechnology — Cell counting — Part 1: General guidance on cell counting metho

Terms; definitions, symbols and abbreviated terms

thequrposes of this document, the following terms and definitions apply.
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[SO Online browsing platform: available at https://www.iso.org/obp

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

Terms and definitions

1

accuracy
<measurement> closeness of agreement between a measured quantity value and a true quantity value

ofa

measurand

[SOURCE: ISO/IEC Guide 99:2007, 2.13, modified — Notes deleted]
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3.1.2
bias
<measurement> estimate of a systematic measurement error

[SOURCE: ISO/IEC Guide 99:2007, 2.18]

Note 1 to entry: Systematic measurement error is a component of measurement error that in replicate
measurements remains constant or varies in a predictable manner. A reference quantity value for a systematic
measurement error is a true quantity value, or a measured quantity value of a measurement standard of
negligible measurement uncertainty, or a conventional quantity value.

Note 2 to eptEy= Alco dafinad oc tho diffarancon batuaan tha avnactation of +bho toct »ac e ond o oo )ted

Ty o O e et o e O e C e o C vy C Ot e CxX p o Ctaor o O e e ST Courcooitta o ot

reference vlue (ISO 3534-1).

3.1.3
cell concentration
cell count lj'er volume

Note 1 to enftry: Typically used for cells in suspension (e.g. cell number per ml).

Note 2 to erftry: Cell concentration can refer to the total cell count or the count of a specific subset of cells within
the volume [e.g. viable cell number per ml).

3.1.4
cell count
discrete nymber of measured cells

Note 1 to entry: Cell count for cells in suspension is typically expressed as cell concentration.

3.1.5
cell counting
measuremgnt process to determine the cell count

3.1.6
cell suspenpsion
single celld or aggregates of cells dispersed.in a liquid matrix

3.1.7
debris
<cell suspgnsions> fragments of-cells and/or particles of biological or non-biological origin

3.1.8
differential cell count
cell count ¢f a subset of gells, which have been distinguished from other cell subpopulations by at l¢ast
one distingt cell attribute identified in the measurement

Note 1 to g¢ntrys<The concentrations derived from a differential cell count can be expressed in absdlute
concentratipn Ox, ‘as a relative measure (i.e. percentage) with respect to the total cell number or anofher
predefined population.

3.1.9
dilution fraction
ratio by which the concentration of solute in a solution has been reduced from an original concentration

Note 1 to entry: Dilution fraction can range from 0 to 1.
Note 2 to entry: Dilution fraction is also sometimes referred to as “dilution ratio” or “dilution factor”.

EXAMPLE The ratio by which the concentration of cells (solute) in a cell suspension (solution) has been
reduced from a starting concentration of cells in suspension.

2 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=f6b4d6c01cb5ac7f2289e462c7ad1d5b

IS0 20391-2:2019(E)

3.1.10
dilution series
group of solutions that have increasing or decreasing concentrations of the same substance

Note 1 to entry: A dilution series can be generated by serial dilution or by independent dilution.

Note 2 to entry: For a cell suspension, a dilution series is a group of suspensions that have increasing or decreasing
concentrations of cells.

3.1.11
experimental design
propessof plammng astudy tomreet specifiedobjectives

Note 1 to entry: Plan for assigning experimental conditions to participants and the statistical afialysif associated
witlhh the plan. Typically, this includes a specification of the independent variables, dependent varialles, number
of plarticipants and sampling strategy, procedure for assigning participants to experimental conditions, and
ord¢r in which test tasks are given.

3.112
independent dilution
dildtion series where each dilution is conducted independently of other-dilutions

Notg 1 to entry: Generally independent dilution series are generated diréctly from a common stock $olution at a
predspecified (or target) dilution fraction.

3.113

int¢rmediate precision
confdition of measurement, out of a set of conditions that includes the same measurement [procedure,
sanje location, and replicate measurements on the:s$ame or similar objects over an extended period of
timp, but may include other conditions involving changes

Note 1 to entry: The changes can include new calibrations, calibrators, operators, and measuring.
Not¢ 2 to entry: Operator bias refers specifically to error introduced by human operator experience.
[SOPRCE: ISO/IEC Guide 99:2007, 222, modified — Note 3 deleted]

3.1{14
limjfit of quantitation
LO(E

<ce|l counting> lowest cell count in a sample that can be quantitatively determined with a suitable
prefision and accuracy using a specific analytical method

Note¢ 1 to entry: The-limit of quantification describes quantitative assay for low levels of cells in sample matrices.

3.1{15

lingarity
within™a ‘given range, ability of an analytical procedure to obtain test results which afe directly
proportional to the concentration (amount) of analyte in the sample

[SOURCE: Reference [14], modified.]

Note 1 to entry: In cell counting the concentration of analyte refers to the concentration of cells (total or
differential) in the sample.

Note 2 to entry: When a set of measurements exhibits linearity over a range of a given input (while all other

inputs and measurement conditions are held constant), the expected value of the measurand can be expressed as
the sum of a constant bias term and the input parameter multiplied by a fixed constant.

© IS0 2019 - All rights reserved 3
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3.1.16
measuran

d

quantity intended to be measured

[SOURCE: I

3.17
measured

SO/IEC Guide 99:2007, 2.3, modified — Notes and examples deleted.]

dilution fraction

dilution fraction verified by a traceable measurement

Note 1 to entry: For example, the volume of liquid can be verified by measuring the mass of the liquid (taking into

density) usifiga catibrated and traceapte scate wititappropriate semsioviey |

3.1.18

measurenpent process

<cell count

Note 1 to ey
settings (e.g

3.1.19

ing> entire process for obtaining a cell count

try: A measurement process can include sample preparation procedures, the measuring systenj
. aperture choice, cell size gating, magnification, light exposure time etc.), anddata analysis.

measurenjent precision

closeness
measurem

bf agreement between indications or measured quantity, values obtained by repli¢

bnts on the same or similar objects under specified conditiens

Note 1 to emtry: Measurement precision is usually expressed numerically by measures of imprecision, suc

standard dg

Note 2 to

viation, variance, or coefficient of variation (CV) under the specified conditions of measurement

entry: The ‘specified conditions’ can be, for example, repeatability conditions of measuren

intermediafle precision conditions of measurement, or reproducibility conditions of measurement

1SO 5725-1)
[SOURCE: I

3.1.20
proportio
ability of
proportion

Note 1 to d
differential]

SO/IEC Guide 99:2007, 2.15, modified £ Notes 3 and 4 deleted.]

hality
in analytical procedure, irrespective of range, to obtain test results which are dire
al to the concentration (amouint) of analyte in the sample

ntry: In cell counting-the“concentration of analyte refers to the concentration of cells (totd
in the sample.

Note 2 to e

try: A collectiomof’measurements exhibit proportionality with respect to a given input param

when the ratio of the expected value of the measurement to the value of the input parameter at which|
measuremehts were taken' remains constant as the value of the input parameter changes (while all other in
and measurement cenditions are held constant).

Note 3 to erftry<When a set of measurements exhibits proportionality over a range of a given input, then, Y
where Y, th¢ éxpected value of the measurements is expressed as the input parameter (X) multiplied by a f|

, its

ate

h as

ent,
(see

ctly

I or

eter
the
buts

= cX
xed

constant (c), WitiTTI0 btas termT.

3.1.21

proportionality constant
constant multiplier that directly relates the measurand to an input parameter

3.1.22

proportionality index
<cell counting> measure of deviation from proportionality for a dilution series experimental design

Note 1 to entry: The proportionality index (PI) is specific to the cell preparation and cell counting measurement
process being evaluated.

© ISO 2019 - All rights reserved
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3.1.23
p-value
output of a statistical hypothesis test

Note 1 to entry: The p-value is obtained in the following manner: The distribution of the test statistic under the
assumption that the null hypothesis is true, called the null distribution, is determined. The p-value is computed
from the null distribution as the probability of observing a test statistic that is as or more extreme than the test
statistic obtained from the actual data.

3.1.24

reférence material

ref¢rence standard
matlerial, sufficiently homogeneous and stable with reference to specified properties, which has been
established to be fit for its intended use in measurement or fn examination of nominal propdrties

[SOPURCE: ISO/IEC Guide 99:2007, 5.13, modified — Notes-and examples deleted.]

3.1§27

reférence method

ref¢rence measurement procedure
megsurement procedure accepted as providing measurement results fit for their intenfled use in
ass¢ssing measurement trueness of measured quantity values obtained from other medasurement
profedures for quantities of the same:Kind, in calibration, or in characterizing reference matlerials

[SOPRCE: ISO/IEC Guide 99:2007, 2,7]

prefision of the results-of measurement under defined conditions of measurement

Not¢ 1 to entry: Repeatability can also be considered as the closeness of the agreement between results of
sucdessive measurements of the same measurand carried out under the same conditions of the measpirement2Z],

3.1129
resjdual
<nymerical analysis> numerical difference between the observed value of a dependent variaple and the
preflicted value ar

3.1.30
sample
one or more parts taken from a system and intended to provide information on the system

Note 1 to entry: Often the sample serves as a basis for decision on the system or its production.

Note 2 to entry: For example, a smaller volume or aliquot of cell suspension taken from a larger volume of cell
suspensionl1Z],

[SOURCE: ISO 15198:2004, 3.22, modified — “population” replaced by “system”, Notes added.]

© IS0 2019 - All rights reserved 5
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3.1.31

serial dilution

stepwise dilution of a substance in solution where the reduction of concentration is cumulative,
lessening with each subsequent dilution

Note 1 to entry: In a serial dilution series, all dilutions except for the first are dependent on the preceding dilution.

3.1.32

stock cell solution

sufficiently stable (over time) cell suspension at sufficiently high concentration to allow dilution into
working concentrations during experimentation

3.1.33
systemati¢ error
componen{ of measurement error that in replicate measurements remains constant oryvdries |n a
predictabl¢ manner

Note 1 to eftry: A reference quantity value for a systematic measurement error is a true guantity value, jor a
measured quantity value of a measurement standard of negligible measurement uncertainty, or a conventipnal
quantity value.

Note 2 to efjtry: Systematic measurement error, and its causes, can be known or*unknown. A correction cah be
applied to cpmpensate for a known systematic measurement error.

Note 3 to enftry: Systematic measurement error equals measurement erref)minus random measurement errqr.
[SOURCE: ISO/IEC Guide 99:2007, 2.17]

3.1.34
target dilytion fraction
dilution fraction that is trying to be achieved by dilutidgwith a specified volume of solution

3.1.35
test sample
small aliquiot of the sample that is prepared{for measurement in the method of interest

Note 1 to dntry: Generally, test samples are’ representative of the sample they are prepared from and|are
sometimes Yeferred to as “representativetest sample(s)”.

3.1.36
total cell dount
cell count ¢f all cells, independent of the attribute(s) of the cell

3.1.37
true counf
true quantity value

quantity value.consistent with the definition of a quantity

Note 1 to ehtry: In the error approach to describing measurement, a true quantity valie is considered unique
and, in practice, unknowable. The uncertainty approach is to recognize that, owing to the inherently incomplete
amount of detail in the definition of a quantity, there is not a single true quantity value but rather a set of
true quantity values consistent with the definition. However, this set of values is, in principle and in practice,
unknowable. Other approaches dispense altogether with the concept of true quantity value and rely on the
concept of metrological compatibility of measurement results for assessing their validity.

Note 2 to entry: In the special case of a fundamental constant, the quantity is considered to have a single true
quantity value.

Note 3 to entry: When the definitional uncertainty associated with the measurand is considered to be negligible
compared to the other components of the measurement uncertainty, the measurand can be considered to have
an “essentially unique” true quantity value. This is the approach taken by the ISO/IEC Guide 98-3 and associated
documents, where the word “true” is considered to be redundant.

6 © IS0 2019 - All rights reserved
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[SOURCE: ISO/IEC Guide 99:2007, 2.11, modified — “GUM” replaced by “ISO/IEC Guide 98-3".]

3.1.38

validation

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

[SOURCE: ISO 9000:2015, 3.8.13, modified — Notes deleted.]
3.1.39

variability

quaTification of probability diSTribUTtion fUNction for variable, parameter, or condition ]

[SOPRCE: ISO 16732-1:2012, 3.29]

3.2| List of abbreviated terms and symbols

List of abbreviations in order of citation.

Abbreviated term or

symbol Description
p proportionality constant that can differ fromvk;4,
By scalar coefficient estimated from the proportional model fitting
cv coefficient of variation
V. coefficient of variation for a set of Kjsrépeated observations of representatiye test

L sample j, at target dilution fraction

i

4 mean percent CV for a set of n; representative test samples, with target dilufion frac-
%YV df; tions df;

Cidehl ideal proportionality constant

tc; theoretical/true countof sample j

DF dilution fraction

DF. dilutign fraction of sample j controlled by the measurement process or detefmined

J experimentally

tDH theoretical/true dilution fraction

DF set.ofunique target dilution fractions

DF} casured set’of measured dilution fractions

df; targeted dilution fraction

df;; measured dilution fraction

e residual between data and modelled fit

e Shoothed smoothed residual between processed cell count and proportional model fif
o smoothed residual when target dilution fraction is used in the analysis of pfoportion-

e; ality (smoothed residual at each target DF)
smoothed smoothed residual when measured dilution fraction is used in the analysis of propor-

€jj tionality (smoothed residual for each representative test sample)

E(oc) expected value of observed counts

i index for target dilution fraction

Jj index for replicate representative test sample

k index for replicate measurement made on a representative test sample

K; number of repeated measurements of the representative test sample

I number of target dilution fractions

n; number of replicate representative test samples at the target dilution fraction

© IS0 2019 - All rights reserved 7
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Abbreviated term or

symbol Description
PI proportionality index
R2 coefficient of determination
Y observed value from measurement k of representative test sample j at target dilution
ijk fraction i
— mean cell count for a set of n; representative test samples, with target dilution frac-
Yar, tions (df))
fij mean over the set of K;; repeated observations for the jth representative test sample of df;
_ mean of 1?,] over independent representative test samples j for a set of n; replicate
Y

representative test samples

lproportiona
DF},

estimated cell count at DF, using f; obtained from proportional medel fit lipmpomo

hal

proportiona
A

proportional model fit to 171-1- versus df;;

4 Pringiple

4.1 Gen

Achieving high confidence in cell counting implies that the medasurement is both accurate and preciség

For a well-
reference :
accuracyl!
describe d
aspects of

The qualit)
measurem
correction

Accuracy i
value (seell
material o
through its
that the me
conditions
occurred 1
provide th

bral

controlled dilution fraction series, the conceptof proportionality may be used as an inte
ind deviation from proportionality can senve as an alternative to the direct evaluatio
pl. Specifically, using experimental design‘and statistical analysis, quality indicators
bviation from proportionality and coefficient of variation (CV) can be evaluated to as
fhe quality of a cell counting measurement process.

 indicators evaluate the overallhquality of a cell counting measurement process, where

b ideally evaluated uging a reference method and/or reference material with a known “ti
SO 5725-1 and 1SQ 5725-2 for further information). In the absence of an appropriate referg
" reference method; the quality of a cell counting measurement can be indirectly asses
adherence te ey deviation from the fundamental principle of proportionality, which imp
asured cellcount shall be proportional to the dilution fraction (DF) under ideal experime
Deviation) from proportionality would indicate that a systematic measurement error
0 reduce the overall measurement confidence. This approach however does not dire
e accuracy of the cell count.

[15],

rnal
h of
that
bess

the

bnt process includes sample preparation and handling, data acquisition, and data processing/

”

ue
nce
sed
lies
htal
has
ctly

The precis

on ora cell counting measurement indicates the closeness or agreement between cell Co

nts

obtained by replicate measurements on the same or similar cell preparation under specified conditions.
Experimental data with low precision but with average cell counts fitting well to proportionality would
reduce the quality of the measurement process. Importantly, low measurement precision (i.e. large
random measurement error) can mask deviations from proportionality.
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4.2 Proportionality

The theoretical true counts of samples extracted from a common, ideally homogenized, stock
solution are related by their respective dilution fractions in accordance with the expression shown in

Formula (1):

th = Cideal XtDF] (1)
where
tc; is the theoretical true count for the sample j;

J

Cigeal 1S an unknown proportionality constant equal to the theoretical true countfor an
undiluted sample;

tDF;  is the true dilution fraction for sample j.

By rigorously controlling the dilution fraction, the theoretical tDF; may beapproximated by DF;. See

Formula (2):

tDF; = DF (2)

where DF; is the dilution fraction of sample j controlled by the measurement process or determined
experimentally.

An pincalibrated, but otherwise ideal, measurement process would exhibit a proportional relationship
betveen the expected value of observed counts, E(0¢;), and the dilution fraction. That is, in the absence
of systematic measurement errors, E(oc)) is given by f:ormula (3):

E(ocj)zﬁxDFj (3)

where S is a proportionality constantthat can differ from ¢4,

Combining Formula (1) and Egrmula (3) provides the basis for directly relating tc; to E(oc] through a

conptant; see Formula (4):

e, :[%Teal]xg(oc,.) @

If B|is known feig. through the use of a reference material) and B = ¢4, then E(oc) = fic; (i.e. the
accliracy of the'observed counts could be established).

If 4 is<not known, the closeness in agreement between the expected proportional rglationship
[Formula (3)] and the measured relationship may be used to assess the quality of a ce]l counting
measSurement process, Since any deviation from the proportionality 1s indicative of the presence of
measurement errors.

NOTE Measurement errors that scale proportionally with dilution will not result in significant changes to
proportionality and therefore will not be detected in an analysis of deviation from proportionality.

4.3 Deviation from proportionality

Deviation from proportionality is assessed by summarizing the deviation of processed cell count data
from a proportional model fit (see Figure 1).
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NOTE This is a schematic representation of a hypothetical study withAfive target dilution fractions and three

test sample

Fig

Residuals
the measu
precision.

A proporti

at each target dilution fraction.

ure 1 — Schematic of a hypothetical cell counting results from a dilution series
experimental design

e) can occur as the result of systematic.errors, random errors, or a combination thered
Fement process. As such, functions_of‘residuals are sensitive to changes in both bias

pnality index will be calculated based on an analysis of smoothed residuals (eg,,othed) f

fin
and

fom

the proporfional model fit (see 6.4).

NOTE Evaluating deviation from proportionality via a hypothesis test (producing a p-value) in which| the
null hypothesis presumes the behayiour of expected counts to be proportional to dilution fraction and| the
alternative hypothesis is a more-flexible (e.g. linear or quadratic) model p-value evaluation, is not consid¢red
here becauge high random measurement error will reduce the ability to detect statistically significant deviatjons
from propoftionality.

5 Experimental' design

5.1 General

Cell counting method selection, considerations for performing a cell counting measurement, possible
sources of uncertainty, as well as instrument qualification, method validation and reporting are
described in ISO 20391-1.

The cell counting method selection, method validation and reporting shall be carried out in accordance
with ISO 20391-1.

5.2 Considerations for the cell counting measurement process

The experimental design and statistical analysis methods described in this document may be used
to evaluate the quality of cell counting measurement processes in which the test sample is in a
suspension format.
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This method may be applied to total, differential, direct and indirect cell counting measurement
processes.

NOTE1 If significant cell processing is required prior to counting, for example in the case of cells grown in
aggregates that are individualized prior to counting, the processing steps to individualize cells can be considered
a partof the cell counting measurement process. In this case the stock cell solution will contain the cell aggregates
which are then diluted into the independent test samples. Each independent test sample can then undergo the
processing steps to individualize cells prior to measurement. Challenges in this case include maintaining dilution
integrity when samples contain aggregates.

NOTE 2  In the case that cells are embedded in a matrix or adhered to a surface, the process to bring the cells

intora-suspensionformatisnetconsidered-apart-of-the-cell-countingmeasurement-processfor-thq purpose of

this|document.

In the case of a measurement process where rare cell events or low numbers of cells will pe counted
relgtive to large background populations of cells, additional considerations beyond the experimental
des]gn and statistical analysis described in this document may apply.

5.3| Preparation of samples for the experimental design

5.3/1 General

The test material for the experimental design shall be cells in suspension. Cells can be in condlitions that
refrllrct the behaviour of the cells (i.e. single cells, cell aggregates, or cell agglomerates).

Sanpple preparation and handling procedures used to generate representative test samples|for the cell
coupnting measurement process should be optimized te maintain the properties of the test Jamples for
coupting.

Sanpple preparation procedures should avoid. damaging cells in ways that change their ability to be
coupted or in ways that introduce/reduce debris that can interfere with or artificially impreve the cell
coupting measurement process.

NOTE1 References [18], [19], [20], J21} provide further guidance on sample preparation procedures for
particular cell types and cell samples.

Samiple preparation procedures:should be conducted in an amount of time and under conditions that
maintain the stability of the eells sample with respect to properties that can affect the cell counting
megasurement process. See, [ISO 20391-1 for further information.

NOTE 2  Samples contaihing live cells are dynamic and therefore can be unstable with regards t¢ properties
that| can affect a cell*count. Interactions such as cell-cell interactions and cell-material interactior|s can cause
changes in the cellsample that can affect a cell count.

Sanpples foreell counting measurement processes resulting in a differential cell count (e.g. cofjcentration
of yiablecells) will have some level of heterogeneity that can be affected by the dilutign process.
Sanjplé“preparation procedures should aim to generate test samples that are representdtive of the
heterogeneity of the stock cell solution 1

NOTE 3  For heterogenous cell samples, some cells can be more affected by conditions of the culture/sample
environment than others, thus affecting representativeness of test samples.

5.3.2 Stock cell solution

A single stock cell solution should be used to generate all representative test samples. Additional stock
cell solutions may be used if the concentration and composition of the stock cell solutions are nominally
equivalent.

The cell concentration of the stock cell solution should be estimated using the same measurement
process under evaluation.

© IS0 2019 - All rights reserved 11
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In the use case where more than one measurement process is under evaluation (see Annex D), a single
measurement process should be chosen to estimate the starting cell concentration in the stock cell
solution and the measurement process used should be noted.

The concentration of the stock cell solution should be chosen to facilitate the generation of replicate
representative test samples over the concentration range of intended use of the cell counting
measurement process.

The quality indicators evaluated following the methods described in this document, are specific to
the cell preparation (i.e. stock cell solution) investigated in the experimental design. The stock cell
solution and representative test samples should therefore be similar to the test samples intended for
the measufement process.

bhould be maintained with respect to attributes of the cell preparation that can affectthelcell
easurement process. For the purpose of evaluating the quality of a cell counting méasurenpent
fributes that should be similar between the representative test samples of this éxperimehtal
the test samples intended for the measurement process can include the eggmposition of|the
medium, presence of debris, the degree of cell aggregation, the hetertogeneity of the|cell
the optical properties of the cells, the morphology of the cells etc. (See Bibliography).

Similarity

counting nj
process, at
design and
suspensior
population

5.3.3 Dilution fraction experimental design

ed dilution fraction experimental design is illustrated in Eiglire 2. See Annex C and Anng¢x D

ecific examples of dilution fraction experimental designs?

A generaliz
for more s

ive
ote
DF
for
Cate

Let Y;; depote the value observed in the kth replicate observation of the jth replicate represent

test sampl¢ for the ith target dilution fraction from the comm®n stock cell solution. That is, let I de
the numbefr of unique target dilution fractions (i = 1, ..., I*each index referring to a unique targef
value between 0 and 1); let n; denote the number of replicate representative test samples prepared
target dilufion fraction i; and let K;; denote the numbef-of repeated measurements for the jth repli

representaftive test sample for the ith target dilutiomyfraction.
itive test samples shall be generated,over a set of unique target dilution fractions, denqted

[a’fl}ilzl (e.g. DF = {0,1; 0,3; 0,5;70,5; 0,7; 0,9}) from a stock cell solution such that

Represent:
as, DF =

concentratj

the

ion of cells within the representative test samples fall within the concentration rangp of

intended u
be generat
another sc
necessary.

Replicate 1

representative testsamples should be generated at each df; (i.e. n; = 3).

Replicate
should be

se of the cell counting measurement process. In general, a minimum of four unique df; sh
bd. df; should be evenly Spaced on a linear scale and represent the range of intended us
hle is selected for theSpacing of dilution fractions, additional statistical considerations

epresentativé—test samples shall be generated. In general, a minimum of three repli

neastirements shall be made. In general, a minimum of three replicate measuremg

uld
e. If
are

Cate

bnts
h of

made on each representative test sample (i.e. Kj; = 3) using the repeatability conditio

nt o tha cama maacniraraant nracnce 1n thao e lobharatary by tha carman anaratare
I J7r

measurement{-e—the-same-measurement-process—in-the-samelaberates by eperatorusing

the same equipment and within short intervals of time.)

cITre-oTTITe

Selection of appropriate design (e.g. number of DFs, number of replicate representative test samples,
number of measurements) should be made based on the stated purpose and considering the availability
of the sample and stability of the representative test samples over the duration of the experimental time.
An analysis of power (or power analysis) (i.e. a study’s ability to detect the alternative hypothesis when
it is true) can facilitate selection of an appropriate design[22], An analysis of measurement uncertainty
can also facilitate selection of an appropriate experimental design.

If sample availability and/or stability is a limiting factor, the experimental design should, as much as
possible, firstly maintain the number of dilution fractions, then the number of replicate representative
test samples, and finally the number of replicate observations.
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NOTE This schematic depicts an experimental/design starting from a single stock solution, yhere three

repliicate representative test samples (n; = 3) are~prepared for a set of I target dilution fractions (df;, df,, ..., to
df}) via independent dilution. Three replicatexobservations are to be made on each representative [test sample

(sz i 3)

Figure 2 — Schematic diagram depicting an example of a dilution fraction experimental design
for'cell counting measurement process

5.3[4 Considerationsfor generating dilution fractions

Diluent should be sefected to maintain the stability of the representative test sample with respect
to properties that-can affect the cell counting measurement process over the course of the dilution
series study;

Prefrautions should be taken to ensure dilution fractions are generated via a repeatable prodess.

The stock cell solution should be well mixed to generate homogeneous cell suspensions befor¢ preparing
subsequent dilutions. Dilution of the cells should be carried out in a way that minimizes variability due
to the dilution process.

NOTE1 Reducing the number of operations for dilution can minimize the variability due to the dilution
process.

The dilution process should avoid generating debris and/or damaging cells.

Each dilution fraction should be generated independently from the stock solution to avoid compounding
errors associated with serial dilution. Serial dilution may be used if the serial dilution process is well
understood and the dilution fractions are within pre-determined specifications or can be corrected
through appropriate modelling.
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Ideally, dilution fraction is known and is equivalent to df;. In practice, the true dilution fraction can
deviate from the target dilution fraction in random or systematic ways, compromising dilution integrity.
Dilution integrity can be compromised due to pipetting error, inhomogeneity in the cell suspension,
loss of cells to the vessel/pipette tip, instability of the cells over time, and compounding error in serial
dilution. The process for generating dilution fractions should take into consideration the effects on
dilution integrity.

NOTE 2 Further general guidance on use of pipettes can be obtained from literature see Reference [10] and
[SO 8655-1, ISO 8655-2, and ISO 8655-6.

Contributions of pipetting error to dilution integrity shall be addressed.

NOTE 3 IIn the context of this document, pipetting error specifically refers to error introduced by inacculrate
assumptionk about the volumes of suspension pipetted in the preparation of a representative test sample. Erfors
due to imprpper mixing or sample handling are not included in pipetting error.

Contributi)])ns of pipetting error to dilution integrity should be assessed through an independent stjudy
prior to execution of the experimental design (pre-evaluation). Example procedures to pre-evaljiate
pipetting error contribution to dilution integrity are available in A.2.

tting error contribution to dilution integrity is assessed through-pre-evaluation, the yiser
b acceptance criteria for pipetting error contribution to dilutiof ihtegrity and demonstfate
eptance criteria have been met (see A.2). When user-defined acceptance criteria for pipetfing
t, then the target DF (df;) should be used in the calculation®fPI following statistical analfysis
bscribed in 6.6.

When pipe
shall defin
thattheac
error is mq
methods d

NOTE4 Insome cases, it can be desirable to account for pipetting eérror contribution to DF for each test sathple
as they arngenerated during execution of the dilution series study. Examples include if there is limited |test
sample avajlable for pre-evaluation, or if pipetting error is expécted to be higher than desirable for generdting
dilution frag¢tions.

When user
achieved, d
to dilution

-defined acceptance criteria for pipetting error contribution to dilution integrity canno
r when the user chooses not to pre-evalirate pipetting error, the pipetting error contribu
integrity shall be accounted for}by obtaining a measured DF for each indepenc

kt be

Fion
lent

red
94;
bx B

representative test sample as test samples are generated (see A.3). In this case, the set of measy
dilution fractions, denoted as DFyeasured = 19fi}ij (€-8: DFpeasurea = {0,104; 0,995; 0,102; 0,310; 0,
0,301; etc.}) is used in the calculation ofiPFfollowing modified statistical analysis methods. (See Ann¢
and Annex|C).

5.4 Testilsample labelling

itive test samples shall be labelled with sufficient information to ensure traceability to|the

ion and the. diltution fraction of the test sample.

Represents
stock solut

cell
lls/
l be
ing

In the casg
counts (e.g|
cell populattion
labelled in'a—#ayte-e
measurement and/or an

where-thé cell counting measurement process involves manual methods for obtaining
manual cell counting using a haemocytometer) and/or manual methods for identifying ce
ative test samples shoul

alysis to reduce the influence of operator bias.

5.5 Measurement of the test sample

Measurement of the representative test samples should be conducted in an amount of time and under
conditions that maintain the stability of the representative test sample with respect to properties that
can affect the cell counting measurement process over the course of the dilution series study.

Measurement samples should be prepared from each representative test sample according to the
procedures established for the cell counting measurement process under evaluation. See ISO 20391-1
for considerations in preparing samples for measurement.

Representative test samples should be well mixed before the preparation of each measurement sample.
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Measurements should be conducted following procedures established for the cell counting measurement
process under evaluation. The cell counting measurement process includes sample preparation
(e.g. staining, lysing, disaggregation), sample handling (e.g. pipetting, mixing), data acquisition (e.g.
instrument settings, sample loading) and data processing/correction (e.g. coincidence correction,
gating, image analysis parameter settings). See ISO 20391-1 for further information.

Measurements shall be conducted in a way to reduce systematic temporal effects.

NOTE Randomizing the order in which samples are measured can reduce the sensitivity of PI and other
metrics of the cell counting measurement process quality, to systematic temporal effects.

Thetimreetapsed-between preparation of the fimat Tepresentative test sampte amd-thretime at which
each observation was made should be documented to monitor for unexpected temporaleff¢cts during
thecourse of the dilution series study.

6 |[Statistical methods

6.1l General

A géneralized data analysis flow diagram is illustrated in Figure 3.

Calculate mean cell Quality indicators
- count at each . Y
o dﬁ
Calculate mean cell dfi (Ydﬁ)
count for each test
samplej (Y.)
I N egiLcﬁézierl;i:j - | Calculate mean %CV N %CV
¢ (v at each dfi(%CV ;) o~V g
Fitto
proportional model >~ R?
tional
(A%ropor ona )
Calculate ~| Select method to . Calculate PI . Pl
€imoothed calculate PI

Figpre 3 — Diagram illustrating analysis process for calculating quality indicators based on the
dilution series experimental design
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6.2 Mean cell count

Mean cell count (;dfi ) for a set of representative test samples (indexed by j = 1, 2, ..., n;) with target
dilution fraction df; is given by Formula (5):

_ »n 17 i
_“j-1ty.
Vo, =——— (5)
i

where Y jj rdenotesthe meamrover tiesetof 1'\'1-]- repeated-observations for the 7 representative test
sample of df; and is given by Formula (6):

. = kel ©)

Ki
6.3 Measurement precision
Measurement precision shall be evaluated using coefficient of variation\(CV) of repeatability ¢ver
replicate opservations, expressed as a percentage (%CV).
For a set of K;; repeated observations of representative test samplé/, at target dilution fraction dfthe
coefficient|of variation (CV) is given by Formula (7):
1 K;; = \2
> ()
s K. —1 k=1\"Y J.
tandard deviation ij
mean Y.
ij.
Mean percent CV(%CVde. ) for a set of n; representative test samples, with target dilution fractionp df;
is given by[Formula (8):
20 CVy
%CVdf :100X n (8)
i

where CV;;lis given by Forfiurla (7) and denotes the coefficient of variation of representative test sample
J with target dilution fraction df;.
6.4 Proportional model fit
A proporti bnal maodel shall be fitto S_’l Versus dfq using Formula (9):

Yij =py xdfj+€ 9)
where

By is a scalar coefficient estimated from the model fitting;

€ij

represents the deviation of Y from the proportional trend.

The dilution fraction df;; is assumed to be the target dilution fraction df; if dilution integrity was pre-
evaluated and fell within user defined specifications for dilution integrity (see A.1.), otherwise a

16 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=f6b4d6c01cb5ac7f2289e462c7ad1d5b

IS0 20391-2:2019(E)

measured dilution fraction (df;) for each representative test sample j at each target dilution fraction i is
used in the proportional modei fit.

An appropriate assumption for modelling the mean-to-variance relationship for the proportional model
fit shall be selected.

The proportionality of observed counts to dilution fraction shall be assessed using a weighted least
squares modelling approach with the assumed mean-variance relationship.

NOTE Cell counts would ideally be modelled using a Poisson assumption for the mean-variance relationship
(variance is equal to the mean) instead of a constant mean-variance relationship (ordinary least squares).
How i i i “ i - - i f a Poisson

distyibution can produce models that underestimate the variability present in the data. Othek/selationships
betwveen the expected average count and the expected variance of counts can be considered Foiy example, a
quafi-Poisson mean-variance relationship (i.e. the variability of repeated observations at a fixed dilution fraction
is proportional (rather than equal) to the expected observation at a given dilution fraction),or a copcave mean-
varifance relationship (i.e. the variability of repeated observations at a fixed dilution fraction is larggr at low and
high dilutions and smaller at intermediate dilutions) can be considered. A goodneS§ssof-fit test car be used to
support the choice of a specific mean to variance relationship.

For| each sample, the predicted cell count from the proportionat wmodel shall be computed as

Formula (10):

li?roportional - ﬂl deij (10)

6.5 Coefficient of determination

Cogfficient of determination (R2) is a number which is widely used in the field of data apalysis and
experiment design as an indicator that describes fiow well a model fits a set of observations.

R? yalue shall be calculated for the proportional model fit.
R? fpr the proportional model fit is givewby Formula (11):

— . 2
. proportional
iz, (Vi -4 )

RZ-1— (11

Z 2
x5, (v —Y...)

wh¢re Y... is the méan of Y over independent representative test samples j for a set of jp; replicate

representative t€st'Samples across a set of target dilution fractions (DF) given by Formula (12):

Y.
Zin;

Y..= (12)

6.6 Proportionality index (PI)

6.6.1 General

A proportionality index (PI) shall be calculated based on an analysis of smoothed residuals (eg,,0thed)
from the proportional model fit.

NOTE1 Evaluations based on non-smoothed residuals can be an appropriate indicator of how close individual
cell count measurements are to their respective ideal value as opposed to systematic error in deviation from
proportionality. Even with a “smoothing” step, deviations from the ideal measurement behaviour result from an
unknown mixture of random variability and systematic error; however, the evaluation of smoothed residuals,
rather than individual residuals, reduces the influence of random error, providing a clearer view of the systematic
error in deviation from proportionality.
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NOTE 2

PI is a value that is specific to the cell counting measurement process in question, including the cell

preparation, measuring system and the selected settings and data corrections, data processing parameter, and
sampling and measurement procedures, as well as the experimental design and statistical analysis method used
in the derivation of PI (e.g. number of observations and the dilution fractions investigated).

NOTE 3
Unaccounte

d random or systematic error in dilution fractions will increase the variability in PI

6.6.2 Calculation of the smoothed residual (e, eq)

PI calculations rely heavily on an accurate dilution fraction [assumption stated in Formula (2)].

When a us

Formula (1

smootl
i

pr
where A i)

described {

redafinad critarion for dilution intoagrityvic mat tho maoan caoll canmt (V o0 ) auarthao cot

ekl il s L bbb B dihi el dadabld S UE %) i i | M didadhd
representaftive test samples with target dilution fractions df; is used to calculate e™°°ed at each d

3):

ed proportional

=Yg —A
dfi — df;
bportional . . . . .
is the estimated cell quantity at df; and is calculated usidg)f; from Formula (10
n Formula (14):

) Propo
df;

In the casé
technique,
preparatio

each repre
6.6.3 Ca

The user s

)

The user §
measurem

smoothed

€ij

Table 1 pra

NOTE )i

tional _ ﬂl dei

where user-defined criteria for dilution integrity’ cannot be met by improving pipet

n. The measured dilution fraction (dfj) can then be used to calculate a smoothed residu;

smoothed

sentative test sample (el-]-

) according to Annex B.
culation of proportionality index\(PI)

hall calculate a proportionality index (PI) based on smoothed residuals (either emeOthe

ent.
vides examples of approaches for calculating PL

I can be,computed following a number of approaches, with each approach placing a diffe

emphasis o the influence of each smoothed residual.

hall select an appteach for calculating PI based on the intended use of the cell count

of n

as

[

14)

[ing

a measured dilution fraction may be obtained at the time of independent replicate sample

] at

or

—e

ng

rent

Table 1 —Approaches forevaluating the proportiomatity imdex (P using a smoothed residual

based method?

Approach for
calculating PI

Description of effect on proportionality index (PI)

R2

predicted values from a statistical model follows the observed values can be an

based on R? ranges from 0 to 1).

R? (or the coefficient of determination), a residual based method to assess how closely

appropriate method for calculating PI when variance is equal across measurements. (P/

Scaled

Penalizes on a percentage scale rather than absolute scale. This approach will evenly
weight the contributions to PI across the dilution fractions

a

This is not an exhaustive list; other methods to calculate PI based on smoothed residuals are also be applicable.
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Table 1 (continued)

Approach for Description of effect on proportionality index (PI)
calculating P/

Penalizes on an absolute scale rather than a percentage scale. In this approach, PI will be

Unscaled most influenced by observations from large (i.e. highly concentrated) dilution fractions.

Total length of absolute differences (either scaled or unscaled) between the

Absolute value proportional and flexible model. Following scaling, residual fragments count equally.

Total of squared differences (either scaled or unscaled) between the proportional and
Sum of squares flexible models. Squaring the model residuals assigns greater influence to the larger

TCSTtroorsT

a  |This is not an exhaustive list; other methods to calculate PI based on smoothed residuals are also be appli¢able.

A cpmbination of approaches can be applied to select a PI calculation that is fit for the intended
application.

NOTE As an example, the sum of the absolute value of each smoothed residual-scaled by the cofresponding
predlicted count from the proportional model [i.e. sum of the absolute value of scaled sthoothed residugls (Pl,,.ssps
see [C.1) can be used to more evenly weigh the contributions of the residual simmary statistic acrjoss dilution
fracftions. Otherwise, the behaviour at nearly undiluted samples tends to dominate the PI charact¢rization. In
addjtion, the use of the “absolute value of residuals” as opposed to the “squared value of residuals” [reduces the
ence of outliers and weighs each fragment of a residual equally in the summary statistics (i.e. if one scaled
resiflual is twice as large as another, its contribution to PI will be twice as much).

See|Annex C for examples of formulae that can be used to calculate PL.

6.7| Additional statistical analysis and quality“metrics

Additional statistical analysis approaches that areifit for the intended purpose may be appliedl to the cell
coupting data collected from the experimental’design and used to generate additional metrjcs that are
useful in evaluating the quality of the cell counting measurement process (e.g. linearity, infermediate
prefision, %CV across replicate representative test samples, etc.). When additional npetrics are
repprted, these shall be defined and thé-methods used to generate them shall be reported.

6.8 Data interpretation

6.8]1 General

The quality indicators-derived from the experimental design and statistical analysis d¢scribed in
thid document evaluate the entire cell counting measurement process including the proceflures used
in 4ample preparation, sample handling, data acquisition, and data processing/correctipn. Quality
indicators are specific to the measurement process and cell sample investigated.

6.8{2 Interpretation of %CV

LO‘ o 0L 1 <7 mdicata o anrn nenoicn ~nll oo filng maaacirarannt
\AAZY VAYA™] peawy

pal a
Tt o I oT C P e eI T C eI COUTICIT S I oS O CTITCTTeS

A p-value or confidence interval can be used to compare CV between different cell count measurement
processes.

6.8.3 Interpretation of R?

R? ranges from 0 to 1 and larger R? means a better fit of the model to the observations. Larger R?
indicates that the predicted values from the model capture a greater proportion of the variation in
the observed data. Evaluation of R? is dependent on the random variability of the data. Therefore, the
R? value does not distinguish the source of deviations from the proportional model as arising from
random variability (imprecision in the data) or systematic disproportionality. Evaluation of RZ on raw
residuals (i.e. not smoothed) characterizes performance based on how close individual measurements
are to their respective ideal value as opposed to systematic error in deviation from proportionality.
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Requirements should be specified for R% based on the intended use of the measurement.

NOTE The general interpretation that RZ > 0,95 is a meaningful requirement is not relevant for this analysis.

6.8.4 Interpretation of P/ values

PI values indicate the deviation from proportionality of a cell counting measurement process. Pl may
be used to assess, in part, the quality of a cell counting measurement process, since any deviation from
the proportionality is indicative of the presence of measurement errors, random and/or systematic.
For example, poor sensitivity of the cell counting measurement process or using the cell counting

measurem e PI.

ent process heyond the limits of guantitation can result in measurement errors that reduc

Requirems

PI is most
scale prop
separately|

Based on t
proportion

value close

NOTE 1

6.8.5 Co

Compariso
nominally

PI values
counting m

Three or m
to generatg
measurem

Alternativd
measurem
analysis m

If a non-parametric bootstrap analysis is performed, the precondition of analysis should be clarif

including f]
analysis ar
bootstrap

In of PI values is valid in the case that the same dilution series experimental design (inclug

nts should be specified for PI based on the intended use of the measurement.

sensitive to measurement errors that do not scale with dilution. Measurement ‘errors
brtionally with dilution will not result in significant changes to PI and should be evaluz

he method used to calculate PI, a higher PI value can indicate more oriless deviation f

ality. For example, in the case of using PI based on R? of smoothed residuals (i.e. PIR 2]

r to 0 indicates greater deviation from proportionality, and lessheasurement quality.

[ values are not appropriate for evaluating the general perfornpfance of a cell counting device.

mparison of P] values

cimilar stock cell concentration) and the samesstatistical analysis method is used.

fan be compared to evaluate differences~in deviation from proportionality between
easurement processes, between cell types, and over time.

ore evaluations of Pl under similardilution series experimental conditions can be condugd
an average Pl with confidence.intervals to facilitate comparison of Pl values across coun
ent processes.

ly, to assess the significance of the differences between PI values across cell coun
bnt processes when(aysingle evaluation of PI is performed, a non-parametric bootst
bthod may be applied to generate confidence intervals for the PI values.

br example.the number of bootstrap iterations, and confidence level, before performing
d conditions of the non-parametric bootstrap simulation should be reported (e.g. numbe
terations and confidence level).

NOTE 1

that
ted

"om
E) a

ling
cell

ted
[ing

[ing
rap

ied,
the
r of

eh-parametric bootstrap analysis is applicable when the precondition of simulation and the exec

nv\n-ni—nvﬂ—

]Jted

analysis ar

NOTE 2

C=coT

TSTST

trends and/or outliers for the cell counting measurement process.

7 Reporting

7.1 Reporting of quality indicators

Cell count shall be expressed in terms of cell concentration as cells/ml.

A large number of PI values determined from repeated Pl measurements can be used to identify

Additional expressions of cell count (e.g. cells/cm? or cells/mg microcarrier) may be reported depending

on the inte

20

nded use of the cell count measurement.
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The report shall contain the following quality indicators:

a)
b)
‘)
d)
7.2

7.2
ind
des

b)

d)
e)
f)

7.2

inclrlde information on the following items:

a)
b)

A

d)

fdf,- for each df;;

%ﬁdfi for each df;;
R? for the proportional model fit;

PL
Documentation of experlmental desngn paramefers and statistical anaIYSlS

1 The reportshall contain information on the experimental design and statistical analys
ependent assessment by entities who review the data, but were not participating in'the ex
gn and/or statistical analysis, including the following.

Description of the cell counting measurement system(s) investigated including:
1) cell type(s) used in the investigation;

2) cell counting method(s) evaluated;

3) concentration range(s) investigated;

dilution fraction experimental design elements including:

1) the set of unique target dilution fractions (\DF ={df; }1{:1 );
2) number of replicate representative test$amples (n,);
3) number of replicate observations(K});

method for evaluating pipetting-ertor contributions to dilution integrity (e.g. pre-ev
described in A.1., or gravimetrically obtained measured dilution fraction during the ev
Pl as described in A.2); whenithe pre-evaluation of pipetting error contribution to dilutidg
is conducted, the user-defined acceptance criteria for pipetting error contributions
integrity shall be reported;

the assumed mean=yariance relationship used in the proportional model fit;
formula for the'proportional model fit [Formula (10)];

method for’calculating PL

2 Additional reporting elements on the experimental design and statistical analysi

method

s to enable
perimental

hluation as
aluation of
n integrity
to dilution

b may also

stock cell solution - stock cell concentration and method for estimating the stock cell con

experimental design - process used to obtain dilutions (i.e. mixing steps, diluent, inde
serial dilution) including time elapsed during representative test sample preparation;

centration;

pendent or

time each cell counting measurement was made and/or time elapsed between sample preparation

and measurement;

statistical analysis procedures - additional metrics, definition of additional metrics, justification

for modelling choices, bootstrap simulation parameters;

unexpected observations made during the execution of the experimental design and statistical

analysis.
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7.3 Additional reporting elements on the cell counting measurement process

Additional reporting elements on the cell counting measurement process may include information on
the following items:

a) cells - type, passage number or population doubling, lot number, source;
b) reagents - name, source, lot number, country of origin, animal or human derived;

c¢) measurement process for the cell counting method(s) - including instrument, instrument settings,
sample preparation, data manipulation.

See Annex|D and Annex E for use case examples for evaluating the quality of cell counting measurenlent
process anf associated reporting elements.
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Annex A
(informative)

Method to assess pipetting error contributions to dilution

integrity

A.]I General

In t

his annex, dilution integrity specifically refers to the contribution of pipetting.€rror

to dilution

intggrity and does not address other aspects of dilution integrity. This annex“providgs example
profedures for evaluating dilution integrity (with respect to pipetting egsor) specifically for this
docjument.

A.2 Example procedure for pre-evaluating pipetting ertrer contributions fo
dilption integrity using a calibrated scale to obtain accurate volume estimates
upopn pipetting

A.2{1 The example procedure outlined for pre-evaluating dilution integrity can also be| used as a
too] to improve dilution integrity such that the final pipetting procedure selected for execytion of the
expgrimental design described in this document meets user-defined specifications. Additjonally, the
profedure outlined for pre-evaluating dilution integrity can also be used as a training tool fof operators
prigr to executing procedures specified in this document.

An |example procedure for pre-evaluating-pipetting error contributions to dilution integrity is as
follpws.

A.212  Follow the dilution scheme that will be used in the experimental design to generate irJdependent
repfesentative test samples atweach target dilution fraction (df;) for the calculation of PI| (including
replication).

Dilytion should be conducted by the same operator, using the same pipettes/type of pipette tips, and
usimg similar pipetting procedures that will be used during the evaluation of PI.

The sample to bexdiluted can be one of the following:

a) |a cell suSpension similar to the cell suspension that is intended to be evaluated for PI;

b) |a suspension medium similar to that in the cell suspension intended to be evaluated for |PI.

It id

natracomaranndad +0 o yagabna £o tha coanla o by Al nd
Ot

TTOT T CCOTITIIT TIIOC o cto— oot vvaccT 1 CIIC—SatTITrpTT

water is generally lower than pipetting error associated with pipetting cell suspensions.

The diluent should be similar to the diluent that will be used during the evaluation of PI.

s . .
to-be-dilutedaspipettingerrerassoe¢iated with

During the dilution, measure the mass of the suspensions being pipetted, my, and My where my, is

the mass of the sample to be diluted and my; is the mass of the diluent being pipetted to generate the

test sample for target dilution fraction df;.

A calibrated scale with sufficient sensitivity to measure the mass of the pipetted suspension should be
selected. If an appropriate scale is not available, an alternative method may be used to obtain verified
sample volumes.

© IS0 2019 - All rights reserved
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A calibrated scale with sensitivity of 0,000 1g can for example be used to obtain mass measurements for
sample volumes as low as 0,01 ml to be accurately measured (see ISO 8655-2 for additional information).

Assuming the density of sample to be diluted and the diluting medium is approximately equivalent,

pre-evaluated DF (df;;

pre-evaluated
J

) for each representative test sample can be calculated as Formula (A.1):

my .
pre-evaluated _ ij
Yy Ty ey -y
1; 2
In some casesitwill notbe reasonable to assume thatthe cnmpln tobe diluted and the r‘]i]nh’ng medium

have apprg

should be ¢

A.2.3 Cal

Plot df "™

model fit []

ximately equivalent densities. In these instances, the respective densities of each sadly

onsidered in the calculation of dfl-]l-)re'evaluated :

culate the pre-evaluated integrity of dilution.

praluated g df; and fit a line constrained to pass through the origin at (0,0), i.e. a proporti

‘ormula (A.2)]:

fion

nal

dfi]pre-evaluated — ﬁ pipettingdfi t+e i (h.2)
where

p pipettng is a constant;

€jj represents the deviation of dﬁ;’re'evaluated from the proportional trend.
In an ideal|case f Pipetting would be equal to 1.

Calculate a
(see Table |

2
If Rpjilution

coefficient of determination for pipetting error contribution to dilution integrity (Rl%ilut
n.1).

is greater than or_équal to a pre-specified user-defined criterion (based on the inten

use), then dlilution integrity’is'sufficient, and df; may be used in the evaluation of PI.

Generally,

2
RDilution 2

Criterion for‘acceptable pipetting error contribution to dilution integrity should be at 1
0,98.

To mainta

'

dilution integrity at low dilution fraction, multi-step dilution processes may be utili

011)

ded

past

ved.

For examp|é€;-a larger volume sample from the stock cell solution can be obtained then serially dily

ted

to reach the desired target dilution fraction. Error introduced by each dilution step should be taken
into account when calculating dilution integrity.

The specification of R? is dependent on the intended use of the cell counting measurement. Allowing
lower R? for dilution integrity will result in reduced sensitivity for detecting deviation from
proportionality in the cell counting measurement process.

If R[z)ilution is less than a pre-specified user-defined criterion, then dilution integrity is not sufficient. In

this case, liquid handling procedures should be improved and re-evaluated. In the case that liquid
handling procedures cannot be further improved, and the user-defined criteria are still not met, a
measured DF (dfj) can be obtained during the evaluation of P/ and used in the calculation of PJ, to satisfy
the requirements for dilution integrity (see A.2).
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Table A.1 — Example table for data collection and evaluation of dilution integrity
T Target cell | Target . Mass of Mass of R
a];§et suspension | diluent R:;’;:c?te plpett;e d p(;pletted df pre-evaluated [ppipetting Dilution
volume volume ple sample iluent ij integrity
my m;
ml ml g g R
ilution
0,3 0,6 1,4 1 0,586 1,444 0,289
0,3 0,6 1,4 2 0,589 1,444 0,290
9,5 0,6 1,4 3 0,566 1,452 0,267
) 1 1 1 0,966 1,029 0,484
,5 1 1 2 0,985 1,035 0,488 09754 0,999 4
(I),S 1 1 3 0,963 1,037 0,482
,7 1,4 0,6 1 1,351 0,613 0,688
,7 1,4 0,6 2 1,356 0,615 0,688
7 1,4 0,6 3 1,335 0,616 0,684
A.3 Example procedure for obtaining a measured DF-during the evaluation of P/

using a calibrated scale to obtain accurate volume estimates

A.3
targ
solu
frad

A.3
rep
Dur
med

pip
A c?

dilu
obt

A cd
for
infd

1 The mass of the pipetted cell suspension and thé<mass of the diluting medium used ta
et dilution fraction can be measured. When it can be reasonably assumed that the densit
tions are nominally equivalent, the ratio of the*mass of the solutions provides a measur

tion (dfy).

2 Follow the dilution scheme described in the experimental design to generate in
Fesentative test samples at each target-DF (df;) for the calculation of PI

obtain the
es of these
ed dilution

dependent

ing the dilution to obtain each indépendent representative test sample, j, at target dilutic;lz
i

isure the mass of the cell.suspension (mll_j) being pipetted and the mass of the d
etted (mzi]_ ).

librated scale with-appropriate sensitivity to measure the mass of the pipetted cell susp
ent should be used. If an appropriate scale is not available, an alternative method should
hin verified sample volumes.

librated(sgale with sensitivity of 0,000 1g can for example, be used to obtain mass med
samplé;volumes as low as 0,01 ml to be accurately measured (see ISO 8655-2 for
rmation).

fraction i
ent being

ension and
be used to

surements
additional

Ass

TITITTE the demnsity of the cett Suspension and the dituting mediumnT are approxXinTatety

measured DF for each representative test sample (df;;) can be calculated as Formula (A.3):

Ly ij

equivalent,

(A.3)

In some cases, it will not be reasonable to assume that the cell suspension and diluting medium have
approximately equivalent densities. In these instances, the respective densities of each solution should
be considered in the calculation of dfj; (see Table A.2).
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Table A.2 — Example table for data collection and evaluation of measured DF for each
representative test sample

Target Target cell Target | Replicate l\g:lslssﬁfspi&iti:)er? Massd(;lfl});gftted
DF suspension diluent test p df;;
volume volume sample my,; My,
ml ml g g
0,3 0,6 1,4 1 0,582 1,407 0,293
0,3 0,6 1,4 2 0,599 1,415 0,298
0,3 0,6 T4 3 0,597 1,426 0,295
0,5 1 1 1 1,013 1,012 0,500
0,5 1 1 2 1,009 1,019 0,498
0,5 1 1 3 0,959 1,021 0,484
0,7 1,4 0,6 1 1,397 0,604 0,698
0,7 1,4 0,6 2 1,399 0,604 0,698
0,7 1,4 0,6 3 1,395 0,596 0,701

26 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=f6b4d6c01cb5ac7f2289e462c7ad1d5b

Method to calculate smoothed residual (e
measured dilution fractions (DF,

Annex B

(normative)

easure

smoothed

ISO 20391-2:2019(E)

) when a set of
4) is obtained

Wh
med

rep

esentative test sample (4

flexible
dfij

When user-defined criteria for pre-evaluation of

dilution integrity is met:

Use target DF (df; ) in calculation
of smoothed resi(lluals and PI

Assume target DF is accurate
based on pre-evaluation of
pipetting error contribution to
dilution integrity

Fit a proportional model to
data across all test samples
using a weighted least
squares modeling approach

3

d

Perform smoothing-by
calculating the.average of cell
count acrossall replicate test
samples-at each unique
target DE

—

en a measured dilution fraction (df;) 1s obtained during the evaluation of the ge
jsurement process, eg,.otheq Shall be calculated based on a modelled cell coun

) as described in this annex (see Figure B.1).

When user-defined criteria for pre-evaluation

| counting
t for each

pf

dilution integrity is NOT met oz-when the user pr

bfers

Axis translated to
visualize residuals

to obtain measured dilution fractions:

Use'measured DF (df;; ) in cal
of sindothed residualé and PI

i
i
’

Axis translated to
visualize residuals

Calculates measured DFs b
obtaining accurate volume
estimates during represent
test sample preparation

Fit a proportional model to|
data across all test sampleq
using a weighted least

squares modeling approac!

Perform smoothing by app
flexible model across all te:
(using measured Df data). ]
number of coefficients to b
flexible model is equal to t}
of unique target dilution.

—_—

ulation

y

ative

|

ying a

t samples
'he

b fit in the
e number

Calculate residuals (e;"" " ) between the mean cell

count at each target dilution fraction (7(1 1) and the
estimate cell quantity from the proportional model fit

Calculate residuals (el.;.““’“d‘cd) between the mean cell

count at each target dilution fraction (7(1 1) and the
estimate cell quantity from the proportional model fit

Figure B.1 — Graphical representation of different approaches to calculate smoothed residuals
based on target and measured dilution fractions (i.e. method used to obtain a dilution fraction)
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smoothed

if ), amodelled cell quantity

To calculate smoothed residuals when a measured DF is obtained (e

flexible

df ) for each representative test sample is estimated by generating a weighted least squares
ij

value (A

model for ﬁj_versus df;; following a flexible model constraint.

The total number of coefficients to be fit in the flexible model, including the intercept, is equal to the
number of unique target dilution fractions L.

For example, in the case of an experimental design with three target dilution fractions (/= 3), a quadratic
model is applied following the quasi-Poisson distribution assumption [Formula (B.1)]:

&i}f;ib“ =70 +(7’1dfﬁ)+(7’2dﬂ'12) (B.1)

where y,, )f;, v, are scalar coefficients estimated during model fitting.

e;-}momhed or representative test sample j at target dilution fraction i is calculated as Formula (B.2)
smoothed _ , flexible _ , proportional
e; —/”tdfij /lde (B-2)

where ldpfr_)portional is the estimated cell quantity at dfj, and is calculated using $; from Formula (10) as
I

described by Formula (B.3):

'tional
lg}{;)po fonal _ g xdf; (B.3)
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C.1 Detailed examnle ofthe calculation o
. PetdHea-exadnpie-ortne-caretHat

of scaled smoothed residuals

Pl c

Pl ssg when using e$™°°ted [Formula (13)] is given by Formula (C.1):

whére AProPortional o vh o astimated cell quantity at df, given-byFormula (14).

Pl,}<ssg when using esmoc’t}1ed (Formula (B.2)] is given by*Formula (C.2):

where AProPortional ¢ ihe estimated-céltquantity at df;;and is given by Formula (B.3).

C.2l Detailed example ofithe calculation of PI based on R? of smoothed res

PI ¢

IS0 20391-2:2019(E)

Annex C
(informative)

Example formulae for calculating PI

ol

Dl hased on sum ofthe abhsolut
+—B4Sed-0h1-sun-61the3absoidt

value

IO T T o

plculated based on sum of the absolute value of scaled smoothed residuals (Pl,pcssp):

esmoothed

PI S r——
AbsSSR — Z lpmportlonal
I df;

df;

smoothed
Plabsssk = X, D rorortionar
AbsSSR — A{proportlonal
i j df,]

df;;

plculated based on R? of smoothed residuals (PIRZSR ):

PIRZSR when using esmOOthed [Formula (13)] is given by Formula (C.3):
2
Z '(eismoothed )
A i
P o2p=1 = 2
07|
where

v is given by Formula (5);
dfi

C.1)

(C.2)

iduals

(C.3)

= isthe mean of the averaged cell counts at each df; across a set of I target dilution fractions

Y.. given by Formula (C.4):
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= o
Y. = di (C.4)
1
Pl ., whenusing esmoothed [pormula (B.2)] is given by Formula (C.5):
Z 2 ( smoothed )
PIRZSR =1- . — (C.5)
N O [ 4 flexible _ 7 flexible )
iz Ty ]
where
2 exibll is_giv_en by Fo_rmula (B.1) for each replicate representative test sample j at target
df;; dilution fraction df;;
Xﬂexib e flexible
is the mean of the flexible modelled cell quantity values /ldf across all replicate
representative test samples across all target dilution frastiodis given by Formula (C.4):
Z Z ;tﬂeXIble
7 flexible _ i (£.6)
P
1
PIRZSR typically ranges from 0 to 1. PIRZSR closer to 1 describes a measurement process with grepter
proportionality.
C.3 Additional examples of the calculatien of Pl when measured dilution fractipn
is utilized
PI can be cplculated based on the sum of squared smoothed residuals (Pls,sg) as Formula (C.7):
Plgysp|= 22( smoothed) €7
Pl canbec alculated based en'the sum of absolute smoothed residuals (Pl,}ssg) as Formula (C.8):
hed -
PIAbsS — 22 smoot e (_,.8)
Pl can be c alculated based on the sum of squared scaled smoothed residuals (Plgqsg) as Formula (C.9):

PISqSSR 22 y) proportlonal

smoothed
(C9)

J |

In these cases, PI closer to 0 describes a measurement process with greater proportionality.
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Annex D
(informative)

Use case 1 — Evaluating the quality of a single cell counting

measurement process

D.1 General

Theg simplest case is the evaluation of the quality of a single cell counting method; Irr'this

l1Ise case, it

is useful to evaluate the parameters described in this document (%CV, RZ andnP1) for a mpethod and

evaluate if the quality of that method meets pre-defined specifications.

D.2 Description of experimental design and statistical analysis

In this case study, a total of five target dilution fractions were investigated with three ir
replicate representative test samples per dilution fraction. Threémeasurements of total cell
madle using Method 2 for cell type A for each replicate representative test sample. Sample I
ranflomly assigned and representative test samples were measured in the order of their
sanjple label. Sample identity was blinded to the analystconducting the total cell count meas
megsured dilution fraction was obtained while preparing the independent replicate represe
sanjples. Measured dilution fraction was then used:in‘the analysis of PI as outlined in A.2 an

See|Figure D.1.

Stock cell sample
(0,67 x 10° cells / ml)

dependent
Count were
abels were
numerical
urement. A
htative test
d Annex B.

Indepe

dent
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replicate¢ test
samples (|n; = 3)

arget dl(lI“_t“’;l df;=0,1 df,=0,3 df3=0,5 df4=0, dfs=0,9

R

:[nmhpr 8 3 20 4 1719 1 10 59 14 7
(blinded labeling)

Replicate
measurements of a single _
test sample (K,.]. =3)

Figure D.1 — Schematic diagram of the experimental design for use case 1 with cell counting
Method 2 for a total cell count of cell type A
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Total cell count data was modelled using a Quasi-Poisson assumption (mean proportional to the
variance) for the mean-variance relationship. 95 % confidence intervals (CI) were estimated using a
non-parametric bootstrap with 200 iterations.

D.3 Raw data and data analysis for use case 1

The raw data spreadsheet for use case 1 can be found at: https://standards.iso.org/iso/20391/-2/ed-1/en.

An overview of data and residuals from proportional model fit are shown in Figure D.2.
AV4

p §

750 000

|
>

500000
250000

40000 -
20000 . .
0 =

-20000 [

-40 000 hJ
20000 s

10000 |

0 s |C
-10 000
-20 000

q0

%o

0,25 0,5 0,75 X

Key
dilution} fraction

total ce]l concentration (cells/ml) of cell type A

proportional model fit to data-after averaging across replicate observations

oo < X

raw residuals from propartional model fit

smoothed
€jj

(@]

smoothed residuals ( ) from proportional model fit.

Figure D{2 <~ Proportional model fit to dilution series data using a measured dilution fractir)n

D.4 Example report for use case 1
D.4.1 Quality indicators (reporting elements from 7.1):

a) The mean cell concentration (fdf,- ) for each df,. [see 7.1, a)] is given in Table D.1.
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Table D.1 — fdf,- for each target dilution fraction df;

C . Target dilution Standard deviation
ounting fraction v -
method df, Yy, for Y,
cells/ml cells/ml
Method 2 0,1 108 333 6300
Method 2 0,3 329983 17 536
Method 2 0,5 504 705 16 297
Method 2 0,7 757 462 30 249
Method 2 09 949 571 7 874

b) [The mean percent CV(%C_Vde. ) for each df; [see 7.1, b)] is given in Table D.2.

Table D.2 — %Edfi for each df;

Target dilution Standard deviatign
Counting method fraction % E —
dfi Y df; for %CV df;
Method 2 0,1 5,6% 4,6 %
Method 2 0,3 57 % 52%
Method 2 0,5 49 % 39%
Method 2 0,7 3,8% 1,0 %
Method 2 0,9 39 % 0,5%

¢) |RZ for the proportional model fit [see 7.1, ¢)] is given in Table D.3.

Table D.3:<<R? for the proportional model fit

. Lower 95 % CI (cells/ml) | Upper 95 % CI (cells/mi)
Counting 2 : ;
R based on non-parametric | based on non-parametijic
method .
bootstrap bootstrap analysis
Method 2 0,998 4 0,996 7 09989

d) |The proportionality’index (PI) [see 7.1, d)] representing systematic deviation from the prtoportional
model fit is given-in Table D.4.

Table D.4 — Proportionality index (PI)

Lower 95 % CI Upper 95 % CI
Counting I (based on non- (based on non-
method AbsSSR pnrnmnfril‘ hnnl‘cfrnp pnrnmetm_bm;a_p
analysis) analysis)
Method 2 0,346 5 0,2100 0,687 5

D.4.2 Documentation of experimental design parameters and statistical analysis method (reporting
elements for 7.2):

a) description of the cell counting measurement system(s) investigated:
1) cell type(s) used in the investigation: cell type A;

2) cell counting method(s) evaluated: Method 2 (total cell concentration);
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b)

3) concentration range(s) investigated: approximately 108 000 cells/ml to 950 000 cells/ml as
evaluated by Method 2;

description of dilution fraction experimental design elements:

1) setof unique target dilution fractions ( DF ={dfi}1{=1 ): DF ={0,1; 0,3; 0,5; 0,7; 0,9};
2) number (n,) of replicate test samples () at each df; (see Table D.5);

3) number (Kj) of replicate observations (k) for each replicate test sample (j) at each df; (see
Table D.6):

Table D.5 — Number (n,) of replicate test samples (j) at each df;

Method 2
ny 3

n;

n,

n3

Ny

3
3
3
3

g

Table D.6 - Number (K;) of replicate observations (k) for each replicate test sample () at each df;

34

K. Method 2

Wliwlwlwj|wiwlwlwjlwlw|lwlw|wlw

descriptionofthe-methodforevaluatingpipetting-errorcontributionstediutionintegrity

1) a measured dilution fraction (dfj) was obtained for each test sample that was generated
following A.2. (see Table D.7);

2) acalibrated scale with sensitivity of 0,000 1g was used to obtain mass measurements;

smoothed

3) Plwas calculated based on dfj;and e;;

following Annex B and C.1;
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Table D.7 — Measured dilution fraction for each test sample

Target Measured
Replicate test dilution s
- dilution
Sample fraction f .
raction
dfi
1 0,1 0,102 0
2 0,1 0,101 3
3 0,1 0,104 7
1 0,3 0,301 3
2 0,3 0,302 2
3 0,3 0,300 3
1 0,5 0,502 4
2 0,5 0,498 6
3 0,5 0,500 5
1 0,7 0,700 3
2 0,7 0,6963
3 0,7 0,696 9
1 0,9 0,900 4
2 0,9 0,899 1
3 09 0,899 3
d) |description of the assumption used to model theZmean-variance relationship in the prtoportional
model fit: assumption for mean-variance relationship: variance is proportional to the mgan;
e) |description of formula for the proportienal model fit: (xli?mportional =B xdf;;) with [coefficents
described in Table D.8;
Table D.8 —Formula for the proportional model fit
Lower 95 % CI Uppef 95 % CI
Proportionality | (cells/ml) based (ce}ls/ml)
(ounting Cell tyjie Concentration constant j3; on non- based on non-
method type parametric parametric
(cells/ml) bootstrap bogtstrap
analysis anfalysis
Method 2 A Total cell 1059 214 1040 052 10B0 296
Concentration
f) |description of the method used for calculating PI:

© IS0 2019 - All rights reserved

pd residual

1) primary approach for rnlrulnfing PI- sum of the ahsolute value of the scaled smooth
(Plapsssr);
2) smoothing approach: smoothing based on measured dilution fraction (efjmo‘)thed );
smoothed
3) formula for calculating PI . PI —Z Gy
8 Flapsssr' £ AbsSSR = /24| ; proportional .
Loy
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D.4.3 Additional reporting elements from 7.2 and 7.3 on the experimental design, statistical analysis
and the cell counting measurement process:

a) description of stock cell solution:
1) stock solution: stock solution 1;
2) suspending medium: complete MEM with 10 % FBS;

3) stock solution concentration (cells/ml): approximately 923 700;

4) methodused to estimate stock cell concentration: Method 2;
b) description of dilution method:

1) diluent: complete MEM with 10 % FBS;

2) inglependent dilutions in randomized stock extraction order;

3) measured dilution fractions obtained at the time of sample preparation;
c) description of cell type and concentration type:

1) cell type: cell type A, passage 3;

2) cojnting method: Method 2, total cell concentration;
d) description of test sample generation and measurement order:

1) stock extraction order (generation order): 2; 1; 3; 654; 5; 8; 9; 7; 11; 12; 10; 14; 15; 13;

2) rapdom sample number (measurement order)3;'6; 15; 1; 12; 14; 7; 10; 4; 13; 11; 5; 9; 2; 8;
e) description of non-parametric bootstrap analySis settings:

1) number of bootstrap iterations conducted: 200;

2) copfidence level for boot strap amalysis: 0,95;

f) description of additional metric§ to evaluate proportionality are given in Table D.9.

Table D.9~—-Additional metrics to evaluate proportionality

I Lower 95 % CI Upper 95 % CI
Pl approach (for Method 2, (baseq on non- (baseq on non-
parametric bootstrap parametric bootstrd
cell type A) . .
analysis) analysis)
I 0,999 3 0,997 7 0,999 8
Plapssk 1592 1 0,772 2 3,177 9
Plgyssr 0,011 6 0,004 1 0,0419

D.5 Interpretation

Method 2, for cell type A, within the concentration range of approximately 108 000 cells/ml to 950 000
cells/ml has a PI (based on the sum of the absolute value of scaled smoothed residuals) of 0,346 5 with
CI [0,210 0, 0,687 5]. It is expected that with repeated measures of PI for this method and cell type
within this concentration range, the PI value should have a CI that overlaps with this CI. If PI deviates
from this range over time or across for example instruments, operators, locations etc., itis an indication
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that there has been a change in the systematic behaviour of the overall measurement process that

should be investigated. R? and %C_Vdfl. can be similarly interpreted.
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Annex E
(informative)

Use case 2 — Comparing the quality of several cell counting

E.1 Genleral

In this use
design, ce
different c

described

compariso

E.2 Des

In this cas

measurement processes

rase four cell counting measurement processes are compared in parallel. In the exp€érime
Il suspensions from each representative test sample are evaluated in triplicate by
1l counting measurement processes. In this use case, it is useful to compaxse’the parame

s can facilitate selection of a cell counting measurement process that'is fit-for-purpose.

cription of experimental design and statistical analysis

in the standard (%C_Vdfi, ?dfi' R? and PI) between measuremént-processes. T}

ntal
our
fers

ese

lled

to exhibit

total of fiv,
test sampl
using simu
each replid

simulated.

used in theg

Total cell

variance) flor the mean-variance relationship. 95 % confidence intervals were estimated using a 1
parametrid
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e study, four cell counting measurement processes were simulated in silico and mode

Pre-evaluation dilution fraction met uses-specified criteria, and target dilution fraction
calculation of quality metrics.

count data was modelled using @’ quasi-Poisson assumption (mean proportional to

bootstrap with 200 iterations. See Figure E.1.

proportional/non-proportional responses as wellk\as precise/non-precise responses.
e target dilution fractions were simulated with three independent replicate representafive
es per dilution fraction. Three simulated obsétvations of total cell count were colled
lated methods, Method 5, Method 6, Method'7, and Method 8 for a simulated cell typs
ate representative test sample. Pipetting\error and pre-evaluation dilution fraction w

A

ted
for
rere
vas

the
jon-
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ire E.1 — Schematic diagram of the experimental design for use case 2 comparing
cell counting methods for total cell count for a simulated cell type

Raw data and data analysis for use case 2

raw data sheet for\use case 2 can be found at: https://standards.iso.org/iso/20391/-2/e

simulated

1-1/en.

Levaluation ©f-pipetting error contributions to dilution integrity was conducted accor

Table Ef1)) User-defined criteria for dilution integrity was set to R%ilution >0,980.

ible'E.1 — Raw data for pre-evaluation of pipetting error contributions to dilution

ling to A.1

integrity

with prnpnrﬁnnnl model fit and coefficient of determination for dilution infpgl

ity

Pre-evaluated
dilution fraction

Target dilution
fraction

df;

0,1
0,1
0,1
0,3
0,3
0,3

pre-evaluated

df}

0,100 4
0,098 9
0,101 8
0,303 6
0,31
0,304 2
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Table E.1 (continued)

Target dilution Pre-evaluated
fraction dilution fraction

dfi dfi]pre-evaluated
0,5 0,487 4

0,5 0,497 9

0,5 0,519 3

07 87253

0,7 0,708

0,7 0,700 2

09 0,906 9

09 0,899 2

09 0,900 6

A plot was [generated for dfiJPre'e"aluated

(i.e. a propprtional model fit) was fit to the data (see Figure E.2):

vs df; and a line constrained to pass.through the origin at (¢,0),
dfi]pre-e yaluated _ ﬁ pipettingdfi +e;
where 8 Pigetting = 1,008;

with R don = 0,999 1.

Y
1

0,8
0,6
0,4

0,2

0 | | | | |

o
L
[\
=
S
o
(@)
L
o
-

Key

X dfpre-ev“"““”*
Y target dilution fraction (df})

Figure E.2 — Plot of df,.._yajuateq VETsus target dilution fraction (df;) with proportional model fit
to evaluate pipetting error contributions to dilution integrity

Overview of data and residuals from proportional model fit is seen in Figure E.3.
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Figure E.3 — Proportional model fit to dilution series data for each method in Use

1 Qualitydndicators (reporting elements from 7.1):

Case 2

E.2:

the{nean cell concentration (fdf,- ) for each df; [see 7.1a)] is given in Figure E.4 and Tablg
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Key
X target dilution factor (df}) 1 Method 6

] - 1 Method 7
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(cells/ml) with error bars representing 1 Method 8
the[standard deviation
1 Method 5

Figyre E.4 — Mean cell concentration (fdf,- ) of a simulated cell type across replicate

represgntative test samples at each target dilution fraction (df;) for each counting method

Table E.2 — ?df,. for each target dilution fraction df; for each method

Countipg Target dilution fraction - g

methdd df; Ydfi Standard deviation for Ydfi
cells/ml cells/ml

Method 5 051 244 498 12 612

Method 5 0,3 804 353 39527

Method 5 0,5 1203474 46 994

Method 5 0,7 1769 138 13 062

Method 5 09 2209 022 92759

Method 6 0,1 252 670 32013

Method 6 0,3 790 678 65099

Method 6 0,5 1033595 217 992

Method 6 0,7 1755531 335989

Method 6 09 2205380 52234

Method 7 0,1 321 385 87 008

Method 7 0,3 894 437 111 825

Method 7 0,5 1531075 127 905

Method 7 0,7 1574980 166 916

Method 7 09 1796 086 40930

Method 8 0,1 372990 68 611

Method 8 0,3 869 230 167 854
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