Memodsl ananusa nekapcmeeHHbIX cpedcme
Analytical Methods

https:/doi.org/10.33380/2305-2066-2023-12-4-1424 =
UDC 615.076 + 57.081:576.53 M) Check for updates (

Review article / 063opHaa cmamesa

BY 4.0

Recommendations for Validation
of Automated Viable Cell Counting Methods (Review)

Marina A. Vodyakova“?, Nikita S. Pokrovsky, Ekaterina V. Melnikova, Vadim A. Merkulov

Scientific Centre for Expert Evaluation of Medicinal Products, 8/2, Petrovsky Blvd, Moscow, 127051, Russia
> Corresponding author: Marina A. Vodyakova. E-mail: vod-marina@mail.ru

ORCID: Marina A. Vodyakova - http://orcid.org/0000-0002-6008-0554; Nikita S. Pokrovsky - http://orcid.org/0000-0002-2355-0879;
Ekaterina V. Melnikova - http://orcid.org/0000-0002-9585-3545; Vadim A. Merkulov - http://orcid.org/0000-0003-4891-973X.

Received: 25.01.2023 Revised: 15.11.2023 Published: 24.11.2023

Abstract

Introduction. The quality of viable cell-based products (such as biomedical cell products and advanced therapy medicinal products) must be
maintained during the full production cycle to ensure their safety and efficacy for patients. The minimum required number of viable cells is one of
the quality control criteria in the final product release specifications. This study looks into the process of validation of automated viable cell counting
methods.

Text. The study reviewed the latest data on specific validation characteristics for automated cell counters as compared to manual counting
methods. We identified the main problems with the validation methods. Based on the review of scientific and regulatory literature, we identified
the key validation parameters, methods of their evaluation and measurement, and reporting of results. We described the validation algorithm for an
automated cell counter, including such steps as the selection of reference standards, selection of the number of experimental points, experimental
design, mathematical evaluation of the obtained results, and determination of the acceptance criteria.

Conclusion. Based on the data reviewed, the authors developed recommendations for the validation of automated viable cell counting procedures.
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Peslome

BBepeHume. KauecTBO NPOAYKTOB Ha OCHOBE XXM3HECMOCOOHbIX KNETOK (TaKKX, Kak OIOMeAULIMHCKINE KNETOUHbIE MPOAYKTbI Y BbICOKOTEXHOIOTMYeCcKme
NEKapPCTBEHHbIE NPenapaThbl) AOMKHO MOAAEPKMBATLCA Ha MPOTAXKEHMUM BCErO LMKIIA NPOM3BOACTBA, YTOObI rapaHTUPOBaTb NX 3PGEKTUBHOCTL 1
6e30MacHOCTb MPU UCMOMNb30BaHNM NauveHTamMmy. MMHUMaNbHO HEOOXOAMMOE KONMUECTBO XKM3HECOCOOHbIX KIIETOK ABAAETCA OOHVM U3 KpUTEPUEB
KOHTPONA KayecTBa Npw BbiNyCKe KOHEYHOro npopykTa. MiccnefoBaHne NOCBALEHO aHanM3y npouecca Banufauum MeTofuK aBTOMaTUUYeCcKoro
NnoAcyeTa KN3HeCNnoCoOHbIX KNETOK.

TeKcT. B pamkax AaHHOro nccnefaoBaHunaA 6binv pacCMOTPEHbI akTyanbHble fJaHHble 06 0CO6EHHOCTAX BanvAaLmMy aBTOMATUYECKMX CHETUYMKOB KIETOK
OTHOCUTENbHO PyYHOro nofcueTa. bbinu onpeseneHbl OCHOBHbIE NPOGNEMbI NPU Banugaummn. Ha 0OCHOBe HayuHbIX U PerynsTOpHbIX UCTOYHVKOB Oblin
BblA€NeHbI K/loUeBble MapamMeTpbl Npouecca BanmaaLuum, MeToabl X OLEHKKN, U3MEPEHUA 1 NpeAcTaBneHna pe3ynbTaToB. bbin onncaH anroputm
BaNMAaLMM aBTOMaTMUECKOTO CYETUMKA KNETOK, BK/IOUAIOLLUIA Warn no noabopy CTaHAAPTHbIX 06pa3LoB, BbIGOPY KONMMYECTBa IKCNEPUMEHTAJIbHbIX
Touek, paspaboTke Av3aiiHa SKCNeprMeHTa, MaTeMaTUYECKOIN OLIEHKe NOMYYEeHHbIX Pe3yNbTaToB 1 ONpefeieHnio KpUTepres NPUemMNemMocTu.
3aknioveHne. Ha OCHOBAaHUU M3y4YeHHbIX AaHHbIX B paboTe npefcTaBneHbl pe3ynbTaTbhl B BUAEe PeKOMeHAauui Mo Banvpauuv MeTofuK
ABTOMATMYECKOro NOACYETA XKU3HECMOCOOHDIX KNETOK.

KnioueBble cnoBa: Banugauus, CYeTUMK KNeToK, remouynTomeTtp, YKN3HECNOCOOHOCTb, KNETOYHbIE TMHUN
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KoH$pnuKT nHTepecoB. ABTOpbI AeKNaprpyoT OTCYTCTBUE ABHBIX U MOTEHLMANbHBIX KOHGSIMKTOB MHTEPECOB, CBA3aHHbIX C MybnvKkaumeid HacToALen

CTaTbu.

Bknap aBTopoB. M. A. Bogsakosa 1 H. C. [TOKpOBCKMIN OCYLWECTBUAN HaMMUCaHWe TeKCcTa CTaTby, c60op U 06paboTKy NUTepaTypHbIX AaHHbIX.
E. B. MenbH1KOBa npeanoxuna gnsaH nccneposaHus. B. A. MepKynos yTBepamnn OKOHYaTENbHYI0 BEPCUIO CTaTby.

BnaropgapHocTb. PaboTa BbiNojHEHa B paMKax rocygapcteeHHoro 3agavua OrbY «HUI3CMM» Munsgpaa Poccum N2 056-00052-23-00 Ha
nposefieHne NPUKIaAHbIX HayYHbIX NccefoBaHuii (Homep rocyfapcTeeHHoro yyeta H/P 121021800098-4).

Ana uymtuposBaHua: BopskoBa M. A., TMokposckuin H.C., MenbHukoBa E.B. Mepkynos B.A. PekomeHjauuu no Banujauun MeToauK
aBTOMaTUUYECKOro MofcyeTa XMU3HECNOCOOHbIX KNeToK. Paspabomka u pecucmpayus ekapcmeeHHsix cpedcms. 2023;12(4):217-222. https://doi.

org/10.33380/2305-2066-2023-12-4-1424

INTRODUCTION

The monitoring of cell line growth kinetics by coun-
ting viable cells is performed during research, develop-
ment, and manufacturing of viable human cell-based
products (such as biomedical cell products and advanced
therapy medicinal products) to ensure the selection of
an effective therapeutic cell dose. Both the concentra-
tion and viability of cells are key parameters for ensu-
ring a standardized manufacturing process. These pa-
rameters are important not only for cell passaging at a
constant seeding density, for ensuring optimal cell sto-
rage conditions, for maintaining maximum viability
after thawing, and standardization of cell assays to ob-
tain comparable data, but they also provide useful infor-
mation for evaluation of cell culture performance [1].
Cell counting in cell cultures is usually performed once a
day, which is consistent with the mammalian cell doub-
ling time during the exponential growth phase. This is
sufficient for establishing the overall growth profile of
the cell line. More frequent counting can be carried out,
if necessary, for certain cell cycles [2].

Traditionally, cell viability is assessed by dye exclu-
sion methods, with trypan blue being one of the most
common dyes, which selectively stains non-viable cells.
Viable cells, on the other hand, have intact cell memb-
ranes and therefore cannot take up the dye from the
medium [3]. This type of cell viability analysis involves
manual staining followed by direct cell counting based
on visual inspection under the microscope or using
electronic cell counters [2].

The hemocytometer is considered a gold standard
for measuring cell concentration and viability because
of its low cost and versatility. However, counting with a
hemocytometer takes a lot of time, and the results may
vary depending on the analyst’s skills. This method is
also very tedious and not suitable for the development
and production of cell products, in which cell characteris-
tics must be evaluated on a daily basis, and parallel analy-
sis of a large number of samples is hampered [1].

To overcome these limitations, automated cell
counters that combine trypan blue staining and digital

imagery were developed. There are a few automated cell
counters on the market, e.g. Cedex (Roche, Switzerland),
Luna (Logos Biosystems, South Korea), TC10 and TC20
(Bio-Red, USA) and others. Automated cell counting
devices usually have a digital camera for imaging, and
the analysis is performed with specialized software with
minimal help from the analyst. The automated counting
method also allows counting of a larger number of cells
per unit of time, compared to manual counting. Thus,
they are characterized by high repeatability and accuracy,
because they provide operator-independent results; they
also greatly reduce the time of analysis, have improved
productivity and performance [1]. Disadvantages of
automatic counters are that they do not allow for
simultaneous staining with different dyes and may lead to
inaccuracies in differentiating some types of cells due to
technical restrictions of their hardware and software [4].

The combination of specific features, advantages, and
disadvantages of automated cell counters hampers their
integration into research, laboratory, and production
activities. The accuracy and repeatability of results both
depend, to a great extent, on careful setting-up and
calibration of the instrument, imaging parameters, as
well as thorough sample preparation. Moreover, the
use of automated counters during production of cell
products requires validation of the counting procedures.
Considering the above, the aim of this study was to
develop a validation technique for the cell counting
procedure using automated counters.

Key parameters of the procedure validation

When validating an automated cell counting pro-
cedure, it is important to consider factors that affect
the measurements results, such as sample preparation,
instrument calibration, as well as parameters and po-
tential errors of the instrument, and the human factor.
It is also essential to thoroughly homogenize the cell
sample before sampling and perform parallel experi-
ments in manual and automated modes in order to mini-
mize differences in cell viability [4].



According to general monograph OFS.1.1.0012.15
"Validation of analytical procedures” of the Russian Phar-
macopoeia, XIV edition', an automated cell counting
procedure falls under the "quantitative determination of
the drug substance and specified components" type. Va-
lidation of test procedures of this type requires determi-
nation of such parameters as specificity, range, lineari-
ty, accuracy, and precision — both for the total number
of cells and for viable cells only.

Specificity is an unambiguous identification of cells
in a sample, their quantification and differentiation from
the surrounding medium and impurities. Specificity can
be of two types - positive and negative. To determine
positive specificity, one specifically measures the analyte
(cells or beads with certain concentration and viability).
The presence of some amounts of impurities or degrada-
tion products, theoretically, should not affect the mea-
surement results. Negative specificity could be demonst-
rated by measuring cell medium or buffer and should
yield zero viability and concentration.

Range is a scope of a sample’s concentration values
(or viability values) with a guaranteed acceptable level
of accuracy and intermediate precision. Besides, the
minimum concentration range is usually determined
based on values from 80% to 120 % of the nominal
concentration, or from 80 % of the lower concentration to
120 % of the upper concentration.

The linearity of the test procedure is confirmed by a
linear dependence of the number of cells on the sample’s
concentration within an established range. The result of
the linearity measurement is presented as a coefficient of
determination (R?).

Accuracy, just like linearity, is studied within an
established range. For quantitative methods, accuracy
is determined by comparing the results obtained with
the automated counting method with the results obtai-
ned with an orthogonal method (a well-studied method
which is based on a different measurement principle)?
with known accuracy and precision. In the case of cell
counting, this would be manual counting on a hemo-
cytometer. The accuracy of the procedure can also be
assessed by measuring a well-characterized reference
standard. The result of such accuracy assessment is
presented as a percentage ratio of the results obtained
by the validated and orthogonal procedures (recovery,
A%). In addition, the conclusion on the accuracy of the
procedure could also be made based on the established
precision, specificity, and linearity.

Precision is a parameter reflecting the degree of
similarity between several consecutive measurements
obtained by the procedure in question. Precision is
comprised of repeatability, intermediate precision, and
reproducibility. Intermediate precision assesses the
influence on the measurements results of such factors

! State Pharmacopoeia of the Russian Federation, XIV edition; 2018.

2Q2(R2) Validation of analytical procedures. Ich harmonised
guideline (Draft version). International council for harmonisation
of technical requirements for pharmaceuticals for human use.
24.03.22.
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as the analyst, equipment, and environmental factors.
Reproducibility is only used in standardization of com-
pendial procedures and establishes their repeatability
in different laboratories. The results for this parameter
are presented as standard deviation (SD) and coefficient
of variation [CV, also known as relative standard devia-
tion (RSD)] [5].

In spite of the fact that cell counters are widely used
in the biopharmaceutical industry, there are relatively
few papers on the validation of such procedures (Tab-
le 1). In addition, some papers discuss non-conventio-
nal validation parameters. For example, Bottova et al. [6]
validated a counting procedure for dendritic cells in a
prostate cancer immunotherapy cell product (DCVAC/
PCa) based on their size and shape, for which they used
an automated cell counter Vi-CELL XR (Beckman Coul-
ter, USA).

Furthermore, some validation studies use different
sets of parameters, e.g., one study [8] compared a hemo-
cytometer, an automated cell counter TC20 (Bio-Rad,
USA), and a flow cytometer BD FACSCalibur (BD Bio-
sciences, USA) using such parameters as precision, accu-
racy, and time of analysis, on Hela (uterine adenocarci-
noma cells) and Jurcat (human T-lymphocytes) cell lines.
The counting of polystyrene beads loaded into the he-
mocytometer was performed 10 times according to an
individual plan to calculate CV for a given hemocytome-
ter area. The variability was shown to be affected by the
area and sample concentration. The hemocytometer
CV between measurements was greater than 10 % most
of the time at concentrations lower than 0.1 million/mL,
and was related to the area in the concentration range
of up to 0.45 million/mL. Seven different analysts per-
formed cell counting on 2 different hemocytometers;
inaccuracy was observed from analyst to analyst, and
the CV between analysts was 7.1-15.6 %. Next, they
compared counting of one chamber with 6 different
TC20 devices, and the calculated CV was 2.4 %. The ma-
nual counting took about 3 minutes or more depending
on the concentration of the test sample, while automa-
ted counting took only about 20 to 30 seconds.

Another study [9] analyzed factors that affect the
accuracy of measurement on a TC20 automated cell
counter (Bio-Rad, USA) in comparison with Goryaev
chamber, using human mesenchymal stem cells (MSC)
from bone marrow (FetMSC cell line). As was shown in
the paper, the presence of protein components of the
conditioned medium and trypan blue particles introdu-
ced errors in the measurements, therefore a modifica-
tion of the procedure was proposed. This new procedure
removes cells smaller than 10 um in size from the
counting pool and gives more accurate cell counting
results.

Due to lack of public information on the topic, the
authors of this paper proposed a validation algorithm
based on the current knowledge in academic litera-
ture [4-9], which consists of several steps, such as selec-
tion of reference standards, selection of the number of
experimental points, experimental design, mathematical
evaluation, and acceptance criteria.

219



220

Memoos! ananusa nekapcmeeHHbIX cpedcma

Analytical Methods

Table 1. Examples of experimental studies on the validation of automated cell counters

Cadena-Herrera D. et al. [4] HuangL.C.etal.[7]
. . Countess Vi-CELL XR )
Validated equipment (Invitrogen, USA) (Beckman Coulter, USA) Cedex (Roche, Switzerland)
Reference method Hemocytometer -
Tested cell lines CHO-K1 and U937 CG8711 and CG1940
Standard ViaCheck™ Control beads (Polysciences, USA) (concentra- | Certified Cedex calibration beads (Roche, Switzerland)
tion: 1, 4, 8 million/mL, viability: 0, 50, 75, 90, and 100%) at a concentration of 5.045 million/mL
Measurement parameters
Concentration: 6 points
Concentration: 5 points (1, 2, 4, 6, 8 million/mL) in triplicate | (0.3125 million/mL - 10 million/mL for cells, 0.3125 mil-
Viability: 5 points (25, 50, 75, 90, 100%) in triplicate lion/mL - 5 million/mL for beads)
Range Viability: 6 points (0, 50, 70, 80, 90, 100%)
Result
. . Concentration: 0.3125 million/mL — 10 million/mL for
Concentration: from 1 to 8 million/mL - .
o cells, 0.3125 million/mL - 5 million/mL for beads
Viability: from 0 to 100 % I
Viability: from 0 to 100 %
Measurement parameters
Concentration: 6 points
Concentration: 5 points (1, 2, 4, 6, 8 million/mL) in triplicate | (0.3125 million/mL - 10 million/mL for cells, 0.3125 mil-
Linearity Viability: 5 points (25, 50, 75, 90, 100%) in triplicate lion/mL - 5 million/mL for beads)
Viability: 6 points (0, 50, 70, 80, 90, 100%)
Result
Concentration: R* > 0.99 Concentration: R? = 0.999
Viability: R* = 0.98 Viability: R* = 0.995
Measurement parameters
Concentration: measurement of bead samples with a
Concentration: 5 points (1, 2, 4, 6, 8 million/mL) in triplicate | concentration of 5.045 million/mL
Accuracy Viability: 5 points (25, 50, 75, 90, 100 %) in triplicate Viability: measurement of various proportions of viable
and non-viable cells (0, 50, 70, 80, 90, 100 % viable cells)
Result
Concentration: from 99 to 105 % Concentration: from 91.3 to 105.1 %
Viability: from 99 to 105 % Viability: from 95.3 to 106.4 %
Measurement parameters
Concentration
Repeatability: triplicate analysis by two analysts on three
different days.
Intermediate precision: three independent analyses in
Concentration triplicate by tho enelysts. Additionall)./, t'hree indepen-
. . . dent analyses in triplicate on another similar instrument
1 million/mL in 6 replicates. All the samples were prepared Viability
on the same day by the same analyst Repeatability: triplicate analysis of samples with 85 %
Precision and 75 % viability.
Intermediate precision: three independent analyses in
triplicate by two analysts. Additionally, three indepen-
dent analyses in triplicate on another similar instrument
Result
RSD 11,04-14,3% RSD 2,27 - 5,28 % Concentration
! ! ! ! Repeatability: RSD 1.11-5.92 %
Intermediate precision: RSD 12.7-15.8 %
For hemocytometer: RSD 0.75 - 8.06 % Viability
Repeatability: RSD 0.40-2.11 %
Measurement parameters
Measurement of the cell medium background, bead buffer, MeasuremenF _Of the cell medium ba.ckground, bead
impurities buffer, impurities. Measurement of various Proportlons
. of viable and non-viable cells (0, 70, 100 % viable cells)
Specificity
Result
The contribution of the medium is less than 0.1 % of
No influence of the medium on the measurement results | the total measurement. The method does not allow to
distinguish cells from other particles of the same size

Note. CHO-K1 - Chinese hamster ovary cells; U937 — human cells, histiocytic lymphoma (pleural effusion); CG8711 and CG1940 - prostate
adenocarcinoma cells; RSD - relative standard deviation; R2 - coefficient of determination.




Validation algorithm
1. Reference standard selection

In addition to cell samples, it is recommended to use
certified fluorescent beads with a known concentration
for validation of an automated counting procedure. The
choice of the reference standard depends on the cell
line used: the beads should be as close as possible to the
cells in terms of such characteristics as size, roundness,
density, and affinity to dyes.

2. Selection of the number of experimental points

In their papers on the validation of automated cell
counters, researchers often do not explain the rationale
for the choice of experimental points, therefore, the
recommendations we offer below are based on the
generalization of data presented in the scientific literature
and guidelines [4-9]. The summarized data are presented
in Table 2 as minimum and recommended numbers of
experimental points and replicates.

The recommended values given in Table 2 are not
the maximum allowable values, because the selection of
more points and replicates will give more accurate results.
However, the relevance of using more measurements
must be justified.

3. Experimental design

After determining the number of control points, spe-
cific values of concentration and viability must be estab-
lished for each experiment. An example of such experi-
mental design is shown in Table 3 [4-9].

The choice of two points in the specificity experi-
ment makes it possible to assess both positive and ne-
gative specificity. In addition, it is also possible to use a
larger number of experimental points by diluting the
samples. When determining concentration, the samples
are diluted with buffer or cell medium, and when deter-
mining viability, viable and non-viable cells (e.g., treated
with ethanol) are mixed in the proportions necessary to
obtain the required viability.

Table 3. Experimental design for an automated cell counter validation
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Table 2. Selection of the number of experimental points

Minimum Recommended
number of number of
® ®
£, g | £, | SE
EE S8 EE S8
‘=0 - = ‘= 0 - =
o o o o
g a ko g g - 8 g
w w
Specificity 1-3 3 3-5 3-5
Linearity 5 3 8 3-5
Precision (repeatabi- 3 3-5 3-6
lity and intermediate or
precision)* 1 | 6 | 1-3 | 6

Determined by comparing the results of the
analysis obtained by another reference method

3 | 3 | 5 | 3
Accuracy
or
Determined after establishing precision, linea-
rity, and specificity
Determined by the smallest and the largest
Range values that have been shown to have accep-

table precision and linearity

Note. * Repeatability analysis is performed by one operator on a
single day, intermediate precision analysis is performed in parallel by
two operators (or by one operator on different days).

If a reference method or a reference standard with
well-known concentration and viability characteristics
are not used in the test method validation, the accuracy
of the test method can be deduced from the analysis of
specificity, linearity, and precision (the accuracy in this
case is confirmed if the results for specificity, linearity,
and precision meet their acceptance criteria). If such a
method or reference standard are available, the accura-
cy can be determined by comparing the measurement
results obtained for the sample and the reference
standard.

4. Mathematical evaluation of the results

Mathematical evaluation is performed to verify the
reliability of the study results and to prove the presence
(or absence) of statistical differences in the cell counting
results obtained by different methods, instruments, ana-

Experiment | Validated parameter N R o Control points, (y? Control pc')ini':s', %
of max. concentration of max. viability
1 Specificity 2 3 1 0,100 0,100
2 Linearity 8 3 1 15, 30, 45, 60, 75, 90, 100, 120 0, 15, 30, 45, 60, 75, 90, 100
3 Repeatability 3 6 1 100 (x3) 100 (x3)
4 Intermediate precision 3 3 2 100 (x3) 100 (x3)
5 3 1 0, 25,50, 75,100 0, 25,50, 75,100
5 Accuracy or
_ _ _ Determined by the results obtained for specificity, linearity, and
precision
6 Range - - - Determined by linearity assessment

Note. N - number of control points; R - number of repeated measurements carried out for each control point; O — number of operators
conducting measurements (can be replaced by the number of days on which one operator conducts measurements).
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lysts, as well as differences in the results obtained on dif-
ferent days or under different conditions. The compari-
son of the results of the two methods can be evalua-
ted using the paired Student’s t-test or by calculating
SD of the results obtained relative to the true value or
the value obtained using the reference method.

The linearity results are presented as a linear graph of
the observed concentrations and viability values against
the expected ones, and as a linear regression equation.
The R? and CV coefficients for each experimental point
are also evaluated for compliance with the acceptance
criteria. R*> can be calculated automatically by most
statistical software. It is recommended to represent the
graph together with the y-intercept, slope ratio, and the
residual sum of squared deviations.

CV is determined by the ratio of SD of a series of
measurements to their mean value and is expressed in
percent.

cv=2"100%[10], Q)
u

where o is the standard deviation of a series of concent-
ration or viability measurements, p is the mean value
of a series of concentration or viability measurements.

The recovery parameter (A%) shows the percentage
ratio of the two values. In the case of accuracy determi-
nation, A% shows the percentage difference between
the mean values of measurement series for the method
being validated and the reference method.

:uexp — Heet
:uref

A% = -100 %, ()

where Moo 1S the mean value of a series of concentration
or viability measurements for the method being valida-
ted, p _ is the mean value of a series of concentration

ref

or viability measurements for the reference method.

5. Acceptance criteria

Table 4 provides acceptance criteria for evaluation
of validation parameters for an automated cell counting
method.

The method is considered validated if all the test
parameters meet the acceptance criteria. A deviation in
one or more of the parameters must be justified.

CONCLUSION

The development of a cell counting method is one
of the key steps in the research, development, and pro-
duction of cell products. However, the currently re-
cognized reference method of manual counting with a
hemocytometer has a number of drawbacks that limit
its use in cases where high throughput and coun-
ting speed are required. In such cases, an automated
counting method using a cell counter can be used as a
replacement. However, the introduction of such cell
counters for quality control in the production of cell

products requires validation. Validation of automated
cell counting methods is a complex procedure that
considers many aspects, such as proper selection of va-
lidation parameters, standards, and the optimal num-
ber of replicates. Careful consideration of these aspects
ensures the reliability and accuracy of the validation
process. The authors have considered the advantages
of automated cell counting in comparison with manual
counting, analyzed scientific literature and guidelines
on this topic, and described such key parameters of the
validation process of an automated cell counting me-
thod as specificity, range, linearity, accuracy, and pre-
cision. Thus, the authors proposed a general validation
algorithm based on the selection of reference standards,
the number of experimental points, experimental de-
sign, mathematical evaluation of the results, and verifi-
cation that the results meet the acceptance criteria.

Table 4. Acceptance criteria
for the estimated validation parameters

Validation L
Acceptance criteria
parameter
Negative: No influence of the medium or buf-
Specificity fer on the measurement results
Positive: CV <10 %
. . R2>0.95
Linearity
CV<10%
Precision CV<20%
A% < 20
Accuracy or
Specificity, linearity, and precision results meet
the acceptance criteria
Linearity, precision, and accuracy results meet
Range -
the acceptance criteria
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