CELEBRATING

Reference measurement procedures for cell concentration BIPM ]50
1

A. Kummrow', Y. Kuruma?, J. Y. Lee?, H. Sakurai?, M. Hussels', M. Kammel', S. Fujii® ) 8 28 =28 Z 5 4
Physikalisch-Technische Bundesanstalt (PTB), AbbestraRe 2-12, 10587 Berlin; 2National Metrology Institute of Japan (NMIJ), National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba <
Central 3 1-1-1 Umezono, Tsukuba, Ibaraki 305-8563; *Korea Research Institute of Standards and Science, 267 Gajeong-Ro, Yuseong-Gu, Daejeon 34113. *andreas.kummrow@ptb.de, +49 30 3481 7643.

PTB = AIST KR|§S Applications for cell counting CCQM studies
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Braunschweg und Berin Complete blood count is the most frequently requested medical test. A scatter of The precision of cell concentration measurements has been investigated in several
routine laboratory results of around 3% (RSD) is typical for erythrocytes in EQA ring trials CCQM studies. CCQM-P102 [10] showed a comparatively large scatter of CD4 cell
(s. figure). Reliability of average results requires harmonization and standardization. ICSH concentration measured by different participating laboratories (relative standard
has published several standards for blood cell counting based on flow cytometry deviation of about 10% estimated with robust statistics [11]). Similar results were
primarily aiming at harmonization [7]. reported for the more recent CCQM-P165 study 20

JCTLM listed reference methods on blood cell on CD34 cells [12]. Fresh cell suspension samples [ v CCQM P102

. L R V¥ median
counting are all based on flow cytometry [8]. 1l are usually measured within a few hours. CCQM _ + MAD
General requirements for cell counting are

Wl i i s - studies require long term stability of the test
described in 1ISO 20391-1. Cell counting by l material. This makes correct cell identification
microscopic imaging (e.g. CCQM-P123) is a particular challenge. This may explain why

considered there, but is often limited to o 2020 2 the observed accuracy is worse than expected

special applications, e.g. in case of challenging 1\ reference methoﬁa(;16R|v|P1 applied from existing JCTLM reference methods. 250 300 350 400 450 500

IdenUﬁCaUOn Of the targEt pOpUIathn [9]. to harmonize erythrocyte Counﬁng in EQA concentration (1/“'.)

Introduction

Cell concentrations are key parameters for medical diagnostics and in
bioprocessing. The most frequently used methods for measuring cell
concentration are flow cytometry and microscopy. Flow cytometry
allows higher accuracy for analysis of cell suspensions, since
uncertainties arising from counting statistics can be reduced rather
easily in most applications. A challenge in pushing the limits for
uncertainty is the uncertainty of the sample volume. This poster
describes three approaches to meet this challenge.
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ring trial result relative to

Implementation of traceable volume measurement Quality of cell counting

Many factors influence the quality of cell counting, particularly pre-analytical steps. The

Development of traceable volume measurement at Traceable mass (or volume) measurement system At KRISS, a traceable number concentration uncertainty contributed by measurements is in the data acquisition step. The

PTB started with impedance counters for complete has been developed at NMIJ for the calibration of measurement system for flow cytometry has been uncertainty in gravimetrically controlled dilution is small. Ulimately, the limiting factor is
blood count. In those devices the[v?lume car:qbe polystyrene particle standard suspensions. This developed [3]. It uses a defined-volume sample the measurement uncertainty of sample volume or mass —

measured by gravimetric control [4]. Optical flow system counts particles using a light-scattering or loop, where particles are loaded before flowin . ( ata J

cytometry offers a large number of parameters to light-extinction optical particle counter (LSOPC or thrc?ugh the getection area for exhaustive cour?ting (see the three setups :jjs§r|bed tothe Ief'tk). _ g acquisition

correctly identify cells, which was needed e.g. in LEOPC) [5,6]. Currently, NMIJ provides calibration once measurement begins. Traceability is ensured SEECEEE;@E" Fsgmtblte V‘;:un:ezr:ass—’

the CCQM studies P102 and P165. For optical flow service for number concentration in the size range through gravimetric measurement of the sample collection staining, . » Sample flow rate ———

cytometers volume measurement was of 600 nm to 20 um. In addition, this system is loop's volume. This system has been used in the . Lysis ——— Dilution —
implemented using calibrated syringes [1]. The cell being used to evaluate a 5 pum monodisperse ongoing CCQM P222 study and for the development
suspension sample can be injected directly into the polystyrene particle suspension as a study material of cell and bead number concentration standards. Storage temperature ———/  Overati morfoaton & Fluorescence calibration

Warm-up time >, Gating strategy
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For optical particle counters, mass (or volume) quality of cell counting

measurement can be implemented by continuously
measuring the mass of the particle suspension as it
is sampled by the syringe pump [2]. If necessary,
the mass unit (M) can be converted to the volume
unit (V) by measuring the density (p) using a
calibrated density meter: V= M/p.

storage setup analysis

Storage / transport t'imeJ—P

flow cell, or a gas buffer is used. in the ongoing CCQM study P222. Factors influencing the L Sample

Discussion and Conclusions

JCTLM listed methods allow a relative uncertainty for volume measurement up to 0.3%.
Gravimetric sample While such stringent requirement can be useful for specific cell types, an uncertainty of
volume measurement: up to about 1% is sufficient in general, since other steps make higher contributions to
typically u,, = 1.1% combined uncertainty for cell concentrations (cf. previous CCQM studies). Even for

erythrocyte count, the most accurate measurand, a traceable volume with uncertainty

Sample loop filled with around 1% can be acceptable for standardization. The currently running P222 study,
bead suspension

which is based on artificial material, explores to what extent worldwide standardization
is possible. In the future, flow cytometers with traceable and direct sample volume
measurements, as described here, could be used for quantitative counting, and offer the
potential to be used to value assign bead-based calibration materials typically used in

| Sample routine concentration measurements of cell subpopulations like CD4 or CD34 cells.
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. M Fluores- I e 1 S i [1] S. Reitz et al. Meas. Sci. Technol. 21 (2010) 074006. [7] ICSH publications can be found online
Electronic cenc%j\aser /R [2] Y. Kuruma et. al. Metrologia 58 (2021) 045007. https://www.icsh.org/publications
balance Pulse height analyzer q [3] H.J. Shin et al. Anal. Bioanal. Chem. 416 (2024) 4481-4490 [8] Currently C3RMMP34, C3RMMP35, C16RMP1, see
[4] M. Kammel et al. DOI 10.1109/MeMeA.2015.7145258 https://www.jctimdb.org/#/app/home
Primary standard for the number concentration of liquid- Measurement setup — schematic and photographic [51150 21501-2: 2019 Light scattering liquid-borne particle [9] T. Kouri et al., Lab. Hematol. 3 (2003) 58-63.
Gas buffered device. Despit f d borne particles developed at NMIJ. The uncertainty for the representation: The cell suspension is loaded into a sample counter 10 R. Stebbings et al. Cytometry A 87A (2015) 244-253
ds buttered device. Lespite use_o pressure an _ .p , velop ' u _I y P , o P P [6] 1ISO 21501-3: 2019 Light extinction liquid-borne particle [11] P.J. Rousseeuw, M. Hubert. DOI: 10.1002/widm.2
temperature sensors the uncertainty for the volume is mass is typically u,, = 0.22 % to 0.46 %, depending on the loop via an injection valve, and the cells are then counter [12] L. Saraiva et al. Cytometry B 96B (2019) 508-513.

higher: typically u,, =0.25 % flow rate. transported to the detection area for measurement.
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