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Method evaluation guidance for 
transferring a process from the Cedex® 
HiRes analyzer to the Vi-CELL BLU Cell 
Viability Analyzer
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Biotechnology laboratories operate in dynamic, regulated environments that require continuous 
adaptation to increasing throughput demands, evolving regulatory expectations and advances 
in analytical instrumentation. Whether due to hardware limitations or software incompatibilities, 
obsolescence frequently necessitates method transfer and comparability studies to ensure continuity 
of analytical performance. While newer platforms offer enhanced functionality, regulated workflows 
require documented evidence that results generated before and after a transition remain comparable.

This application note describes a structured evaluation of a cell counting method transferred from the 
Cedex® HiRes analyzer to the Vi-CELL BLU cell viability analyzer. Using both suspension Chinese 
hamster ovary cells from the National Institute of Standards and Technology (NISTCHO) and adherent 
human embryonic kidney (HEK293) mammalian cell models, the study assessed repeatability 
(precision), intermediate precision (intra-laboratory day-to-day reproducibility), and dilutional linearity. 
Study design considerations were informed by general principles outlined in ISO 20391-1 and ICH 
Q2(R2), though they are not intended to be prescriptive or universally applicable (1,2,3). Results 
demonstrate strong concordance between instruments, with the Vi-CELL BLU analyzer exhibiting 
equal or improved precision and linearity across all evaluated conditions. This document is provided as 
an illustrative example; acceptance criteria and study designs should be defined based on end-user 
requirements  and risk assessments.
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Study design:
The following analytical performance characteristics were assessed:

• Repeatability (Sample-to-sample precision): Variability among replicate measurements analyzed
sequentially on the same day.

• Intermediate Precision (Intra-laboratory reproducibility): Variability across multiple days within
the same laboratory.

• Linearity (Response): Proportionality of measured cell density across a defined dilution range.

Sample-to-sample repeatability: Sample-to-sample repeatability was determined by analyzing the 
%CV of replicate samples at each dilution for each day (3 replicates per dilution per day).

%CV formula: = (standard deviation/mean) x 100

Day-to-day %CV formula: Intra-lab day-to-day reproducibility was calculated by pooling the data 
across experiments repeated on three days with three replicates at each dilution and obtaining a total 
%CV for each dilution (9 total replicates per dilution per instrument, 3 replicates per dilution from each 
of 3 days). Acceptance criterion was set to a <15 %CV* at each dilution across all days.

*Note: Starting densities were not always identical so the concentration of the initial stock dilution
contributed slightly to higher %CVs when pooling data across days yet results still fell within
acceptance criteria.

Linearity: The proportional response of diluted samples was determined by a linear regression model 
(JMP version 18.2.1). Acceptance criteria for this example are R2 values >= .98.

Acceptance Criteria Summary:
The acceptance criteria used for this example study were:

• Mean sample-to-sample %CV across dilutions: ≤15% on any day, per instrument.

• Intermediate precision (%CV): ≤15% at each dilution across days, per instrument.

• Difference in average %CV across days between instruments at all dilution levels: <10%.

• Linearity: R² ≥ 0.98 for each day and each instrument.

Note: These criteria are provided for demonstration purposes only; users should define criteria based on 
their specific application and risk assessment.

Materials:

Item Part Lot Exp

NISTCHO Cell Line RM8675 NISTCHO-BEC-AMW1 NA

Excell CD Fusion Media 14365C RNBN9107 9/12/2028

Vi-CELL BLU Reagent Pack C06019 874049 5/6/26

Cedex® HiRes Reagent Kit 5650798001 89591700 2/28/2027

0.5M Vi-CELL BLU Concentration Control Beads C09147 179 10/29/2026

10M Vi-CELL BLU Concentration Control Beads C09150 224 11/4/2026

4M Vi-CELL BLU Concentration Control Beads C09149 271 11/17/2026

2M Vi-CELL BLU Concentration Control Beads C09148 285 10/31/2026

HEK293 Cell Line NA NA NA

1M Cedex® HiRes Concentration Control Beads 5650771001 91102500 7/31/2026
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System Suitability (Quality Control) tests:
System suitability was verified by running concentration control beads on each instrument prior to and 
during the study.

• Cedex® HiRes analyzer: 1M beads/mL, 3 replicates per day, across 3 days (n=9)

• Vi-CELL BLU analyzer: 0.5M, 2M, 4M, and 10M beads/mL, 3 replicates per day, across 3 days
(n=9 per bead level)

• Cross-platform control: Cedex 1M beads/mL measured on the Vi-CELL BLU analyzer

All bead recoveries were within ±10% of manufacturer assigned assay values, confirming appropriate 
instrument performance throughout the study.

Figure 1: Assay results from system suitability test. Bead results were averaged using results for 3 replicates of each bead control per day 
across the 3 days (9 replicates for each control). All bead recovery values fell within +/-10% of manufacturer specified assay values. Error 
bars are ± 1 standard deviation in means. All beads passed manufacturer specifications. BLU and Cedex results from the 1M beads/mL 
Cedex® HiRes beads were closely matched with the Cedex® HiRes analyzer averaging 1.08 E+06 total cells(beads)/mL and BLU averaging 
1.02 E+06 total cells(beads)/mL across all days.
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Repeatability (Precision), Reproducibility (Intermediate Precision) and Linearity 
(Response) Studies:

Chinese hamster ovary (CHO) suspension cell experiment:
A National Institute of Standards and Technology (NIST) reference Chinese hamster ovary (CHO) cell 
line was prepared in CD CHO Fusion media. Cultures were incubated at 37°C and 8% CO2 in flasks 
with a 30 mL culture volume. Cells were grown to at least 50 million total cells and concentrated via 
centrifugation on each experiment day. Four-fold dilutions were prepared into a source tube of 4 mL of 
final culture volume by adding 4 mL of neat (undiluted) into the dilution tube, or 1 mL of the previous 
dilution into 3 mL of media (i.e. 1 mL of 2X dilution into the 4X dilution tube with 3 mL media). Replicate 
samples were transferred from the source dilution tubes into their respective instrument analysis 
tubes (300 μL for Cedex® HiRes, 200 μL for Vi-CELL BLU analyzer) then analyzed on each device. 
The experiment was repeated every day for 3 days. The default standard size cell type with maximum 
precision setting was used for the Cedex® HiRes analyzer. The Vi-CELL BLU instrument's default 
mammalian cell type (Software version 1.4.4.1) was used for the NISTCHO line (RM8675). Initial densities 
were determined using the Vi-CELL BLU device prior to preparing dilutions. Analysis tubes were 
prepared immediately prior to measurement. Subsequent dilutions were kept at 37°C in a bead bath until 
all replicates of each dilution were analyzed on the devices. The Cedex® HiRes analyzer was the time 
bottleneck. Samples can be run in roughly half the time on the Vi-CELL BLU analyzer; however, sample 
replicate aliquoting and placement was delayed aligning start times for purpose of comparison. Media 
only control replicates were also included for each device.

For each dilution:

• Three replicate analysis tubes were prepared immediately prior to measurement

• Identical source dilution tubes were used for both instruments

• Samples were maintained at 37 °C between preparation and analysis
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NISTCHO suspension study results

Sample-to-sample repeatability:
Both systems exhibited excellent concordance in mean total cell density values at all dilutions  
(Figure 2). Three dilution data points spread across three days did not meet the acceptance criteria of 
<15% CVs at all dilution levels for the Cedex® HiRes analyzer, but overall mean CVs across all dilutions 
were less than 15% for both devices.

Figure 2: Average NISTCHO counts across all days (9 replicates, 3 days). Error bars are ±1 standard deviation from the mean. The Cedex® 
HiRes analyzer had values matching to the Vi-CELL BLU analyzer within 10% at all dilutions.
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Sample-to-sample variability at each dilution on individual days was determined by %CV. The Cedex® 
HiRes analyzer had dilutions at three different timepoints that exceeded 15% CVs.

Instrument Day Sample %CV Instrument Day Sample %CV

Vi-CELL BLU 1 NEAT 0.95 Cedex® HiRes 1 NEAT 10.58

Vi-CELL BLU 2 NEAT 1.10 Cedex® HiRes 2 NEAT 10.45

Vi-CELL BLU 3 NEAT 2.79 Cedex® HiRes 3 NEAT 8.14

Vi-CELL BLU 1 4X 1.39 Cedex® HiRes 1 4X 17.74

Vi-CELL BLU 2 4X 0.81 Cedex® HiRes 2 4X 9.89

Vi-CELL BLU 3 4X 1.52 Cedex® HiRes 3 4X 13.79

Vi-CELL BLU 1 16X 1.25 Cedex® HiRes 1 16X 9.32

Vi-CELL BLU 2 16X 1.10 Cedex® HiRes 2 16X 8.59

Vi-CELL BLU 3 16X 4.00 Cedex® HiRes 3 16X 17.93

Vi-CELL BLU 1 64X 1.20 Cedex® HiRes 1 64X 19.25

Vi-CELL BLU 2 64X 2.66 Cedex® HiRes 2 64X 6.80

Vi-CELL BLU 3 64X 6.40 Cedex® HiRes 3 64X 6.26

Vi-CELL BLU 1 256X 11.84 Cedex® HiRes 1 256X 6.24

Vi-CELL BLU 2 256X 7.15 Cedex® HiRes 2 256X 13.27

Vi-CELL BLU 3 256X 5.13 Cedex® HiRes 3 256X 13.52

Vi-CELL BLU 1 MEDIA NA Cedex® HiRes 1 MEDIA NA

Vi-CELL BLU 2 MEDIA NA Cedex® HiRes 2 MEDIA NA

Vi-CELL BLU 3 MEDIA NA Cedex® HiRes 3 MEDIA NA

Table 1: %CV analysis for all dilutions and days for both devices. A total of three dilution timepoints exceeded 15% CVs for the  
Cedex® HiRes analyzer (4X and 64X day 1; and 16X day 3). However, average %CVs across all dilutions fell below 15% for both devices on 
each day. Overall, the Vi-CELL BLU analyzer had lower %CVs for sample-to-sample repeatability.
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Intra-lab day-to-day reproducibility:
Data was pooled across the three days for each dilution level on each device, for a total of 9 replicate 
samples analyzed per dilution level. %CVs were calculated and were <15% at all dilution levels on both 
devices (Figure 3). The Vi-CELL BLU analyzer displayed overall greater day-to-day reproducibility as 
indicated by lower %CVs.

Figure 3: Intra-lab day-to-day reproducibility (Intermediate precision). Data was pooled across the three days for each dilution level on 
each device. Total intermediate precision was <15% CV for all dilutions across days on both devices at all dilutions. The Vi-CELL BLU 
analyzer exhibited an overall higher degree of reproducibility across days. %CVs between instruments were <10% at all dilution levels.

Note: Samples diluted to 256X were below the instruments’ lower cell count specification of 
5E+04 cells/mL.
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Linearity of dilution:
Both devices had excellent linearity (Figure 6). The Vi-CELL BLU analyzer had a slightly better linear fit 
with an r2 near 1.000 compared to 0.990 on the Cedex® HiRes analyzer after rounding.

BLU Day 1: R2 =0.9998

Cedex Day 1: R2 =0.9886

BLU Day 2: R2 =0.9999

Cedex Day 2: R2 =0.9895

BLU Day 3: R2 =0.9992

Cedex Day 3: R2 =0.9928

Figure 4: Linearity of dilution. All days exhibited a high degree of dilutional linearity within the tested range with an R2>.99 (rounded) for 
both devices on all days. The Vi-CELL BLU analyzer displayed slightly higher linearity overall with an r2 near 1 on all days.

HEK293 adherent cell study:
A one-day study was conducted for HEK293 adherent cells. Controls were not run because  
instrument calibration was verified in the prior week for the previous study with consistent results.  
Initial concentration was targeted at 10E+06 cells/mL initially, but after examining the cell type 
annotations, it was noted that optimization was required on the Vi-CELL BLU device due to debris 
picked up with the default mammalian cell type. The software allows for more fine-tuned adjustments 
of cell type annotations due to several features described in more detail in the IFU. The default 
standard size setting with maximum precision was used for the Cedex® HiRes analyzer.
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Vi-CELL BLU cell type settings for HEK293 adherent cells:
Vi-CELL BLU modified default Mammalian Enhanced cell type settings were used for HEK293 adherent 
cells. Minimum diameter was increased from 8 µm to 10 µm to exclude larger debris. The medium 
enhanced decluster degree was used for superior counting and inclusion of objects excluded in red 
boxes (see Figure 5 below).

Figure 5: Vi-CELL BLU images pre (left) and post (right) optimization. Annotations in red are dead cells, green are live cells, and blue are 
non-cells (debris or other objects that do not meet the criteria for a cell). Enhanced decluster degrees allow for more accurate counts 
by removing red boxing, but the Vi-CELL BLU 2.0 algorithm has built in flexibility so red box settings may be used when trying to match 
Cedex® HiRes cluster exclusion behavior if desired.

Figure 6: Cedex® HiRes high density adherent HEK293 photo. Annotations in red are dead cells, green are live cells, and blue are clusters 
of cells which are still included in the counts. The Cedex® HiRes analyzer will exclude larger clusters beyond a certain size threshold which in 
the case of the standard size default value was 100 µm. The Vi-CELL BLU analyzer is capable of similar behavior through former decluster 
settings (red boxing), but the enhanced decluster features allow flexibility by attempting to count larger clusters. In the image above, two 
larger clusters were excluded by the Cedex® HiRes standard size default setting.
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HEK293 Study Results:
Average total cell density counts were within 10% between devices (Figure 7). Sample-to-sample 
precision was below 15% CV at all dilutions on both devices (Figure 8). Both devices exhibited R2 values 
above 0.98 (Figure 9).

Figure 7: Average HEK cell total cell density counts on the Vi-CELL BLU and Cedex® HiRes analyzers. Counts were within 10% for all 
dilutions. Error bars are ±1 standard deviation.

Figure 8: Repeatability analysis for HEK293 adherent cells. CVs all fell below 15%.
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Vi-CELL BLU HEK: R2 = 0.999 Cedex® HiRes HEK: R2 = 0.986

Figure 9: Linearity of HEK293 dilution results. Linearity was evaluated as previously described. The Cedex® HiRes analyzer exhibited 
some non-linearity due to variability in the upper range.

Summary:
The Vi-CELL BLU analyzer was demonstrated to be an excellent device for suspension CHO and 
adherent HEK cell counting and a suitable device for method transfer from the Cedex® HiRes 
analyzer. Total cell density counts were within 10% between the Cedex® HiRes device and the  
Vi-CELL BLU analyzer. In addition to matched counts, the Vi-CELL BLU analyzer demonstrated 
better linearity and lower %CVs between sample replicates run on the same day and from day to 
day. Conducting an evaluation such as this one may provide guidance when comparing cell counting 
devices. Please reach out to a Beckman Coulter Life Sciences representative anytime for support  
during transition between devices.
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