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Introduction:
Reliable cell count and viability measurements are foundational to bioprocess development, scale-up, 
and manufacturing control. The hemocytometer, which was introduced in the late 19th century and 
has long served as a reference method, has limitations including operator subjectivity, low statistical 
power and practical constraints on throughput and reproducibility. Alternative counting methods 
were later developed, such as the Coulter counter in 1953 which uses electrical impedance signals of 
objects as they pass through an aperture submerged in an electrolyte solution to determine size and 
counts. However, the method has limited capability to differentiate between live and dead cells of 
similar sizes. These types of challenges have driven the widespread adoption of automated cell counting 
technologies which offer improved precision, higher sampling density and workflow efficiency.

Technological advances over the past two decades resulted in development of automated cell count 
and viability devices such as the Vi-CELL XR and Vi-CELL BLU cell viability analyzers which can count 
up to 100 images in less than 180 seconds and provide higher statistical confidence when compared to 
manual hemocytometer counts from a limited number of grids (9). 
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The History of Cell Counting and Viability Analysis

Image-based analysis using automated counters has become standard for the biopharmaceutical 
industry. Most notably the Beckman Coulter Vi-CELL XR analyzer introduced in 2003 which  
allows images to be taken from a sample that travels from the sample cup to a flow cell in an  
automated fashion.

A myriad of devices have followed suit, each with pros and cons causing uncertainty among scientists 
due to lack of concordance among instruments particularly with final reported counts.

The concordance problem is nothing new to science and statistical techniques are available to compare 
results such as the Bland and Altman method comparison analysis described in their classic 1983 paper, 
“Measurement in medicine: the analysis of method comparison studies” (10), where the differences of 
measurements are plotted against mean values.

Since 2018, the ISO 20391-1 and 2 documents provide guidance for comparing results from different cell 
counting methods in the absence of certified cellular quantification standards which currently do not 
exist. The focus of the analysis shifts from accuracy of cell counts to precision and proportionality of 
dilution series data due to the unavailability of a traceable reference standard.

The Food and Drug Administration (FDA) and National Institute of Standards and Technology (NIST) 
held a cell counting workshop in 2018 from which the primary conclusion was that obtaining high-quality 
cell count measurements doesn’t have a one-size-fits-all approach, and strategies must be  
fit for purpose (1). Statistically sound strategies are continually considered and developed, such as  
the Counting Method Evaluation Tool (COMET) developed by NIST. The COMET highlights  
non-accuracy-based metrics like the coefficient of variation (CV) and proportionality index (PI) to 
assure repeatability, characterize uncertainty in the measurement process and evaluate proportionality 
of dilution to determine differences in performance across instruments’ measurement ranges (5).

In this application note, we apply these principles to directly compare the performance of the Vi-CELL 
XR and Vi-CELL BLU analyzers. Using a dilutional linearity study designed according to ISO 20391- 1 and 
2, and evaluated with the NIST COMET framework, we assess linearity, repeatability, and proportionality 
across multiple instruments. Building on these results, we demonstrate a practical approach for 
characterizing and correcting systematic concentration differences, enabling effective matching of  
Vi-CELL BLU analyzer results to legacy Vi-CELL XR analyzer data. The intent is to provide clear, 
actionable guidance for scientists seeking a statistically sound and operationally practical pathway for 
instrument transition and harmonization.
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Cell type optimization: 

For efficient matching, it’s recommended to first optimize cell types on both devices.  
Algorithm-generated annotations should match expectations on both devices through visual inspection. 
Additional guidance can be found in our updated Migration Guide application note (7). Furthermore,  
we recently introduced additional cell type parameters based on customer feedback to allow for  
further cell type fine-tuning. Please refer to the Vi-CELL BLU Cell Viability Analyzer’s Instructions for Use 
(11) for more details about each of the new parameters with examples of settings and how they should
be applied.

For this application note, the “Mammalian Enhanced” default cell type (Software version 2.0) was 
selected (Figure 1),but with a minimum cell diameter of 8 μm and no further optimization was required. 
The enhanced cell type includes improved cluster counting and debris characterization as well as 
improved dead cell annotations.

Figure 1: Mammalian default cell type (Left) and Enhanced mammalian default cell type with the enhanced medium decluster setting 
and minimum diameter size of 8 μm (Right). Red boxes that exclude objects with the unenhanced cluster setting are now removed, and 
objects within are enumerated. Please refer to the Vi-CELL BLU Cell Viability Analyzer IFU for more details about decluster settings (11).

Cell type optimization needs to be fit for purpose. If the goal of optimization is to match legacy 
instrument results rather than optimize instruments independently, annotations on individual 
instruments may be incorrect but should still match as closely as possible on both devices. One example 
might be one in which a Vi-CELL XR cell type setting has a low minimum diameter threshold defined, 
causing debris to be annotated as live cells and resulting in elevated cell counts being reported. If the 
Vi-CELL BLU cell type was independently optimized to raise the threshold and exclude debris from live 
counts, a mismatch in results would be evident. Care must be taken when considering the overall cell 
optimization strategy during transition between instruments.

Linearity of dilution experiment using a COMET analysis:
To demonstrate linearity of both Vi-CELL XR and Vi-CELL BLU devices, a dilutional linearity experiment 
was run according to ISO 20391-1 and 2. Two Vi-CELL BLU analyzers and two Vi-CELL XR devices were 
included in the testing. Chinese hamster ovary (CHO) cells were grown in shake flasks with ActiPro 
media in a 37°C, 7.5% CO2, and 120 rpm incubator. Dilutions were prepared to target densities of  
15, 10, 7, 4, 1 and 0.2E+06 cells/mL. Four replicate tubes were prepared for each dilution. Samples were 
distributed to their respective device sampling cups and read in quadruplicate. Dilutions were verified 
gravimetrically by weighing the tubes, cells and diluent, then measuring the dilution fractions. Sampling 
orders were randomized by assigning a number to the various dilution fractions, then run in sequence 
by random assignment. 
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Dilutional linearity study design

Figure 2: Modified experimental layout per ISO 20391-2:2019*. Samples were split from a stock sample into four independent replicate 
samples. Four observations of a single test sample (replicates) prepared from each independent replicate test sample dilution tube were 
run on each of 4 devices (2 Vi-CELL XR and 2 Vi-CELL BLU analyzers).

*Graphic adapted from Pierce et al. 2023 (8)

Materials:
Item Part Lot Exp

10M Vi-CELL BLU beads C09150 213 6/26/2026

4M Vi-CELL BLU beads C09149 269 10/9/2026

2M Vi-CELL BLU beads C09148 284 10/27/2026

1M Vi-CELL XR beads 175478 5478253 9/2/2026

ActiPro SH31039.02 AL30823060 1/31/2026

Incubator Infors HT Minitron NA NA

CHO cell line NA NA NA

Vi-CELL BLU analyzer C19196 NA NA

Vi-CELL XR analyzer 383556 NA NA

Vi-CELL BLU Reagent Pack C06019 NA NA

Vi-CELL XR Reagent Pack 383260 NA NA
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Instrument calibration verification:
When performing an evaluation, it’s recommended to verify instrument calibration using quality control 
beads. 1E+06 (1M) controls were run on the Vi-CELL XR and Vi-CELL BLU devices and the 2M, 4M and 
10M control beads were run on the Vi-CELL BLU analyzers (Figure 3).

Note: In the case of out-of-specification (OOS) controls, it’s recommended to reach out to Beckman 
Coulter Life Sciences for technical support, service and/or calibration. In addition, Beckman Coulter  
Life Sciences offers operational qualifications (OQ) to ensure instrument performance. OQs for both 
Vi-CELL XR and Vi-CELL BLU analyzers can be requested prior to evaluation for optimal results.

Figure 3: Measured mean concentration control bead values. Three replicates were run for each control. Each error bar is constructed 
using 1 standard deviation from the mean. All mean control bead values fell within ±10% of the manufacturer's assay values. Instrument 
calibration was deemed acceptable for all four devices in this study.
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NIST COMET analysis:
The COMET allows for advanced statistical analysis and meets reporting requirements of linearity 
studies designed per ISO 20391-2:2019: Biotechnology – Cell counting – Part 2 (3,4,5,6). The primary 
statistic reported from the tool is the proportionality index (PI). It’s defined as the deviation from 
proportionality. The lower the value the more proportionate the results are.

The following settings were used for the COMET app:

• Variance proportional to mean (default)

• Order of smoothing polynomial (default)

• Number of Bootstrap Iterations (1000)

• Random Seed (820)

• Confidence Level (0.95)

• Smoothed Scaled Sum Sq Error Proportionality Indices default)

COMET results:

Mean concentrations were determined for all devices and plotted against dilution fractions (Figure 4). 
An offset between devices was noticeable and characterization of the differences are explained in the 
following section. Linearity was determined to be high (Figure 5) on all devices with all r2 values above 
0.999 (CI 95%). Residual plots are included for informational purposes (Figure 6).

Figure 4: Concentration plotted against dilution fraction values. 

Figure 5: R2 values. All values were above 0.999 (CI 95%) on all devices.
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Figure 6: Residual Plots. 

The proportionality index is a term referenced in ISO 20391 that quantifies the deviation from 
proportionality of expected dilution values. A lower proportionality index value indicates more 
proportionate readings for the dilution series and is an indication of performance across a linear range. 
All devices exhibited low proportionality indices (Figure 7).

Figure 7: Proportionality Indices (Deviation from proportionality) All devices displayed a low deviation from proportionality.

Sample-to-sample repeatability was characterized by the coefficient of variation expressed as a 
percentage (%CV=standard deviation / mean X 100). All devices had high sample-to-sample 
repeatability from mean %CV values at approximately 5% or less at all dilution levels (Figure 8).

Figure 8: Coefficient of Variation (%CV) at each Dilution Fraction.
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A high viability was maintained for all but one sample in the study (Figure 9).

Figure 9: Viability over time comparison (Robustness). Samples maintained a high viability throughout the experiment, with viability 
seldom falling below 97.5%. The one outlier with 89.7% viability was checked for deviation in TCD but did not appear to be a TCD outlier 
so was left in the analysis.

Characterization and correction of concentration differences from Vi-CELL XR to 
BLU analyzers
Though devices may be manufactured and sold by a particular manufacturer, differences in counts  
for a particular cell line between similar devices may still be apparent under certain conditions. It’s 
desirable when instruments display both high proportionality and fully match accuracy but more 
common are results which are biased in accuracy when compared to other counting methods. Through 
careful analysis such as the one presented in this paper, concentration correction values can be 
determined and applied so results can be closely aligned with reference values. In the section below, 
differences at all dilutions were evaluated to determine mean concentration differences using pooled 
data from the two Vi-CELL XR and two Vi-CELL BLU analyzers. Average count differences ranged 
from -22.95 to -23.67% lower on the Vi-CELL BLU analyzer. A mean concentration factor adjustment 
(See Figure 10) was determined by averaging the differences and calculating the adjustment factor 
for the Vi-CELL BLU analyzer values. For example, the Vi-CELL BLU analyzers were determined to 
read approximately 23% lower than the Vi-CELL XR analyzers so a correction factor of 27.7 (Figure 10) 
was determined. To verify the correct factor was determined, the Vi-CELL BLU analyzer values were 
multiplied by the determined factor and the % difference correction was applied. After correction, the 
differences between devices were 2% or less at all dilutions throughout the analytical range. It should be 
noted that results may vary for cell lines and must be determined empirically for optimal results.

Figure 10: Concentration adjustment factor calculation. The Vi-CELL BLU software provides the calculation for the concentration 
adjustment factor in the Cell Type parameters interface.
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Figure 11: Concentration differences from Vi-CELL XR to Vi-CELL BLU devices. Based on the calculated mean differences across 
dilutions, a universal concentration factor adjustment of 27.7 was determined.

Figure 12: Total cell density/mL concentration differences after correction factor adjustment. After adjustment, differences were less 
than ±2% between devices at every dilution level.
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Summary:
As demonstrated, differences between devices can be characterized in various ways. Matching 
requirements are fit-for-purpose and must be considered prior to the design of concordance studies. 
Because no quantifiable reference standards are available for cell lines, reference values are often 
arbitrarily assigned as is typically the case when attempting to match legacy instrument values for 
existing processes. The Vi-CELL BLU analyzer has built-in software flexibility to allow results to be 
calibrated to legacy instruments by use of a cell line specific concentration adjustment factor within the 
cell type settings. The adjustment is similar to an instrument’s calibration, where measured values are 
adjusted to nominal values reported on the assay value sheet, except nominal values are assigned based 
on historical counting device results. After linearity of both devices is established for the desired range, 
differences can be characterized and an optimal concentration adjustment factor can be determined.  
If possible, future results should be verified through side-by-side testing and settings can be adjusted  
as needed. 

For this comprehensive linearity comparison study, the Vi-CELL XR and Vi-CELL BLU devices were 
both highly linear and exhibited a low deviation from proportionality demonstrating reliability for cell 
counting throughout the instruments’ range. Concentration differences were characterized and  
adjusted by applying a concentration adjustment factor within the Vi-CELL BLU cell type settings.  
After adjustment, legacy matching was attained throughout the full linear range with an approximately 
2% or less difference at all dilutions.
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