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1  |  INTRODUC TION

Flow cytometry (from the Greek words cyto = cell and metry = mea-
sure) (FCM) is a powerful technique that detects, characterizes, and 
analyses assayed cells through their fluorescence and light scattering 
responses and provides information about the physical and chemi-
cal properties of cells, including their morphology, cell granularity, 
and genetic identity, among others. Its advantage lies in its ability 

to analyze uniform cell populations and highlight non-uniformity in 
samples without averaging, which distinguishes it from the Western 
blot technique.1 Moreover, FCM can also analyze complex cell pop-
ulations according to user-defined cell characteristics, including the 
cell number and size, macromolecular content, and genetic identity 
that can be determined through labels, stains, and probes, with an 
analysis rate of about 10,000 cells per second. With the continu-
ous development of FCM during the past two decades, the results 
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Abstract
Background: Flow cytometry is a powerful technique that provides information re-
garding cell properties. In this study, we evaluated the analytical performance of a 
new flow cytometer, the 10-color BD FACSLyricTM, which could help doctors obtain 
reliable test results prior to clinical research.
Methods: We used SpheroTM Rainbow Calibration Particles and the SpheroTM Nano 
Fluorescent Particle Size Standard Kit to validate the fluorescence sensitivity and lin-
earity. The Beckman Coulter IMMUNO-TROL Cell was used as the quality control to 
evaluate the accuracy and reproducibility of surface markers detected by the flow 
cytometer. Furthermore, BD Calibrate APC Beads and CS&T Research Beads were 
applied to calculate the carry-over contamination rate and assess the instrument 
stability.
Results: A linear regression equation between the molecules of equivalent soluble flu-
orochrome and fluorescence detection limit showed a good linear fit (R2 > 0.99). The 
minimum bead size detected by side scatter was 0.22 μm. The coefficient of varia-
tion percentage of each fluorescence channel was below 2%, and the carry-over con-
tamination rate of the cytometer was under 0.2%. After running the BD FACSLyricTM 
cytometer continuously for 8 h, the median fluorescence index of particles remained 
close to that at the time of cytometer startup.
Conclusions: The 10-color BD FACSLyricTM cytometer showed good performance in 
the evaluation performed in this study and may be trusted to provide accurate results 
for clinical research.
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of scientific research have gradually diffused to clinical practice 
and FCM is playing a crucial role in the diagnosis, treatment, and 
monitoring of tumors, infections, primary immunodeficiencies, and 
hematological diseases.1,2 In addition, FCM is also used extensively 
in lymphocyte subset classification, immunophenotyping, CD34 
stem cell absolute count evaluation, and human leukocyte antigen 
B27 (HLA-B27) and paroxysmal nocturnal hemoglobinuria (PNH) 
determination. Therefore, FCM performance evaluation is crucial 
for guaranteeing the accuracy of laboratory test results. 3 In 2017, 
Cossarizza et al. 4 and Veldhoen 5 reported guidelines for flow cy-
tometers, which focused on the instrument settings and laser ad-
justment. However, there is not much research on flow cytometers 
themselves, which is critical for the validation of FCM in a clinical 
setting. The novel BD FACSLyricTM flow cytometer has the capability 
of configuring up to 3 lasers—blue, red, and violet—12 fluorescence 
channels, and 14 parameters. Its maximum acquisition rate is 35,000 
events per second, and there is no limit on the number of events 
acquired. We evaluated the analytical performance of the novel 10-
color BD FACSLyricTM flow cytometer in our laboratory to ensure its 
performance efficiency and result accuracy for clinical and research 
applications.

2  |  MATERIAL AND METHODS

This section describes the methods used for obtaining the perfor-
mance characteristics of the novel 10-color flow cytometer (BD 
FACSLyricTM).

2.1  |  Working conditions of the flow cytometer

The 10-color flow cytometer (BD FACSLyricTM) was placed in an en-
vironment with room temperature (20°C), humidity between 40% 
and 70%, a power supply voltage of 220 ± 22 V and 50 ± 1 Hz and 
standard atmospheric pressure. Direct exposure to sunlight and 
other heat sources was eliminated.

2.2  |  Fluorescence sensitivity and linearity

The fluorescence performance was measured using SpheroTM 
Rainbow Calibration Particles (8 peaks, catalog number RCP-30-
20A) with a nominal size of 3.0–3.4 μm. 500 μl of phosphate-buffered 
saline (PBS) was mixed with a drop of the solution of calibration par-
ticles. The linear equation and R-square of the molecules of equiva-
lent soluble fluorochrome (MESF), MESF(Y), and mean fluorescence 
intensity (MFI) were calculated. It should be noted that the fluores-
cence detection limit should not be higher than 200 for fluorescein 
isothiocyanate (FITC) and 100 for phycoerythrin (PE). The fluores-
cence detection limit of fluorochrome in the corresponding fluores-
cence laser channels should meet the manufacturer's requirements 
(r ≥ .98).

2.3  |  Forward scatter (FSC) sensitivity

The SpheroTM Nano Fluorescent Particle Size Standard Kit (catalog 
number NFPPS-52–4 K) was used, which was composed of four bead 
sizes with a diameter of 1.35, 0.88, 0.45, and 0.22 μm. According to 
the SSC and FITC signal, the FCM histograms displayed the peak sig-
nal and diameter of standard microbeads, which can be employed 
to determine the limit of FSC detection. The FSC detection limit is 
required to be ≤1 μm.

2.4  |  Signal resolution

The resolution was measured using BD CS&T Research Beads 
(catalog number 349523) using the FITC and PE channels, and the 
coefficient of variation (CV) of each channel was calculated. CS&T 
research beads consist of equal quantities of 3 μm bright, 3 μm mid, 
and 2 μm dim polystyrene beads in PBS with bovine serum albumin 
(BSA) and 0.1% sodium azide. The CV was monitored to guarantee 
that it remained at 3.00% or less.

2.5  |  FSC and Side scatter (SSC) resolution

We added 5  μl of peripheral blood into 1  ml of sheath fluid and 
collected at least 10,000 events in the flow cytometer to evaluate 
the FSC and SSC resolution. Then, we determined the FSC vs. SSC 
plots for erythrocytes and platelets. The FSC vs. SSC plots show 
the size overlap of erythrocyte (right-top) and platelet (left-bottom) 
populations.

2.6  |  DNA polity linearity

BD DNA QC particles (catalog number 349523) containing chicken 
erythrocyte nuclei (CEN) were stained by propidium iodide (PI). The 
DDM enables cell doublets in G0/G1 phase, as well as other ag-
gregates, to be distinguished from single cells in G2+M phase, thus 
allowing better cell-cycle estimates of cell percentages in G2+M 
phase. The linearity was calculated using the mean channel num-
ber, located in the Histogram Statistics box, for G2+M and the mean 
channel number for G0/G1 using the following formula. The linearity 
should be between 1.95 and 2.05.

2.7  |  Accuracy of surface marker determination

Quality controls (Beckman coulter IMMUNO-TROL Cell, lot num-
ber 6607077) were determined via a BD Multitest™ 6-color TBNK 
Reagent kit (BD Lymphocyte subset kit, lot number 644611). The 
means of CD3, CD4, CD8, CD19, CD16/56, and CD45 cell per-
centages were calculated (n = 5). The results should be within the 

G2 +M

G0/G1
= Linearity
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reference range of the target value given in the Beckman coulter 
control cell specification.

2.8  |  Reproducibility of surface marker 
determination

Reproducibility was estimated as the CV of CD3, CD4, CD8, CD19, 
CD16/56, and CD45 determinations (n = 10) under identical condi-
tions, which means that the operator, the instrument, and the labo-
ratory conditions were kept constant within a short time interval. 
For this purpose, we used the Beckman coulter IMMUNO-TROL Cell 
(catalog number 6607077). When cell percentage is ≥30%, the CV 
should not be higher than 8%; otherwise, CV should not be higher 
than 15%.

2.9  |  Carry-over contamination

BD Calibrate APC Beads (catalog number 340487) in BD Trucount™ 
Tubes (lot number 340487) were counted three times. At least 
100,000 standard particles were collected each time. Beads counts 
were determined and recorded as Hi–1, Hi–2, and Hi–3, respectively. 
Then, blanks (dd water) were measured and marked Li–1, Li–2, and Li–3. 
The carry-over contamination rate (Ci) was calculated using equation 
(1). Ci should not be higher than 0.5%.

Ci is the carry-over contamination rate of the ith cycle, i = 1–3.

2.10  |  Stability of the BD FACSLyricTM 
flow cytometer

The BD CS&T Research Beads (catalog number 349523) were used 
for measurements of the supported BD digital flow cytometer (BD 
FACSLyricTM), and a histogram was generated and analyzed. The MFI 
of the beads at 0 h (FL1) was recorded. After performing the experi-
ment continuously for 8 h, the experiment was repeated under the 

same parameter settings, and the MFI of standard particles (FL2) was 
calculated. When the ambient temperature does not exceed 5% of 
the setting temperature, the fluctuation range of the FSC and the 
peak fluorescence from all fluorescent channels should not exceed 
10% within 8 h of starting up.

where (FL1)is the MFI immediately after starting up and FL2 is the MFI 
8 h after starting up.

2.11  |  Statistical methods

For each characteristic that was studied, continuous variables are 
presented as mean  ±  standard deviation (SD) or median (inter-
quartile range). For cases with less than 30 values for the tested 
parameter, the normal distribution was verified by the Kolmogorov-
Smirnov normality test before performing the t test. Differences in 
categorical variables were assessed by the chi-square test or the 
Fisher exact test. In addition, the concordance correlation coef-
ficient was calculated. The precision is represented by the upper 
and lower limits of agreement (if the differences are normally 
distributed, 95% of them will lie between these limits). Statistical 
analyses were performed using SPSS 22.0 (IBM Corp). A two-tailed 
p value of less than .05 was taken as the condition for statistical 
significance.

3  |  RESULTS

3.1  |  Fluorescence sensitivity and linearity

SpheroTM Rainbow Calibration Particles were used to detect the 
molecules of equivalent fluorochrome (MEF) value. A standard curve 
was generated with a fluorimeter using fluorochrome solutions of 
various concentrations. We collected at least 10,000 events and 
then calculated the MEF value dividing the equivalent fluorochrome 
concentration by the number of cells or particles used. The results 
for the FITC and PE channels are shown in Figure 1.

Ci =
Li−1 − Li−3

Hi−3 − Li−3
× 100%

Bias =
FL1 − FL2

FL1
× 100%

F I G U R E  1 Fluorescence sensitivity 
and linearity. X-axis indicates MESF 
value. Y-axis shows the detection limit of 
fluorescence sensitivity. (A) FITC channel 
results and (B) PE channel results
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3.2  |  FSC sensitivity

The mixed solution that contained the SpheroTM Nano Fluorescent 
Particle Size Standard Kit was processed. The different sized subsets 
of calibration beads are shown in Figure  2. The histogram results 
show the peak signal.

3.3  |  Resolution signal of BD FACSLyricTM

BD CS&T Research Beads (lot number 349523) were mixed with 
500 μl of PBS. We tested the solution and calculated the CV of the 
beads’ peak width in each channel, as shown in Figure 3

3.4  |  FSC and SSC resolution

We used FSC and SSC to separate the platelets and red blood cells 
(Figure 4A). Moreover, we added 1 ml of lysing solution into a tube 
with 100 μl of peripheral blood. After the red blood cells were lysed, 
we collected at least 10,000 events to evaluate the separation of 
lymphocyte, monocyte, and granulocyte (Figure 4B).

3.5  |  DNA polity linearity

CEN stained by PI were used to evaluate DNA polity linearity. The 
G2/M and G0/G1 of MFI were obtained, and the ratio was calculated 
(Figure 5).

3.6  |  Accuracy of surface marker determinations

We tested five tubes for each level according to the directions 
of the Beckman coulter IMMUNO-TROL Cell. The percentage 
and absolute cells of each lymphocyte subset were calculated to 
compare them with the target value of the QC samples. Table  1 
shows that the results of every item were close to the target value, 

demonstrating the accuracy of the flow cytometer evaluated in this 
study.

3.7  |  Reproducibility of surface marker 
determinations

We used the Beckman coulter IMMUNO-TROL Cell to repeat the 
precision experiments ten times. The CVs of CD3, CD4, CD8, CD19, 
CD16/56, and CD45 determinations (n = 10) were calculated accord-
ing to the previous results, as shown in Figure 6. The CV percentages 
of items in low-level controls were all below 8%, while those of items 
in normal-level controls were all under 6%. These results show ex-
cellent reproducibility.

3.8  |  Carry-over contamination

BD Calibrate APC Beads mixed with PBS in BD Trucount™ Tubes 
were collected three times containing at least 100,000 standard 
particles each time. The carry-over contamination rates of the cy-
cles were calculated as 0.17% (blanks result: 302, 183, and 133; 
beads result: 100019, 100020, and 100175), 0.13% (blanks result: 
204, 320, and 74; beads result: 100188, 100166, and 100169), and 
0.14% (blanks result: 227, 91, and 83; beads result: 100145, 100186, 
and 100175).

3.9  |  Stability of the BD FACSLyricTM 
flow cytometer

BD CS&T Research Beads (catalog number 349523) were mixed with 
PBS and measured after the startup of the cytometer. The beads’ 
MFI at 0  h (FL1) was recorded. After performing the experiment 
continuously for 8 h, the experiment was repeated under the same 
parameter settings, and the MFI of standard particles (FL2) was cal-
culated. According to the calculated FL1 and FL2 values, the biases 
were measured and are shown in Figure 7.

F I G U R E  2 FSC sensitivity. SpheroTM Nano Fluorescent Particle Size Standard Kit, microbeads with a diameter of 1.35, 0.88, 0.45, and 
0.22 μm. (A) Shows that SSC combined with FITC can distinguish four different sized beads, (B and C) illustrate beads count percentages and 
absolute counts according to SSC, respectively
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4  |  DISCUSSION

Validation is the process used to confirm the accuracy and preci-
sion of a given analytical method or instrument. After installing a 
new flow cytometer, the excitation light sources and optical system 
should first be evaluated before detecting clinical samples. According 
to the U.S. Clinical Laboratory Improvement Amendment (CLIA), for 
any given existing test, if significant changes have occurred in an an-
alyzing system, such as the introduction of a new instrument into the 
test procedure, the performance evaluation of the new instrument 
should be verified under laboratory conditions before the system can 
be used in other applications. However, many clinical laboratories 
have ignored this. EuroFlow develops and standardizes fast, accu-
rate, and highly sensitive flow cytometric tests for the diagnosis and 
prognostic (sub)classification of hematological malignancies as well 
as for the evaluation of treatment effectiveness during follow-up. 
There are EuroFlow standard operating procedures for instrument 
setup and compensation for the 8-color flow cytometer systems BD 

FACS Canto II and Navios and the 10- or 12-color system BD FACS 
Lyric, and the instrument setup standard operating procedure (SOP) 
must be followed when applying EuroFlow guidelines.6 Note that 
the application of EuroFlow guidelines is based on the assumption of 
the appropriate performance of the flow cytometer system. If there 
is any problem with the laser itself, a direct compensation adjust-
ment plan will produce bias and hinder the differential diagnosis.

Our performance evaluation was based on Clinical and 
Laboratory Standards Institute (CLSI) Guideline H62: Validation of 
Assays Performed by Flow Cytometry.7 H62 is, for the first time in 
the flow cytometry field, a validation guideline for the international 
community.8 In this study, we evaluated the analytical performance 
of a novel BD FACSLyricTM cytometer via lymphocyte subsets anal-
ysis. FACSLyricTM is the latest flow cytometer from BD Bioscience. 
Therefore, BD Bioscience conducted a series of performance eval-
uation tests and presented the results on their official website.9 
As high-speed detection is one of the focuses of FACSLyricTM, BD 
Bioscience has placed emphasis on run rates and flow rates. The 

F I G U R E  3 Resolution signal of the flow cytometer. (A) Shows collected events in SSC/FSC; P1 represents beads. (B, C, D, and E) Show 
the resolution signals of the FITC, PE, APC, and V500-C channels, respectively. CVs are shown on the top left of each figure

F I G U R E  4 FSC and SSC resolution. 
(A) Shows separation of platelets and 
erythrocytes and (B) shows separation of 
lymphocyte, monocyte, and granulocyte
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carry-over contamination obtained by BD Bioscience and that ob-
tained in our study is substantially different. The sample carryover 
of ≤0.05% shown by BD Bioscience for FACSLyricTM is lower than 
the results obtained in our study, respectively, 0.17%, 0.14%, and 
0.13%. Further, the stability evaluation conducted by BD Bioscience 
only entails one-point stability, namely, the stability after startup. By 
contrast, in our study, we performed a two-point stability evalua-
tion, where one point is after startup and the other is after continu-
ously running the experiment for 8 h. Moreover, we also performed 
different performance evaluations compared to those reported by 
BD Bioscience. Specifically, we focused on clinical sensitivity and 
accuracy. Our performance evaluation serves as a supplement for 
the evaluation performed by BD Bioscience, especially for clini-
cal laboratory users. Based on the CLSI guidelines 7 and previous 
studies by Selliah et al. 10 and Piccoli et al.,8 we evaluated the BD 
FACSLyricTsystem based on (1) fluorescence sensitivity and linearity, 

(2) slide scatter sensitivity, (3) resolution signal of the FACSLyricTM 
system, (4) FSC and SSC resolution, and (5) accuracy of surface 
markers determinations. Compared with the results presented by 
Gossez et al.,11 which also used Beckman Coulter IMMUNO-TROL 
Cell control samples, the reproducibility of lymphocyte surface 
markers (CD4) in BD FACSLyricTM is much better than that in SPT 
AQUIOS CL. The CVs of our BD FACSLyricTM are 1.94% and 4.52%, 
while those of SPT AQUIOS CL are 3.26% and 9.2%. Coetzee et al. 
12 also evaluated the CD4+ lymphocyte absolute count and percent-
age detection in two AquiosTM flow cytometers; it is determined 
that the performance of BD FACSLyricTM is nearly equal to that of 
those instruments. The CVs of the absolute count of CD4+ lym-
phocytes in AquiosTM flow cytometers are 4.29% and 7.62%, while 
those in the BD FACSLyricTM system are 3.76% and 6.96%. The CVs 
of the CD4+ lymphocyte percentage in AquiosTM flow cytometers 
are 2.41 and 3.82, while those in the BD FACSLyricTM system are 
1.94% and 4.52%. These results show that the reproducibility in the 
BD FACSLyricTM system is close to that in AquiosTM flow cytome-
ters. The results for signal resolution in different BD FACSLyricTM 
lasers meet professional standards when comparing the results 
corresponding to the BD FACSCanto II and the Beckman Coulter 
Navios.13 The MFIs of FITC are 13,740.04, 15,484.07, and 12068.03 
in Canto, Navios, and BD FACSLyricTM, respectively, while those 
of PE are 13,362.45, 15,379.33, and 14257.14, respectively. These 
results indicate that the signal resolutions of these three flow cy-
tometers are equivalent to each other. Compared with the six-color 
lymphocyte subsets kit used in BD FACSCanto II, the six-color 
TBNK kit used in BD FACSLyricTM significantly reduced the operat-
ing procedures and the on-board detection time and optimized the 
lymphocyte subsets analysis process in clinical applications. For clin-
ical research, BD FACSLyricTM shows potential as a high-efficiency 
and high-throughput platform to detect specimens, which could 
greatly help clinical technicians scale-up flow cytometry detection. 
Moreover, BD FACSLyricTM provided strong support for clinicians 
ordering customized detection items.

F I G U R E  5 DNA polity linearity. The peak of P1 and P2 
separately shows the MFI of G2/M and G0/G1. The result was 
50038 and 100139, respectively. The P1/P2 is 2.0012, which was 
close to the target value of 2

TA B L E  1 Accuracy of surface markers determinations

Item Quality control 1 Quality control 2

Average 
value Target Reference interval Average value Target

Reference 
interval

CD3%Lymphs 58.97 58.50 48.50–68.50 73.66 73.80 63.80–83.80

CD3+ Abs Cnt 738.80 719.00 560.80–877.10 1143.20 1106.30 885.00–1327.50

CD3+CD4+ %Lymphs 10.60 10.40 6.40–14.40 45.14 46.60 40.10–53.10

CD3+CD4+ Abs Cnt 127.60 127.80 76.70–178.90 700.80 698.50 558.80–838.20

CD3+CD8+ %Lymphs 39.07 41.70 34.70–48.70 23.77 24.20 17.20–31.20

CD3+CD8+ Abs Cnt 489.40 512.50 375.70–649.30 368.8 362.8 261.5–464.00

CD19+ %Lymphs 21.39 21.40 15.40–27.40 14.08 13.60 9.60–17.60

CD19+ Abs Cnt 267.80 263.00 164.90–361.10 218.80 203.90 141.10–266.7

CD3−CD16+CD56+ %Lymphs 17.80 18.80 13.00–23.00 10.69 11.10 4.00–18.00

CD3−CD16+CD56+ Abs Cnt 223.20 221.20 163.90–278.50 165.80 164.90 87.40–242.40
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Presently, with the extensive use of FCM for both clinical and 
research purposes, the performance evaluation criteria for detection 
systems are expected to become stricter. Clinical technicians need 
to grasp the protocols of performance evaluation for routine work 
in clinical laboratories. With the continued development of FCM in 

the future, its technical standards and applications will be further 
expanded. In addition, to enhance the results of the FCM system, it 
is suggested to focus on the performance and working conditions of 
the instrument, which would be based on the future developments 
in the innovation and fabrication aspects of this technology.

F I G U R E  6 Reproducibility of surface 
markers determinations. Lymphocyte 
subsets results are shown. (A and B) 
Correspond to quality control 1, (C and D) 
correspond to quality control 2. (A and C) 
Show the percentages of each lymphocyte 
subset; (B and D) show absolute counts

F I G U R E  7 Stability of the flow 
cytometer. Black histograms present 
MFI of beads of ten different laser 
channels at startup (0 h, FL1); white 
histograms represent those after running 
continuously for 8 h (8 h, FL2). The 
biases of these two different MFI were 
calculated, which were all below 6.3%
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Despite its many advantages, this study had several limitations. 
This was a single-center BD FACSLyricTM performance evaluation. 
Because of this, we did not estimate the batch to batch variations 
among different clinical laboratories, and therefore, the precision 
experiments are not complete. A multi-center evaluation will obtain 
more information to make the criteria more demanding. In future 
work, a multi-laboratory reproducibility assessment will be con-
ducted following technical standards. Additionally, we conducted 
our validation experiments using only microbeads. In the future, 
we hope to add clinical samples, such as blood and bone marrow 
cells, to the evaluation to further improve our validation results. 
Nonetheless, the performance of the BD FACSLyricTM cytometer 
met the requirements of not only the new version of professional 
standards but also those of clinical applications. It was determined 
that BD FACSLyricTM is a reliable system for providing accurate re-
sults to clinicians.

CONFLIC T OF INTERE S T
Declaration or none declared.

AUTHOR CONTRIBUTION
Wei Guo contributed to the conception and design of the study. 
Lin Sun and Hui Wu involved in clinical evaluation Baishen Pan and 
Beili Wang interpreted the results. Lin Sun performed the statistical 
analysis and drafted the manuscript. Wei Guo supervised the study. 
All authors read and approved the final manuscript.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Lin Sun   https://orcid.org/0000-0001-7339-466X 
Beili Wang   https://orcid.org/0000-0001-5167-170X 

R E FE R E N C E S
	 1.	 Flores-Gonzalez J, Cancino-Díaz JC, Chavez-Galan L. Flow cytome-

try: from experimental design to its application in the diagnosis and 
monitoring of respiratory diseases. Int J Mol Sci. 2020;21(22):8830.

	 2.	 Brando B, Barnett D, Janossy G, Mandy F, Autran B, Rothe G. et al. 
Cytofluorometric me thods for assessing absolute numbers of cell 
subsets in blood. European working group on clinical cell analysis. 
Cytometry. 2000;42:327-346.

	 3.	 Sack U, Tarnok A. Harmonization of cytometry instrumentation and 
technologies. Cytometry A. 2013;83:1055-1056.

	 4.	 Cossarizza A, Chang HD, Radbruch A, et al. Guidelines for the use 
of flow cytometry and cell sorting in immunological studies. Eur J 
Immunol. 2017;47(10):1584-1797.

	 5.	 Veldhoen M. Guidelines for the use of flow cytometry. Immun 
Inflamm Dis. 2017;5(4):384-385.

	 6.	 Glier H, Novakova M, Marvelde JT, et al. Comments on euroflow 
standard operating procedures for instrument setup and compen-
sation for BD FACS canto II, navios and BD FACS lyric instruments. 
J Immunol Methods. 2019;475:112680.

	 7.	 Booth B, Stevenson L, Pillutla R, et al. White paper on recent is-
sues in bioanalysis: FDA immunogenicity guidance, gene therapy, 
critical reagents, biomarkers and flow cytometry validation (Part 
3-recommendations on 2019 FDA Immunogenicity guidance, gene 
therapy bioanalytical challenges, strategies for critical reagent 
management, biomarker assay validation, flow cytometry valida-
tion & CLSI H62). Bioanalysis. 2019;11(24):2207-2244.

	 8.	 Piccoli S, Mehta D, Vitaliti A, et al. 2019 White Paper on Recent 
Issues in Bioanalysis: FDA Immunogenicity Guidance, Gene Therapy, 
Critical Reagents, Biomarkers and Flow Cytometry Validation 
(Part 3 –  Recommendations on 2019 FDA Immunogenicity 
Guidance, Gene Therapy Bioanalytical Challenges, Strategies for 
Critical Reagent Management, Biomarker Assay Validation, Flow 
Cytometry Validation & CLSI H62). Bioanalysis. 2019;11(24):2207-
2244. http://dx.doi.org/10.4155/bio-2019-0271

	 9.	 BD FACSLyricTM Clinical System. https://www.bdbio​scien​ces.com/
en-us/instr​ument​s/clini​cal-instr​ument​s/clini​cal-cell-analy​zers/
facsl​yric

	10.	 Selliah N, Eck S, Green C, et al. Flow cytometry method validation 
protocols. Curr Protoc Cytom. 2019;87(1):e53.

	11.	 Gossez M, Malcus C, Demaret J, Frater J, Poitevin-Later F, Monneret 
G. Evaluation of a novel automated volumetric flow cytometer for 
absolute CD4+ T lymphocyte quantitation. Cytometry B Clin Cytom. 
2017;92(6):456-464.

	12.	 Coetzee LM, Glencross DK. Performance verification of the new 
fully automated aquios flow cytometer panleucogate (PLG) plat-
form for CD4-T-lymphocyte enumeration in South Africa. PLoS 
One. 2017;12(11):e0187456.

	13.	 Glier H, Heijnen I, Hauwel M, et al. Standardization of 8-color flow 
cytometry across different flow cytometer instruments: a feasibil-
ity study in clinical laboratories in Switzerland. J Immunol Methods. 
2019;475:112348.

How to cite this article: Sun L, Wu H, Pan B, Wang B, Guo W. 
Evaluation and validation of a novel 10-color flow cytometer. J 
Clin Lab Anal. 2021;35:e23834. https://doi.org/10.1002/
jcla.23834

https://orcid.org/0000-0001-7339-466X
https://orcid.org/0000-0001-7339-466X
https://orcid.org/0000-0001-5167-170X
https://orcid.org/0000-0001-5167-170X
http://dx.doi.org/10.4155/bio-2019-0271
https://www.bdbiosciences.com/en-us/instruments/clinical-instruments/clinical-cell-analyzers/facslyric
https://www.bdbiosciences.com/en-us/instruments/clinical-instruments/clinical-cell-analyzers/facslyric
https://www.bdbiosciences.com/en-us/instruments/clinical-instruments/clinical-cell-analyzers/facslyric
https://doi.org/10.1002/jcla.23834
https://doi.org/10.1002/jcla.23834

