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The fluorescence detected using fluorochrome-labelled monoclonal antibodies depends not only on the abun-
dance of the target antigen, but amongst many other factors also on the effective fluorochrome-to-antibody
ratio. The diagnostic approach of the EuroFlow consortium relies on reproducible fluorescence intensities over
time.

A capture bead system for mouse immunoglobulin light chains was utilized to compare the mean fluorescence
intensity of 1323 consecutive antibody lots to the currently used lot of the same monoclonal antibody. In total,
157 different monoclonal antibodies were assessed over seven years. Median relative difference between consec-
utive lots was 3.8% (range: 0.01% to 164.7%, interquartile range: 1.3% to 10.1%). The relative difference exceeded
20% in 8.8% of all comparisons. FITC labelled monoclonal antibodies (median relative difference: 2.1%) showed a
significantly smaller variation between lots than antibodies conjugated to PE (3.5%), PECy7 (3.9%), PerCPCy5.5
(5.8%), APC (5.8%), APCH7 (7.4%), and APCC750 (14.5%). Reagents labelled with Pacific Blue (1.4%), Pacific Orange
(2.4%),HV450 (0.7%), and HV500 (1.7%) demonstrated more consistent results compared to conjugates of BV421
(4.1%) and BV510 (16.2%). Additionally, significant differences in lot-to-lot fluorescence stability amongst anti-
bodies labelled with the same fluorochrome were observed between manufacturers.

These observations might guide future quality recommendations for the production and application of
fluorescence-labelled monoclonal antibodies in multicolor flow cytometry.
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1. Introduction

Modern flow cytometers are able to reliably measure fluorescence in-
tensities. Given the wealth of detailed information provided, the
EuroFlow consortium opted to use the intensity of fluorescence signals
as principal readout of flow cytometry measurements. Fluorescence in-
tensities assessed simultaneously in eight or more channels using panels
that comprise up to seven different tubes create multidimensional
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spaces that allow the diagnosis, classification, and sensitive follow up
of hematological malignancies (Flores-Montero et al., 2017; Theunissen
etal, 2017; van Dongen et al., 2012) and detailed analysis of the cellular
immune system. Unknown cases or cell populations are classified
according to the EuroFlow concept by comparison to multidimensional
reference data bases that contain immunophenotypic information
on hundreds of previously acquired cases each characterized by a
pattern of dozens of continuous fluorescence intensity signals (Pedreira
etal, 2013).

Multidimensional fluorescence intensity data allows for diagnosis by
flow cytometry with an unprecedented depth. Analysis of this data at
the same time also requires novel software tools that utilize technolo-
gies to reduce the data representation dimensions, such as principal
component analysis (Costa et al., 2010) and other multivariate analyti-
cal tools (Pedreira et al., Trends Biotech 2013). Once these tools are
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employed, the end result is dependent on a combination of measure-
ments from all channels. Therefore rigorous standardization of the as-
sessment of all individual fluorescence intensities is an absolute
necessity. Diagnosing new cases by comparison to previously acquired
cases stored in large data bases obviously requires also the stability of
fluorescence intensities over time.

The EuroFlow consortium has developed optimized panels for classi-
fication and follow-up of hematological malignancies (Flores-Montero
et al,, 2016; Theunissen et al., 2017; van Dongen et al., 2012). These
panels utilize defined monoclonal antibodies (Mabs) characterized by
clone, vendor, label, and titer, which therefore will a priori eliminate
major sources of variation in flow cytometry. Moreover, in order to fur-
ther reduce technical variation, detailed standard operating procedures
(SOPs) were developed for instrument set-up (PMT voltages, thresh-
olds, compensation) and staining (Kalina et al., 2012). Importantly, an
external quality assessment (QA) scheme comprising biannually cen-
tralized ring trials was devised to guarantee the quality of the assess-
ments (Kalina et al., 2015). The QA program utilizes peripheral blood
samples of three local healthy donors stained with a modification of
the Lymphoid Screening Tube and acquired according to the EuroFlow
technical SOPs (Kalina et al., 2012). This program for the first time mea-
sures the total technical variation introduced by flow cytometry in a
multicenter setting: starting from sample preparation to assessment of
fluorescence signals from defined lymphocyte subpopulations. An
interlaboratory coefficient of variation (CV) <30% was repeatedly ob-
served for median fluorescence intensities of individual lymphocyte
populations over a time period of four years (Kalina et al., 2015). This
variation sets the benchmark for the technical precision in flow cytom-
etry aiming at fluorescence intensities as read-out.

Despite the above, the EuroFlow QA program only assesses limited
numbers of Mabs. Whether or not the lot-to-lot stability of Mabs
would impact on the stability of the assessments of the fluorescence in-
tensity was therefore unknown for the majority of antigens used in the
EuroFlow panels.

Preliminary data in the literature suggests that lot-to-lot variation
might impact on the fluorescence intensities measured, even for re-
agents specifically aiming at a equimolar fluorochrome-to-antibody-
ratios (Wang et al., 2011). However, comprehensive data sets on the
lot-to-lot stability of a large number of fluorescence labelled Mabs
tested with the same technology are not publicly available. Vendors typ-
ically provide such information for in vitro diagnostic (IVD) labelled
products only and without a clear description of the methods used to
generate the data. In order to get first insights into the lot-to-lot varia-
tion of fluorescently labelled Mabs one of the EuroFlow laboratories
(University of Schleswig-Holstein, Kiel, Germany) embarked upon a
systematic assessment of the variability of all consecutive Mab lots
used for routine and research applications.

At present, there is no clear consensus on the technology to be used
to compare the lot-to-lot variability of fluorescence-labelled Mabs. For
example, the current guidelines on the use of multicolor flow cytometry
in the diagnosis of hematological neoplasms by the British Committee
for Standards in Haematology recommend assessing lot-to-lot variabil-
ity but neither elaborate on methods nor on acceptance criteria
(Johansson et al., 2014). Therefore, we devised a simple test based on
the specific binding of mouse immunoglobulins bearing the kappa
light chain to microsphere capture beads and the relative comparison
of mean fluorescence intensities of consecutive lots. The test system is
inspired by the Simply Cellular system produced by Bangs Laboratories
(Bangs, Fishers, IN) intended for the quality control of fluorochrome-
labelled Mabs and for quantitative flow cytometry (Zenger et al.,
1998), but for cost-effectiveness uses BD Biosciences (BD, Heidelberg,
Germany) CompBeads Anti-Mouse Ig. CompBeads Anti-Mouse Ig specif-
ically bind any mouse k light chain-bearing immunoglobulin. The sys-
tem compares the effective fluorochrome-to-antibody ratio of
consecutive Mab lots to each other.

We herein report our seven years' experience from this pilot trial.

2. Material and methods

2.1. Staining procedure with CompBeads Anti-Mouse Ig K and flow cytom-
etry data acquisition

BD CompBeads Anti-Mouse Ig, k (catalogue number 552843) were
diluted 1:3 with phosphate buffered saline (PBS, Sigma, Schnelldorf,
Germany). The Mab volume routinely used to stain 500,000 leukocytes
was incubated with 25 pl of the prediluted CompBead mixture for
15 min at room temperature. Mabs included into testing were pur-
chased from the following companies: Beckman-Coulter (Krefeld,
Germany), BD, Cytognos (Salamanca, Spain), BioLegend (San Diego,
CA), Dako (Glostrup, Denmark), eBioscience (San Diego, CA), Invitrogen
(Carlsbad, CA), Miltenyi (Bergisch Gladbach, Germany), R&D (Minneap-
olis, MN), and Southern Biotech (Birmingham, AL). Companies were
randomly assigned letters A through ] for the purpose of this manu-
script. For each comparison a separate tube was prepared for the old
and new Mab lots, respectively. The bead suspension was washed
once with 3 ml PBS and resuspended with 400 ul PBS. 10,000 beads
per lot were acquired using a BD FACSCanto II flow cytometer equipped
with violet, blue and red lasers (excitation wavelengths 405 nm,
488 nm, and 633 nm respectively) after standard EuroFlow instrument
set-up (Kalina et al., 2012). Beads stained with consecutive lots of the
same Mab were acquired directly one after another at the same instru-
ment. Fluorescence (Table 1) was measured with compensation dis-
abled using photomultiplier tube (PMT) 1 (emission wavelength filter
450/50 nm) for Pacific Blue (PacB), Brilliant Violet 421 (BV421), as
well as Horizon V450 (HV450) labelled Mabs and PMT2 (510/50 nm)
for Pacific Orange (PacO), BV510 as well as HV500 labelled Mabs. Fluo-
rescence from fluorescein isothiocyanate (FITC)-, phycoerythrin (PE)-,
peridinin chlorophyll protein cyanine 5.5 (PerCPCy5.5)- and phycoery-
thrin cyanine 7 (PECy7)- labelled Mabs were acquired by PMTs 3
through 6 (emission filters: 530/30 nm, 585/42 nm, 670 nm long pass
(LP), and 780/60 nm, respectively). The allophycocyanine (APC) signal
was detected by PMT 7 (660/20 nm), whereas APC Hilite7 (APCH7)
and APCC750 signals were acquired at PMT 8 (780/60 nm).

2.2. Gating strategy

Within a forward scatter/side scatter (FSC/SSC) density plot the
major bead population was marked by a polygonal gate (Fig. 1). Events
meeting that first gate were depicted in a histogram. The main fluores-
cence distribution was marked by an interval gate. Events included into
both gates were used for assessing the mean fluorescence intensity
(MFI) of the stained bead population.

2.3. Statistical methods

For each comparison of consecutive lots of the same Mab the rel-
ative difference in MFI was calculated as follows: absolute value
((MFloiq — MFlpew) / (MFloiq + MFlpew) * 2) and reported as percent-
age. Mann-Whitney and Kruskal-Wallis tests were used for compari-
sons of relative differences in MFI between two and more groups,
respectively. The nonparametric correlation coefficient r was calculated
according to Spearman. The interquartile range (IQR) was calculated as
25th to 75th percentiles. Significance was set at 0.05. Statistical analyses
were performed using GraphPad Prism v4 (San Diego, CA).

3. Results
3.1. Overall lot-to-lot variation
From October 21, 2009 until October 31, 2016 the MFI of a total of

1323 lots of directly conjugated Mabs were compared to their directly
following lots. The testing comprised all Mabs used by Second
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Table 1

Relative difference in MFI between consecutive Mab lots by fluorochrome and optical setup of the flow cytometer. Emission filter characteristics per photomultiplier tube (PMT) are pro-
vided (LP: long pass). Significance levels: *p < 0.05, **p < 0.001, ***p < 0.0001 compared to HV450. Comparisons between fluorochromes measured by the same PMT: *p < 0.01. The per-
centage of lot-to-lot comparisons failing the acceptance criteria (<40% for APCH7 and APCC750, <30% for APC and PerCPCy5.5, <20% for all other conjugates) are given as failure rate.

PMT Emission Fluorochrome n Minimum 25th Percentile Median 75th percentile Maximum Failure rate [%]
filter [nm]
1 450/50 PacB* 8 0.0 1.0 14 39 15.0 0.0
BV421** # 6 0.9 21 4.1 249 30.2 16.7
HV450% 54 0.1 0.3 0.7 2.1 16.6 0.0
2 510/50 PacO* * 14 0.3 0.5 24 12.8 20.5 7.1
BV510*** # 16 19 8.0 16.2 23.7 311 375
HV500 # 4 0.6 1.0 1.7 34 4.9 0.0
3 530/30 FITC*™* 325 0.0 0.7 2.1 6.1 46.2 4.0
4 585/42 PE*** 311 0.0 13 35 8.9 164.7 42
5 670 LP PerCPCy5.5*** 214 0.0 2.1 5.8 15.0 97.0 7.9
6 780/60 PECy7*** 50 0.1 12 3.9 12.3 323 4.0
7 660/20 APC*** 247 0.0 25 5.8 13.7 83.8 6.9
8 780/60 APCH7*** 52 0.8 2.8 74 14.2 59.4 5.8
APCC750"** 22 0.1 1.8 145 232 59.6 9.1

Department of Medicine, University of Schleswig-Holstein, Kiel,
Germany during that time period for routine and research applications.

We report on the comparative MFI analyses of consecutive lots of
157 different Mabs. At median 6 pairs of lots per Mab were compared
(range: 1to45,IQR: 2 to 10). Lots were tested according to the order
they were delivered by the manufacturer. Median relative difference
between consecutive lots was 3.8% (range: 0.01% to 164.7%, IQR: 1.3%
to 10.1%). Old and new lots differed by a maximum of 20% in 91.2% of
all comparisons and by a maximum of 30% in 95.9% of all cases
(Fig. 2).

3.2. Lot-to-lot variation by fluorochrome

We observed a marked association between the fluorochrome and
the obtained lot-to-lot stability of the directly labelled Mabs (Table 1
and Fig. 3). The lowest median variation was recorded for HV450
(0.7%), whereas that value reached a median of 16.2% for BV510. In com-
parison to the most stable fluorochrome label, lot-to-lot variation was
significantly higher for BV421 (median 4.1%) as well as for PacO
(2.4%) and, particularly, BV510 (16.2%). Moreover, the variability be-
tween lots also significantly exceeded the variability of the most stable
label HV450 for Mabs labelled to FITC (median 2.1%), PE (3.5%),
PerCPCy5.5 (5.8%), PECy7 (3.9%), APC (5.8%) and both fluorochrome
conjugates assessed using PMT 8 (medians 7.4% and 14.5% for APC-H7
and APCC750, respectively).

Differences in lot-to-lot stability likely represent features of the fluo-
rochrome conjugation process and its quality control, not the detector.
This is particularly evident from the observation that alternative fluoro-
chrome labels detectable by the same PMT varied significantly amongst
each other for PMT 1 (PacB, BV421, and HV450; p < 0.01) and PMT2
(PacO, BV510 and HV500; p < 0.01).

The performance characteristics of the test described herein were
initially evaluated until April 12, 2010. In order to reflect the relation-
ship between lot-to-lot stability and fluorochrome, we defined the min-
imum acceptance criteria per PMT based on that initial set of data (data
not shown). We were thus balancing the need of stable MFI assessments
with the performance of commercially available Mabs per detector
channel. Mabs labelled to conjugates detectable by PMT 8 (APCH7,
APCC750) had to demonstrate a lot-to-lot difference of <40%, APC and
PerCPCy5.5 labelled Mabs were required to differ <30% between lots
and stability was considered acceptable for lot-to-lot differences
below 20% for all other Mabs. Depending on the fluorochrome, these ac-
ceptance criteria were met in over 90% of Mabs for 11 of the 13 fluoro-
chromes evaluated. Only for BV421 and BV510 the acceptance criteria
were met in a lower percentage: 83.3% and 62.5% of pair-wise compar-
isons, respectively (Table 1).

3.3. Lot-to-lot variation by manufacturer

We next investigated whether the labelling process utilized by dif-
ferent manufacturers impacted on the lot-to-lot stability of the Mab
conjugates (Table 2). To safeguard against random results, manufac-
turers for which fewer than 10 comparisons were performed were not
included into this analysis. Test results from different manufacturers
were available for Mabs labelled to FITC, PE, and APC, respectively. Man-
ufacturer B produced the least variable FITC conjugates. In comparison
to FITC labelled Mabs from this company, Mabs purchased from vendors
D and E were significantly less stable. According to our test system man-
ufacturer A's PE labelled Mabs demonstrated the highest stability over
time, whereas PE Mabs from manufacturers B and E showed signifi-
cantly greater variation. We did not detect significant differences in var-
iation of fluorescence intensities between APC labelled Mabs obtained
from the two companies (A and B) evaluated.

3.4. Reproducibility of the test

Whenever new lots did not meet the acceptance criteria as outlined
in Section 3.2, we performed the same lot-to-lot comparison again. The
repeat comparison (58 repeated experiments, Fig. 4) in general yielded
similar results as the first assessment. We computed a statistically sig-
nificant correlation of first and second assessments of the MFI of consec-
utive Mab lots (r = 0.71, p < 0.0001). Seven out of 58 repeat
assessments (12.1%) yielded a relative difference in MFI between lots
that met the acceptance criteria for the second assessment. The repeat
comparison in those cases generally resulted in a variation slightly supe-
rior than the variation measured in the first assessment.

3.5. Availability and performance of alternative lots

After the establishment of acceptance criteria per fluorochrome
label (see Section 3.2) manufacturers were systematically requested to
provide alternative lots for Mabs whenever a relative difference exceed-
ing those criteria was observed. On 12 occasions alternative lots of the
same Mabs were available. These alternative reagent lots showed
more similar MFIs compared to the previous lot in five cases (41.7%),
now complying with the requested performance criteria. For the re-
maining seven alternative reagent lots, the new lot again exceeded the
predefined acceptance criteria.

4. Discussion

The current paper reports on the lot-to-lot variability observed
between consecutive lots of fluorochrome-labelled Mabs in a
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Fig. 1. Gating strategy used for the assessment of MFI of consecutive Mab lots. (A) The
major bead population is marked by the polygon gate. (B) The fluorescence of this
major bead population is shown as a single parameter histogram. An interval gate is
used to exclude outlier events. MFI of the events within the interval gate is used to
compare a given lot to its direct predecessor.

comprehensive survey over seven years in a single EuroFlow laboratory.
The data presented herein might guide the consortium and other re-
searchers in the field on feasible quality criteria for fluorochrome la-
belled Mabs. At the same time it provides a possible tool to evaluate
comparability and identify potential differences between consecutive
lots of Mab reagents.

The lot-to-lot difference in fluorescence intensities between consec-
utive lots of the same Mabs did not exceed 20% in >90% of all
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Fig. 2. Frequency distribution of relative differences between lots (n = 1323).

comparisons. Given the observed overall technical variability measured
in the EuroFlow QA program (Kalina et al., 2015) (CV <30% for stable an-
tigens), this difference can be considered optimal. Greater differences of
up to 30% might be considered acceptable, but they clearly have the po-
tential to negatively impact on the stability of the classification systems
as developed by EuroFlow.

In our system the lot-to-lot variation was dependent on the fluoro-
chrome label. Concerning the canonical fluorochromes the smallest var-
iation was observed for FITC, while PE-labelled Mabs were less stable
between lots. The higher variation for PE compared to FITC is somewhat
surprising as PE can be conjugated at specific ratios to Mabs and is
therefore considered particularly well suited for quantitative flow cy-
tometry (Davis et al., 1998). Even more variation was seen for Mabs la-
belled to PerCPCy5.5 and APC. Due to the more complicated labelling
process (Roederer et al., 1996) the greater variation detected for the
tandem dyes PECy7, APCH7, and APCC750 was on the other hand ex-
pected. The observed grading in lot-to-lot stability between fluoro-
chromes might guide future investigators in choosing labels for
antigens for which stable quantification over extended periods of time
is particularly important.

Mabs purchased from different vendors showed significant differ-
ences in lot-to-lot stability, likely reflecting differences in the
production and/or QA criteria employed by different manufacturers.
This observation should caution against generalization of recent

% relative difference

Fluorochrome

Fig. 3. Relative difference in MFI of consecutive Mab lots grouped by fluorochrome. Each
symbol represents a comparative assessment, red bars symbolize medians per
fluorochrome.
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Table 2

Relative difference in MFI between consecutive FITC, PE, and APC Mab lots by manufacturer. For FITC compared to manufacturer B: **p < 0.01, for PE compared to manufacturer A #*#p <
0.001, all other comparisons within the same fluorochrome by manufacturer not significant. Failure rates designate lot-to-lot differences exceeding 20% (FITC, PE) and 30% (APC),

respectively.

Fluorochrome Manufacturer N Minimum 25th Percentile Median 75th percentile Maximum Failure rate [%]
FITC A 38 0.1 1.2 2.6 6.1 16.5 0.0
B 229 0.0 0.6 1.6 53 271 3.1
D** 17 0.2 2.5 4.1 10.5 28.5 5.9
E** 37 0.1 1.2 44 8.1 46.2 135
PE A 61 0.0 0.8 22 37 13.9 0.0
B 216 0.0 1.5 4.0 9.7 50.9 3.7
E### 11 1.5 5.6 10.8 29.1 344 27.3
G 12 0.0 0.8 4.7 8.8 289 8.3
APC A 33 0.0 3.0 5.0 13.1 35.9 3.0
B 183 0.1 2.4 58 129 66.6 44

investigations suggesting that CD20 quantification might be possible by
quantitative flow cytometry using labels such as PerCPCy5.5 or APC in
combination with CD4 labelled to the same fluorochrome as reference
standard (Degheidy et al., 2016). This approach appears restricted to
well-characterized Mabs obtained from one single manufacturer. Fur-
thermore, given the increasing importance of reliable fluorescence
quantification manufacturers are urged to revise their internal quality
control processes in a way that results in comparable Mab-conjugates
over time. We have observed that certain manufacturers would con-
sider all novel Mab lots acceptable if they at least achieve the same
MEFI values as the previous one, even if the new lot would yield signifi-
cantly higher fluorescence intensities. Mabs are suitable for the
EuroFlow approach only if they show stable effective fluorescence emis-
sion per single Mab over many years, whereas both brighter and dim-
mer lots compromise the diagnostic precision.

As this is a first pilot study on the lot-to-lot stability of Mabs, it is
hampered by obvious technical limitations. We assessed differences in
fluorochrome-to-antibody ratios but are unable to detect differences
in affinity to the target epitope that might also contribute to different
fluorescence intensities emitted by different lots of Mabs. Our bead-
based test system has advantages in practicability and results in narrow
fluorescence distributions (CV typically 15%, Fig. 1B) but cannot detect
the target epitope binding on cells. Other known factors with a possible
impact on fluorescence intensities (e.g. pH, washing procedures, clones
used) are unlikely to affect the performance of Mabs when used

100+
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60+ X X

404 X

X
Fkx
204 x

2"d assessment
% difference between lots
¥

1
0 20 40 60 80 100

15! assessment
% difference between lots

Fig. 4. Retest reliability of relative differences in MFI. Each cross symbolizes a repeat
assessment of the same pair of consecutive Mab lots (n = 58 pairs of lot-to-lot
comparisons; r = 0.71, p < 0.0001).

according to EuroFlow SOPs, as these factors are kept stable. By design
the system used here is unable to compare lots of Mabs bearing
immunoglobuline lambda light chains, polyclonal reagents, and Mabs
generated in species other than mice. However, such reagents are
used only to a very limited extent in EuroFlow panels and generally in
clinical laboratory diagnostics. The test system described herein is
unsuitable for off-the-shelf Mab mixtures, as the beads cannot discrim-
inate between different Mabs present in such mixtures. Our test ap-
proach works relative to the lot of a particular Mab currently in use, so
that shifts in Mab quality that develop gradually over several lots cannot
be detected. This is due to the fact that we use different lots of capture
beads that might bind different amounts of antibodies and hence yield
different fluorescence intensities. The measurements described herein
are not affected by variations in capture bead lots, as we normalize
our results relative to results obtained with the preceding Mab lot
using exactly the same lot of capture beads. It might be possible to uti-
lize beads with specified antibody binding capacity in future investiga-
tions which would in turn yield absolute MFI results and hence could
even detect gradual shifts of fluorescence signals over time. Our current
system works fairly reliable with <10% clearly different results on repeat
testing. Nevertheless, due to the possibility of pipetting errors a repeat
assessment is always indicated when expected target performance
values are not met.

The complexity of pipetting eight or more Mabs to a single sample
aliquot can be significantly reduced by preparing in-house Mab pre-
mixes. In keeping e.g. with recommendations from the British Commit-
tee for Standards in Haematology (Johansson et al., 2014) we
recommend preparing such premixes. We detected no significant im-
pact of premixing on the performance of the Mabs when compared to
single Mab pipetting (data not shown). Any testing of lot-to-lot stability
as described herein should be performed prior to preparing Mab pre-
mixes. Moreover, we recommend assessing the first sample stained
with a new premix particularly careful (e.g. independently by two tech-
nicians) for the expected reactivity on normal leukocytes in order to
minimize the possibility of missing or wrong Mabs in the premix. In
our experience premixes are stable for 28 days as long as the expiry
dates of the individual Mabs are taken into account. Premixes should
not include Mabs labelled with the tandem dyes PECy7, APCC750, or
APCH?7, as these reagents according to the manufacturers require special
stabilization solutions in defined concentrations in order to maintain
stability. Moreover, the EuroFlow consortium recommends staining
back-bone markers of multi-tube panels prior to the additional markers
from the panel, so that these back-bone markers are not included into
premixes either. However, in an attempt to increase the applicability
of premixes, the consortium is currently evaluating the feasibility of
the inclusion of tandem dyes into premixes (cf. van der Velden et al.,
this issue of the Journal of Immunological Methods). Moreover, efforts
to extent the stability period of premixes beyond the currently accepted
28 days limit are also underway.

In summary, information presented herein proves the feasibility of
Mab lot-to-lot testing over extensive periods of time. Our preliminary
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data suggest that for the vast majority of Mabs a lot-to-lot variation of
the effective fluorochrome-to-antibody ratio of <20% is achievable, in
line with the technical variation from other causes observed by the con-
sortium. A relative difference in fluorescence intensity of <20% between
lots might therefore be considered a desirable target. We observed an
association of the lot-to-lot variability to fluorescent dye and
manufacturer.
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