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Summary

Background: Each year, millions of platelet transfusions
save the lives of cancer patients and patients with bleed-
ing complications. However, between 10 and 30% of all
platelet transfusions are clinically ineffective as meas-
ured by corrected count increments, but no test is cur-
rently used to identify and avoid these transfusions.
ThromboLUX® is the first platelet test intended to rou-
tinely characterize platelet concentrates prior to transfu-
sion. Methods: ThromboLUX is a non-invasive, optical
test utilizing dynamic light scattering to characterize a
platelet sample by the relative quantity of platelets, mi-
croparticles, and other particles present in the sample.
ThrombolLUX also determines the response of platelets
to temperature changes. From this information the
ThrombolLUX score is calculated. Increasing scores indi-
cate increasing numbers of discoid platelets and fewer
microparticles. ThromboLUX uses calibrated polysty-
rene beads as a quality control standard, and accurately
measures the size of the beads at multiple temperatures.
Results: Results from apheresis concentrates showed
that ThromboLUX can determine the microparticle con-
tent in unmodified samples of platelet concentrates
which correlates well with the enumeration by flow cy-
tometry. ThromboLUX detection of microparticles and
microaggregates was confirmed by microscopy. Conclu-
sion: ThromboLUX provides a comprehensive and novel
analysis of platelet samples and has potential as a non-
invasive routine test to characterize platelet products to
identify and prevent ineffective transfusions.

Introduction

Platelets are blood cells that prevent and stop bleeding. In
North America every year 4.2 million platelet transfusions
are a life-saving part of cancer therapy and the treatment of
bleeding patients [1, 2]. However, up to 30% of all platelet
transfusions are reported to be ineffective as determined by
24-hour corrected count increments < 5 x 10%1 and do not
have the desired clinical outcome [3, 4]. While clinical out-
come can be influenced by many factors, the characteristics
of the transfused platelet product have been shown to play
an important role [5]. However, currently no in vitro test is
used routinely to characterize platelet transfusions and dis-
tinguish between effective and ineffective product [6]. In-
stead, platelets are transfused without pre-transfusion char-
acterization, and the outcome in the patient is the only indi-
cator of platelet effectiveness. This practice is time-consum-
ing, costly, and a significant risk to patients. It was our
objective to solve this problem in developing Throm-
boLUX®, a quick, easy, and inexpensive optical platelet test
intended for routine use prior to administering a platelet
transfusion.

The ThromboLUX system uses the principle of dynamic
light scattering (DLS) to determine what kind of particles are
in the platelet concentrate, how many of the particles are
present in the sample, and how they respond to temperature
stress by measuring their relative size change when activated
by cooling from 37 °C (body temperature) to 20 °C [7]. DLS,
also known as quasi-elastic light scattering, is used to deter-
mine the sizes of particles in suspension by observing their
inherent, random Brownian motion. The relative light scatter-
ing intensity of a particular particle population is determined
by its contribution to the total light scattering intensity. The
particles of a homogeneous, monodisperse population con-
tribute 100% of the total light scattering intensity.
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Platelets respond to temperature variation and activate
when cooled. Platelet activation can manifest as shape change,
fragmentation and/or microaggregation. During shape
change, platelets contract and form pseudopods [8] — protru-
sions that extend from the cell surface and reduce the speed
of the platelets due to increased resistance — and appear to
increase in size. Microaggregates are larger, slow-moving par-
ticles. Viable platelets might activate cell-to-cell interactions
and form microaggregates when cooled [9]. Upon re-warming
this interaction might be reversible [10].

Activation of platelets is associated with fragmentation
into microparticles; however, the role and function of micro-
particles is still unclear and topic of ongoing research [11, 12].
The most widely used tool to investigate microparticles is flow
cytometry. Microparticles range in size from about 50nm to
1,000nm. Flow cytometers have manufacturer-defined detec-
tion limits within this size range. With certain instrument and
parameter settings and the use of internal calibration, flow
cytometry has been shown to adequately measure microparti-
cles. However, standardization of pre-analytical and analytical
procedures for isolating, enumerating, and fluorescently labe-
ling microparticles remains a challenge [13]. In platelet con-
centrates, microparticles may facilitate cell-to-cell interactions
and could therefore affect both the quality of the product and
transfusion outcome [14].

In a previous study using a research prototype we have
shown that the ThromboLUX score correlates with the clini-
cal outcome of platelet transfusions [3]. Further studies are
underway to substantiate the clinical correlation, which will
provide incentive to use this new technology. Here, the per-
formance data from the clinic-ready ThromboLUX system
are presented using calibrated polystyrene microspheres and
apheresis concentrates. ThromboLUX results were confirmed
with microscopy and flow cytometry to determine the micro-
particle content.

Material and Methods

Dynamic Light Scattering

DLS uses the principles of Brownian motion and Doppler shift to deter-
mine the size and number of particles in a suspension. The particles in the
suspension undergo continuous random movement called Brownian mo-
tion. Larger particles travel more slowly, whereas smaller particles travel
faster.

To characterize this motion, laser light is focused into the suspension,
and a single photon counting detector is positioned at an angle with respect
to the laser. As the particles move through the suspension, they pass
through the laser beam, which causes some of the light to scatter. Because
the particles are moving, the scattered light undergoes a Doppler shift,
which is a small frequency change of the scattered light compared to the
unscattered light. Larger particles move slowly, and exhibit a small Doppler
shift, whereas small particles move quickly and exhibit a large Doppler shift.

The photon counter detects the light scattered in its direction and
measures the fluctuations in light intensity that result from the Doppler
shift. The intensity fluctuations are measured for a period of time, and the
data is processed into a correlation function — a mathematical function

94 Transfus Med Hemother 2013;40:93-100

that identifies the patterns in the measured intensity data. The exponen-
tial decay of the correlation function is characterized by the translational
diffusion constant Dy. Thus, the diffusion constant is determined by
measuring the Doppler shift of the laser light scattered by the moving
particle [15]. The diffusion constant of a particle in suspension is used to
calculate its hydrodynamic radius Ry, which is the radius of a sphere that
would move at the same speed as the particle [16]. The Stokes-Einstein
equation relates the diffusion constant Dy to the hydrodynamic radius Ry
of the particles (Boltzmann constant kg, temperature T, viscosity n).

DT =k T/ 6mn Ry (D).

Thus, DLS is an absolute sizing technique that determines size indirectly
from the measured speed of the particles moving in suspension. When a
sample such as a platelet concentrate consists of a mixture of particles of
different sizes, a polydispersity analysis is performed on the correlation
function. The polydispersity analysis identifies the size distributions of par-
ticles in the suspension and the relative number of particles of each size.

ThromboLUX Platelet Characterization

The ThromboLUX® system (LightIntegra Technology Inc., Vancouver,
BC, Canada) consists of a bench-top instrument with integrated analysis
software and a disposable sterile sampling set used to obtain platelets
from a platelet storage bag. To avoid a breach of sterility, the sampling
set is sterilely connected to the platelet bag, and the sample is automati-
cally drawn into a small plastic capillary that is integrated into the sam-
pling set and functions as the measurement container. In cases where
sampling from the platelet bag is already performed and for laboratory
use, an alternative option to manually fill the capillary portion of the sam-
pling set and load it into the ThromboLUX console is available.

ThromboLUX Score
The particle size distributions obtained with ThromboLUX are displayed
on the screen and are used to calculate the ThromboLUX score.

The large particle size distribution with hydrodynamic radii above 550 nm
stems from platelets. The width of the distribution indicates the degree of
heterogeneity of the platelet population. Exposure to low temperature ac-
tivates platelets, which gives rise to pseudopod formation and microaggre-
gation, both of which reduce the Brownian motion; the change in speed
results in a broadening and right-shift of the platelet size distribution.

The overall quality of a platelet concentrate can therefore be deter-
mined by considering the platelet count and heterogeneity, the tempera-
ture response of the platelets, and the microparticle content. The Throm-
boLUX score was developed to take all of these factors into account.

TLScore = [Etil((RP/,i - SDPLz) x ]PI,: - (RM[’,: - SDMP,:) X IMP,i) / 100] @),

where Ry = mean radius of particles above 550nm, SDy, = standard devia-
tion of the Ry particle distribution, Ip = normalized intensity of the
Ry, particle distribution, Ry;p = mean radius of particles between 50 and
550nm, SDyp = standard deviation of the Ry microparticle distribution,
Iyip = normalized intensity of the Ry, microparticle distribution, )’ = sum
over multiple temperatures; for example:i=11is37°C,i=2is20°C,i=3
is 37 °C, which is referred to as the ‘Temperature Response’.

When the platelet count of the sample is known, the concentration of
microparticles can be calculated from the comparison of the microparticle
and platelet signals.

Sample Preparation
ThromboLUX performance was determined by measuring platelet-sized
polystyrene microspheres as well as mixtures of microparticle-sized
and platelet-sized microspheres that mimic the composition of platelet
concentrates.

The following Polybead® Polystyrene Microspheres (Polysciences
Inc., Warrington, PA, USA) were used: 2 micron (Cat# 19814, Lot#
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637436) — referred to as PS1900, and 0.35 micron diameter (Cat# 07306,
Lot# 618898) — referred to as PS356. The stock suspensions contain 2.62%
solid latex. The supplier determined the bead diameter of each lot by dif-
ferential centrifugation and provided the following corrected sizes: 1,925
+ 0.042 ym for the PS1900 and 0.356 + 0.014 pm for the PS356. PS1900
were diluted 1:200 v/v with distilled water (Gibco, Life Technologies Inc.,
Burlington, ON, Canada) for a final concentration of 3.5 x 10 PS1900/1
or mixed with PS356 for final concentrations of 5 x 10" PS1900/1 and 3 x
10" PS356/l. Hands-on time for sample preparation and starting the
ThromboLUX measurement is approximately 2 min. ThromboLUX is a
walk-away test and completes in about 20 min.

Apheresis platelet concentrates were obtained from deferred normal
volunteer donors at the Canadian Blood Services netCAD Research
Donor Clinic. The study protocol met the standards of the Declaration of
Helsinki and was approved by the Canadian Blood Services ethics review
committee. In accordance with the Declaration of Helsinki, informed
consent was obtained from all donors. Apheresis platelet concentrates
were prepared using the Trima Accel® (Terumo BCT, Lakewood, CO,
USA) automated blood collection system. For the Mirasol (Terumo
BCT) study 12 double platelets were collected, rested for a minimum of 2
h and then divided into 2 equal components by weight. One component
underwent the Mirasol process: transfer to a Mirasol storage bag, addi-
tion of 35 ml of riboflavin solution, and exposure to a metered dose of
UV light in the Mirasol illuminator. The control component was trans-
ferred to a Mirasol storage bag and received 35 ml of a 0.9% saline solu-
tion, the same carrier solution that dissolves the riboflavin to ensure that
both components had the same platelet concentration. Components were
sampled and tested on days 1, 2, 5, and 7 post collection.

Platelet Assessment by Microscopy

Differential interference contrast (DIC) microscopy on a Leica DMRA2
microscope (Leica, Richmond Hill, ON, Canada) equipped with a 100x
oil-immersion objective (NA = 1.4) and a digital camera (Retiga EXi Fast
Cooled Mono 12-bit; QImaging, Surrey, BC, Canada) was used to obtain
high-resolution images of microparticles and platelets. For morphology
scoring we used a Nikon Eclipse 50i phase contrast microscope (100x oil-
immersion objective NA = 1.25, DS-Fil digital camera) and followed the
modified Kunicki protocol for fixed cells as described by Devine et al.
[17]. A morphology score was calculated after counting 100 platelets and
assigning them to one of three categories: i) Discs (A) — platelets that
have maintained the characteristic discoid shape of fresh platelets; ii)
Spiny spheres () — those platelets with spherical body and protrusions
(pseudopods) of various lengths extending from the central body; iii) Bal-
loons (B) — platelets that have undergone swelling after losing the capac-
ity to maintain an osmotic gradient across their membrane.

Morphology score =4A +2X + B 3).

Particles which did not resemble single platelets such as microparticles,
microaggregates or any contaminants were ignored.

Detection of Microparticles by Flow Cytometry

Flow cytometry was performed on a FACS Canto II flow cytometer (BD
Biosciences, Mississauga, ON, USA) using the FACSDiva software. For
internal calibration, fluorescently labeled polystyrene beads were added.
10,000 events from fluorescently labeled 1 micron polystyrene beads (Flu-
oresbriteTM Carboxylate YG Microspheres, Polysciences catalog
#15702) were counted to provide normalization of the platelet and micro-
particle counts, which were gated separately by their forward and side
scatter. The following flow cytometer settings were used: FSC-H: 700 V,
SSC-H: 400 V, FL1 PMT: 320 V, threshold (FSC and SSC): 200, flow rate:
low, bi-exponential display: ON.

Results

ThromboLUX

Based on a research prototype [7, 18], a user friendly device
was designed to allow quick and easy testing of platelet con-
centrates. ThromboLUX can be used in capillary mode where
the sample is manually drawn into a capillary and placed into
the capillary holder, or the system draws the sample into a
special sterile, disposable sampling set that is connected to the
bag. ThromboLUX performs the DLS measurement and, ac-
cording to equation 2, automatically calculates and displays

F

Fig. 1. Rendering of the ThromboLUX device for automated platelet
testing.

Table 1. Sizes and ThromboLUX scores of
monodisperse and bidisperse polystyrene

MP-sized beads PLT-sized beads

microsphere suspensions 37°C 20°C 37°C 37°C 20 °C 37°C
Hydrodynamic radius Ry, nm 1,115 1,147 1,100
Standard deviation 100 105 80
CV, % 8.9 9.1 7.3
ThromboLUX score (N = 50) 21.8+2.5(CV11.5%)
Hydrodynamic radius Ry, mm 223 218 228 1,091 1,096
Standard deviation 13 10 23 118 183
CV, % 5.7 4.7 10.1 10.8 16.7
ThromboLUX score (N =35) 11.6 0.7 (CV 6.0%)
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Fig. 2. ThromboLUX results of performance verification testing with
polystyrene microspheres. A Size distributions of platelet-sized micro-
spheres at three analysis temperatures (37 °C, 20 °C, 37 °C) representa-
tive of 50 tests. B Mixture of microspheres in the size range of both mi-
croparticles and platelets averaged over the 3 temperatures representa-
tive of 5 tests.

the ThromboLUX score on the touch screen. A rendering of
the alpha prototype is shown (fig. 1).

ThromboLUX Performance Verification
ThromboLUX performance was tested with aliquots of
PS1900 polystyrene microspheres, with a nominal diameter of
1,925nm. These are platelet-sized microspheres suspended in
water. Each of the 50 tests was performed on a fresh sample by
the same operator with the same ThromboLUX instrument.
The polystyrene microspheres gave a score of 21.8 + 2.5
(CV = 11.5%, table 1) and an average hydrodynamic radius
for the beads of 1,115 + 100nm with an average scattering in-
tensity of 234 + 48 kHz. The size of the beads cannot change
with temperature; therefore, obtaining overlapping size distri-
butions for the size measurement of beads at 37 °C, 20 °C and
37 °C verifies that the temperature control performs within
specification and that the settings (temperatures, viscosities)
are entered correctly (fig. 2A). Measurement of bead suspen-
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Fig. 3. DIC microscopy of platelets and microparticles in a sample from
an apheresis platelet concentrate. The scale bar represents 5 microns. The
arrows point to activated ‘spiny sphere’ platelets.
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Fig. 4. A High-scoring platelet concentrate (26.9) showing B many dis-
coid platelets but also some small groups of double and triple platelets in
the phase contrast micrograph. These are light enough to stay in the ob-
servation volume of ThromboLUX and contribute to the wide platelet
population. Very few microparticles are present.
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Fig. 5. A Example of a low-scoring platelet concentrate (16.08) showing
B a high content of microparticles and small platelets in the Throm-
boLUX result. Many aggregates 10 microns or larger are seen in the
phase contrast micrograph. Aggregates of this size settle quickly and are
not detected by ThromboLUX.

sions was therefore used to insure best ThromboLUX
performance.

Aliquots of a bidisperse mixture of microparticle-sized and
platelet-sized beads were measured 5 times by the same oper-
ator with the same ThromboLUX instrument and obtained an
average score of 11.6 + 0.7 (CV = 6.0%, table 1). This mixture
of microspheres mimicked a platelet concentrate with a high
concentration of microparticles (fig. 2B).

Comparison of ThromboLUX Results to Microscopy
To properly view platelets on a microscope, a 100x oil-immer-
sion objective and contrast enhancement were required. DIC
microscopy is optimal to view both platelets and microparti-
cles (fig. 3). In a sample taken from a 1-day-old platelet con-
centrate microparticles, discoid platelets, and a few activated
platelets (marked by black arrows) can be seen.

The morphology of platelets in concentrates was assessed
by phase contrast microscopy which has traditionally been
used for morphology scoring of platelets [19]. Microparticles

Characterization of Platelet Concentrates
Using Dynamic Light Scattering
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Fig. 6. Correlation of the microparticle concentration calculated from
the ThromboLUX score with microparticle content determined by flow
cytometry for 10 apheresis platelet concentrates, each measured three
times.

are difficult to see using this microscopy technique. Platelets
with high ThromboLUX score (fig. 4A) showed more discoid
platelets, qualitatively fewer microparticles, and fewer/smaller
microaggregates (fig. 4B). Platelets with low ThromboLUX
score (fig. 5A) showed more spiny sphere platelets, more mi-
croparticles, and larger microaggregates (fig. 5B). While qual-
itatively the microscopy images agreed with the Throm-
boLUX scores as shown in the two representative examples,
no significant correlation of the ThromboLUX score with the
corresponding morphology score was found.

Comparison of ThromboLUX Results with Flow Cytometry
Microparticles are identified by flow cytometry using static
light scattering and gating on the smallest particle population
that appears above the electronic noise threshold. The micro-
particles are gated in the forward versus side scatter dot plot.
In flow cytometry, the concentration of microparticles is de-
termined relative to a known concentration of fluorescently
labeled microspheres with a size of 1,000nm as previously de-
scribed [20]. In apheresis platelets the concentration of micro-
particles calculated from the ThromboLUX score strongly
correlated with the microparticle content determined by flow
cytometry (fig. 6) with a Pearson correlation coefficient r =
0.948.

Comparison of ThromboLUX Results with and without
Mirasol Treatment

The average ThromboLUX scores of 12 double apheresis
platelets which were split into control and Mirasol-treated
components and sampled over 7 days of storage were com-
pared. The means of the two treatment groups were com-
pared by two-tailed paired t-test (o = 0.05) that showed a sig-
nificant difference between control and Mirasol-treated plate-
lets on day 5 (p < 0.001) and on day 7 (p < 0.005) (fig. 7).
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Fig. 7. Average ThromboLUX scores of 12 double apheresis platelets
split into control and Mirasol-treated components sampled over 7 days of
storage with the difference between the means significant at p < 0.001 on
day 5 (***) and significant at p < 0.005 on day 7 (**; two-tailed paired t-
test with o = 0.05).

Discussion

Blood transfusions are of critical importance to patients with
both acute and chronic medical conditions in which blood is
depleted or non-functioning. US statistics indicate that more
than 4.5 million Americans would die each year without blood
transfusions [1].

Historically, platelet concentrates have been considered
‘good’ if the platelet count was within an acceptable range for
a given volume. Samples would be taken from the platelet con-
centrate and analyzed using automated cell counters to deter-
mine the platelet count [21, 22]. Counting platelets, however,
does not test the functionality of the cells and does not account
for microparticles arising from platelet fragmentation.

ThromboLUX was developed to measure two characteris-
tics related to platelet viability: the presence of microparticles
and the temperature response of the platelets. The device can
be used with minimal training and does not require reagents,
special techniques, or any other laboratory equipment, except
for a sterile docking device and a heat sealer when the closed
system sampling sets are used. Test results are displayed
within 20 min.

ThromboLUX performance is verified with standard mi-
crospheres. As with all DLS measurements, ThromboLUX
can determine the size of suspended particles as long as the
parameters required to solve the Stokes-Einstein equation
(equation 1) are known and stable. Measurements of bead
suspensions are therefore used to verify that ThromboLUX
performs within specifications (fig. 2, table 1). The repeatabil-
ity of ThromboLUX compares well with other DLS devices
used to measure the size of bead standards. Two micron beads
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sized by the Coulter principle were reported with a standard
deviation of 10%, and submicron bead sizes determined with
a Brookhaven instrument were reported with a standard de-
viation of 25% (according to package inserts for traceable
beads).

Despite its wide use in platelet research, manual morphol-
ogy scoring is not used routinely to test platelet transfusions.
The characterization of platelet samples by microscopy is
time-consuming, subjective, operator-dependent, and limited
to a small number of cells that can be evaluated [23]. Both
platelet viability and the number of microparticles are very
challenging to assess by microscopy. Microparticles are ex-
tremely difficult to capture due to their small diameter of
about 200-400nm and their quick movement in and out of
focus [20]. Furthermore, microscopy scoring methods such as
the modified Kunicki morphology score ignore potentially im-
portant characteristics of platelet concentrates such as micro-
particle content, microaggregates, and other unclassified par-
ticles [3]. However, all these particles scatter light and there-
fore contribute to the ThromboLUX score, which is why
microscopy images reflect the ThromboLUX score but
morphology scores and ThromboLUX scores do not corre-
late. In addition, morphology scores have not correlated well
with clinical outcome [6, 24].

The microparticle population in platelet concentrates is of
particular interest: microparticles can derive from the donor
and increase during storage of platelet concentrates as a con-
sequence of platelet activation and aging [25]. Microparticle
formation during storage occurs as small pieces of the platelet
pseudopods fracture from the cells. The presence of micro-
particles might therefore be an indicator of diminished plate-
let quality. Changes of platelet characteristics in concentrates
have been reported as a function of storage time and treat-
ments such as pathogen reduction [26]. We were able to show
the decrease in ThromboLUX scores as a consequence of the
degradation of apheresis platelets during storage as well as an
additional effect with the Mirasol pathogen reduction treat-
ment. Our results are in agreement with other studies [26].

Because it has been difficult to include microparticle enu-
meration in clinical study protocols, little is known about the
clinical effect of platelet transfusions with high microparticle
load. However, high levels of platelet-derived microparticles
were associated with adverse transfusion reactions [27, 28]. It
remains to be demonstrated whether platelet concentrates
containing fewer microparticles perform better after transfu-
sion. In this context it might be hypothesized that substitution
of plasma with platelet-additive solution could potentially re-
duce the microparticle concentration in the final component,
thus leading to higher ThromboLLUX scores and better clini-
cal outcome. Studies are required to support this hypothesis.

Flow cytometry is not suitable for routine quantitation of
microparticles in platelet concentrates, as this technique re-
quires sophisticated and expensive instrumentation, highly
trained personnel to perform the test and interpret the results,
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and, most importantly, several steps of sample preparation
[29]. In contrast, ThromboLUX does not require any sample
preparation and determines microparticle content as part of
the ThromboLUX score.

ThromboLUX could reduce the risk of ineffective transfu-
sions that are given primarily to cancer and bleeding patients.
Consequently, the complications associated with ineffective
transfusions would be reduced. Characterizing platelets to
gain improved clinical effectiveness could dramatically lower
the cost of platelet transfusion therapy for hospitals and
health care systems.

Conclusion

Prior to ThromboLUX, no single in vitro test existed to evalu-
ate characteristics of platelet transfusions that could be indic-
ative of in vivo effectiveness [30, 31]. As hospitals currently
cannot predict which transfusions will be effective, they trans-
fuse all platelet products they acquire and only learn which
ones were ineffective retrospectively by seeing patient
responses.

ThromboLUX can measure the concentration of micropar-
ticles directly from platelet concentrates and does not require
separation, dilution, or concentration steps. The instrument
was designed to combine several important indicators of
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