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Background - Combining pathogen reduction and automated separation of
whole blood (WB), together with the use of improved additive solutions, may
increase reproducibility and extend shelf-life of blood components.

Materials and methods - Forty WB units were collected from volunteer donors
and randomised 1:1 into two groups: 1) pathogen reduction with riboflavin
and ultraviolet light (PRT); or 2) no treatment (Control). After two hours (h) at
room temperature, all units underwent fully automated separation into red
blood cell concentrate (RBCC), plasma and leukopack components. RBCCs were
leukoreduced and stored in phosphate-adenine-glucose-guanosine-saline-
mannitol (PAGGSM) solution while plasma units were shock frozen within 8 h
of collection and stored at = —25°C. RBCCs were sampled on day 1 and weekly
thereafter until day 42, while plasma was sampled on days 1 and 30. The main
study objective was to assess the in vitro quality of separated RBCCs using
biochemical and haematological parameters. Plasma protein content after one
cycle of freeze-thaw was also analysed.

Results - The quality of RBCCs was largely comparable between the PRT
and Control groups, except for a significantly higher degree of haemolysis
and extracellular potassium levels in the PRT group after 35 days of storage.
While potassium concentration was significantly higher in the PRT group at
all timepoints, the degree of haemolysis exceeded the accepted European
threshold (i.e., <0.8% of red cell mass in 290.0% of tested units) after day 35.
Most plasma protein levels were significantly lower in the PRT than the Control
group at both day 1 and day 30.

Discussion - Pathogen reduction with riboflavin and ultraviolet light treatment
of WB can be combined with fully automated separation to obtain RBCCs that
may be stored for up to 35 days in PAGGSM solution with acceptable quality,
comparable to that of RBCCs from untreated blood. The relative differences
between factor concentrations in plasma from the PRT and the Control groups
were similar during the 30-day storage.

Keywords: blood component safety, red blood cells, plasma, pathogen-reduced.

INTRODUCTION

Thelastdecadeshave seenasignificantincreaseinthe safety of blood transfusion. Examples

of developments contributing to blood safety are closed system disposables with sample
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pouch for blood collection and processing, improved arm
disinfection methods, and increasingly sensitive and
specific screening tests for common pathogens (such as
hepatitis B and C virus, human immunodeficiency virus,
and syphilis)*. However, challenges to ensuring safe
blood supplies remain, and these show how preventing
transmission of infectious diseases through blood
transfusion needs to be sustained by co-ordinated reactive
and proactive measures“*. These challenges include the
limitations of detection methods for infectious disease
markers (e.g., a window during which a pathogen’s
nucleic acids or antigens are undetectable), the (re-)
emergence of blood-borne pathogens, and the continuous
risk of bacterial contamination, especially in platelet
concentrates>. The outbreaks of emerging pathogens
seen in recent decades, culminating with the recent global
pandemic of coronavirus disease caused by the severe
acute respiratory syndrome-coronavirus 2, exemplify
the need for a reliable supply of safe blood products’.
In addition, contamination of red blood cell (RBC) and
platelet components with leukocytes may result in
serious adverse reactions, such as transfusion-associated
graft-versus-host disease (TA-GvHD)".

Consequently, pathogen reduction and leukocyte
inactivation methods may significantly contribute to
blood transfusion safety®®. In the first decade of the
218 century, pathogen reduction technologies (PRT)
for plasma and platelet concentrates gradually became
part of routine blood component processing”. In both
pre-clinical and clinical studies, pathogen-reduced blood
components have been demonstrated to offer adequate
safety standards>*%. In 2015, a whole blood (WB)
treatment based on riboflavin (RF) and UV light (Mirasol®
PRT, Terumo Blood and Cell Technologies, Lakewood,
CO, USA) was granted a European Union certification of
conformity. The combination of RF and UV light (most in
the range of 280 nm-350 nm, with a 313 nm peak) induces
irreversible DNA damage sufficient for the inactivation
of pathogens and leukocytes, while largely preserving
the integrity of RBC concentrates (RBCCs)*®. RBCCs are
the most often transfused blood component® and the
development of several generations of additive solutions
has enabled their prolonged storage>>2.

Whole blood is rarely transfused in countries with a
medium or high development index, except in strictly
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specified clinical indications (e.g., resuscitation of severe
PRT-treated WB can be
used for WB transfusion, and some in vitro and in vivo

traumatic haemorrhage)®*2.

studies employing PRT-treated WB showed acceptable
quality of components, also when compared to gamma-
irradiated or untreated components*?2$, Many of these
studies were based on combinations of PRT and manual or
semi-automated systems for WB separation. Laboratories
employing automated blood processing have reported
time savings, without any significant impact on the blood
component quality compared to manual processing”®2*-,

The main aim of this study was to evaluate the in vitro
quality of RBCCs obtained from WB subjected to pathogen
inactivation with the Mirasol® PRT system and subjected
to fully automated separation (FAS), compared to RBCCs
from untreated WB separated in the same way. For this
purpose, several in vitro parameters, including those
defined by the European Directorate for the Quality of
Medicines and Healthcare (EDQM) standards®, as well as
Polish national guidelines® were used to assess the quality
of the RBCCs produced. Furthermore, invitro properties of
plasma derived from PRT-treated and untreated WB were
descriptively evaluated. The quality of the resulting blood
components is discussed and compared to published data
using different blood processing methods.

MATERIALS AND METHODS

Study objectives

The primary objective of this study was to evaluate the
quality of RBCC units resulting from the pathogen
reduction treatment of WB and separation using FAS. A
secondary objective was to describe the quality of plasma
units after a cycle of freezing and thawing.

Blood donations

This study was conducted in the Regional Blood
Transfusion Centre in £4dz, Poland. Forty units of WB
with an approximate volume of 450 mL were collected
from healthy adult volunteer donors, who were eligible
according to Polish regulations based on EDQM
recommendations®. Al WB donations were collected into
FAS leukoreduction (LR) sets (Reveos®, Terumo Blood and
Cell Technologies) containing 63 mL of the anticoagulant
citrate-phosphate-dextrose (CPD). The donations were
randomly assigned to two groups at a 1:1 ratio: 20 WB
donations were subjected to PRT treatment (PRT group),
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and 20 WB donations were left untreated (Control group)
(Figure 1). The study received ethical approval from the
Bioethics Commission at the Institute of Haematology
and Transfusion Medicine in Warsaw, Poland.

Blood processing: pathogen reduction withriboflavin
and ultraviolet light, and separation procedures

All WB units were left to rest for 2 h at room temperature
(22-24°C) before automated separation. After the resting
period, the Control group units were kept in the same
FAS LR sets, while the PRT group WB units underwent
pathogen reduction as follows: the units were transferred
into an illumination bag (Mirasol® WB disposable kit,
Terumo Blood and Cell Technologies), 35 mL of 500 uM RF
solution (Terumo Blood and Cell Technologies) was added,
and the units were subjected to pathogen and leukocyte
inactivation according to the manufacturer’s instructions
(Mirasol® Whole Blood Disposable Kit Instructions for
Use Part n. 777714-015B, 11/2019; Terumo Blood and
Cell Technologies). The average illumination lasted for
47.0+4.0 minutes (min), during which time each unit was
illuminated with a UV light dose adjusted per volume of
RBCC units to 80 ]/mLRBC.

Subsequently, the PRT-treated units were transferred
into new FAS LR sets, and all (PRT and Control) units
were subjected to separation by the FAS LR system
(Reveos® LR Set, Terumo Blood and Cell Technologies;
2 Components [2C] protocol), yielding RBCC, plasma
and leukopack components. All RBCC units were
included in the

leukoreduced with in-line filters

FAS LR sets and the bag containing saline-adenine-

glucose-mannitol (SAGM) was replaced by a bag with
100 mL of the phosphate-adenine-glucose-guanosine-
saline-mannitol (PAGGSM) solution (Macopharma,
Tourcoing, France), in which RBCCs were stored at
2-6°C for 42 days. The plasma units were shock frozen
(MABAG, Barsbiittel, Germany) within 8 h from blood
-25°C for 30 days. The
leukopack fractions were not analysed in this study.

separation and stored at <

Red blood cell concentrate and plasma parameters
Blood groups (A, B, O) were determined as part of baseline
donor characteristics by ABO typing. Two methods were
simultaneously used for ABO typing: the microcolumn
agglutination method (IHA-1000 analyser, Diahem,
Krakéw, Poland), and the microplate blood testing
method (PK-7300 analyser, Beckman Coulter, Brea, CA,
USA) according to the manufacturer’s instructions. The
quality of all RBCC units was evaluated with respect to
the following variables (quality requirement threshold
defined by EDQM* or Polish national guidelines®
indicated in brackets): pH, mean corpuscular volume
(MCV), haemolysis (<0.8% haemolysis of RBC mass in
>90.0% of tested RBCCs), haemoglobin concentration
(=40 g/unit in >90.0% of tested RBCCs), haematocrit
(50.0-70.0% in >90.0% of tested RBCCs), extracellular
potassium, 2,3-diphosphoglycerate (DPG), and glucose
concentration. Samples to evaluate haematological and
biochemical RBCC parameters were collected at seven
sequential weekly timepoints, starting from one day
after FAS (day 1, day 7, day 14, day 21, day 28, day 35, and
day 42).

1. Pathogen 2. Fully 3. Storage and sampling
reduction automated
technology e RBCC (leukoreduced) Plasma Leuk y
Replace SAGM bag with PAGGSM bag eUN otpac luated
* Not evaluate
Store at 2°C-6°C Store at $-25°C
PRT group D1 sample D1 sample
(n=20) Mirasol® R >D7 sample
(RF+UV) >D14 sample
— Reveos® D21 sample
D28 sample D30 sample
. None > >D35 sample
Control group > D42 sample
Whole blood (n=20)
(n=40)

Figure 1 - Study design

D1,D7,D14,D21,D28,D30, D35, and D42: sampling points afterindicated days of storage; n: number of whole blood units processed in each group;
PAGGSM: phosphate-adenine-glucose-guanosine-saline-mannitol; PRT: pathogen reduction technology; RBCC: red blood cell concentrate; RF:

riboflavin; SAGM: saline-adenine-glucose-mannitol; UV: ultraviolet light.
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Plasma samples were collected on day1and day 30 and were
assessed after one freeze/thaw cycle using the following
parameters: prothrombin time (PT [sec]), International
Normalised Ratio (INR), activated partial thromboplastin
time (@PTT), and fibrinogen, Factor VIII and Factor IX,
von Willebrand factor (VWF) and Protein S concentration.
Measurements of in vitro parameters of leukoreduced
red blood cell concentrates

The pH value was measured using a pH meter (744 pH meter,
Metrohm, Herisau, Switzerland). A haematology analyser
(XN-550, Sysmex, Kobe, Japan) was used to measure
haemoglobin concentration, haematocrit value, and
MCV (femtoliter [fL]). Haemolysis was measured in
supernatants obtained after centrifugation of leukoreduced
RBCCs, using the HemoCue®Plasma/Low Hb system
(Hemocue, Angelholm, Sweden). Potassium and
glucose concentrations were determined using the
ABL9o FLEX PLUS analyser (Radiometer, Copenhagen,
Denmark). The 2,3-DPG concentration was measured
with a commercial spectrometer-based diagnostic test
(2,3-Diphosphoglycerate test kit; cat. n. 10148334001,

Sigma-Aldrich, Darmstadt, Germany).

Measurements of in vitro parameters of plasma units
All plasma-associated parameters were measured using
the following kits of the ACL TOP 500 analyser (Werfen,
Barcelona, Spain), according to the manufacturer’s
instructions: PT (sec) was determined with the HemosIL
RecombiPlasTin 2G kit and was used to calculate the INR
using the following conversion parameters: reference
plasma value of -11.5 seconds and International Sensitivity
Indexof-0.970;aPTTwasanalysed withanaPTT-SP (liquid)
kit; fibrinogen activity was measured with the HemosIL
Q.F.A Thrombin (Bovine) kit (Instrumentation Laboratory,
Bedford MA, USA), based on the Clauss method; Factor
VIII and IX concentrations were determined with the one-
stage HemosIL Factor VIII and Factor IX deficient plasma
kits; vWTF levels were analysed with the automated, latex-
enhanced immunoassay (HemosIL vonWillebrand Factor
Antigen kit); Protein S concentration was measured using
the HemoslIL Protein S Activity Kit.

Statistical analyses

For each parameter, actual values and changes from
baseline (relative to day 1 values) were described as mean
with standard deviation (SD), median, interquartile
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range (IQR, 25 and 75% percentile), range (minimum,
maximum), and 95% confidence intervals (CIs) assuming
normality. Differences between the treatments were
analysed using 95% Cls based on a Student’s t-test with
unequal variances.

For RBCC parameters, the change frombaselinewasmodelled
using a Mixed Model for Repeated Measures (MMRM), with
the baseline value of the parameter, timepoint, treatment
group, and interaction effect of treatment by timepoint as
fixed effects, and the RBCC pack as subject effect. Least
Square (LS) means were calculated from this model by
timepoint and treatment, and for the differences between
the treatment by timepoint, with 95% Cls.

For plasma parameters, as there was only one
the MMRM
methodology was replaced with an analysis of co-variance
(ANCOVA) model for the change from baseline, with
baseline value of the parameter and treatment arm as

post-treatment — assessment _timepoint,

fixed effects. LS means estimates with 95% CIs were
derived from this model.

RESULTS

Blood units

Twenty units of WB were collected in each group, with
a mean volume of 505+7 mL in PRT and 504+7 mL in the
Control group (volumes include CPD; Table I). Blood groups
A, B, and O were equally represented in both groups
(Table I). In the PRT group, the mean (+SD) RBCC volume
was significantly lower (259+11 mL vs 283+16 mL; p<0.0001),
while the plasma volume was on average higher (301+22 mL
vs 279429 mL; p=0.0036) than in the Control group (Table I).

Red blood cell concentrate parameters

On day 1, PRT and Control units were comparable in
terms of mean values for all RBCC parameters except
extracellular potassium concentration (Figure 2 and
Online Supplementary Table SI): pH (7.5+0.1 Vs 7.6+0.1),
2,3-DPG concentration (3.6+0.8 mmol/L vs 3.6+0.7 mmol/L),
haemolysis (0.1+0.1% vs 0.1+0.1%),
(18.7+1.3 g/dL vs 18.6+1.6 g/dL; 48.2+4.0 g/unit and
52.4+5.4 g/unit), haematocrit (56.1+2.7% vs 56.5+1.9%),
MCV (88.8+3.7 fL vs 88.3+3.4 fL), and glucose levels
(26.6+1.1 mmol/L vs 26.9+1.5 mmol/L). Day 1 potassium

haemoglobin

levels were significantly higher in the PRT compared to
the Control group (6.9+0.6 mmol/L vs 2.7+0.3 mmol/L;
p<0.0001) (Figure 2 and Online Supplementary Table SI).
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Table I - Baseline characteristics of whole blood (WB) units subjected
to combined pathogen reduction and FAS (PRT) or only FAS (Control)

Characteristics PRT Control
Units, n 20 20
WB volume (mL), mean+SD 505.4+7.4 503.9+7.3mL
Blood type (RhD antigen), n (%)
0(+) 6 (30.0%) 6 (30.0%)
A(+) 10 (50.0%) 10 (50.0%)
B (+) 4(20.0%) 4(20.0%)
RBCC volume (mL), mean+SD* 259.4+10.9 283.0+16.0
Plasma volume (mL), mean+SD** 301.0+21.8 279.4429.3

*p<0.0001, **p=0.0036; Wilcoxon Rank Sum test for continuous variables and
Cochran-Mantel-Haenszel test for categorical variables. FAS: fully automated
separation; n, number of samples; PRT: pathogen reduction technology;
RBCC: red blood cell concentrate; RhD antigen +: rhesus factor positive; SD:
standard deviation.

The pH values, 2,3-DPG levels, and glucose concentration
decreased over the observed storage time (Figure 2
and Online Supplementary Table SI). pH values were
significantly lower in the PRT compared to the Control
group only on days 7 and 14 (p=0.0349 and p=0.0172),
but overall the differences were minimal. 2,3-DPG and
glucose concentrations were comparable between both
groups at each timepoint. The 2,3-DPG decrease was most
pronounced between days 1and 7.

The
significantly higher in the PRT compared to the Control
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group at all timepoints (p<0.0001). In addition, the
increase in potassium levels over 42 days of RBCC storage
followed asignificantly differentdynamicbetween groups,
as reflected in change from baseline analyses (p<0.0100
for differences in change from baseline between groups at
all timepoints) (Figure 2 and Online Supplementary Table SI).
In the PRT group, the potassium concentration sharply
increased between days 1 and 14, and gradually thereafter
until day 42, while in the Control group it followed a linear
increase over all timepoints.

Prominent differences between the PRT and Control
groups were also observed in terms of the degree of
haemolysis and haematocrit values (Figure 2 and Online
Supplementary Table SI). Degree of haemolysis increased
during storage in both PRT and Control RBCCs, as
illustrated by the change from baseline within each
group. Of note, haemolysis was more pronounced in
the PRT compared to the Control group in terms of
overall value after day 14 (p<0.0157) and dynamics of
increase (significant inter-group differences in change
from baseline after day 21 [p<0.0200]). The degree of
haemolysis remained within the EDQM requirements
(i.e., <0.8% of RBC mass in >90.0% of tested RBCCs) until
day 35 for the PRT group (0.5+0.2% in the PRT group vs
0.2+0.1% in the Control group) and until day 42 of storage
for the Control group RBCCs (0.7+0.3% in the PRT group
vs 0.3+0.1% in the Control group). A more in-depth data
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Figure 2 - Characteristics* of red blood cell concentrates (RBCC) obtained from pathogen-reduced (PRT) or untreated
(Control) whole blood units subjected to fully automated separation

*Dashed lines represent thresholds as defined by European (EDQM)?? or Polish® guidelines for acceptable quality of red blood cell concentrates.
The threshold values are either upper (haemolysis) or lower (haemoglobin) cut-off values or range (haematocrit). **Threshold for haemoglobin
(15.4g/dL) was manually calculated as a ratio of the EDQM-required concentration (40g/unit) and the average RBCC unit volume for the PRT group
(259.4 mL or 2.6 dL). Error bars represent standard deviations from the mean; 2,3-DPG: 2,3-diphosphoglycerate concentration; fL: femtolitre; K+:
potassium ion concentration; MCV: mean corpuscular volume; PRT: pathogen reduction technology.
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analysis showed that two samples in the PRT group were
“outliers”, with much higher haemolysis rates compared
to the rest of the PRT RBCC samples, further increasing
the shift in haemolysis in this group (Online Supplementary
Figure S1). Haematocrit values were comparable between
groups on day 42 (56.3+4.0% and 57.7+2.6%) but not at
intermediate timepoints (days 7-35; p<0.0204) (Figure 2
and Online Supplementary Table SI). The mean haemoglobin
concentrations remained comparable between the groups
at all timepoints and, for the most part, did not change
during storage. On day 42, mean (+SD) haemoglobin
content values were 48.7 (+3.1) g/unit in the PRT group and
53.9 (+4.7) g/unit in the Control group. Both haemoglobin
and haematocrit were within the EDQM-defined quality
requirements® (i.e., >40 g/unit and 50.0-70.0% in >90.0%
of tested RBCCs, respectively) at the end of the 42-day
storage period.

There was a significant difference in MCV measured in
RBCCs between PRT and Control samples at intermediate
7-35; p<0.0403), although these
differences were minimal.

timepoints  (days

Table II - Clotting variables and protein concentrations in plasma
obtained from pathogen-reduced (PRT) or untreated (Control)
whole blood units subjected to FAS

Parameter, Group Day
meanSD
1 30
PRT 13.7+1.4* 13.9+0.9*
PT (sec)
Control 11.9+1.0 12.0+1.1
PRT 1.240.1* 1.2+0.1*
INR
Control 1.0+0.1 1.1+0.1
PRT 40.1+2.9* 41.2+4.5*
aPTT (sec)
Control 31.2+6.1 31.745.3
Fibrinogen PRT 150.1£29.7* 144.8+35.9*
(mg/dL) Control 216.0+40.0 212.554.4
PRT 53.9+20.0* 46.9+21.1*
Factor VIII (%)
Control 94.2+32.4 89.8+42.5
PRT 70.0£13.7* 65.7+13.7*
Factor IX (%)
Control 95.9+22.0 92.6+27.3
PRT 83.2+40.5 77.1+439.1
VWF (%)
Control 101.5+38.4 95.7+42.7
PRT 85.1+17.7* 80.0+16.3*
Protein S (%)
Control 100.1+17.3 102.5+18.7

*p<0.02; Student’s t-test, comparison between PRT and Control groups. aPTT:
activated partial thromboplastin time; FAS: fully automated separation; INR:
International Normalised Ratio; PRT: pathogen reduction technology; PT:
prothrombin time; SD: standard deviation; vVWF: von Willebrand factor.
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Plasma parameters

Plasma variables were descriptively analysed in this
study. Except for the vWF antigen, there was a significant
difference in all plasma parameters between the PRT and
Control groups both on day 1 and after 30 days of storage
(Table II). PT (in seconds), aPTT, and INR were higher in
the PRT group than the Control group (p<o.ooo1). Mean
INR values were within the normal range for both groups
(0.8-1.2)". Concentrations of fibrinogen, Factor VIII, Factor
IX, and Protein S were lower in the PRT group (p<0.0102).
At day 30, a subtle yet statistically significant change from
baseline (relative to day 1 values) in the PRT but not the
Control group was observed for PT (in seconds) (p<0.0100
vs p=0.1700), INR (p<0.0100 vs p=0.2500), aPTT (p=0.0200
vs p=0.3800), and Protein S concentration (p=0.0100 vs
p=0.1200).

DISCUSSION

Red blood cell concentrates are the most commonly

transfused blood components. Their quality, and
consequently their therapeutic value, is influenced by
multiple factors, including storage time, the additive
of WB

leukoreduction, and pathogen reduction*. Storage of

solutions used, and methods separation,
RBCCs negatively impacts the activity of several enzymes
and results in the loss of different chemical compounds
responsible for the maintenance of the cell metabolism, a
phenomenon called “storage lesion™**.

The aim of this study was to assess to what extent the RE+UV
PRT, followed by FAS, impacts the quality of blood components
during storage. Currently, this PRT has a CE certification that
allows for the transfusion of WB but not of the components
derived after fractionation of the treated blood.
Randomisation of WB units was well balanced, since the
relative proportions of A, B, and O blood groups were
the same in both the PRT and the Control group. The
differences in RBCC (lower) and plasma (higher) volumes
between the PRT and the Control group were likely due
to multiple transfers of the WB units, first from the FAS
LR to the PRT illumination bag (addition of 35 mL of RF
solution leading to increased plasma volume), and then to
the new FAS LR bags before centrifugation.

The quality of RBCCs obtained from pathogen- and
leuko-reduced and separated WB was evaluated through
several variables, such as haemoglobin, haematocrit,
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2,3-DPG concentration, potassium concentration, degree of
haemolysis, and glucose concentration, some of which are
also recommended by the EDQM?. Besides the degree of
haemolysis, two other RBCC variables (haemoglobin content
and haematocrit value) met the EDQM criteria for acceptable
RBCC quality at the end of the 42-day storage period®.

The degree of haemolysis was higher in the PRT compared
to the Control group RBCCs. It increased at a higher
rate in RBCCs from the PRT group, exceeding the
threshold recommended by the European (EDQM) and
Polish guidelines (i.e., <0.8% haemolysis of RBC mass
in >90.0% of tested RBCCs) after 35 days of storage.
In contrast, Control RBCCs retained an acceptable
degree of haemolysis throughout the entire 42-day
storage period. An increased degree of haemolysis in
RBCC fractions from PRT-treated versus untreated or
gamma-irradiated WB had been previously reported
after either 14 and 21 days of storage in additive solution 3
(AS-3) or SAGM solution®+2?*. The present study explored
the use of PAGGSM as a storage solution, aiming to
compare data to a recent study by Kumukova and
colleagues that evaluated the quality of RBCCs derived
from PRT-treated WB and stored in SAGM?*. Kumukova
and colleagues concluded that RBCCs obtained and
stored in this solution should be stored no longer than 14
days, due to the observed higher degree of haemolysis?.
The results of the present study suggest, however, that
the use of PAGGSM and automated separation of PRT-
treated WB resulted in RBCC components with a longer
shelf-life than previously reported*. Higher haemolysis
rates in RBCC units obtained after FAS processing of WB
were initially reported, but recently published experience
based on routine use of this technology attests rather to
significantly lower degrees of haemolysis in RBCCs than
with the conventional semi-automated process®*3. A
more in-depth analysis of the current results revealed a
subset of outliers within the PRT group with consistently
and substantially increased haemolysis levels compared
to the other donors. The accumulated damage to RBCCs
in these specific samples might also be explained by
donor-related factors, such as the health conditions
as well as the genetic and metabolic profiles of these
individuals®?. Thus, the shelf-life of RBCCs derived from
WB treated with PRT is potentially limited to 35 days,
which is shorter than that of non-PRT-treated RBCCs.
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It is noteworthy that extracellular potassium levels were
significantly higher in the PRT than the Control group at
all timepoints tested, in accordance with previous reports
of elevated potassium concentrations in PRT-treated
RBCC units. In the present study, the maximum value of
potassium in the supernatant of stored RBCCs in the PRT
group at day 42 was lower than that described in previous
studies for gamma-irradiated or PRT-derived RBCCs
stored in AS-3 or SAGM at day 14 or 21*2%3*. An elevated
potassium concentration is likely to have a negligible
clinical effect in patients®®. Furthermore, the sharp
increase in extracellular potassium levels with a gradually
increasing degree of haemolysis is consistent with
previous findings on RBCCs derived from PRT-treated
WB?*, and indicates that erythrocyte integrity is largely
maintained over 35 days of storage despite potassium ion
loss.

Significant differences in haematocrit values were
transient between the analysed groups, while haemoglobin
values remained comparable between the PRT and
Control conditions at all timepoints tested, which is a
positive outcome of this study, since haemoglobin is the
key therapeutic constituent of the RBCC component. The
observed haematocrit levels are in line with haematocrit
trends reported previously for RBCC fractions derived
from PRT-treated blood* 2.

The pH values, glucose, and 2,3-DPG concentrations were
mostly comparable between the PRT and Control groups
and were within previously reported ranges***’. There
was a significant difference in MCV values between the
groups, but these differences were small.

The data obtained on the plasma fractions were only
descriptively analysed and cannot support a standard
EDQM validation due to study design limitations
(plasma information not collected before PRT procedure,
as required by the EDQM?). More data are needed to
conclusively evaluate plasma quality obtained after the
combined PRT and FAS procedure. Except for the vWF
values, there was a significant difference in all other
variables between the PRT and Control plasma fractions.
The relative differences in plasma factor concentrations
between the PRT and Control groups remained similar
over the 30-day storage period. Similar trends for plasma
variable changes (prolonged PT and aPTT, decreased
fibrinogen and Factor VIII concentrations, and comparable
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VWF concentrations) were described for plasma fractions
RF+UV-based pathogen
compared to control treatments?”®. The differences in

obtained after reduction
Protein S concentrations observed between the PRT and
the Control group are also consistent with previous data
showing lower Protein S concentrations in PRT-derived
plasma fractions compared to untreated control”. Of note,
addition of 35 mL RF solution to the WB before treatment
also contributed to a certain dilution of plasma proteins,
as observed elsewhere*.

The key strength of this study was its successful
proof-of-principle  approach, showing that the
combination of PRT on WB followed by FAS can be used
to successfully produce pathogen-reduced components of
acceptable quality. As such, this protocol holds promise
for the increased safety of individual blood components,
although further development will be necessary to
enable the process to be scaled up. Furthermore, the
present work provides valuable data on possible storage
solution effects on RBCC shelf-life; however, a direct
comparison of the effect of the additive solution on shelf-
life of RBCCs was not pursued to limit the number of WB
units directed away from available transfusion stock for
exploratory analyses. For the moment, comparisons can
only be made with historical data from a study performed
with semi-automated fractionation of WB treated with
RF+UV light and employing SAGM for storage of PRT-
treated RBCCs*. While PAGGSM belongs to the latest
generation of additive solutions, further research is
necessary to determine the optimal storage for blood
components derived from PRT-treated blood. The present
study reported a longer achievable RBCC storage time
(35 days) compared to that previously reported for SAGM*.
The longer RBCC shelf-life of 35 days is consistent with
other reports on PAGGSM?** and is important given the
universal interest in keeping a sustainable inventory of the
RBCCs. A longer shelf-life means fewer blood collections
and/or donors are needed, which may be crucial given that
donor and patient populations are ageing.

Apart from the above-mentioned suboptimal design (lack
of plasma information prior to the PRT procedure), another
limitation was the lack of data on adenosine-triphosphate
(ATP) levels in RBCCs. The ATP data were not collected due
to the limited operational capacity and lack of available
reagents; instead 2,3-DPG was measured. Finally, the in
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vitro character and the low number of samples limited the
analytical power of the study.

CONCLUSIONS

Based on the present in vitro results, RBCCs obtained
from pathogen-reduced WB subjected to fully automated
separation could be stored for up to 35 days in PAGGSM
additive solution. The quality of plasma fractions obtained
from the same WB units is consistent with previous
publications. The benefit of the approach presented here
and blood component quality are to be corroborated in
future studies.
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