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Abstract

Bacterial contamination of platelet components remains a persistent transfusion safety risk because platelets are stored at room
temperature, creating conditions that can permit bacterial proliferation. This study evaluated the effects of
riboflavin/ultraviolet-based Mirasol Pathogen Reduction Technology on bacterial suppression in platelet concentrates and on
key in vitro indicators of platelet and plasma quality. An in vitro experimental design was employed using 10 pooled platelet
concentrate samples prepared in platelet additive solution and 10 single-unit plasma samples. Platelet pools were inoculated
with methicillin-resistant Staphylococcus aureus and treated using the Mirasol system, with platelet pH and platelet count
measured at baseline and during storage (Day 0, Day 3, and Day 7); bacterial persistence was assessed through automated
culture monitoring. Plasma units underwent Mirasol treatment with coagulation screening tests (prothrombin time, activated
partial thromboplastin time, and fibrinogen) measured pre-treatment, immediately post-treatment, and after 30 days of frozen
storage. Repeated measures analysis of variance was applied to evaluate within-unit changes over time. By Day 7, cultures
were negative in 9 of 10 treated platelet pools while positive controls remained culture-positive, indicating substantial bacterial
suppression under the study conditions. Platelet pH and platelet count declined significantly across storage time points, and
plasma testing demonstrated increased clotting times with a marked reduction in fibrinogen following treatment that persisted
after frozen storage. Findings support in vitro bacterial suppression with measurable component-quality trade-offs, warranting
confirmation using broader microbial challenges and platelet functional and clinical-effectiveness endpoints.

Keywords: Mirasol Pathogen Reduction Technology, pathogen reduction; platelets;, plasma; methicillin-
resistant Staphylococcus aureus (MRSA); bacterial contamination, platelet storage lesion; platelet pH; platelet
count, blood safety, prothrombin time (PT), activated partial thromboplastin time (aPTT); fibrinogen

commonly stored at room temperature, a condition
that supports bacterial proliferation and therefore
increases the likelihood that clinically consequential
Blood transfusion remains an indispensable, bacterial loads may develop during the storage
life-preserving intervention, yet it carries a window.
persistent safety burden associated with transfusion-
transmitted infections. Even with rigorous donor
selection and increasingly sensitive screening
platforms, residual risk persists because some
infectious agents may be below detection thresholds
during early phases of infection, and because
contamination can be introduced or amplified at
multiple points across collection, processing, and
storage. Among the recognized transfusion risks,
transfusion-transmitted bacterial infection is of
particular concern because it can progress rapidly
and is strongly associated with severe adverse
outcomes. Platelet components warrant heightened
attention within this risk landscape because they are

1. Introduction

To mitigate bacterial contamination, blood
services and hospital transfusion programs have
implemented layered interventions spanning donor
and procedure controls (e.g., donor screening,
optimized skin disinfection, diversion pouches), and
product-level safeguards (e.g., bacterial detection
protocols, leukoreduction, and additive solutions).
These measures have reduced bacterial risk but do
not eliminate it. Operational constraints—such as
delayed bacterial outgrowth, sampling limitations,
and system-level wvariability in contamination
sources—create a practical impetus to adopt
approaches that target pathogens within the product
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itself, rather than relying exclusively on upstream
screening or downstream detection.

Pathogen reduction technologies (PRTs)
represent a class of product-centered safeguards
designed to reduce transfusion-transmitted pathogen
risk in labile blood components. Mirasol Pathogen
Reduction Technology (MPRT), which employs
riboflavin combined with ultraviolet light exposure,
is one of the principal PRT platforms used for
platelets and plasma. In implementation decisions,
however, pathogen reduction efficacy is only one
side of the adoption calculus. Blood banks must also
contend with whether treatment meaningfully alters
platelet storage lesion dynamics (as reflected in
measurable storage indicators) and whether plasma
remains sufficiently potent with respect to
coagulation parameters after treatment and
subsequent storage. This unresolved benefit—trade-
off profile is precisely the decision-relevant gap that
requires more explicit, analytically grounded
characterization; further, positioning MPRT relative
to other PRT platforms (e.g., Intercept, Theraflex) is
necessary to clarify why the specific mechanism and
workflow implications of MPRT matter in practice.

Accordingly, the study aimed to evaluate
Mirasol pathogen reduction in platelet and plasma
components using an in vitro experimental model
that jointly examines pathogen suppression and
component-quality change. Specifically, it assessed
whether MPRT-treated platelet concentrates
demonstrate bacterial suppression following a
standardized bacterial challenge and incubation
period; examined changes in platelet storage
indicators (pH and platelet count) across defined
storage time points (Day 0, Day 3, and Day 7); and
determined changes in plasma coagulation screening
parameters (prothrombin time, activated partial
thromboplastin time, and fibrinogen) measured
before treatment, immediately after treatment, and
after 30 days of frozen storage. These outcomes
were evaluated using repeated measures analysis of
variance to quantify within-unit change over time
under the study conditions.

2. Review of Related Literature
2.1 Residual Bacterial Risk in Platelet Transfusion

Platelet concentrates stored at room
temperature (RT; 20-24°C) represent a unique and
persistent challenge in transfusion safety, carrying a
materially higher residual risk of transfusion-
transmitted bacterial infection (TTBI) compared to
other blood components (Levy et al., 2018). This
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elevated risk is an inherent consequence of their
required storage conditions, which create a
biologically favorable environment for bacterial
proliferation. Unlike refrigerated red cells or frozen
plasma, RT-stored platelets in gas-permeable bags
with continuous agitation support the rapid
exponential growth of many bacteria, including
common skin flora introduced during venipuncture
(Jacobs et al., 2024; Ketter et al., 2019). Even low
initial inocula (1-10 colony-forming units) can
expand to clinically dangerous levels over the
standard 4-7-day shelf life (Cloutier & De Korte,
2022).

Despite the implementation of multilayer
safety interventions—including rigorous donor
selection, optimized arm disinfection, diversion
pouches to sequester the initial skin plug, and
sensitive bacterial culture strategies—a residual risk
persists. Estimates suggest that approximately 1 in
1,000 to 1 in 2,500 platelet components is
contaminated at the time of collection (Levy et al.,
2018). Following mitigation, the risk of a septic
transfusion reaction (STR) remains the leading
infectious threat in modern transfusion medicine.
Contemporary hemovigilance data estimate the
residual contamination risk at approximately 1 in
10,000 platelet products, the risk of a non-fatal STR
at 1 in 100,000, and a fatal STR at 1 in 500,000
(Bloch et al., 2018; Garcia-Otalora et al., 2025). This
stands in stark contrast to the modeled residual risks
for major viral infections, which are now well below
1 in a million, underscoring the disproportionate
concentration of infectious risk within the platelet
inventory (Bloch et al., 2018).

The persistence of this risk is attributed to a
confluence of factors: sampling error in culture-
based detection, the presence of slow-growing or
biofilm-forming organisms that evade initial
detection, the relative resistance of spore-forming
bacteria to some mitigation strategies, and rare post-
testing contamination events (Cloutier & De Korte,
2022; O'Flaherty et al., 2023). Consequently, room-
temperature-stored  platelets are consistently
identified as the dominant source of transfusion-
associated sepsis in contemporary practice (Levy et
al., 2018).

2.2 Pathogen Reduction Technologies: Substantial
Reduction Without Elimination

Pathogen reduction technologies (PRTs)
represent a paradigm shift from reactive, detection-
centered screening to a proactive, product-centered
safety layer. These technologies utilize ultraviolet
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light combined with photosensitizers (e.g.,
amotosalen, riboflavin) or UVC light alone to
damage nucleic acids, thereby inactivating a broad
spectrum of pathogens—including bacteria, viruses,
and parasites—within the entire blood component
(Liu & Wang, 2021; Rezvany et al., 2024). This
approach fundamentally complements, rather than
replaces, existing donor screening and bacterial
testing protocols.

Evaluated by logio reduction factors, PRTs
demonstrate high efficacy, achieving >5-7 logio
reduction against most vegetative bacteria (Lu &
Fung, 2020). Real-world data from large-scale
implementations confirm their significant impact.
For instance, the nationwide implementation of
100% amotosalen/UVA PRT in France reduced the
TTBI rate from 1 in 92,687 to 1 in 1,645,295 platelet
components—a more than tenfold reduction
(Richard et al., 2023). Hemovigilance data from
major blood services consistently indicate that PRT,
when added to standard controls, significantly
enhances product safety (Garcia-Otalora et al.,
2025).

However, it is critical to recognize that PRT
does not eliminate risk entirely. Biological
limitations exist, including lower efficacy against
bacterial spores, some non-enveloped viruses, and
biofilm-associated organisms (Levy et al., 2018).
Furthermore, PRT cannot neutralize pre-formed
toxins or prevent contamination introduced after the
treatment  process. Documented cases of
breakthrough sepsis, often linked to post-processing
bag damage or environmental contamination,
delineate a "floor" of residual risk and confirm that
PRT is not a sterilization step (Fridey et al., 2020;
Prioli et al., 2018). This persistent residual risk, even
after substantial intervention, mirrors the structural
"workforce fragilities" described by Atento et al.
(2025b), who note that systemic constraints in global
health create a 'hard floor' of residual risk that cannot
be eliminated by a single-point solution. Thus, while
PRT substantially lowers the bacterial risk profile, it
functions most effectively as part of an integrated
safety  strategy  that includes  optimized
manufacturing and robust process controls (Cloutier
& De Korte, 2022).

2.3 Comparative Analysis of PRT Platforms:
Mechanisms and Impact on Platelet Quality

The three leading PRT platforms—Intercept
(amotosalen/UVA), Mirasol (riboflavin/UVB-
weighted broad-spectrum UV), and Theraflex
(UVC-only)—share a nucleic-acid-targeting
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mechanism but differ in their photosensitizer, UV
spectrum, and workflow, leading to nuanced
differences in platelet quality outcomes (Diallo et
al., 2020; Levy et al., 2018).

Mechanistically, Intercept induces cross-links
in nucleic acids and requires a compound adsorption
device (CAD) step for residual chemical removal, a
process that lengthens processing time and can lead
to greater platelet loss (Malvaux et al., 2022;
Rebulla, 2019). Mirasol, in contrast, causes guanine
oxidation and single-strand breaks via riboflavin and
UV light, offering a simpler workflow with no
removal step, as riboflavin and its photoproducts are
physiological (Diallo et al., 2020). Theraflex, still in
earlier stages of adoption, uses direct UVC damage
without additives (Rebulla, 2019).

In vitro comparative studies reveal platform-
specific impacts on the progression of the platelet
storage lesion. Head-to-head comparisons indicate
that Mirasol-treated platelets often exhibit a more
pronounced metabolic lesion by Day 7,
characterized by higher lactate generation, faster
glucose depletion, elevated phosphatidylserine
exposure (Annexin V), and earlier loss of swirling
compared to Intercept-treated units (Malvaux et al.,
2022; Rozhkov et al., 2023). While ultrastructural
studies show no major additional mitochondrial
damage from either technology beyond standard
storage effects, subtler differences exist, such as
altered microRNA profiles in platelet-derived
microparticles from Intercept-treated units (Barham
et al., 2025; Diallo et al., 2020).

Clinically, meta-analyses of randomized
controlled trials suggest that Intercept-treated
platelets maintain hemostatic efficacy comparable to
conventional platelets, despite lower post-
transfusion increments (Cid et al., 2024; Garban et
al., 2018). In contrast, Mirasol-treated platelets have
been associated with a modest but significant
increase in WHO grade >2 bleeding in some trials,
correlating with the observed in vitro quality
decrement (Cid et al., 2024; Van Der Meer et al.,
2018). Therefore, the choice of platform involves
balancing logistical simplicity, regulatory maturity,
and tolerance for subtle but meaningful differences
in platelet quality and clinical performance.

2.4 Mirasol PRT and Platelet Viability Through
Day 7

While Mirasol-treated platelets can often meet
formal regulatory quality control (QC) thresholds
for extended storage to Day 7, a consensus from
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multiple studies indicates borderline or degraded
functional quality by that time (Escolar et al., 2021;
Valsami et al., 2022). Key viability markers such as
pH may remain above the critical lower limit of 6.2—
6.4, but other indicators show significant, clinically
relevant decline.

Studies tracking platelets through storage note
that swirling—a simple macroscopic marker of
platelet discoid morphology and viability—is
frequently reduced or lost in Mirasol-treated units by
Day 5-7 (Malvaux et al., 2022; Valsami et al.,
2022). Concurrently, markers of platelet activation
(e.g., P-selectin/CD62P) and apoptosis (Annexin V
binding) increase more markedly compared to
untreated or Intercept-treated platelets (Escolar et
al., 2021; Lachert et al., 2018). Molecular analyses
support this accelerated lesion, with proteomic and
extracellular vesicle (EV) profiling of Day-7
Mirasol  platelets revealing signatures of
hyperactivation, oxidative stress, and deregulated
metabolism (Hermida-Nogueira et al.,, 2020;
Salunkhe et al., 2019).

The operational interpretation of these findings
is critical: satisfying basic numeric QC parameters
does not equate to preserved in vivo function. The
loss of swirling, increased activation, and apoptosis
suggest reduced post-transfusion recovery and
survival (Liu et al., 2023). This gap between a
'technically compliant' product and its 'biologically
degraded' state echoes the 'marrative-analytic gap'
described by Atento et al. (2025¢), who argue that
quantitative healthcare data must be mediated by
qualitative, patient-centered narratives to fully
capture clinical reality and avoid interpretive
flattening. Consequently, many blood services,
supported by comparative in vitro data, restrict the
routine shelf life of riboflavin/UV-treated platelets
to 5 days, reserving Day-7 storage for inventory
management purposes rather than assuming
equivalent clinical efficacy (Malvaux et al., 2022).

2.5 Impact of Mirasol PRT on Plasma Coagulation
Integrity

When applied to plasma, Mirasol PRT induces
a measurable but generally clinically acceptable
reduction in coagulation factor activity. A focused
review indicates typical decreases of approximately
21-23% in fibrinogen and 25-31% in factor VIII
(FVIII), with more modest reductions in other
factors (Wasiluk et al., 2020). These changes
manifest as mild to moderate prolongations of
prothrombin time (PT) and activated partial
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thromboplastin time (aPTT) (Rosell-Valle et al.,
2022; Sherstyukova et al., 2025).

Despite these reductions, the hemostatic
integrity of the plasma is largely preserved. Global
coagulation assays, such as thromboelastometry,
often remain within reference ranges post-treatment,
indicating maintained overall clotting capacity
(Sherstyukova et al., 2025). This is because the post-
PRT factor levels, while reduced, typically remain
within the wide normal physiological range (50—
150% of standard) and are sufficient to correct
coagulopathies at standard therapeutic dosing
(Mokhtarian et al., 2025). Natural anticoagulants
like protein C and antithrombin are generally well
preserved (Wasiluk et al., 2020).

The operational implication is that Mirasol-
treated plasma retains clinical utility for most
indications. However, in high-acuity scenarios
requiring maximal factor delivery per unit—such as
severe coagulopathy with volume restriction—the
20-30% reduction in key factors may necessitate
marginally higher plasma dosing to achieve
therapeutic targets. This integrated perspective,
where safety gains are weighed against quality costs,
aligns with the 'dual outcomes' framework proposed
by Atento et al. (2025a), who argue that healthcare
organizations must simultaneously optimize clinical
and business outcomes through integrated analytics.
This trade-off between pathogen safety and
hemostatic potency is well-recognized, with next-
generation technologies like visible-light PRT
showing promise for further minimizing factor loss
(Stewart et al., 2024).

2.6 Operational Impact of PRT on Shelf Life,
Wastage, and Inventory Resilience

The operational impact of implementing PRT
on platelet wastage and supply resilience is
profoundly influenced by whether the technology is
coupled with an extension of shelf life. Evidence
clearly demonstrates that PRT with shelf-life
extension (e.g., from 5 to 7 days) leads to significant
reductions in outdating and improved inventory
buffering. Real-world implementations in Spain and
Brazil reported outdate rate reductions of 88—100%
and from 6% to 1.2%, respectively, following the
move to 7-day PRT platelets (Fachini et al., 2021;
Gorria et al., 2019; Jimenez-Marco et al., 2018).
Simulation models at national levels corroborate that
longer shelf life decreases expiry rates and unmet
demand while lowering required inventory levels
(Dillon et al., 2023; Ramirez-Arcos et al., 2020).
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Conversely, PRT implementation without
shelf-life extension, or with an effective shortening
of usable life, can negatively impact logistics. A
Canadian simulation modeling 5-day PRT pooled
platelets (with an effective usable life of 3—4 days)
alongside 7-day conventional apheresis platelets
predicted increased wastage and shortages,
necessitating a rise in collections to maintain service
levels (Blake et al., 2021; Rebulla & Prati, 2022).

Therefore, the key determinant of PRT's
operational benefit is not the technology alone, but
its integration within a system that includes
inventory optimization, donor scheduling, and often,
an authorized shelf-life extension. When these
conditions are met, PRT can transform platelet
inventory management by reducing waste,
improving cost-effectiveness, and strengthening
resilience against demand fluctuations and supply
shocks (Aliaga et al., 2024; Zhang et al., 2022). The
conditionality of these operational benefits—where
PRT alone is insufficient without aligned inventory
and policy frameworks—is conceptually similar to
the strategic challenges faced by dominant
incumbents like Mercury Drug, whose ability to
leverage digital transformation is conditional on
developing dynamic capabilities alongside legacy
strengths (Atento & Atento, 2025).

2.7 Synthesis of Literature and Literature Gaps
Synthesis of the Literature

The literature converges on a stable point of
departure: room-temperature platelet concentrates
remain the most consequential residual infectious
vulnerability in contemporary transfusion practice,
and this is not merely a procedural deficiency but a
structural feature of platelet logistics. Because
platelets must be stored at 20-24°C under agitation
in gas-permeable bags, they occupy a biologically
permissive niche for bacterial amplification that
refrigerated red cells and frozen plasma largely
avoid (Levy et al., 2018; Jacobs et al., 2024; Ketter
et al., 2019). This storage ecology makes even very
low inocula operationally meaningful; the repeated
observation that 1-10 CFU can expand to dangerous
loads within a typical 4-7-day window explains why
residual risk persists even under multilayer controls
(Cloutier & De Korte, 2022). Importantly,
hemovigilance-based risk estimates—
contamination at collection on the order of 1 in
10002500 and clinically significant septic
transfusion reactions remaining the leading
infectious threat—anchor the platelet problem as a
dominant safety issue despite the near-elimination of
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major viral risks to below 1 in a million (Levy et al.,
2018; Bloch et al., 2018; Garcia-Otalora et al.,
2025).

Within this context, pathogen reduction
technologies (PRTs) are consistently framed as a
product-centered, proactive risk-control layer that
complements (rather than replaces) donor screening
and bacterial testing (Liu & Wang, 2021; Rezvany
etal., 2024). Their core contribution is conceptual as
well as practical: they shift the safety strategy from
"detecting contaminated units" toward "reducing the
probability that viable pathogens remain capable of
replication." Efficacy evidence, typically expressed
as logio reduction factors and supported by real-
world hemovigilance after large-scale
implementation, suggests that PRT can reduce TTBI
rates by an order of magnitude or more in practice
(Lu & Fung, 2020; Richard et al., 2023; Garcia-
Otalora et al., 2025). However, the literature is
equally explicit that PRT is not sterilization.
Biological constraints (e.g., spores, some biofilm-
associated organisms, some non-enveloped viruses)
and process realities (e.g., inability to neutralize
preformed toxins; contamination introduced after
treatment; bag damage) define a hard "floor" of
residual risk (Levy et al., 2018; Prioli et al., 2018;
Fridey et al., 2020; Cloutier & De Korte, 2022). The
contemporary consensus is therefore "substantial
reduction without elimination," which has direct
implications for how study findings should be
interpreted and claimed.

A second synthesis emerges when the
literature moves from safety efficacy to component
quality, particularly for platelet concentrates.
Comparative analyses show that Intercept, Mirasol,
and Theraflex share nucleic-acid targeting but differ
in photosensitizer requirements, UV wavelength
profiles, and workflow steps; these differences
shape platelet yield and the trajectory of the storage
lesion (Diallo et al., 2020; Levy et al., 2018; Rebulla,
2019). Intercept's CAD step increases process
complexity and can reduce yield, but comparative
evidence suggests that some in vitro quality
parameters may remain better preserved among the
treated product than is sometimes observed with
Mirasol (Malvaux et al., 2022; Rozhkov et al.,
2023). For Mirasol, the literature repeatedly
describes a tendency toward earlier or more
pronounced metabolic and activation signatures by
Day 7—higher lactate, faster glucose depletion,
increased Annexin V binding, and earlier loss of
swirling—consistent with an "accelerated storage
lesion" profile in some head-to-head comparisons
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(Malvaux et al., 2022; Rozhkov et al., 2023).
Clinically, the literature suggests that Intercept-
treated platelets generally preserve hemostatic
efficacy despite lower increments, whereas some
trials of Mirasol-treated platelets have reported
modest increases in moderate bleeding categories
(Cid et al., 2024; Garban et al., 2018; Van Der Meer
et al.,, 2018). The unifying analytic implication is
that pathogen reduction decisions are best modeled
as a safety—quality trade-off, with platform choice
affecting the trade-off's slope rather than eliminating
it.

The Mirasol-specific literature refines this
trade-off by clarifying what "viability" should mean.
Although Day-7 storage is often feasible in the sense
that pH thresholds can remain above minimum QC
cutoffs, the literature indicates that numeric
acceptability does not guarantee preserved in vivo
function (Escolar et al., 2021; Valsami et al., 2022).
Swirling loss, increasing activation (CD62P),
apoptosis signals (Annexin V), and molecular
signatures of oxidative stress and dysregulated
metabolism converge on the idea that Day-7 Mirasol
platelets may be "technically compliant" yet
biologically degraded in clinically relevant ways
(Malvaux et al., 2022; Hermida-Nogueira et al.,
2020; Salunkhe et al., 2019; Liu et al., 2023). This
helps explain why some blood services restrict
routine shelf life to 5 days, reserving Day-7
inventory primarily for logistics rather than
assuming equivalence in clinical performance
(Malvaux et al., 2022).

For plasma, the synthesis is comparatively
more permissive but still trade-off oriented. Mirasol-
treated plasma demonstrates measurable factor
attenuation—often reflected in mild-to-moderate
PT/aPTT prolongation and reductions in fibrinogen
and FVIII—while global assays and the broad
physiological range of coagulation factors support
the interpretation that many clinical indications
remain adequately served under standard dosing
(Wasiluk et al., 2020; Rosell-Valle et al., 2022;
Sherstyukova et al., 2025; Mokhtarian et al., 2025).
Yet the literature also anticipates context-dependent
sensitivity: in severe coagulopathy with volume
restriction, a 20-30% loss in key factors may matter
operationally (Sherstyukova et al., 2025). Emerging
visible-light approaches are positioned as a potential
pathway to reduce this potency loss, reinforcing the
field's implicit goal: preserve safety gains while
flattening the quality penalty (Stewart et al., 2024).
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Finally, the literature makes clear that
operational claims about wastage reduction are
conditional. When PRT is coupled with an
authorized shelf-life extension, outdate reductions
can be dramatic and inventory resilience improves;
when extension is absent or "effective usable life" is
shortened by quality decline, models predict
increased shortages and wastage (Fachini et al.,
2021; Gorria et al., 2019; Jimenez-Marco et al.,
2018; Dillon et al.,, 2023; Ramirez-Arcos et al.,
2020; Blake et al., 2021; Rebulla & Prati, 2022).
Therefore, the operational argument is not simply
"PRT reduces wastage," but rather: PRT can reduce
wastage if biological viability and regulatory policy
enable longer wusable life and if inventory
optimization is aligned with that usable life.

Literature Gaps

Gap 1: Persistent residual risk is well
described, but "residual risk after PRT" is under-
theorized at the operational level. The literature
acknowledges breakthrough events and non-
elimination scenarios (e.g., spores, post-treatment
contamination, bag damage), but there remains
limited analytic treatment of what occasional failure
implies for routine implementation: whether it
reflects biological resistance, process deviation,
sampling limitations, or  post-processing
contamination pathways (Levy et al., 2018; Prioli et
al., 2018; Fridey et al., 2020). This gap is
consequential because it determines whether a rare
positive culture in a controlled context should be
interpreted as a technology limitation, a procedural
control issue, or a monitoring artifact.

Gap 2: Viability is frequently discussed as a
broad construct, yet many applied evaluations rely
on a narrow subset of indicators. The literature
emphasizes multiparametric viability (pH, swirling,
activation/apoptosis markers, aggregation/HSR),
but the evidence base also includes pragmatic
studies that are necessarily constrained to routine
blood bank measures (Valsami et al.,, 2022;
Salunkhe et al., 2019; Liu et al., 2023). There is
therefore a gap in disciplined interpretation: how to
draw appropriately bounded conclusions when
viability is operationalized through storage
indicators rather than direct functional endpoints.

Gap 3: Platform comparisons exist, but
context-specific replication remains necessary.
Comparative work indicates that Mirasol may show
a more pronounced storage lesion profile by Day 7
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in some settings, while Intercept may preserve
selected indicators despite additional processing
steps (Malvaux et al., 2022; Rozhkov et al., 2023).
However, platelet preparation protocols, additive
solutions, storage logistics, and bacterial monitoring
systems vary across services, meaning local
evaluations remain relevant to confirm how the
trade-off manifests within a specific workflow
environment.

Gap 4: Plasma "clinical acceptability" is often
asserted in aggregate, while parameter-specific
persistence and magnitude require clearer framing.
The literature generally supports clinical utility
despite measurable factor reductions, yet decision-
relevant interpretation depends on the magnitude of
fibrinogen/FVIII loss, persistence after storage, and
the clinical contexts most sensitive to potency
dilution (Wasiluk et al., 2020; Sherstyukova et al.,
2025; Mokhtarian et al., 2025). Evaluations that
quantify pre/post and post-storage changes help
ground this trade-off more precisely.

Gap 5: Inventory models highlight shelf-life
sensitivity, but empirical quality trajectories are not
always integrated into operational claims.
Operational studies show large improvements when
7-day storage is feasible and used, but the biological
literature warns that "meeting QC thresholds" may
not imply equivalently functional platelets at Day 7
(Dillon et al., 2023; Blake et al., 2021; Malvaux et
al., 2022; Valsami et al., 2022). The gap is
integrative: aligning biological usable life (as
indicated by storage lesion trajectories) with
inventory usable life (as assumed in logistics
models) to avoid overpromising system-level
benefits.

Gap 6 (New): The literature lacks an integrated
framework for conceptualizing the parallel trade-
offs in blood safety and broader healthcare systems.
While the technical aspects of PRT are well-
documented, there is a need for analytic models that
connect these micro-level component changes to
macro-level system outcomes, a gap that cross-
disciplinary frameworks from health analytics and
strategic management could help address (Atento et
al., 2025a; Atento & Atento, 2025).

Bridging Statement to the Present Study

Taken together, the literature supports
pathogen reduction as a major advance in mitigating
platelet-associated bacterial risk while
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simultaneously establishing that residual risk and
component-quality trade-offs remain unavoidable
and platform-dependent. These tensions motivate an
in vitro evaluation of Mirasol-treated platelets and
plasma that jointly examines (a) bacterial
suppression under controlled challenge conditions,
(b) changes in platelet storage indicators across
storage time points, and (c) parameter-specific shifts
in plasma coagulation tests before treatment, after
treatment, and after frozen storage. By anchoring
interpretations to clearly defined endpoints and
explicitly treating findings as evidence of a safety—
quality balance rather than a categorical solution, the
study contributes context-specific evidence relevant
to both transfusion safety strategy and operational
decision-making.

3. Materials and Methods

3.1 Study design

An in vitro experimental design with pre—post
and repeated-measures assessments was employed
to evaluate the effects of Mirasol Pathogen
Reduction Technology (Mirasol PRT) on (a)
bacterial suppression and selected storage indicators
in platelet concentrates and (b) coagulation
screening parameters in plasma. Platelet outcomes
were monitored across defined storage time points,
and plasma outcomes were measured before
treatment, after treatment, and after frozen storage.

3.2 Study setting

All component preparation and laboratory
procedures were performed within a controlled
blood component processing and laboratory
environment, including aseptic transfers performed
using sterile connection techniques.

3.3 Materials and instruments

Key materials and equipment included: the
Mirasol PRT system and riboflavin solution (500
pmol/L); a sterile connecting device and closed-
system transfer bags; a Helmer platelet
incubator/agitator for platelet storage; a Helmer
freezer (< —18°C) for plasma storage; a pH meter
(HI8417) for platelet pH measurement; an
automated hematology analyzer (Cell Dyn Emerald)
for platelet count determination; and an automated
blood culture detection system using aerobic
BACTEC Plus bottles monitored by the Bactec FX
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platform. Coagulation parameters were determined
using the Sysmex CS-20001/CS-2100i system.

3.4 Samples and preparation
Platelet concentrates

Ten pooled platelet concentrate samples were
prepared. Each pooled unit was created by
combining five interim platelet units suspended in
platelet additive solution (T-PAS) using a closed
system with sterile connecting technique. The
resulting pooled platelet concentrate volume was
approximately 250 + 30 mL.

Plasma units

Ten single-unit plasma samples were prepared
from whole blood donations collected using the
Reveos LR set and processed on the Reveos 3C
system. Whole blood units were held overnight prior
to centrifugation and separation into components.
Final plasma unit volume was approximately 280 +
30 mL.

3.5 Bacterial strain and inoculum preparation

The bacterial challenge organism used for
platelet inoculation was Staphylococcus aureus
ATCC 25923. A working suspension was prepared
to yield a target concentration of 30 CFU/mL for
inoculation.

3.6 Platelet inoculation, controls, and pathogen
reduction procedure

For each pooled platelet concentrate:

a. Negative control (uninoculated) aliquot:
Prior to inoculation, a 20 mL aliquot was
aseptically removed from the platelet pool
into a transfer bag to serve as a negative
control.

b. Inoculation: The pooled platelet
concentrate was inoculated with 0.5 mL of
the 30 CFU/mL working suspension using
aseptic technique.

C. Positive control (inoculated, untreated)
aliquot: After inoculation, a 30 mL aliquot
was aseptically removed into a transfer
bag to serve as a positive (untreated)
control.

d. Pre-treatment hold: The remaining
inoculated platelet unit was held for 2
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hours after inoculation prior to pathogen
reduction treatment.

€. Riboflavin addition: 35 mL of riboflavin
solution (500 pmol/L) was aseptically
added to the inoculated platelet unit using
sterile connection technique.

f. Mirasol PRT illumination: Following
riboflavin addition, the platelet unit was
treated in the Mirasol system in
accordance with the manufacturer’s
instructions for use for platelet
concentrates.

3.7 Platelet storage conditions and time points

Treated platelet units were stored in a platelet
incubator/agitator at 20-24°C under standard
conditions and monitored through Day 7. Platelet pH
and platelet count were measured before treatment
(baseline) and after treatment on Day 0, Day 3, and
Day 7.

3.8 Bacterial detection and culture monitoring

Bacterial detection was performed using an
automated culture system. Aseptically collected
samples (10 mL) were inoculated into aerobic
BACTEC Plus culture bottles and monitored using
the Bactec FX system. The monitoring period for
inoculated bottles was 7 days. Testing was
conducted to evaluate bacterial persistence in the
inoculated untreated controls and the treated platelet
units at the specified time points described in the
protocol.

3.9 Plasma pathogen reduction, storage, and
testing schedule

a) Baseline sampling. A 10 mL aliquot was
collected before Mirasol treatment for
baseline coagulation testing.

b) Riboflavin addition. 35 mL riboflavin
solution (500 pmol/L) was aseptically
added.

¢) Illumination. The unit was treated using
Mirasol PRT in accordance with the
manufacturer’s instructions for use for
plasma.

d) Post-treatment sampling. A second 10 mL
aliquot was collected after treatment for
post-treatment coagulation testing.
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€) Frozen storage. Remaining treated plasma
was stored frozen at < —18°C.

f) Post-storage testing. After 30 days,
plasma was thawed and re-tested.

3.10 Outcome measures
Platelet storage indicators (viability proxies)

Platelet viability was operationalized using:
a. pH (pH meter HI8417), and

b. platelet count (Cell Dyn Emerald
hematology analyzer),

measured at baseline and at Day 0, Day 3, and
Day 7 after treatment.

Plasma coagulation parameters (integrity proxies)

Plasma integrity was operationalized using:
a. Prothrombin time (PT),

b. Activated partial thromboplastin time
(aPTT), and

C. Fibrinogen activity,

measured before treatment, after treatment,
and after 30 days of frozen storage using the Sysmex
CS-2000i/CS-2100i system.

3.11 Statistical analysis

All study data were encoded and analyzed
using SPSS version 26. Repeated-measures analysis
of variance (repeated-measures ANOVA) was
applied to evaluate within-unit changes over time in
platelet storage indicators (pH, platelet count) and
plasma coagulation parameters (PT, aPTT,
fibrinogen) across the defined measurement points
(before treatment and subsequent time points post-
treatment and/or post-storage, depending on the
analyte). Descriptive statistics (mean and standard
deviation) were generated for each time point as the
basis for interpretation and for profiling temporal
patterns. Statistical significance was evaluated at o
=0.05.

Assumptions for repeated-measures modeling
were examined using Mauchly’s test of sphericity.
Where sphericity was not satisfied, corrected
degrees of freedom were applied using the
Greenhouse—Geisser and/or Huynh—Feldt epsilon
adjustments, consistent with the SPSS repeated-
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measures output set. Effect magnitude was
summarized using partial eta squared as provided in
the model outputs. When omnibus time effects were
statistically significant, estimated marginal means
and pairwise comparisons generated by SPSS were
used to localize differences across time points,
consistent with the model’s repeated-measures
structure.

3.12 Ethical Considerations

Ethical approval for the study protocol was
obtained from the Medical Research Center—-HMC,
Doha, Qatar (case number 1187).

All component handling and sampling were
performed using closed-system techniques with
sterile  connection procedures to minimize
contamination and maintain biosafety. Procedures
involving bacterial propagation and inoculation
were conducted under controlled conditions,
including use of a biosafety cabinet and disinfection
of sampling sites prior to inoculation and sampling
to reduce procedural contamination risk

4. Results and Discussion

4.1 pH of platelet concentrates after MPRT
treatment and during storage

Across the 10 pooled platelet concentrates, pH
declined progressively from pre-treatment baseline
through the storage period following Mirasol
Pathogen Reduction Technology (MPRT). At
baseline, pH values ranged from 7.14 to 7.28 with a
mean of 7.204. Immediately after treatment (Day 0),
values shifted downward to a range of 7.07 to 7.22
(mean 7.142). By Day 3, pH exhibited a pronounced
reduction, clustering tightly between 6.77 and 6.94
(mean 6.839). By Day 7, the mean remained
similarly low (6.829), with a wider observed range
(6.62 to 7.22), indicating greater dispersion late in
storage relative to earlier time points.

A repeated-measures ANOVA indicated that
mean pH differed significantly across time points (F
= 64.239, p < .001), with a large within-subject
effect (partial n> = .877), consistent with a strong
time-associated shift in pH during storage following
treatment.

Post-hoc comparisons showed that the pH
reductions were statistically significant for
comparisons involving baseline, Day 0, and Day
3/Day 7 (all p <.001). In contrast, the comparison
between Day 3 and Day 7 was not statistically

@2026 International Journal of Health and Business Analytics. All rights reserved. 9



Volume I, Issue 1. March 2026
https://journal 1jhba.com
https://slsipress.com

IS8N: 3116-2649 (Online)

significant (p = 1.000), suggesting that the largest
decrement occurred by Day 3, after which the group
mean stabilized through Day 7 despite increased
variability in individual values at the final time
point.

4.2 Platelet count of concentrates after MPRT
treatment and during storage

Platelet count demonstrated a clear downward
trajectory across storage time points. At baseline,
platelet counts ranged from 924 to 1565 x10%/uL
(mean 1296.6 x10%/uL). At Day 0, values ranged
from 868 to 1397 x103/uL (mean 1199.0 x10%/uL).
By Day 3, the range was 828 to 1388 x103/uL (mean
1120.8 x103%/uL). By Day 7, the platelet count range
contracted to 683 to 1079 x103/uL (mean 879.4
x103/uL). Collectively, this reflects a net mean
reduction of approximately 417 x10°/uL from
baseline to Day 7 (roughly one-third of the baseline
mean).

A repeated-measures ANOVA indicated
statistically significant differences in platelet counts
over time (F = 43.958, p <.001), with a substantial
within-subject effect (partial n* = .830), indicating
that time accounted for a large proportion of within-
unit variation in platelet count across the repeated
measurements.

Pairwise comparisons indicated that baseline
differed significantly from Day 0 (p = .008), Day 3
(p =.002), and Day 7 (p <.001). In addition, Day 0
differed from Day 3 (p = .046) and Day 7 (p <.001),
and Day 3 differed from Day 7 (p = .003). This
pattern indicates that platelet count decline was
already evident immediately after treatment
(baseline to Day 0), continued modestly through
Day 3, and then showed the most substantial
separation by Day 7, when counts were consistently
lower across all pools than earlier time points.

4.3 Bacterial detection following inoculation and
MPRT treatment

Bacterial culture findings showed that,
following inoculation of pooled platelet
concentrates with 15 CFU of Staphylococcus aureus
(ATCC 25923) and subsequent MPRT treatment, 9
of 10 treated platelet pools remained culture-
negative after 7 days of incubation in the automated
blood culture system. One treated pool (platelet pool
4) yielded a culture-positive result at Day 7,
indicating incomplete elimination of bacterial
contamination in that specific pool under the
described conditions; this corresponds to an
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observed elimination effectiveness of 90% across
the treated pools in this dataset.

Control results supported the interpretability of
the culture findings. A positive control pool that did
not undergo MPRT was culture-positive within 24
hours, and remained positive at Day 7, consistent
with bacterial viability and detectability under the
incubation conditions. A separate positive control
(inoculated then incubated for 7 days without
treatment) was likewise culture-positive at Day 7.
Meanwhile, negative controls were culture-negative
after 7 days of incubation, supporting the absence of
background contamination in the testing workflow.

4.4 Coagulation factor measurements in plasma
Sfollowing MPRT and freezing

Across the 10 plasma units, coagulation
parameters shifted measurably after MPRT and
following freezing through Day 30. Prothrombin
time (PT) increased from a baseline mean of 10.91 s
(range 10.0-11.7) to 12.63 s at Day 0 (range 11.3—
14.3), and to 13.15 s at Day 30 (range 11.7-15.5).
Activated partial thromboplastin time (aPTT)
similarly increased from a baseline mean of 29.03 s
(range 26.7-31.8) to 33.46 s at Day 0 (range 30.7—
37.9) and 34.37 s at Day 30 (range 31.5-38.8). In
contrast, fibrinogen decreased markedly from a
baseline mean of 2.756 g/L (range 1.80—4.44) to
1.445 g/L at Day 0 (range 0.92-2.31) and 1.555 g/L
at Day 30 (range 1.05-2.32).

Repeated-measures ~ ANOVA  indicated
statistically significant differences over time for PT
(F=84.377,p<.001), aPTT (F=112.96, p < .001),
and fibrinogen (F = 84.846, p < .001), establishing
that the observed shifts across baseline, Day 0, and
Day 30 were unlikely to be attributable to random
within-unit fluctuation alone.

Pairwise comparisons clarified the structure of
these time-associated changes. For PT, the mean
increase from baseline to Day 0 was +1.720 s (p
<.001), and from baseline to Day 30 was +2.240 s
(p <.001); the additional difference between Day 0
and Day 30 was smaller (+0.520 s, p =.001).

For aPTT, increases were similarly structured:
baseline to Day 0 was +4.430 s (p <.001), baseline
to Day 30 was +5.340 s (p <.001), and Day 0 to Day
30 was +0.910 s (p < .001), indicating that most of
the shift occurred immediately after treatment with
a smaller—but still statistically detectable—
increment through Day 30.
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For fibrinogen, the dominant change was the
large post-treatment decrease: baseline to Day 0
showed a mean reduction of 1.311 g/L (p < .001),
and baseline to Day 30 showed a reduction of 1.201
g/L (p <.001). The Day 0 versus Day 30 comparison
indicated a smaller mean difference of 0.110 g/L (p
= .001), reflecting a relatively modest separation
between immediate post-treatment and Day 30
values compared with the magnitude of the baseline-
to-post-treatment decline.

Taken together, these pairwise results indicate
that the primary inflection for all three coagulation
parameters occurred between baseline and Day 0
(i.e., immediately after treatment), whereas the
baseline-to-Day 30 profile largely reflected
persistence of those post-treatment shifts with
comparatively smaller additional divergence over
the frozen storage interval.

4.5 Summary of patterns across endpoints

Taken together, the platelet and plasma
findings demonstrate a consistent “two-layer”
pattern: (a) an immediate post-treatment shift
detectable at Day 0, followed by (b) time-dependent
storage effects whose magnitude and shape depend
on the endpoint.

For platelet storage indicators, the most salient
feature was that deterioration was not linear across
time. Platelet pH showed a marked decline from
baseline through Day 3 and then stabilized at the
group level through Day 7, as reflected by the non-
significant Day 3 versus Day 7 contrast (p = 1.000)
despite significant differences across the full set of
time points (overall p < .001). In contrast, platelet
count declined progressively across the entire
storage horizon, including a pronounced separation
by Day 7 (overall p < .001; multiple pairwise
contrasts significant). This divergence between pH
“plateauing” and platelet count continuing to fall
suggests that the study’s two viability proxies were
capturing different aspects of storage-associated
change: pH reflected an early metabolic shift that
reached a lower steady-state, while platelet count
reflected cumulative attrition over time.

For bacterial suppression, the control results
established internal validity of the challenge-and-
detection workflow: negative controls remained
negative, whereas untreated inoculated controls
became positive early and remained positive.
Against this control backdrop, the treated platelet
outcomes indicated that most treated pools did not
yield detectable growth at Day 7, while a single
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treated pool became culture-positive at Day 7,
corresponding to a 9/10 culture-negative proportion
under the study’s conditions. Importantly, this
positivity pattern was not diffuse (i.e., not multiple
intermittent positives), but rather concentrated in
one treated pool with late detection—an outcome
structure that is analytically distinct because it points
to generally effective suppression in most units
alongside occasional late breakthrough detectable
under prolonged incubation.

For plasma coagulation parameters, the
dominant inflection occurred immediately after
treatment (baseline to Day 0), with smaller
additional shifts after frozen storage (Day 0 to Day
30), although these latter increments were still
statistically detectable. PT and aPTT showed the
same directional profile—prolongation after
treatment with further modest prolongation after
storage—whereas fibrinogen exhibited a large post-
treatment reduction with relative stability thereafter
(only a small Day 0 to Day 30 difference compared
with the baseline-to-post-treatment change). In
magnitude terms, the mean fibrinogen reduction was
substantial (approximately halving from baseline),
while clotting times increased by several seconds,
indicating that the PRT process produced a coherent
coagulation shift observable across multiple
screening markers rather than an isolated change in
a single parameter.

Overall, the results collectively characterize
Mirasol PRT as producing (1) strong bacterial
suppression in most treated platelet pools, (2)
measurable storage-associated changes in platelet
indicators that intensify with time, and (3) an
immediate, sustained alteration of plasma
coagulation screening results that persists through a
30-day frozen storage interval, with additional but
smaller drift after storage.

4.6 Discussion of Findings

4.6.1 Interpreting bacterial suppression within the
reality of residual platelet risk

The bacterial results should be interpreted
against the established transfusion-safety context in
which room-temperature platelets remain the
dominant residual infectious risk in modern
transfusion medicine (Levy et al., 2018; Jacobs et
al., 2024). This risk is structurally driven by platelet
storage biology: platelets are stored at 20-24°C
under agitation in gas-permeable bags, which
enables bacterial amplification during the usable
storage period (Ketter et al., 2019; Cloutier & De
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Korte, 2022). Even under contemporary layered
controls, hemovigilance consistently positions
septic transfusion reaction as the leading residual
infectious threat relative to viral risks, which are
now modeled well below one in a million (Bloch et
al., 2018; Garcia-Otalora et al., 2025).

Within this context, the observation that 9 of
10 Mirasol-treated platelet pools were culture-
negative at Day 7 indicates substantial bacterial
suppression under the study’s controlled challenge
and monitoring conditions. This aligns with the
literature  that frames pathogen reduction
technologies as a proactive product-centered safety
layer with high log-reduction performance against
most vegetative bacteria (Lu & Fung, 2020; Liu &
Wang, 2021; Rezvany et al., 2024). Moreover, the
control findings (negative controls remaining
negative; inoculated untreated controls turning
positive early and remaining positive) strengthen
interpretability by  demonstrating that the
inoculation and detection workflow was able to
distinguish viable bacterial growth from procedural
contamination or false positivity.

At the same time, the single late-positive
culture among treated units is analytically important
because it prevents an overstatement of
“elimination.” This pattern is consistent with the
literature’s central caution that PRT substantially
reduces risk without fully eliminating it, due to
biological limitations (e.g., spores, Dbiofilm-
associated protection) and process realities (e.g.,
contamination after treatment, inability to neutralize
pre-formed toxins) (Levy et al., 2018; Prioli et al.,
2018; Fridey et al., 2020). In other words, the present
finding supports the argument that PRT lowers the
risk “ceiling,” but a non-zero residual floor remains
possible under certain conditions—an interpretation
aligned with current hemovigilance experience and
with the conceptual positioning of PRT as an
integrated risk-control layer rather than a
sterilization step (Cloutier & De Korte, 2022;
Garcia-Otalora et al., 2025).

Importantly, the positivity occurred as a late
event (Day 7) rather than as early widespread
failure. This late emergence is consistent with
mechanisms described in the literature such as low-
level survival with delayed outgrowth, organism- or
microenvironment-specific ~ effects, or post-
processing contamination pathways (O’Flaherty et
al., 2023; Cloutier & De Korte, 2022). The practical
implication is not that PRT is ineffective, but rather
that pathogen reduction should be interpreted as risk
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minimization, and that quality systems still matter
(e.g., bag integrity, aseptic sampling, storage
controls), because PRT cannot compensate for every
pathway of late bacterial emergence.

4.6.2 Platelet pH trajectory: early metabolic shift
followed by stabilization

The platelet pH pattern demonstrated a
pronounced decline from baseline to Day 3,
followed by no statistically significant change
between Day 3 and Day 7, even as the overall time
effect was significant (p < .001). This shape is
clinically and operationally meaningful because it
suggests that the largest metabolic shift—at least as
captured by pH—occurred early during post-
treatment storage, with subsequent stabilization at a
lower mean level.

In the platelet storage lesion literature, pH is
treated as a core viability-related indicator because
it reflects metabolic activity and storage
environment adequacy, and because very low pH is
associated with poor platelet quality (Valsami et al.,
2022; Salunkhe et al., 2019). However, the literature
also emphasizes that pH is a necessary but
insufficient indicator of “viability.” Mirasol-treated
platelets may remain above minimum pH thresholds
through Day 7 while other indicators (swirling,
activation, apoptosis markers) show meaningful
deterioration earlier (Escolar et al., 2021; Malvaux
et al., 2022). In this study, the pH stabilization after
Day 3 can be interpreted as a plateauing of net
acidification dynamics at the group level, but it
cannot be taken as evidence that platelet functional
viability is preserved through Day 7. This
disciplined interpretation directly addresses an
identified literature gap: viability metrics are often
discussed broadly, yet many applied studies
necessarily use a narrower indicator set, requiring
careful boundaries on inference (Valsami et al.,
2022; Liu et al., 2023).

4.6.3 Platelet count decline: progressive attrition
across the full storage horizon

In contrast to pH, platelet count demonstrated
a progressive decline from baseline through Day 7,
with significant pairwise differences across major
timepoint contrasts and a substantial overall time
effect (p < .001). This pattern suggests cumulative
attrition in measured platelet concentration across
storage, rather than a purely immediate post-
treatment shift.
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The divergence between pH plateauing (Day 3
vs Day 7 non-significant) and platelet count
continuing to decline implies that these two proxies
are capturing different facets of storage-associated
change. Within the broader platelet storage lesion
literature, Mirasol-treated units have been associated
with more pronounced metabolic stress and
activation profiles by Day 7 compared to some other
platforms (Malvaux et al., 2022; Rozhkov et al.,
2023). Although platelet count is not a direct
functional measure, the observed trajectory is
consistent with an intensifying storage lesion over
time in which quantitative decline continues even
when the pH curve stabilizes. It is also compatible
with the operational rationale reported in the
literature: ~ some  blood  services  restrict
riboflavin/UV-treated platelets to 5 days in routine
use, treating Day 7 as an inventory-management
extension rather than as a presumption of equivalent
product performance (Malvaux et al., 2022).

Crucially, because the study did not measure
swirling, activation markers (CD62P), apoptosis
markers (Annexin V), or functional assays
(aggregation, hypotonic shock response), the
discussion must avoid overextending claims about
clinical efficacy. Instead, the results should be
positioned as evidence that the study’s chosen
storage indicators reflect measurable time-
dependent degradation, consistent with the
directionality of the broader literature on Mirasol-
related storage lesion acceleration by late storage
(Hermida-Nogueira et al., 2020; Salunkhe et al.,
2019; Escolar et al., 2021).

4.6.4 Integrating suppression with storage lesion:
the safety—quality trade-off becomes explicit

A central professional contribution of the
study is that it demonstrates, within a single design,
both sides of the pathogen reduction decision:
bacterial suppression is substantial (9/10 culture-
negative) while platelet storage indicators
deteriorate with time, particularly by Day 7. This
duality is the appropriate analytic framing of
Mirasol PRT in the current evidence landscape: not
as an unqualified improvement, but as a safety gain
purchased with measurable quality costs, with
platform-specific nuances relative to other PRT
systems (Diallo et al., 2020; Rebulla, 2019; Malvaux
et al., 2022).

This framing directly connects to the literature
gap on how to interpret “residual risk after PRT”
operationally. The single late-positive treated pool
shows that suppression is strong but not absolute,
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which is consistent with the literature’s assertion
that PRT reduces risk substantially but cannot
remove all biological and process-driven pathways
of breakthrough (Levy et al., 2018; Fridey et al.,
2020). Simultaneously, the measured deterioration
of pH and platelet count across storage reinforces the
caution in the platelet PRT literature that extended
storage eligibility should not be conflated with
preserved in vivo function—especially when the
evidence base indicates increased
activation/apoptosis signals in Mirasol-treated units
by late storage (Valsami et al., 2022; Malvaux et al.,
2022; Liu et al., 2023).

4.6.5 Plasma coagulation findings: coherent shift in
screening markers with persistence after storage

The plasma findings showed a consistent post-
treatment pattern: PT and aPTT prolongation and a
marked reduction in fibrinogen, followed by
comparatively smaller additional shifts after 30 days
frozen storage. This structure mirrors the synthesis
in the plasma PRT literature: Mirasol treatment
induces measurable reductions in certain
coagulation factors (notably fibrinogen and FVIII)
and produces modest prolongation of clotting times,
while global interpretive frameworks often
characterize the residual function as clinically
acceptable for many indications (Wasiluk et al.,
2020; Rosell-Valle et al., 2022; Sherstyukova et al.,
2025; Mokhtarian et al., 2025).

Two analytic points strengthen interpretation.
First, the coherence across PT, aPTT, and fibrinogen
indicates that the plasma effect is not an isolated
assay artifact; rather, it is a consistent directional
shift across multiple screening measures. Second,
the persistence of the post-treatment profile after
frozen storage suggests that the dominant alteration
occurs during or immediately after treatment, with
storage contributing comparatively less additional
drift. This is relevant to clinical operations because
it implies that potency reduction—particularly in
fibrinogen—should be understood as primarily
treatment-associated rather than as a progressive
storage degradation over the studied interval.

However, “clinically acceptable” is context-
dependent, and the literature explicitly anticipates
that high-acuity scenarios requiring maximal factor
delivery per unit may be more sensitive to factor
reductions (Sherstyukova et al., 2025). The present
results therefore support a balanced interpretation:
Mirasol-treated plasma retains utility for many
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indications, but the hemostatic margin is plausibly
reduced, which may matter when dosing constraints
exist. This reinforces the broader field motivation to
reduce factor loss in next-generation approaches
such as visible-light platforms (Stewart et al., 2024).

4.6.6 Operational implications: shelf-life extension
benefits are conditional on biological usable life

The operational literature indicates that
pathogen reduction can dramatically reduce platelet
wastage and improve inventory resilience when it is
coupled with shelf-life extension to 7 days and
aligned inventory optimization (Gorria et al., 2019;
Jimenez-Marco et al., 2018; Fachini et al., 2021;
Dillon et al., 2023; Ramirez-Arcos et al., 2020).
Conversely, if pathogen reduction does not extend
shelf life—or if the biologically “effective usable
life” is shortened by quality decline—models predict
increased wastage and shortages (Blake et al., 2021;
Rebulla & Prati, 2022).

The present platelet indicator trajectories
speak directly to this conditionality. While pH
stabilized after Day 3, platelet count continued to
decline through Day 7, consistent with a pattern of
ongoing storage lesion. This does not prove that
Day-7 platelets are clinically inferior, but it does
support the operational caution present in the
literature: there can be a tension between inventory
shelf-life (what regulations allow) and biological
functional life (what a unit can deliver clinically),
especially for riboflavin/UV-treated platelets
(Malvaux et al., 2022; Valsami et al., 2022).
Therefore, operational arguments for 7-day
inventories should remain linked to quality
monitoring and  clinical-context  deployment
strategies (e.g., prioritizing fresher units for high-
risk bleeding scenarios), rather than assuming
uniform equivalence across storage days.

4.6.7 How the findings address the literature gaps

The study’s contribution becomes clearer
when mapped directly onto the literature gaps:

a. Residual risk after PRT: The 9/10 culture-
negative outcome supports substantial
suppression while the single late-positive
treated pool empirically illustrates why
PRT reduces but does not eliminate risk
(Levy et al., 2018; Fridey et al., 2020).

b. Bounded meaning of “viability”: By
demonstrating significant time effects in
pH and platelet count, the study provides
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clear evidence of measurable degradation
while still requiring disciplined avoidance
of clinical-function claims absent
functional assays (Valsami et al., 2022;
Liu et al., 2023).

C. Context-specific evidence: The results
provide a workflow-embedded profile of
suppression and quality indicators that is
locally informative in the way the
literature recommends for platform
decisions (Diallo et al., 2020; Malvaux et
al., 2022).

d. Plasma parameter persistence: The
pre/post and post-storage structure
quantifies that the dominant coagulation
shift is treatment-associated and persists
through storage (Wasiluk et al., 2020;
Sherstyukova et al., 2025).

€. Inventory alignment: The platelet
indicator trends reinforce the operational
literature’s conditionality—inventory
benefits depend on biological usability
and allocation strategy, not merely
regulatory shelf-life (Dillon et al., 2023;
Blake et al., 2021).

5. Conclusions, Recommendations, Study
Implications, and Future Directions

5.1 Conclusions

This in vitro evaluation indicates that Mirasol
pathogen reduction, applied to platelet concentrates
challenged with Staphylococcus aureus (ATCC
25923), achieved substantial bacterial suppression
under the study’s culture-monitoring conditions,
with most treated pools remaining culture-negative
at Day 7 while a single treated pool demonstrated
late culture positivity. In practical terms, the
findings support the interpretation of Mirasol PRT
as a strong risk-reduction layer rather than an
absolute sterilization step, consistent with the
broader transfusion-safety framing that platelet-
associated bacterial risk is reducible but not fully
eliminable.

Concurrently, the platelet storage indicators
showed statistically significant time-associated
deterioration following treatment and during room-
temperature storage. Platelet pH demonstrated an
early decline through Day 3 with stabilization
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thereafter at the group level, whereas platelet count
showed a progressive decline across the entire
storage horizon, with the largest separation observed
by Day 7. Taken together, these results indicate that
while Mirasol PRT supports meaningful bacterial
risk mitigation, it is accompanied by measurable
storage-associated changes in platelet quality
proxies across time. The findings therefore reinforce
a central evidence-based perspective in transfusion
medicine: pathogen reduction decisions are best
interpreted as a safety—quality balance shaped by
storage duration and clinical context.

For plasma, Mirasol-treated units
demonstrated a coherent pattern of prolonged PT
and aPTT and reduced fibrinogen activity
immediately after treatment, with these changes
persisting after 30 days of frozen storage and only
modest additional drift post-storage. These results
support the conclusion that Mirasol PRT produces
measurable changes in coagulation screening
markers while maintaining a stable post-treatment
profile through short-term frozen storage, consistent
with the view that pathogen reduction may reduce
hemostatic potency margins even when overall
usability remains intact for many clinical
indications.

5.2 Recommendations

For platelet components, the results support
continued use of Mirasol PRT as an integral safety
layer for mitigating bacterial risk, especially in
environments where room-temperature platelet
storage and distribution logistics heighten exposure
to transfusion-transmitted bacterial infection.
However, given the observed storage-associated
deterioration in platelet indicators—particularly the
sustained decline in platelet count through Day 7—
inventory management practices should be aligned
with a risk—benefit allocation strategy. Where
operationally feasible, earlier storage-day units (e.g.,
Day 0-Day 3) should be prioritized for patient
groups with higher bleeding risk or anticipated need
for optimal post-transfusion increments, while later
storage-day units may be reserved for scenarios
where inventory continuity is critical and clinical
context permits.

For plasma components, clinicians and
transfusion services should recognize that Mirasol
PRT is associated with measurable shifts in
coagulation screening results (PT/aPTT
prolongation and reduced fibrinogen). This warrants
an operational posture of dose awareness in settings
where maximal factor delivery per unit is clinically
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important, particularly in severe coagulopathy with
volume restriction. Local transfusion protocols may
consider reinforcing guidance that treatment-related
potency shifts can occur, while maintaining the use
of Mirasol-treated plasma where pathogen reduction
benefits are prioritized.

From a systems standpoint, implementation
decisions should avoid assuming that shelf-life
extension automatically produces operational gains.
Instead, wastage reduction and resilience benefits
should be treated as conditional on how “usable life”
is operationalized and how components are allocated
by storage day. Inventory optimization strategies—
donor scheduling, production planning, and demand
forecasting—should be configured to leverage
safety benefits while minimizing reliance on late-
storage products when clinical circumstances
warrant higher functional margins.

5.3 Study implications

The study contributes a tightly linked view of
pathogen reduction outcomes across two clinically
relevant component types—platelets and plasma—
by demonstrating that Mirasol PRT can provide
substantial bacterial suppression while producing
measurable changes in platelet storage indicators
and plasma coagulation parameters. This integrated
perspective  strengthens professional decision-
making by clarifying that pathogen reduction is not
a single-axis improvement, but an intervention that
shifts risk profiles and quality proxies in parallel.
The results underscore the importance of
interpreting “viability” and “integrity” within the
limits of measured endpoints—here, pH and platelet
count for platelets, and PT/aPTT/fibrinogen for
plasma—rather than treating regulatory eligibility or
numeric thresholds as synonymous with full clinical
equivalence across storage days.

In operational terms, the data reinforce the
need to connect pathogen reduction policies to
inventory management and clinical allocation
strategies. The results support the proposition that
safety enhancements are maximized when they are
integrated into a broader quality system that includes
aseptic handling, storage control, and deliberate
distribution practices.

5.4 Future directions

Future studies should extend the present work
in three complementary directions. First, bacterial
suppression evaluation can be strengthened by
incorporating  additional  clinically  relevant

@2026 International Journal of Health and Business Analytics. All rights reserved. 15



Volume I, Issue 1. March 2026
https://journal 1jhba.com
https://slsipress.com

IS8N: 3116-2649 (Online)

organisms (including Gram-negative species and
spore-forming  bacteria), assessing  broader
challenge conditions, and systematically examining
late-positive pathways under prolonged storage
scenarios. Second, platelet quality evaluation would
benefit from expanding beyond storage indicators to
include functional and mechanistic measures—such
as swirling assessment, aggregation or hypotonic
shock response, activation and apoptosis markers,
and extracellular vesicle profiling—to better
characterize how storage-day changes translate into
functional capacity. Third, plasma evaluation should
include broader factor profiling (e.g., FVIII and
other labile factors), alongside global hemostasis
assays where feasible, to better contextualize
screening-test changes within overall clotting
capacity.

Finally, translational research that links
component-level changes to clinical endpoints—
such as post-transfusion increments, bleeding
outcomes, and dose requirements—would provide
the strongest basis for aligning pathogen reduction
policy, shelf-life decisions, and patient-specific
allocation strategies.

6. References

Agey, A., Reddoch-Cardenas, K., McIntosh, C.,
Sharma, U., Cantu, C., Cap, A., & Bynum, J.
(2020). Effects of Intercept pathogen reduction
treatment on extended cold storage of apheresis
platelets.  Transfusion, 61(1), 167-177.
https://doi.org/10.1111/trf. 16096

Aliaga, A., Ayerra, 1., Cardoso, M., Puente, F.,
Aranda, A., Domingo, J., & Plantagenet-Whyte,
R. (2024). An ecosystem of interconnected
technologies to increase efficiencies in blood
establishments: The example of the Blood and
Tissue Bank of Aragoén, Spain. Vox Sanguinis,
120(1), 32-38.
https://doi.org/10.1111/vox.13752

Atento, A. G., & Atento, R. G. (2025). A Case Study
of Mercury Drug Corporation: Strategic
Adaptation to Universal Healthcare and Digital
Disruption in the Philippines. International
Journal of Health & Business Analytics, 1(1).
https://doi.org/10.65166/zhw7dd39

Atento, R. G., Quinto, L., & Espelita, C. A. M.
(2025b). Bridging Global Health Workforce
Gaps 2050: A Multilevel Analysis of Global
Demand, Philippine Supply Fragilities, and

International Journal of Health and Business Analytics

Competency Alignment. International Journal
of Health & Business Analytics, 1(2).
https://doi.org/10.65166/kgbpey79

Atento, R. G., Quinto, L., Espelita, C. A. M., &
Castaneda, C. (2025a). Integrating Business and
Health Analytics: A Conceptual Framework for
Dual Outcomes in Healthcare. International
Journal of Health & Business Analytics, 1(1).
https://doi.org/10.65166/04pdc866

Atento, R. G., Quinto, L., Espelita, C. A. M., & San
Juan, F. M. (2025c). Narrative health analytics:
Integrating empathy, data, and ethics in patient-
centered healthcare. International Journal of
Health &  Business  Analytics, 1(2).
https://doi.org/10.65166/yxgx8e59

Barham, M., Odenthal, T., Picker, S., Grandoch, A.,
Gathof, B., & Neiss, W. (2025). Ultrastructure
of human platelet concentrates after treatment
with pathogen reduction technologies for
prolonged storage. Frontiers in Medicine, 12.
https://doi.org/10.3389/fmed.2025.1682909

Blake, J., McTaggart, K., & Couture, C. (2021).
Estimating the impact on the inventory of
implementing pathogen-reduced platelets in
Canada. Transfusion, 61(11), 3150-3160.
https://doi.org/10.1111/trf. 16691

Bloch, E., Marshall, C., Boyd, J., Shifflett, L.,
Tobian, A., Gehrie, E., & Ness, P. (2018).
Implementation of secondary bacterial culture
testing of platelets to mitigate residual risk of
septic transfusion reactions. Transfusion, 58(7).
https://doi.org/10.1111/trf.14618

Brixner, V., Bug, G., Pohler, P., Krimer, D.,
Metzner, B., Voss, A., Casper, J., Ritter, U.,
Klein, S., Alakel, N., Peceny, R., Derigs, H.,
Stegelmann, F., Wolf, M., Schrezenmeier, H.,
Thiele, T., Seifried, E., Kapels, H., Doscher,
A., ... Seltsam, A. (2021). Efficacy of UVC-
treated, pathogen-reduced platelets versus
untreated platelets: a randomized controlled
non-inferiority trial. Haematologica, 106(4),
1086-1096.
https://doi.org/10.3324/haematol.2020.260430

Cheng, A., Das, A., Chaw, K., Dennington, P.,
Styles, C., & Gosbell, 1. (2023). Safety Analysis
of Extended Platelet Shelf-Life with Large-
Volume Delayed Sampling on
BACT/ALERT® VIRTUO® in Australia.
Microorganisms, 11(9).

@2026 International Journal of Health and Business Analytics. All rights reserved. 16


https://doi.org/10.1111/trf.16096
https://doi.org/10.1111/vox.13752
https://doi.org/10.65166/zhw7dd39
https://doi.org/10.65166/kgbpey79
https://doi.org/10.65166/04pdc866
https://doi.org/10.65166/yxgx8e59
https://doi.org/10.3389/fmed.2025.1682909
https://doi.org/10.1111/trf.16691
https://doi.org/10.1111/trf.14618
https://doi.org/10.3324/haematol.2020.260430

Volume I, Issue 1. March 2026
https://journal 1jhba.com
https://slsipress.com

IS8N: 3116-2649 (Online)

https://doi.org/10.3390/microorganisms110923
46

Cid, J., Charry, P., & Lozano, M. (2024).
Therapeutic efficacy and safety of pathogen-
reduced platelet components: Results of a meta-
analysis of randomized controlled trials. Vox
Sanguinis, 119(2), 203-211.
https://doi.org/10.1111/vox.13573

Cloutier, M., & De Korte, D. (2022). Residual risks
of bacterial contamination for pathogen-
reduced platelet components. Vox Sanguinis,
117(7), 879-886.
https://doi.org/10.1111/vox.13272

Diallo, I., Benmoussa, A., Laugier, J., Osman, A.,
Hitzler, W., & Provost, P. (2020). Platelet
Pathogen Reduction Technologies Alter the
MicroRNA  Profile of Platelet-Derived
Microparticles. Frontiers in Cardiovascular
Medicine, 7.
https://doi.org/10.3389/fcvim.2020.0003 1

Dillon, M., Vauhkonen, 1., Arvas, M., Thalainen, J.,
Vilkkumaa, E., & Oliveira, F. (2023).
Supporting platelet inventory management
decisions: What is the effect of extending
platelets' shelf life?. European Journal of
Operational  Research, 310(2), 640-654.
https://doi.org/10.1016/j.ejor.2023.03.007

Escolar, G., Diaz-Ricart, M., & McCullough, J.
(2021). Impact of different pathogen reduction
technologies on the biochemistry, function, and
clinical effectiveness of platelet concentrates:
An updated view during a pandemic.
Transfusion, 62(2), 227-246.
https://doi.org/10.1111/trf. 16747

Fachini, R., Fontdo-Wendel, R., Achkar, R.,
Scuracchio, P., Brito, M., Amaral, M., &
Wendel, S. (2021). The 4-Year Experience with
Implementation and Routine Use of Pathogen
Reduction in a Brazilian Hospital. Pathogens,
10(11).
https://doi.org/10.3390/pathogens10111499

Fadeyi, E., Wagner, S., Goldberg, C., Lu, T., Young,
P., Bringmann, P., Meier, N., Namen, A.,
Benjamin, R., & Palavecino, E. (2020). Fatal
sepsis associated with a storage container leak
permitting  platelet contamination  with
environmental  bacteria  after  pathogen
reduction.  Transfusion, 61(2), 641-648.
https://doi.org/10.1111/trf.16210

International Journal of Health and Business Analytics

Fridey, J., Stramer, S., Nambiar, A., Moayeri, M.,

Bakkour, S., Langelier, C., Crawford, E., Lu, T.,
Lanteri, M., Kamm, J., Miller, S., Wagner, S.,
Benjamin, R., & Busch, M. (2020). Sepsis from
an apheresis platelet contaminated with
Acinetobacter calcoaceticus/baumannii
complex bacteria and  Staphylococcus
saprophyticus  after pathogen reduction.
Transfusion, 60(9), 1960-1969.
https://doi.org/10.1111/trf.15951

Garban, F., Guyard, A., Labussiére, H., Bulabois,

C., Marchand, T., Mounier, C., Caillot, D., Bay,
J., Coiteux, V., Schmidt-Tanguy, A., Niger, L.,
Robin, C., Ladaique, P., Lapusan, S.,
Deconinck, E., Rolland, C., Foote, A., Frangois,
A., Jacquot, C., ... Bosson, J. (2018).
Comparison of the Hemostatic Efficacy of
Pathogen-Reduced Platelets vs Untreated
Platelets in Patients With Thrombocytopenia
and Malignant Hematologic Diseases: A
Randomized Clinical Trial. JAMA Oncology,
4(4), 468-475.
https://doi.org/10.1001/jamaoncol.2017.5123

Garcia-Otalora, M., McDonald, C., Bearne, J.,

Brown, B., Cheng, A., Humbrecht, C.,
Tiberghien, P., & Ramirez-Arcos, S. (2025).
Platelet component safety in the era of new
advancements in Dbacterial screening and
pathogen reduction: A congress report of the
2024 ISBT Transfusion-Transmitted Infectious
Diseases Working Party, Bacteria Subgroup.
Vox Sanguinis, 120(8), 846-857.
https://doi.org/10.1111/vox.70053

Gorria, C., Labata, G., Lezaun, M., Loépez, F.,

Aliaga, A., & Vaquero, P. (2019). Impact of
implementing pathogen reduction technologies
for platelets on reducing outdates. Vox
Sanguinis, 115.
https://doi.org/10.1111/vox.12860

Graaf, W., Spelmink, S., Heijnen, J., & Korte, D.

(2021). Transfusion transmitted bacterial
infections (TTBI) involving contaminated
platelet concentrates: residual risk despite
intervention strategies. Annals of Blood.
https://doi.org/10.21037/aob-21-26

Hayashi, T., Fujimura, Y., Sakurai, Y., Masaki, M.,

Fuchizaki, A., Oguma, K., Hosokawa, K.,
Mishima, Y., Tanaka, M., Yasui, K., Kimura,
T., Tani, Y., Hirayama, F., Takahashi, K., &
Takihara, Y. (2025). Irradiation with 265-nm
Ultraviolet Light-Emitting Diodes to Plasma:

@2026 International Journal of Health and Business Analytics. All rights reserved. 17


https://doi.org/10.3390/microorganisms11092346
https://doi.org/10.3390/microorganisms11092346
https://doi.org/10.1111/vox.13573
https://doi.org/10.1111/vox.13272
https://doi.org/10.3389/fcvm.2020.00031
https://doi.org/10.1016/j.ejor.2023.03.007
https://doi.org/10.1111/trf.16747
https://doi.org/10.3390/pathogens10111499
https://doi.org/10.1111/trf.16210
https://doi.org/10.1111/trf.15951
https://doi.org/10.1001/jamaoncol.2017.5123
https://doi.org/10.1111/vox.70053
https://doi.org/10.1111/vox.12860
https://doi.org/10.21037/aob-21-26

of;; Volume I, Issue 1. March 2026
2\ https/fjournal ijhba com
fl https://slsipress.com

- /r [5SN: 3116-2649 (Online)

Alterations of Hemostatic Parameters and von
Willebrand Factor. Transfusion Medicine and
Hemotherapy, 52(4), 248-258.
https://doi.org/10.1159/000546169

Hermida-Nogueira, L., Barrachina, M., Izquierdo, L.,
Garcia-Vence, M., Lacerenza, S., Bravo, S.,
Castrillo, A., & Garcia, A. (2020). Proteomic
analysis of extracellular vesicles derived from
platelet concentrates treated with Mirasol®
identifies biomarkers of platelet storage lesion.
Journal of Proteomics, 210, 103529.
https://doi.org/10.1016/].jprot.2019.103529

Jacobs, M., Zhou, B., Tayal, A., & Maitta, R. (2024).
Bacterial Contamination of Platelet Products.
Microorganisms, 12(2), 258.
https://doi.org/10.3390/microorganisms120202
58

Jimenez-Marco, T., Garcia-Recio, M., & Girona-
Llobera, E. (2018). Our experience in riboflavin
and ultraviolet light pathogen reduction
technology for platelets: from platelet
production to patient care. Transfusion, 58.
https://doi.org/10.1111/trf. 14797

Jones, S., Jones, J., Leung, V., Nakashima, A.,
Oakeson, K., Smith, A., Hunter, R., Kim, J.,
Cumming, M., McHale, E., Young, P., Fridey,
J., Kelley, W., Stramer, S., Wagner, S., West,
F., Herron, R., Snyder, E., Hendrickson, J., ...
Basavaraju, S. (2019). Sepsis Attributed to
Bacterial Contamination of Platelets Associated
with a Potential Common Source — Multiple
States, 2018. Morbidity and Mortality Weekly
Report, 68(23), 519-523.
https://doi.org/10.15585/mmwr.mm6823a2

Ketter, P., Kamucheka, R., Arulanandam, B., Akers,
K., & Cap, A. (2019). Platelet enhancement of
bacterial growth during room temperature
storage: mitigation through refrigeration.
Transfusion, 59.
https://doi.org/10.1111/trf.15255

Klompas, A., Van Helmond, N., Juskewitch, J.,
Pruthi, R., Sexton, M., Soto, J., Klassen, S.,
Senese, K., Van Buskirk, C., Winters, J.,
Stubbs, J., Hammel, S., Joyner, M., & Senefeld,
J. (2022). Coagulation profile of human
COVID-19 convalescent plasma. Scientific
Reports, 12. https://doi.org/10.1038/s41598-
021-04670-1

International Journal of Health and Business Analytics

Lachert, E., Kubis, J.,, Antoniewicz-Papis, J.,
Rosiek, A., Wozniak, J., Piotrowski, D.,
Przybylska, Z., Mikotowska, A., Marschner, S.,
& Letowska, M. (2018). Quality control of
riboflavin-treated platelet concentrates using
Mirasol® PRT system: Polish experience.
Advances in Clinical and Experimental
Medicine, 27(6), 765-772.
https://doi.org/10.17219/acem/68901

Levy, J., Neal, M., & Herman, J. (2018). Bacterial
contamination of platelets for transfusion:
strategies for prevention. Critical Care,22,271.
https://doi.org/10.1186/s13054-018-2212-9

Liu, C., Su, Y., Guo, W., & Qiao, R. (2023). The
platelet storage lesion, what are we working
for?. Journal of Clinical Laboratory Analysis,
38. https://doi.org/10.1002/jcla.24994

Liu, H., & Wang, X. (2021). Pathogen Reduction
Technology for blood component: A promising
solution for prevention of emerging infectious
disease and bacterial contamination in blood
transfusion services. Journal of Photochemistry
and Photobiology, 8, 100079.
https://doi.org/10.1016/j.jpap.2021.100079

Lu, W., & Fung, M. (2020). Platelets treated with
pathogen reduction technology: current status
and future direction. FI1000Research, 9.
https://doi.org/10.12688/f1000research.20816.
1

Malvaux, N., Defraigne, F., Bartziali, S., Bellora, C.,
Mommaerts, K., Betsou, F., & Schuhmacher, A.
(2022). In Vitro Comparative Study of Platelets
Treated with Two Pathogen-Inactivation
Methods to Extend Shelf Life to 7 Days.
Pathogens, 11(3), 343,
https://doi.org/10.3390/pathogens11030343

Marini, I., Aurich, K., Jouni, R., Nowak-Harnau, S.,
Hartwich, O., Greinacher, A., Thiele, T., &
Bakchoul, T. (2018). Cold storage of platelets
in additive solution: the impact of residual
plasma in apheresis platelet concentrates.
Haematologica, 104(1), 207-214.
https://doi.org/10.3324/haematol.2018.195057

Matte, J., Fonseca, S., Robidoux, J., Charette, S.,
Cayer, M., & Brouard, D. (2025). Monitoring of
Staphylococcus epidermidis biofilm formation
on platelet storage bag surfaces. PLOS ONE,
20(2), e0333558.
https://doi.org/10.1371/journal.pone.0333558

@2026 International Journal of Health and Business Analytics. All rights reserved. 18


https://doi.org/10.1159/000546169
https://doi.org/10.1016/j.jprot.2019.103529
https://doi.org/10.3390/microorganisms12020258
https://doi.org/10.3390/microorganisms12020258
https://doi.org/10.1111/trf.14797
https://doi.org/10.15585/mmwr.mm6823a2
https://doi.org/10.1111/trf.15255
https://doi.org/10.1038/s41598-021-04670-1
https://doi.org/10.1038/s41598-021-04670-1
https://doi.org/10.17219/acem/68901
https://doi.org/10.1186/s13054-018-2212-9
https://doi.org/10.1002/jcla.24994
https://doi.org/10.1016/j.jpap.2021.100079
https://doi.org/10.12688/f1000research.20816.1
https://doi.org/10.12688/f1000research.20816.1
https://doi.org/10.3390/pathogens11030343
https://doi.org/10.3324/haematol.2018.195057
https://doi.org/10.1371/journal.pone.0333558

Volume I, Issue 1. March 2026
https://journal 1jhba.com
https://slsipress.com

IS8N: 3116-2649 (Online)

Mertes, P., Oulehri, W., Gomis, P., Malinovsky, J.,
Collange, O., Audibert, G., Kientz, D., Levy, F.,
Roche, A., Tacquard, C., Humbrecht, C., &
Delabranche, X. (2025). Clinical impact of
Amotosalen and UV-A treatment
(INTERCEPT™ Blood System) for platelet
concentrate preparation in cardiac surgery.
Blood Transfusion, 23(6), 498-506.
https://doi.org/10.2450/bloodtransfus.985

Mokhtarian, A., Melicine, S., Siguret, V., & Jourdi,
G. (2025). Effect of Selective Serotonin
Reuptake Inhibitors on Coagulation: Fact or
Fiction?. Clinical and Translational Science,
18. https://doi.org/10.1111/cts. 70164

Nguyen, J., Rioveros, J., Ziman, A., McGonigle, A.,
& Ward, D. (2021). How do we implement
pathogen  reduction technology,  while
maintaining an adequate platelet inventory for
our patients?. Transfusion, 61(4), 1014—1022.
https://doi.org/10.1111/trf.16348

O'Flaherty, N., Bryce, L., Nolan, J., & Lambert, M.
(2023). Changing Strategies for the Detection of
Bacteria in Platelet Components in Ireland:
From Primary and Secondary Culture (2010—
2020) to Large Volume Delayed Sampling
(2020-2023). Microorganisms, 11(11), 2765.
https://doi.org/10.3390/microorganisms111127
65

Petrou, E., Nikolopoulos, G., Kriebardis, A.,
Pantavou, K., Loukopoulou, E., Tsantes, A.,
Georgatzakou, H., Maratou, E., Rapti, E.,
Mellou, S., Kokoris, S., Gialeraki, A., &
Tsantes, A. (2021). Haemostatic profile of
riboflavin-treated apheresis platelet
concentrates. Blood Transfusion.
https://doi.org/10.2450/2021.0089-21

Prioli, K., Karp, J., Lyons, N., Chrebtow, V.,
Herman, J., & Pizzi, L. (2018). Economic
Implications of Pathogen Reduced and
Bacterially Tested Platelet Components: A US
Hospital Budget Impact Model. Applied Health
Economics and Health Policy, 16(6), 889-899.
https://doi.org/10.1007/s40258-018-0409-3

Ramirez-Arcos, S., Evans, S., McIntyre, T., Pang,
C., Yi, Q., DiFranco, C., & Goldman, M.
(2020). Extension of platelet shelf life with an
improved  bacterial  testing  algorithm.
Transfusion, 60(12), 2918-2928.
https://doi.org/10.1111/trf.16112

International Journal of Health and Business Analytics

Rebulla, P. (2019). The long and winding road to
pathogen reduction of platelets, red blood cells
and whole blood. British Journal of
Haematology, 186.
https://doi.org/10.1111/bjh.16093

Rebulla, P., & Prati, D. (2022). Pathogen Reduction
for  Platelets—A  Review of Recent
Implementation Strategies. Pathogens, 11(2),
142.
https://doi.org/10.3390/pathogens11020142

Rezvany, M., Hasan-Abad, A., Sobhani-Nasab, A.,
& Esmaili, M. (2024). Evaluation of bacterial
safety  approaches of platelet blood
concentrates: bacterial screening and pathogen
reduction.  Frontiers in  Medicine, 11.
https://doi.org/10.3389/fmed.2024.1325602

Richard, P., Pouchol, E., Sandid, I., Aoustin, L.,
Lefort, C., Chartois, A., Baima, A., Malard, L.,
Bacquet, C., Ferrera-Tourenc, V., Gallian, P.,
Laperche, S., Bliem, C., Morel, P., &
Tiberghien, P. (2023). Implementation of
amotosalen plus ultraviolet A-mediated
pathogen reduction for all platelet concentrates
in France: Impact on the risk of transfusion-
transmitted infections. Vox Sanguinis, 119(3),
212-218. https://doi.org/10.1111/vox.13574

Rosell-Valle, C., Martin-Lépez, M., Campos, F.,
Chato-Astrain, J., Campos-Cuerva, R,
Alaminos, M., & Gonzailez, M. (2022).
Inactivation of human plasma alters the
structure and biomechanical properties of
engineered tissues. Frontiers in Bioengineering
and Biotechnology, 10.
https://doi.org/10.3389/fbioe.2022.908250

Rozhkov, E., Kozhemiako, O., Rozhkova, N.,
Kurmanova, O., Davidovich, M., Pokhabov, D.,
& Madzaev, S. (2023). Storage of pathogen-
reduced platelets. Russian Journal of
Hematology and Transfusiology.
https://doi.org/10.35754/0234-5730-2023-68-
2-195-201

Salunkhe, V., De Cuyper, 1., Papadopoulos, P., Van
Der Meer, P., Daal, B., Villa-Fajardo, M., De
Korte, D., Van Den Berg, T., & Gutiérrez, L.
(2019). A comprehensive proteomics study on
platelet concentrates: Platelet proteome, storage
time and Mirasol pathogen reduction
technology.  Platelets, 30(3), 368-379.
https://doi.org/10.1080/09537104.2018.144765
8

@2026 International Journal of Health and Business Analytics. All rights reserved. 19


https://doi.org/10.2450/bloodtransfus.985
https://doi.org/10.1111/cts.70164
https://doi.org/10.1111/trf.16348
https://doi.org/10.3390/microorganisms11112765
https://doi.org/10.3390/microorganisms11112765
https://doi.org/10.2450/2021.0089-21
https://doi.org/10.1007/s40258-018-0409-3
https://doi.org/10.1111/trf.16112
https://doi.org/10.1111/bjh.16093
https://doi.org/10.3390/pathogens11020142
https://doi.org/10.3389/fmed.2024.1325602
https://doi.org/10.1111/vox.13574
https://doi.org/10.3389/fbioe.2022.908250
https://doi.org/10.35754/0234-5730-2023-68-2-195-201
https://doi.org/10.35754/0234-5730-2023-68-2-195-201
https://doi.org/10.1080/09537104.2018.1447658
https://doi.org/10.1080/09537104.2018.1447658

Volume I, Issue 1. March 2026
https://journal 1jhba.com
https://slsipress.com

IS8N: 3116-2649 (Online)

Sherstyukova, E., Semenova, J., Kandrashina, S.,
Bogdanova, A., Vinogradov, 1., Inozemtsev, V.,
Shvedov, M., Grechko, A., Dokukin, M.,
Kuzovlev, A., Klychnikova, E., Bulanov, A.,
Kostin, A., & Sergunova, V. (2025). Pathogen-
Reduced Low-Titer Group O Whole Blood for
Managing Massive Blood Loss in Prehospital
and Early Hospital Settings: An In Vitro Study.
Journal of Clinical Medicine, 14(17), 6292.
https://doi.org/10.3390/jcm 14176292

Shu, E., Batilo, C., Sussmann, H., Owen, B.,
Belanger, G., Pandey, S., & Pham, T. (2022).
Implementation strategy for complete pathogen
reduction technology treated apheresis platelet
inventory. Transfusion, 62(11), 2108-2116.
https://doi.org/10.1111/trf.17081

Stewart, C., McGoldrick, P., Anderson, 1.,
MacGregor, S., Atreya, C., & Maclean, M.
(2024). Microbial reduction of prebagged
human plasma using 405 nm light and its effects
on coagulation factors. AMB Express, 14.
https://doi.org/10.1186/s13568-024-01725-0

Valsami, S., Grouzi, E., Mochandreou, D.,
Pouliakis, A., Piroula-Godoy, M., Kokori, S.,
Pittaras, T., Raikou, A., & Politou, M. (2022).
Effect of mirasol pathogen reduction
technology system on immunomodulatory
molecules of apheresis platelets. Transfusion
and Apheresis  Science, 61(4), 103523.
https://doi.org/10.1016/].transci.2022.103523

Van Der Meer, P., Ypma, P., Van Geloven, N., Van
Hilten, J., Van Wordragen-Vlaswinkel, R.,
Eissen, O., Zwaginga, J., Trus, M., Beckers, E.,
Boekhorst, P., Tinmouth, A., Lin, Y., Hsia, C.,
Lee, D., Norris, P., Goodrich, R., Brand, A.,
Hervig, T., Heddle, N., ... Kerkhoffs, J. (2018).
Hemostatic efficacy of pathogen-inactivated vs
untreated platelets: a randomized controlled
trial. Blood, 132(2), 223-231.
https://doi.org/10.1182/blood-2018-02-831289

Wasiluk, T., Rogowska, A., Boczkowska-
Radziwon, B., Zebrowska, A., Botkun, L.,
Piszcz, J., & Radziwon, P. (2020). Maintaining
plasma quality and safety in the state of ongoing
epidemic — The role of pathogen reduction.
Transfusion and Apheresis Science, 60(3),
102953.
https://doi.org/10.1016/j.transci.2020.102953

Zhang, C., Ayer, T., White, C., Bodeker, J., &
Roback, J. (2022). Inventory Sharing for

International Journal of Health and Business Analytics

Perishable Products: Application to Platelet
Inventory Management in Hospital Blood
Banks. Operations Research, 71(5), 1756-
1776. https://doi.org/10.1287/opre.2022.2410

@2026 International Journal of Health and Business Analytics. All rights reserved. 20


https://doi.org/10.3390/jcm14176292
https://doi.org/10.1111/trf.17081
https://doi.org/10.1186/s13568-024-01725-0
https://doi.org/10.1016/j.transci.2022.103523
https://doi.org/10.1182/blood-2018-02-831289
https://doi.org/10.1016/j.transci.2020.102953
https://doi.org/10.1287/opre.2022.2410

7. Tables

Table 1. pH results before and after MPRT

Pool Before After MPRT
Serial # MPRT Day 0 Day 3 Day 7
1 7.15 7.10 6.83 6.82
2 7.15 7.10 6.86 6.85
3 714 7.07 6.84 6.73
4 7.22 717 6.85 6.62
5 7.21 7.12 6.86 6.86
6 7.25 7.15 6.94 6.82
7 7.22 717 6.80 6.80
8 7.28 7.22 6.83 7.22
9 7.22 7.20 6.81 6.80
10 7.20 712 6.77 6.77
Mean 7.20 7.10 6.80 6.80

Table 2. Comparison of pH values before and after MPRT treatment

Mean F value p-value Interpretation
Before 7.204 64.239 0.000 Significant
MPRT
Day 0 7142 64.239 0.000 Significant
Day 3 6.839  64.239 0.000 Significant
Day 7 6.829  64.239 0.000 Significant
Sig. p=0.05

Table 3. Pairwise comparison of pH values before and after MPRT treatment

Time p-value Interpretation
Before MPRT Day 0 0.000 Significant
Day 3 0.000 Significant
Day 7 0.000 Significant
Day 0 Before 0.000 Significant
Day 3 0.000 Significant
Day 7 0.000 Significant
Day 3 Before 0.000 Significant
Day 0 0.000 Significant
Day 7 1.000 Not Significant
Day 7 Before 0.000 Significant
Day 0 0.000 Significant
Day 3 1.000 Not Significant

Sig. p=0.05
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Table 4. Platelet count determination (10%/ul) before and after

MPRT treatment
Pool Before After MPRT Treatment
Serial # MPRT Day 0 Day 3 Day 7
Treatment
1 1239 1274 1164 957
2 1517 1365 1107 956
3 1278 1201 1087 847
4 1565 1384 1388 820
5 1202 1027 968 835
6 924 868 828 683
7 1380 1237 1188 862
8 994 905 876 820
9 1372 1332 1279 935
10 1495 1397 1323 1079
Mean 1296.6 1199 1120 8794

Table 5. Comparison of platelet count before and after MPRT treatment

Mean F value p-value Interpretation
Before
MPRT 1296.6 43.958 0.000 Significant
Day 0 1199 43.958 0.000 Significant
Day 3 1120.8 43.958 0.000 Significant
Day 7 8794 43.958 0.000 Significant
Sig. p=0.05

Table 6. Pairwise comparison of platelet count before and

after MPRT treatment
Time p-value Interpretation
Before MPRT ~ Day 0 0.008 Significant
Day 3 0.002 Significant
Day 7 0.000 Significant
Day 0 Before 0.008 Significant
Day 3 0.046 Significant
Day 7 0.000 Significant
Day 3 Before 0.002 Significant
Day 0 0.046 Significant
Day 7 0.003 Significant
Day 7 Before 0.000 Significant
Day 0 0.000 Significant
Day 3 0.003 Significant
Sig. p=0.05
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Table 7. Results of Bacterial Culture
Pool NC PC MT Remarks
Serial## after7 after24 after7 after7

days hours days days

1 - + + - Valid
2 - + + - Valid
3 - + + - Valid
4 - + + + Failed
5 - + + - Valid
6 - + + - Valid
7 - + + - Valid
8 - + + - Valid
9 - + + - Valid
10 - + + - Valid
Legend: NC: Negative Control, PC: Positive Control, MT:

MPRT-treated

Plasma1 Plasma2 Plasma 3 Plasma4 Plasma5 Plasma& Plasma7 Plasma 8 Plasma 9 Plasma 10
40

36
32
28
24
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16
12

8
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—_— T —
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= -ibrinogen Before MPRT = [ ibrinogen After - Day O = Fibrinogen After - Day 30
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FT After - Day 30

Figure 1. APTT, Fibrinogen and PT before MPRT, After — Day 0, and After — Day 30
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PT (sec) aPTT (sec) Fibrinogen (g/L)
Plasm After MPRT After MPRT After MPRT
a# Before Before Before

MPRT  pay 0 03%3« MPRT  pay o Dsaoy MPRT  pay 0 %%y
1 10.8 12.2 12.7 273 307 317 288 154 165
2 104 11.9 12.1 285 326 336 298 160 1.76
3 10.5 11.9 124 289 335 344 244 1.30 147
4 11.7 13.5 139 305 363 370 180 0.99 1.15
5 11.3 143 155 299 379 388 261 092 1.05
6 113 13.0 134 318 36.2 371 244 138 1.51
7 10.7 12.0 125 286 316 326 444 231 232
8 10.0 11.3 11.7 285 31.7 329 3.61 1.97 2.01
9 11.3 135 143 267 309 315 215 113 1.18
10 11.1 12.7 13.0 296 332 341 221 1.31 145
Mean 10.91 1263 13.15 29.03 3346 3437 276 145 156

Table 9. Descriptive Statistics for Coagulation Factors

PT (sec) aPTT (sec) Fibrinogen (g/L)
Day Day Day Day Day Day
Before 0 30 Before 0 30 Before 0 30
12.  13. 334 343 144 1.55
Mean  10.91 63 15 29.03 6 7 2.756 5 5
F-value 84.377 112.96 84.846
p-value 0.000 0.000 0.000
Interpre L N .
_tation Significant Significant Significant

Table 10. Pairwise comparison of Coagulation Factors before and

after MPRT treatment

Time PT Interpre- aPTT Interpre- Fibri- Interpre-
p- tation p- tation nogen tation
value value p-
value

Before Day0 0.000 Significant 0.000 Significant 0.000  Significant
MPRT Day30 0.000 Significant 0.000 Significant 0.000  Significant
Before 0.000  Significant 0.000  Significant  0.000  Significant

Day0 Day30 0.000 Significant 0.000 Significant  0.001 Significant
Before 0.000  Significant 0.000  Significant  0.000  Significant

Day 30 Day0 0.000 Significant 0.000 Significant 0.001 Significant

Sig. p=0.05
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