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ABSTRACT: Background: Platelet concentrates (PCs) are one of the most used blood components in blood banks due to their
essential role in treating thrombocytopenia, and while viral transmission has been largely addressed, bacterial contamination
of platelet concentrates (PCs) are still regarded as a crucial safety concern. Objective: This short review aimed to consolidate
current knowledge on the strategies followed in blood banks to maximize the quality and shelf life of platelet concentrates
(PCs). Different methods of each strategy were considered, focusing on outcomes related to approved and effective outcomes.
Methods: The current study is based on PubMed, Wiley, and Web of Science databases to assess donor selection, bacterial
screening, and pathogen reduction technologies utilized for PCs quality. All articles were collected until April 2024. Studies
utilizing approved interventions and relevant hospital outcomes were inclusive. However, repetitive data and unapproved
methods were among the exclusive criteria. Collected published manuscripts were reviewed. Results: The studies reviewed
and referenced in this article consensus that pathogen reduction technologies (PRTs) utilizing Ultraviolet rays (UV) was found
to be effective in eliminating various bacterial contamination. Furthermore, the need for donor and bacterial screening is still
essential and could not be overlooked. Pathogen reduction technologies (PRTs) remain important and valid despite studies
suggesting the reduced platelet concentrates (PCs) quality and the need for frequent transmission of PCs. Some studies even
foresee pathogen reduction technologies (PRTs) as replacing the cultural bacterial detection methods. Conclusion:We
conclude that preventing bacterial contamination in platelet concentrates (PCs) requires a multifaceted approach. However,
future research should focus on optimizing these strategies while minimizing their potential adverse effects on platelet
function and safety.
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INTRODUCTION

Blood transfusions are a common medical procedure, with platelet concentrates (PCs) being a vital component for treating patients
with platelet disorders. However, bacterial contamination of PCs rather than viral contamination, remains a serious health concern
due to their storage conditions and the potential for life-threatening infections (Levy et al., 2018; Lozano & Cid, 2016). Researchers
have explored various strategies to reduce bacterial contamination in PCs, starting with careful donor selection, and various bacterial
screening methods up to pathogen reduction technologies (PRTS).

In their recent study, (Yamket et al., 2023) stated that PRTSs, such as those utilizing ultraviolet (UV) radiation, can extend the shelf
life of PCs, reduce bacterial contamination, and provide an extra layer of protection against blood-borne diseases. While PRTs offer
several advantages, their impact on the function and quality of PCs is still under investigation. (Esmaili et al., 2017) showed that
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the choice of PRTs depends on factors like cost, effectiveness, and potential side effects. The ongoing search for effective methods
to prevent bacterial contamination in PCs is crucial to guarantee safer blood transfusions and improving patient outcomes.

Standard platelet concentrates (PCs) are optimally stored at about: 22 degrees Celsius/ 72 degrees Fahrenheit (room temperature)
with continuous shaking, but their shelf life is limited to up to 120 hours; estimated as 5 days. (Montag, 2008) early proved that
these conditions are conductive to bacterial growth, increasing the risk of contamination and potentially leading to life-threatening
infections in transfused patients. To enhance PCs safety, researchers have explored various strategies.

Pathogen reduction technology (PRT) has emerged as a promising approach compared with traditional culture-based methods. PRTs
can effectively eliminate a wide range of pathogens, including bacteria. By applying PRTs, blood centers can prolong the treated
PCs shelf life an extra 2 days reaching a maximum of 7 days, alleviating shortages, and reducing the risk of bacterial contamination.
Moreover, PRTs provide an added layer of protection against blood-borne infectious diseases (Escolar et al., 2022; Rezvany et al.,
2024). While PRTs offer significant advantages, their impact on PC function, quality, and clinical efficacy is a subject of ongoing
research. Several PRT technologies, including INTERCEPT, Mirasol, and THERAFLEX, utilize ultraviolet (UV) radiation to
inactivate pathogens (Escolar et al., 2022). Each of these technologies has its own strengths and weaknesses, and their suitability
for PC treatment depends on various factors (Esmaili et al., 2017).

As an objective, this study was designed as a walk through each strategy utilized in maximizing platelet concentrate quality and
shelf life. This review contributes to equipping healthcare workers and medical technologist in blood bank units with an updated
guidelines for PCs safety. Consequently, starting before donation (i.e: donor selection program and arm disinfection) up to storage
(room temperature/cold storage and bacterial detection) and finally just before transfusion of PCs to the recipient (pathogen
reduction technologies).

METHODS

We conducted a comprehensive search of articles using databases such as PubMed, Wiley, Scopus, and Web of Science. The search
terms included “Platelet concentrate PCs,” “Bacterial screening,” “Pathogen reduction technologies,” and “review.” The search was
originally limited to articles published in English from 2010 to April 2024, however more relevant data was found in older studies,
S0 it was adjusted to articles published in English from 2006 to April 2024,
Studies were included if:

1. Studies conducted utilizing approved interventions.

2. Reported hospital outcomes in relevant timeframe.
Studies were excluded if they:

1- Duplicate studies and repetitive data.

2- Did not report relevant outcomes.

3- Discussed local unapproved methods.
Three reviewers were assigned independently to scan titles and abstracts for suitability. Articles meeting the inclusive criteria were
retrieved and evaluated. A fourth reviewer was assigned to resolve any arising discrepancies. A narrative synthesis was conducted
due to the heterogeneity of the included studies.

DISCUSSION

1. Platelet contamination (Bacterial):

Platelet concentrates (PCs) are essential for treating thrombocytopenia, especially chemotherapy-induced thrombocytopenia
(George et al., 2023). However, bacterial contamination of PCs remains a significant concern, with S. epidermidis being the most
isolated. Transfusion-transmitted bacterial infections (TTBIs) associated with contaminated platelets can lead to severe levels of
morbidity & mortality (Esmaili et al. 2017; Hong et al., 2016). The first strategy to Preventing TTBIs involves a multi-faceted
approach. Donor selection is a crucial component, with blood establishments implementing rigorous screening measures to decrease
the risk of microbial transmission; (viral and bacterial). While the liability of viral transmission has been drastically reduced,
variations in donor selection criteria and regional epidemiology can influence the risk of bacterial contamination across different
countries (Lozano & Cid, 2016). Thorough donor screening involves completing a health questionnaire for assessing medical
history, physical examination to identify signs of illness, and laboratory testing for infectious diseases. Additionally, it includes
antibiotic usage to ascertain the safety of the donated platelets. (Levy et al., 2018) mentioned that by implementing these preventive
measures, blood centers can help ensure the safety of transfusions as well as decrease the risk of TTBIs.

(De Korte & Marcelis, 2014) and (Hong et al., 2016) respectively, declared that bacterial sepsis remains a significant risk associated
with platelet concentrate (PC) transfusions, despite efforts to prevent transmission through donor screening and blood testing.
Asymptomatic bacteremia often goes undetected, leading to a discrepancy between confirmed positive contamination and actual
septic reactions. Several factors contribute to this discrepancy. Many patients receiving contaminated PCs are already on antibiotics
or have weakened immune systems (neutropenia), making them less susceptible to immediate signs of infection. Additionally,
(Lozano & Cid, 2016) stated that approximately 60% of contaminated PCs do not cause any significant reactions. Almost every
blood center has implemented a set of strategies to deal with and help decrease microbial (bacterial) contamination. (de Korte &
Marcelis, 2014) blood donor proper selection and preceding screening, coupled with a diversion method that involves collecting a
small sample of blood at the start of the donation process, was found to significantly decrease the liability of gram-positive bacteria
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contamination. However, the storage conditions of PCs at room temperature (RT) are considered the optimal environment for
bacteria to flourish. The FDA has recommended reducing the shelf-life of PCs from seven down to five days to mitigate this risk.
Some studies have even suggested further shortening the shelf life to 3 days (Amano et al., 2022; Eder et al., 2017; Taha et al. 2017).
According to (Jimenez-Marco et al., 2022) and (George et al., 2023) cold storage (CS) at 1-6°C offers a potential solution. While
it can effectively reduce bacterial growth, maintain platelet function, and extend their lifespan, there are concerns about its potential
negative impact on PC morphology and therapeutic effectiveness. In their studies, (Taha et al., 2017) and (Zhao & Devine, 2022)
stated that further research is needed to determine whether Pathogen reduction technologies (PRTs) can be safely applied to cold-
stored PCs without compromising their clinical efficacy. Thus, preventing bacterial contamination in PCs requires a multifaceted
approach, including rigorous donor screening, diversion methods, careful storage practices, and ongoing research into innovative
technologies like PRTs and cold storage.

2. Bacterial screening methods of platelet concentrates

Strategy number two in hampering the development of bacterial contamination is Bacterial Screening methods which play a crucial
role in preventing Transfusion-Transmitted Bacterial Infections (TTBIs) accompanying with platelet concentrates (PCs). (Levy et
al., 2018) declared that the underreporting of TTBIs due to factors like limited screening methods and inadequate quarantine
practices remains a significant challenge. (Ramirez-Arcos et al., 2017) mentioned that culture-based bacterial screening are solid
when it comes to detecting bacterial contamination in PCs. They involve culturing a sample of the platelet product to identify any
bacterial growth. While effective, culture-based methods can be time-consuming, requiring incubation periods of over 24 hours.

Examples of culture-based methods are: “BacT / ALERT” and “e-BDS” systems, both of which have been FDA approved.
However, (Rezvany et al., 2024) recommended the need for faster and more sensitive screening methods to address the limitations
of current approaches. Non-culture-based screening methods, including both low & high-sensitivity techniques, offer potential
alternatives. These methods can provide rapid results but may have lower sensitivity compared with culture-based methods.
Effective bacterial screening of PCs is essential for preventing TTBIs. Both (Pietersz et al., 2014) and later (Amano et al., 2022)
reported that a combination of both methods, along with improved quarantine practices, can help mitigate the risk of bacterial
contamination, hence, ensure safety of platelet transfusions. (Hayashi et al., 2021) and (Amano et al., 2022) independently agreed
that culture-based methods are highly sensitive in bacterial contamination detection in platelet concentrates (PCs), but their
sensitivity can differ based on the age of the product and may not be powerful against biofilm-producing bacteria. However, the
gold standard for quality control remains the culture-based methods despite of them being time-consuming and cannot guarantee
complete prevention of sepsis (Stérmer & Vollmer, 2014). Non-culture-based screening techniques offer a significant advantage in
terms of speed and efficiency. These methods, such as polymerase-chain reaction; (PCR) and flow cytometry, have varying
sensitivities and require smaller sample volumes compared with culture-based methods. However, implementing non-culture
methods can be complex and costly (Satake et al., 2020; Schmidt et al., 2022).

Despite the challenges associated with early detection of bacterial contamination in PCs, the adoption of rapid screening methods,
including both culture & non-culture-based approaches, is essential for ensuring the safety of blood transfusions (Stérmer &
Vollmer, 2014; Vollmer et al., 2013). Early on, (Yomtovian et al., 2006) stated that low-sensitivity techniques for bacterial
contamination detection in platelet concentrates (PCs) namely included: “gram staining, pH measurement, glucose consumption,
acridine orange, bio-responsive polymers, and pan-genera detection (PGD)”. While these methods can provide rapid results, they
often have limitations such as high false positive rates, low sensitivity, and the need for specialized expertise. Among these methods,
only PGD has been approved by the FDA. PGD can detect both gram-negative & gram-positive bacteria and can be used to extend
the shelf life of PCs (Rezvany et al., 2024; Stérmer & Vollmer, 2014).

Most recently, both (LaVerda et al., 2021; Mintz & Vallejo, 2021) concluded that The PGDprime assay offers a streamlined
workflow and improved sensitivity, and specificity compared to its predecessor. Studies have demonstrated enhanced detection
limits for Pseudomonas aeruginosa, S. aureus, and S. epidermidis. Additionally, the PGD-prime assay has shown a specificity of
99.9%-100% in various platelet concentrate components. To address the increasing prevalence of Acinetobacter spp. in transfusion
reactions, a recent enhancement to the PGD-prime assay now includes recognition of this bacterium. On the other hand, non-culture-
based methods in general are known for their higher false-positive rates and can be labor-intensive and costly (Gamerith et al.,
2014).

In their 20-years review, (Schmidt et al 2022) concluded that rapid detection methods enhance platelet concentration safety by
detecting bacterial contamination. These methods are particularly effective for rapidly proliferating bacteria, which are more likely
to cause septic transfusion reactions. However, their reduced sensitivity necessitates sample collection later in the storage period,
ideally just before transfusion. The primary advantage of these approaches is that they are able to provide test results before platelet
concentrates are released for transfusion or when used in conjunction with other early screening techniques.

Visual inspection remains a valuable tool for identifying bacterial contamination in PCs. Moreover, for non-culture-based methods,
(Satake et al., 2020) stated that the sample collection should ideally occur within the last 2 days of PC storage or just before
transfusion, due to their lower sensitivity. Yet, (Levy et al., 2018) pointed out that while low-sensitivity non-culture-based methods
offer rapid results, they have limitations in terms of sensitivity, specificity, and the need for specialized expertise. The choice of
screening method depends on factors such as the desired level of sensitivity, the available resources, and the specific requirements
of the blood center (Schmidt et al., 2022).
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3. Pathogen reduction technologies

The third and most effective strategy for pathogen reduction in blood products is the use of ultraviolet (UV) rays. Ultraviolet UV
irradiation is a potent method for reducing pathogens in blood products. By inhibiting DNA and RNA replication, UV light
effectively not only eliminating the contamination, but also mitigating the liability of transfusion-transmitted bacterial infections
(TTBIs). Studies have demonstrated that UV's efficacy against a broad spectrum of pathogens, including viruses, bacteria, parasites,
as well as leukocytes (Levy et al., 2018).

Pathogen reduction therapy (PRT) is designed to employ UV irradiation. (Escolar et al., 2022) found they offer a proactive approach
to preventing contamination, extending the shelf life of platelet concentrates, and safeguarding against emerging blood-borne
diseases. While PRT offers potential benefits, it is essential to weigh its risks, including the generation of pyrogenic compounds,
limited efficacy against spore-forming and biofilm-producing microorganisms, treatment duration, and cost burden. (Fachini et al.,
2021) conducted that a comprehensive evaluation of PRT's advantages is indispensable before implementation. The effectiveness
of PRT is influenced by vast factors such as treatment time and the sort of bacteria. Delayed PRT can allow bacterial growth, and
potentially overwhelm the system (Benjamin & Wagner, 2015). Postmanufacturing contamination remains a concern (Feys et al.,
2019). Despite higher costs, PRT is of adequate value compared with other blood safety measures. Early application of PRT to
platelet concentrates is crucial to prevent excessive bacterial growth (Lu et al., 2020). Research by (Prax et al., 2019) and another
by (Schmidt et al., 2015) suggests that PRT has a negligible impact on platelet function throughout storage, particularly in the later
stages. Nonetheless, many reviewed studies confirmed that PRT adheres to the required safety standards for patient transfusion.
Studies by (Marschner & Goodrich, 2011; van der Meer et al., 2018; Infanti et al., 2022) recommended combining PRT with a rapid
bacterial screening test could potentially alleviate the risk of bacterial transmission in incidence where PRT are not to be applied
immediately after platelet preparation.

Three pathogen reduction therapy (PRT) technologies, INTERCEPT, Mirasol, and THERAFLEX, still currently available and
utilized for reducing pathogen in platelet concentrates. While all three employ UV light (Feys et al., 2019; Levy et al., 2018), their
mechanisms differ. (Fig.1)

INTERCEPT and Mirasol utilize photosensitive compounds prior to UV exposure, whereas THERAFLEX employs shortwave UV
directly (Escolar et al., 2022). All three-systems damage bacterial DNA, hampering nucleic acid replication.
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Fig.1: The three Pathogen reduction technologies displayed on the UV radiation Wavelength in nanometer (nm).

3.1 INTERCEPT technology:

The INTERCEPT System employs Amotosalen, a photosensitizing compound, in conjunction with UV A light to inactivate a
wide range of pathogens (Irsch & Lin, 2011). Amotosalen is added to platelet components, exposed to UV A light, and subsequently
removed by a compound adsorption device (Feys et al., 2019; Levy et al., 2018). Amotosalen intercalates into DNA and RNA and
disrupts nucleic acid replication and repair (Irsch & Lin, 2011; Rezvany et al., 2024). Amotosalen is highly effective against various
bacteria and viruses without adversely affecting platelet function (Hong et al., 2016). While Amotosalen can penetrate cellular
membranes, it is able to preserve the normal functionality of blood components (Irsch & Lin, 2011). However, (Schmidt et al., 2015)
noted that the INTERCEPT system may not be completely effective against high concentrations of specific pneumonia strains and/or
spore-form Bacillus cereus. Additionally, (Ramirez-Arcos et al., 2017), stated that Amotosalen showed activity against residual
leukocytes, potentially reducing the risk of graft-versus-host disease associated with transfusion and infections caused by
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intracellular pathogens like Epstein-Barr virus. The use of INTERCEPT technology does not impair the biologic functionality of
cryo-preserved platelets ensuring that clinical indications for INTERCEPT-treated platelets remain consistent with those for
conventional platelet concentrates.

3.2 Mirasol technology:

The Mirasol technology utilizes a combination of riboflavin, a photosensitizer, and UVB light to decrease pathogen levels and
inactivate residual leukocytes. It operates by generating reactive oxygen species through the oxidation of nucleic acids, specifically
targeting guanine bases. The Mirasol system has obtained European conformity Class 1IB and is used in over 20 countries
(Alabdullatif et al., 2021; Feys et al., 2019; Levy et al., 2018). However, (Lu et al., 2020) mentioned it is undergoing a phase IlI
clinical trial in the USA. Mirasol technology irreversibly damages DNA and RNA, preventing replication and repair. Studies have
demonstrated its effectiveness against diverse bacterial, viral, and parasitic infections (Goodrich et al., 2009, 2010; Marschner &
Goodrich, 2011). In their study, (Taha et al., 2017) found that while Mirasol technology can partially deactivate biofilm-producing
species like Staphylococcus epidermidis, (Malvaux et al., 2022) found that INTERCEPT technology is more effective in preserving
platelet quality in vitro, enabling storage for up to 7 days based on quality standards.

3.3 THERAFLEX technology:

Developed by Macopharma, France, was awarded Class 11B European Conformity in 2009 and remains under evaluation in a
European phase Il clinical trial. Unlike INTERCEPT and Mirasol, THERAFLEX does not require a photosensitizing agent. Instead,
it uses short-wave UVC light for pathogen inactivation. THERAFLEX effectively inactivates various viral and bacterial species,
including Staphylococcus aureus and Bacillus cereus (Hayashi et al., 2021). While UVC treatment has limited effects on platelet
quality, proper pre-treatment with platelet inhibitors is essential to prevent biofilm formation, which can shield bacteria from UV
inactivation (Taha et al., 2017). Although THERAFLEX shows promise, its development is less advanced compared with
INTERCEPT and Mirasol (Lu et al., 2020).

CONCLUSION
While donor screening and blood testing have enhanced the safety of blood products transfusion, pathogen reduction technology
(PRT) offers an additional layer of safety and extends the shelf life of platelet concentrates. However, these technologies may
compromise platelet function. Future research is essential to optimize the safety and efficacy of these strategies while minimizing
adverse effects on platelet survival post-transfusion.
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