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Most public cord blood banking programs are currently facing financial difficulties due to a progressive decline in the number of cord blood transplants performed worldwide and to a high discard rate of the donated units caused by progressively increasing thresholds of the stem cell dose required to perform safe and effective hemopoietic cord blood transplants. Recycling a proportion of unused cord blood units to prepare novel cord blood components obtained with minimal manipulation (platelets, plasma, red blood cells) and to develop more technologically complex products regulated in the US as Cellular and Gene Therapy Products and in Europe as Advanced Therapy Medicinal Products [e.g. virus-specific T cells (VST), natural killer (NK) cells, induced pluripotent stem cells (iPSCs) is a promising strategy to increase the therapeutic value and reduce the financial deficits of public cord blood banking. Based on encouraging preliminary evidences reported in the literature, additional laboratory studies, large multicenter clinical trials and international regulatory harmonization are necessary to achieve these important goals. This article describes organizational, methodological and regulatory advancements developed in Italy and Spain to promote the clinical use of cord blood platelets, plasma and red blood cells.
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INTRODUCTION
During the last 3 decades, newborn’s blood remaining in the placenta after term deliveries has been collected from the umbilical cord, processed and cryopreserved in public cord blood (CB) banking programs implemented following the first successful hemopoietic CB transplants pioneered by Eliane Gluckman, Hal Broxmeyer and Joanne Kurtzberg in the late 1980s. So far, a global cryopreserved CB inventory of about 800,000 units has allowed the performance of more than 40,000 transplants in pediatric and adult patients affected by blood cancers, immune deficiencies, metabolic disorders and hemoglobinopathies (Kurtzberg, 2017; Mayani et al., 2020; Jöris et al., 2021).
In the early years of CB banking, variable proportions of the donated CB units were processed and cryopreserved, depending on a number of determinants including unit’s volume, total nucleated cells (TNC) and total CD34+ cells, the latter two used as surrogate markers of the unit’s hemopoietic stem cell content. More recently, multiple studies have conclusively shown that the clinical outcome of CB transplant is positively associated with the hemopoietic stem cells administered dose. This evidence led to the identification of a progressively increasing threshold of the minimum TNC and CD34+ cell count required before starting expensive procedures for banking and long term cryopreservation, which currently can determine disposal rates of the collected CB units as high as 90% (Rafii et al., 2021). This high disposal rate can not only discourage donation but also significantly impact the economic sustainability of public CB banks. Moreover, the progressive implementation of successful HLA haploidentical transplant procedures in the last few years has been accompanied by a parallel decline in the number of CB transplants (Mayani et al., 2020), which further decreases the cost recovery of most CB banks. To overcome these difficulties, a number of projects have been developed within the CB banking community with the aim of improving the financial stability of public CB banks through the identification of improved banking strategies (Magalon et al., 2015; Hare et al., 2021; Wynn and Madrigal, 2021) and novel therapeutic CB uses (Querol et al., 2021; Scaradavou, 2021).
An international study aimed at identifying strategies for sustaining the economic future of public CB banks which used data from 28,473 CB units from four CB banks in France, Germany and the United States investigated four banking strategies based on CB unit “utilization rate” (the ratio of transplanted to banked units) and “utilization score” (as determined with a formula using TNC and CD34+ cell counts as its inputs) (Magalon et al., 2015). The authors determined the number of distributed transplants and the CB banks’ net cash flow using recruitment and processing costs reported in 2013 by the NMDP and the Swiss registries, under four scenarios of units with progressively increasing TNC and CD34+ cell counts: A: no use of the utilization score, mean TNC = 7.8 × 108 and CD34+ cells = 2.5 × 106, and 33% unit banking rate (9,396 banked/28,473 recruited); B: unit banking rate equal to 20% (5,695/28,473), mean TNC = 12.4 × 108 and CD34+ cells = 4.3 × 106; C: unit banking rate equal to 6% (1,708/28,473), mean TNC = 17.9 × 108 and CD34+ cells = 6.7 × 106; and D: unit banking rate equal to 2% (569/28,473), mean TNC = 24.8 × 108 and CD34+ cells = 11.1 × 106. Scenarios A and B, with the largest proportions of banked units, provided similar numbers of transplants (284 and 269 respectively), but unsustainable economic deficits of −5,886,986 and −3,046,101 USD respectively. Scenario D, with the lowest proportion of banked units, was associated with lower deficit (−2,189,089 USD), but this was associated with a significant reduction of the bank’s therapeutic value, i.e. the number of units distributed for transplant (n = 143). The authors considered scenario C as the most economically sustainable and therapeutically appropriate as it provided 219 transplants and a significantly lower deficit of −976,160 USD and concluded that “a pre-freezing level of 18 × 108 TNC would be a cost-effective strategy to deliver therapeutic value to patients with a minimum financial deficit for the bank” (Magalon et al., 2015).
A “utilization-based” unit selection procedure using the formula originally developed by Magalon et al. (Rafii et al., 2021) was reported in 2021 by Wynn and Madrigal (Wynn and Madrigal, 2021), who produced a multi-parameter linear regression model integrating “eight predictive factors from pre-process flow cytometry and hematology data to generate a post-process predicted utilization score for each (CB unit) analyzed” (Wynn and Madrigal, 2021). The eight predictive factors included total granulocytes, lymphocytes, monocytes, nucleated red blood cells, CD34+ cells, volume, red blood cell count per microliter and age (hours) at reception. These authors identified five scenarios (A+, A, B, C and D, with progressively decreasing TNC and CD34+ cell counts) and determined that CB units graded A+ (n = 383/8296, with mean TNC = 28.8 × 108 and CD34+ cells = 15.7 × 106) accounted for 5% of total expenditures while providing 29% of all shipped grafts (65/227), as opposed to units graded D (n = 3168/8296, with mean TNC = 11.4 × 108 and CD34+ cells = 5.2 × 106), which accounted for 37% of processing cost despite being the source of only 11% of shipped transplants (24/227).
Careful evaluation by health professionals and patients’ advocates of the above methodologies in different banks and geographical jurisdictions can contribute to balancing the therapeutic value and the economic sustainability of public CB banking. Although the above evaluations can be improved by the optimization of CB collection, processing and cryopreservation, as shown in a recent report describing a novel collection procedure involving both in utero and ex utero collection of a single CB unit (Hare et al., 2021), the worldwide evidence shows that a large proportion of generously donated CB units cannot be sustainably used for their primary therapeutic application in hemopoietic stem cell transplants and are routinely wasted.
The aim of this article is to describe methodological, organizational and regulatory approaches developed in Italy and Spain to promote the development and clinical use of platelets, plasma and red blood cells from CB units not suitable for hemopoietic transplantation, a novel strategy collectively called “Multicomponent Cord Blood Banking”.
A detailed discussion of the in vitro uses and in vivo therapeutic applications of these novel CB components is outside the scope of this article. The interested reader can find the encouraging, preliminary evidences so far reported in several reviews (Petrini, 2012; Querol and Samarkanova, 2019; Rebulla et al., 2019; Samarkanova et al., 2020a) and laboratory studies (Parazzi et al., 2010; Cox et al., 2015; Parazzi et al., 2015; Ferri et al., 2016; Longo et al., 2016; Rebulla et al., 2016; Shirzad et al., 2017; Stokhuijzen et al., 2017; Christou et al., 2018; Cox et al., 2018; Valentini et al., 2019; Samarkanova et al., 2020b; Rallapalli et al., 2021). A selection of published investigations on the clinical use of CB platelets, plasma and red blood cells in wound healing, ophthalmology, neonatal and pediatric transfusion is reported in Table 1.
TABLE 1 | A selection of published reports on the clinical use of CB platelets, plasma and red blood cells in wound healing, ophthalmology, neonatal and pediatric transfusion.
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In Italy, CB banks (CBBs) are public hospital-based health facilities that collect, store, and distribute CB hematopoietic stem cells (HSC) on behalf of the National Health Service. CB banking, which was started in 1993, was formally organized into the Italian Cord Blood Network (ITCBN) in 2009, when a decree of the Ministry of Health assigned to the National Blood Center (Centro Nazionale Sangue, CNS) the coordination of the CB banking network in cooperation with the National Transplant Center (Centro Nazionale Trapianti, CNT) (Centro Nazionale Sangue, 2009a). The functions of the ITCBN are:
- To promote the allogeneic unrelated voluntary CB donation and meet the national and international CB demand for hematopoietic transplantation.
- To manage allogeneic related and autologous CB collection, storage and distribution for appropriate and evidence-based clinical indications.
- To promote the implementation of common standards and operative procedures. The ITCBN estimated an optimal national inventory of 60,000 units, based on scientific evidences that one unit per 1,000 inhabitants ensures that more than 90% of patients from the same ethnic group (Caucasians) can find a match to undergo an allogeneic transplant.
Eighteen ITCBN facilities are currently operating in 13 Italian regions, in compliance with national regulations (Centro Nazionale Sangue, 2005; Centro Nazionale Sangue, 2007; Gazzettaufficiale, 2010), guidelines and international standards (WMDA, NetCord-FACT). The ITCBN receives CB units from 270 delivery rooms and applies standard collection and banking requirements for volume, TNC and CD34+ cells. In July 2011, the ITCBN set a threshold of 12×108 TNC pre-processing for allogeneic unrelated units, which was increased in 2016 to 16 × 108 TNC pre-processing and 12 × 108 TNC with 2 × 106 CD34+ cells for banking. Up to December 2020, the total ITCBN inventory included 41,831 allogeneic unrelated units, 1,581 of which have been distributed to national and international transplant centers.
The CBBs belonging to the ITCBN are an integral part of the Regional Health Services, which are responsible for the organization and administration of publicly financed health care, including the cost of public CB banking. The reimbursement fee for one allogeneic unrelated CB unit amounts to 17,000 € (Centro Nazionale Sangue, 2015a). An ITCBN cost analysis showed that the main costs are related to cold chain maintenance, mostly determined by the costs of running cryogenic areas (Pupella et al., 2018), suggesting that scale economies can be obtained through centralisation of banking activities, as was done in several countries. The inventory target has not yet been achieved as well as the centralisation of banking activities. Furthermore, the significant drop of CB clinical use in recent years negatively affects the ITCBN sustainability. In this scenario, the CNS has promoted research projects for the development and regulation of new CB components.
Italian law no. 219 “New discipline of transfusion medicine activities and national production of blood derivatives” of 21 October 2005 includes CB donation and collection within blood transfusion activities (Centro Nazionale Sangue, 2005). CB banks release CB components based on a national cost reimbursement fee (Table 2). CB donation is voluntary, anonymous and not-remunerated, in agreement with the fundamental principle laid down by the blood transfusion law. Further technical decrees of the Ministry of Health have defined rules and requirements concerning CB donor selection and collection. In 2009, a Decree of the Ministry of Health established specific criteria for allogeneic unrelated HSC transplantation, allogeneic related HSC transplantation, and autologous/familiar therapeutic use according to scientific evidence based appropriateness, which is evaluated by a National Multidisciplinary Committee (Centro Nazionale Sangue, 2009b). In 2009 and in 2011, two official agreements between the National Government and the Regions defined minimum quality and safety standard requirements for CB activities and the national guidelines for CB bank accreditation (Centro Nazionale Sangue, 2017a; Centro Nazionale Sangue, 2017b).
TABLE 2 | Reimbursement fees for the transfer of one unit of CB component between public health services applied at national level in Italy (Centro Nazionale Sangue, 2021).
[image: Table 2]In 2014, considering the large availability of allogeneic CB units not suitable for transplant due to low HSC content, the ITCBN, under the coordination of the CNS, launched a national programme to standardise the preparation of a new CB component, allogeneic cord blood platelet concentrate (CBCP) suitable for the preparation of CB platelet gel (CBPG) (Rebulla et al., 2016). This programme yielded valuable scientific and operational information including CBPG cost calculation supporting the successive development of clinical trials. The first one was a prospective multicenter randomized clinical trial that treated patients affected by diabetic foot ulcers using the topical application of standardized CBPG gel in comparison to standard therapy (NCT02389010). Although this study was terminated due to financial limitations and low enrolment, it opened the door to the development of “CB multicomponent production” in some Italian CB banks. Several biological and clinical studies, still in progress, were able to provide preliminary scientific evidences of safety and efficacy of CB components as platelet gel, eye drops and red blood cells for neonatal transfusion.
In parallel, thanks to the collected scientific evidences, CB platelet concentrate, platelet gel and eye drops have been included in the transfusion technical norm, specifically the Decree of the Ministry of Health of 2 November 2015, integrated by the Decree of 1 August 2019 (Centro Nazionale Sangue, 2015b; Centro Nazionale Sangue, 2019). The latter allows the use of CB components for non-transfusional use not only for in-hospital applications but also for industrial manufacturing of medical devices and diagnostic kits. Furthermore, a dedicated official agreement has been established to harmonize the formal terms of a contract between blood establishment including CB banks and industrial manufacturers (Centro Nazionale Sangue, 2017c; Centro Nazionale Sangue, 2021). The implementation of specific reimbursement fees established at national level to cover the preparation costs sustained by the CB banks is in an advanced stage of development.
In the current worldwide public CB banking scenario, Italy is promoting a new hub-and-spoke ITCBN model. While a centralization of CB storage for transplant purposes in a small number of cryogenic facilities will improve the economic sustainability, maintenance of a large number of collection facilities will help increasing the HLA diversity of the national inventory. In a larger number of CB banks, preferably located in the transfusion services, a systematic multicomponent production could be implemented from a proportion of CB units unsuitable for HSC transplant. A regular production of the novel CB components might open the door to a regulated partnership with industrial stakeholders interested in manufacturing clinical grade biological drugs (e.g. eye drops).
Spain
In Spain six public CB banks are in operation. These banks follow a national guide (Plan Nacional de Sangre de Cordón Umbilical–PNSCU) (ONT, 2021) aimed at harmonizing methods for collection, banking and release under the umbrella of the Spanish Bone Marrow Donor Registry (REDMO). Recently, a second version of the PNSCU has been approved for the period 2020-2025 with the following objectives:
- To meet the national CB inventory target of 60,000 CB units with at least 8 × 108 TNC, including a stock renewal of units not meeting this TNC count threshold.
- To implement common quality criteria of the Spanish CB inventory.
- To develop research programs on new therapeutic uses of CB.
- To communicate to the society the benefit of public CB banking with regard to both the consolidate uses or the new potential applications.
- To design a common training and dissemination program on good clinical and manufacturing practices for health care professionals and regulatory bodies.
Following this guide, the Spanish CB network agreed that new units listed by REDMO should have a minimum post-processing count of 9 × 108TNC, 2 × 106 CD34+ cells, with a cell viability above 85%. This recommendation implies that units accepted for processing for transplantation should contain at least 15 × 108 TNC and 4 × 106 CD34+ cells. This very high threshold means that less than 20% of collected CB units will be further processed for transplantation and a substantial amount of collected unit will be wasted.
On December 31st, 2020, the Spanish CB inventory included 64,638 units, 77% of them meeting the agreed quality thresholds. Therefore, there is room for improving the inventory and CB banks are continuing collecting units. To increase this number to the desired target, the 6 CB programs have collected a median of 7142 (2365-13081) units per year during 2016–2020 (note that the advent of the COVID-19 pandemic and the associated restrictions have substantially reduced collection activities during 2020). From all collected units, only 13% (Petrini, 2012; Cox et al., 2015; Cox et al., 2018; Querol and Samarkanova, 2019; Rebulla et al., 2019; Samarkanova et al., 2020a; Samarkanova et al., 2020b) have finally been processed for transplantation.
The first CB unit available through REDMO was registered in april 1997 and the first shipment occurred on 5 May 1997, a unit sent to United States. Since then a total of 74,490 units have been transferred to REDMO and 86.7% of them are still available for clinical transplantation. During this time a total of 3,515 units were shipped for transplantation and 8.5% were deleted from the inventory due to various reasons (the most frequent (75%) after quality review during stability or reservation studies). The utilization rate in Spain is therefore 4.7% of the total registered inventory.
To estimate the cost of the national inventory, the data provided by Arrojo et al. (Arrojo et al., 2012), who estimated a production cost of 720,41 € per unit transferred to the REDMO, was used, suggesting that almost 53,600,000 € were invested in Spain to create the current CB inventory. Considering the utilization rate mentioned above, Spanish CB banks have spent 15,249 € per each CB unit provided for transplantation, making the program reasonably efficient.
Following the ratio of use decreased by 20% in the last 5 years and the re-orientation of PNSCU requiring researching in new applications, Barcelona CBB and the program Concordia BST, including the banking activity of six donation programmes in six autonomous regions of Spain plus Andorra, started the development of new therapeutic products from units not suitable for transplantation. In this regard a processing method to generate a new product based on CB platelets and plasma was validated (Samarkanova et al., 2020a). This new approach requires a regulatory overview on how those products can be used in Spain.
Blood donation and transfusion are subject to extensive regulation based on documents with different rank and scope at European and national level. In Spain, Royal Decree 1088/2005 (BOE, 2005) establishes the requirements, techniques and minimum standards for blood donation and blood establishments and sets the rules for the administration of allogeneic and autologous blood components. It gathers all Spanish regulations on blood donation and technical requirements, and incorporates the requirements included in the European regulations (Data Europa, 2002; Data Europa, 2004a). While this Royal Decree defines a blood component as any of the components of blood, including red blood cells, leukocytes, platelets, and plasma used for therapeutic purposes, progenitor cells, the industrial treatment of blood and its derivatives and the medicinal products resulting from it are excluded from the scope of the Royal Decree and are referred to their specific regulations. Some controversy has arisen over whether certain products derived from blood which are not used for transfusion are blood components or medicinal products, thus subject to the specific European and Spanish pharmaceutical regulations (Data Europa, 2001; Data Europa, 2004b; BOE, 2006; BOE, 2007).
In May 2013, the Spanish Medicines Agency (AEMPS) published a resolution establishing that autologous plasma and its fractions, components or derivatives are “medicinal products” but they fall under a separate category as they are used “to meet special needs” (AEMPS, 2021a). This resolution is based on the definition of medicinal product as “any substance or combination of substances presented for treating or preventing disease in human beings or which may be administered to human beings with a view to making a medical diagnosis or to restoring, correcting or modifying physiological functions in human beings” (BOE, 2006). As these regulations apply only to industrially produced medicinal products for human use, the AEMPS recognizes that medicinal products using autologous plasma should not be considered as industrially produced, and consequently should not be subject to the pharmaceutical regulations. Finally, and as defined in article five of Directive 2001/83/CE “A Member State may, in accordance with legislation in force and to fulfil special needs, exclude from the provisions of this Directive medicinal products supplied in response to a bona fide unsolicited order, formulated in accordance with the specifications of an authorized health care professional and for use by his individual patients on his direct personal responsibility” (Data Europa, 2001), the AEMPS classifies those autologous products as “medicinal products“ for human use “to meet special needs”.
While this resolution clarified the regulatory framework for autologous plasma and its derivatives, this is not the case for allogeneic products. In a questions and answers document, the AEMPS states that non-substitutive therapeutic use of any other product based on non-autologous plasma would receive the treatment of biological medicine capable of being industrially produced and its authorization would be regulated by Royal Decree 1345/2007, of October 11, which regulates the procedure of authorization, registration and dispensing conditions of industrially manufactured medicines for human use, so subject to the pharmaceutical regulations (AEMPS, 2021b).
Two medicinal products, a platelet gel from CB (CBPG) and an eye drop formula from cord blood platelet lysate (CBED) have been approved by AEMPS to be used in clinical trials. CBED was also employed in a programme of compassionate use in 33 patients (46 eyes) unresponsive to conventional treatments who required urgent intervention. Promptly available CBED resulted in a well-tolerated allogeneic treatment that showed evidence of efficacy (Samarkanova et al., 2020c). The reimbursement fees applied by the BST for the release of CB components are shown in Table 3.
TABLE 3 | Reimbursement fees for the transfer of one unit of CB component applied by Banc de Sang i Teixits (www.bancsang.net).
[image: Table 3]The different regulatory status of the same CB components in Italy (as blood components) and Spain (as medicinal products) indicates the need of regulatory harmonization. The current EU Directive on Blood (Data Europa, 2002) is under review by the European Commission and its evaluation report has been recently published (European Commission, 2019). Both platelet based products and serum eye drops are among the products identified with different classifications, from blood components in some countries to medicinal products in other countries or even though not regulated at all. The different national interpretation of industrial preparation or manufacturing is also highlighted as a cause of divergent classifications, which can explain why in Spain autologous based products have a different regulatory status as compared with non-autologous products.
CONCLUSION
Multicomponent CB Banking using platelets, plasma and red blood cells from a proportion of currently discarded CB units could contribute to increasing the therapeutic value and reducing the financial deficit of public CB banking programs (Querol et al., 2021; Scaradavou, 2021). International regulatory harmonization and multicenter, large laboratory and clinical studies with sufficient statistical power are necessary to support the preliminary evidences reported in the literature (Bhattacharya et al., 2001; Bhattacharya, 2006; Khodabux et al., 2008; Khodabux and Brand, 2009; Khodabux et al., 2011; Hassall et al., 2012; Erdem et al., 2014; Rosso et al., 2014; Versura et al., 2014; Yoon, 2014; Bianchi et al., 2015; Hassall et al., 2015; Sharma et al., 2016; Piccin et al., 2017a; Piccin et al., 2017b; Giannaccare et al., 2017; Volpe et al., 2017; Bianchi et al., 2018; Buzzi et al., 2018; Campos et al., 2018; Gelmetti et al., 2018; Neema, 2018; Sarin et al., 2018; Sindici et al., 2018; Teofili et al., 2018; Bianchi et al., 2020; Bisceglia et al., 2020; Samarkanova et al., 2020c; Giannaccare et al., 2020; González et al., 2020; Lopriore et al., 2020; Teofili et al., 2020; Volpe et al., 2020; Samarkanova et al., 2021; Torkamaniha et al., 2021) and achieve these important goals.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
PR, SQ, SP, and JD collected the data and wrote the manuscript, DP and VD reviewed the manuscript. All authors read and approved the final version of the manuscript.
FUNDING
Grant “Ricerca Corrente 2020’, Foundation IRCCS Ca” Granda Ospedale Maggiore Policlinico, Milan, Italy.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
ACKNOWLEDGMENTS
The authors acknowledge the generosity of families who donate umbilical cord blood for community use, the role of ADISCO (Associazione Donatrici Italiane Sangue di Cordone Ombelicale) in the promotion of cord blood donation for community use and the technical and clinical skills of health professionals involved in cord blood collection, processing and therapeutic use. Authors want to thank Spanish Bone Marrow Donor Registry (REDMO), Organizacion Nacional de Trasplantes (ONT), the Spanish CB network (Concordia, Andalusian, Valencia, Madrid, Basque Country and Galician CB banks), the Italian Bone Marrow Donor Registry (IBMDR) and the Italian Cord Blood Network (ITCBN) for their collaboration and for providing data to prepare this manuscript.
REFERENCES
 AEMPS (2021a). Resolución por la que se establece el uso terapéutico no sustitutivo del plasma autólogo y sus fracciones, componentes o derivados como medicamento de uso humano. Available at: https://www.aemps.gob.es/legislacion/espana/medicamentosUsoHumano/docs/medEspeciales/resolucion-PRP.pdf?x58524 (Accessed October 11, 2021). 
 AEMPS (2021b). Preguntas y respuestas en torno al uso terapéutico no sustitutivo de plasma autólogo y sus fracciones, componentes o derivados. Available at: https://www.aemps.gob.es/medicamentos-de-uso-humano/acceso-a-medicamentos-en-situaciones-especiales/faqs-terapeutico-plasma-autologo/(Accessed October 11, 2021). 
 Arrojo, I. P., Lamas Mdel, C., Verdugo, L. P., Alfaro, P. R., Pena, R. R., Gordo, F. S., et al. (2012). Trends in Cord Blood Banking. Blood Transfus. 10, 95–100. doi:10.2450/2011.0032-11
 Bhattacharya, N., Mukherijee, K., Chettri, M. K., Banerjee, T., Mani, U., and Bhattacharya, S. (2001). A Study Report of 174 Units of Placental Umbilical Cord Whole Blood Transfusion in 62 Patients as a Rich Source of Fetal Hemoglobin Supply in Different Indications of Blood Transfusion. Clin. Exp. Obstet. Gynecol. 28, 47–52.
 Bhattacharya, N. (2006). Placental Umbilical Cord Whole Blood Transfusion to Combat Anemia in the Background of Tuberculosis and Emaciation and its Potential Role as an Immuno-Adjuvant Therapy for the Under-Resourced People of the World. Clin. Exp. Obstet. Gynecol. 33, 99–104.
 Bianchi, M., Giannantonio, C., Spartano, S., Fioretti, M., Landini, A., Molisso, A., et al. (2015). Allogeneic Umbilical Cord Blood Red Cell Concentrates: An Innovative Blood Product for Transfusion Therapy of Preterm Infants. Neonatology 107, 81–86. doi:10.1159/000368296
 Bianchi, M., Papacci, P., Valentini, C. G., Barbagallo, O., Vento, G., and Teofili, L. (2018). Umbilical Cord Blood as a Source for Red-Blood-Cell Transfusion in Neonatology: A Systematic Review. Vox Sang 113, 713–725. doi:10.1111/vox.12720
 Bianchi, M., Orlando, N., Barbagallo, O., Sparnacci, S., Valentini, C. G., Carducci, B., et al. (2020). Allogeneic Cord Blood Red Blood Cells: Assessing Cord Blood Unit Fractionation and Validation. Blood Transfus. 19 (5), 435–444. doi:10.2450/2020.0138-20
 Bisceglia, G., Santodirocco, M., Faienza, A., Mastrodonato, N., Urbano, F., Totaro, A., et al. (2020). First Endocavitary Treatment with Cord Blood Platelet Gel for Perianal Fistula. Regenerative Med. 15, 1171–1176. doi:10.2217/rme-2019-0074
 BOE (2005). Real Decreto 1088/2005, de 16 de septiembre, por el que se establecen los requisitos técnicos y condiciones mínimas de la hemodonación y de los centros y servicios de transfusion. Available at: https://www.boe.es/eli/es/rd/2005/09/16/1088 (Accessed October 11, 2021). 
 BOE (2006). Ley 29/2006, de 26 de julio, de garantías y uso racional de los medicamentos y productos sanitarios. Available at: https://www.boe.es/eli/es/l/2006/07/26/29/con (Accessed October 11, 2021). 
 BOE (2007). Real Decreto 1345/2007, de 11 de octubre, por el que se regula el procedimiento de autorización, registro y condiciones de dispensación de los medicamentos de uso humano fabricados industrialmente. Available at: https://www.boe.es/eli/es/rd/2007/10/11/1345 (Accessed October 11, 2021). 
 Buzzi, M., Versura, P., Grigolo, B., Cavallo, C., Terzi, A., Pellegrini, M., et al. (2018). Comparison of Growth Factor and Interleukin Content of Adult Peripheral Blood and Cord Blood Serum Eye Drops for Cornea and Ocular Surface Diseases. Transfus. Apher. Sci. 57, 549–555. doi:10.1016/j.transci.2018.06.001
 Campos, E., Versura, P., Giannaccare, G., Terzi, A., Bisti, S., Di Marco, S., et al. (2018). Topical Treatment with Cord Blood Serum in Glaucoma Patients: A Preliminary Report. Case Rep. Ophthalmological Med. 2018, 2381296. doi:10.1155/2018/2381296
 Centro Nazionale Sangue (2005). Official Journal of the Italian Republic General series No. 257 2005. Legge 21 ottobre 2005, n. 219 "Nuova disciplina delle attività trasfusionali e della produzione nazionale degli emoderivati. Available at: https://www.centronazionalesangue.it/wp-content/uploads/2017/07/LEGGE-21-ottobre-2005-n.-219-con-commenti.pdf (Accessed October 10, 2021). 
 Centro Nazionale Sangue (2007). Official Journal of the Italian Republic General Series no.261-Ordinary Supplement No. 228/1. 2007. Legislative Decree no.191 of 6 November 2007: “Implementation of Directive 2004/23/EC on Setting Standards of Quality and Safety for the Donation, Procurement, Testing, Processing, Preservation, Storage and Distribution of Human Tissues and Cells”. Available at: https://www.centronazionalesangue.it/wp-content/uploads/2017/07/Decreto-Legislativo-6-novembre-2007-N.191.pdf (Accessed October 10, 2021). 
 Centro Nazionale Sangue (2009a). Official Journal of the Italian Republic No. 303, 2009. Decree of 18 November 2009: “Establishment of a National Network of banks for the Storage of Umbilical Cord Blood. Available at: https://www.centronazionalesangue.it/wp- content/uploads/2017/07/gu_31.12.09_dm_istituzione_rete_banche_sco.pdf (Accessed October 10, 2021). 
 Centro Nazionale Sangue (2009b). Official Journal of the Italian Republic General Series No. 31, 31 December 2009. Decree of 18 November 2009: “Provisions Regarding the Storage of Umbilical Cord Blood Stem Cells for Autologous-Directed Use”. Available at: https://www.centronazionalesangue.it/wp-content/uploads/2017/07/Decreto-Ministeriale-18-novembre-2009.pdf (Accessed October 10, 2021). 
 Centro Nazionale Sangue (2015a). Accordo, ai sensi degli articoli 2, comma 1, lett.b) e 4 del decreto legislativo 28 agosto 1997, n.281, del 20 ottobre 2015, tra il Governo, le Regioni e le Province Autonome di Trento e di Bolzano concernente “Indicazioni in merito al prezzo unitario di cessione, tra Aziende sanitarie e tra Regioni e Province autonome, delle unità di sangue, dei suoi componenti e dei farmaci plasmaderivati prodotti in convenzione, nonché azioni di incentivazione dell’interscambio tra le aziende sanitarie all’interno della Regione e tra le Regioni” in attuazione degli articoli 12, comma 4 e 14, comma 3 della legge 21 ottobre 2005, n.219. Available at: https://www.centronazionalesangue.it/wp-content/uploads/2017/07/Accordo-CSR-20.10.2015_Prezzo-unitario-cessione-emocomponenti-plasmaderivati.pdf (Accessed October 10, 2021). 
 Centro Nazionale Sangue (2015b). Official Journal of the Italian Republic General Series n. 300 del 28 dicembre 2015. Decreto Ministeriale 2 novembre 2015 Disposizioni relative ai requisiti di qualità e sicurezza del sangue e degli emocomponenti. Available at: https://www.centronazionalesangue.it/wp-content/uploads/2017/07/GU-SG-n.300-del-28-12-2015_SO_069.pdf (Accessed October 10, 2021). 
 Centro Nazionale Sangue (2017a). Accordo, ai sensi dell’articolo 6, comma 1, del decreto legislativo 6 novembre 2007, n.191, tra il Governo, le Regioni e le Province Autonome di Trento e Bolzano recante: ”Requisiti organizzativi, strutturali e tecnologici minimi per l’esercizio delle attività sanitarie delle banche di sangue da cordone ombelicale”. Available at: https://www.centronazionalesangue.it/wp-content/uploads/2017/07/Conferenza-Stato-Regioni-29-ottobre-2009.pdf (Accessed October 10, 2021). 
 Centro Nazionale Sangue (2017b). Accordo, ai sensi dell’articolo 6, comma 1, del decreto legislativo 6 novembre 2007, n. 191, del 20 aprile 2011, tra il Governo, le Regioni e le Province autonome di Trento e Bolzano sul documento recante: «Linee guida per l’accreditamento delle Banche di sangue da cordone ombelicale». Available at: https://www.centronazionalesangue.it/wp-content/uploads/2017/07/gu113so124_accreditamento_sco.pdf (Accessed October 10, 2021). 
 Centro Nazionale Sangue (2017c). Accordo, ai sensi dell’articolo 2, comma 1, lettera b) e dell’articolo 4, comma 1, del decreto legislativo 28 agosto 1997, n.281, del decreto legislativo 6 novembre 2007, n. 191, tra il Governo, le Regioni e le Province autonome di Trento e Bolzano, sul documento recante “Schema tipo di Convenzione per la cessione del sangue e dei suoi prodotti per uso di laboratorio e per la produzione di dispositivi medico-diagnostici In Vitro”. Available at: https://www.centronazionalesangue.it/wp-content/uploads/2017/07/Accordo-CSR-13.12.2018_Schema-tipo-convenzione-diagnostici.pdf (Accessed October 10, 2021). 
 Centro Nazionale Sangue (2019). Official Journal of the Italian Republic General Series No. 226 del 26 settembre 2019, Decreto 1 agosto 2019. Modifiche al decreto 2 novembre 2015, recante: «Disposizioni relative ai requisiti di qualità e sicurezza del sangue e degli emocomponenti». Available at: https://www.centronazionalesangue.it/wp-content/uploads/2017/07/GU-Serie-Generale-n.-226-del-26-09-2019-Ministero-della-Salute-Decreto-1-agosto-2019-.pdf (Accessed October 10, 2021). 
 Centro Nazionale Sangue (2021). Accordo, ai sensi degli articoli 2 comma 1, lett.b) e 4 del decreto legislativo 28 agosto 1997, n. 281, tra il Governo, le Regioni e le Province autonome di Trento e Bolzano concernente "Aggiornamento dell'Accordo Stato Regioni del 20 ottobre 2015 (Rep atti 168/CSR del 17 giugno 2021) in merito al prezzo unitario di cessione, tra aziende sanitarie e tra Regioni e Province autonome, delle unità di sangue, dei suoi componenti e dei farmaci plasmaderivati prodotti in convenzione, nonché azioni di incentivazione dell'interscambio tra le aziende sanitarie all'interno della regione e tra le regioni". Available at: https://www.centronazionalesangue.it/wp-content/uploads/2021/07/Accordo-CSR- 17.06.2021_Prezzo-unitario-cessione-emocomponenti-plasmaderivati.pdf (Accessed October 10, 2021). 
 Christou, I., Mallis, P., Michalopoulos, E., Chatzistamatiou, T., Mermelekas, G., Zoidakis, J., et al. (2018). Evaluation of Peripheral Blood and Cord Blood Platelet Lysates in Isolation and Expansion of Multipotent Mesenchymal Stromal Cells. Bioengineering 5, 19. doi:10.3390/bioengineering5010019
 Cox, S. T., Laza-Briviesca, R., Pearson, H., Soria, B., Gibson, D., Gomez, S., et al. (2015). Umbilical Cord Blood Plasma Contains Soluble NKG2D Ligands that Mediate Loss of Natural Killer Cell Function and Cytotoxicity. Eur. J. Immunol. 45, 2324–2334. doi:10.1002/eji.201444990
 Cox, S. T., Danby, R., Hernandez, D., Laza-Briviesca, R., Pearson, H., Madrigal, J. A., et al. (2018). Functional Characterisation and Analysis of the Soluble NKG2D Ligand Repertoire Detected in Umbilical Cord Blood Plasma. Front. Immunol. 9, 1282. doi:10.3389/fimmu.2018.01282
 Data Europa (2001). Directive 2001/83/EC of the European Parliament and of the Council of 6 November 2001 on the Community Code Relating to Medicinal Products for Human Use. Available at: http://data.europa.eu/eli/dir/2001/83/oj (Accessed October 11, 2021). 
 Data Europa (2002). Directive 2002/98/EC of the European Parliament and of the Council of 27 January 2003 Setting Standards of Quality and Safety for the Collection, Testing, Processing, Storage and Distribution of Human Blood and Blood Components and Amending Directive 2001/83/EC. Available at: http://data.europa.eu/eli/dir/2002/98/2009-08-07 (Accessed October 11, 2021). 
 Data Europa (2004a). Commission Directive 2004/33/EC of 22 March 2004 Implementing Directive 2002/98/EC of the European Parliament and of the Council as Regards Certain Technical Requirements for Blood and Blood Components (Text with EEA Relevance). Available at: http://data.europa.eu/eli/dir/2004/33/2015-01-09 (Accessed October 11, 2021). 
 Data Europa (2004b). Regulation (EC) No 726/2004 of the European Parliament and of the Council of 31 March 2004 Laying Down Union Procedures for the Authorisation and Supervision of Medicinal Products for Human and Veterinary Use and Establishing a European Medicines Agency (Text with EEA Relevance). Available at: http://data.europa.eu/eli/reg/2004/726/2019-03-30 (Accessed October 11, 2021). 
 Erdem, E., Yagmur, M., Harbiyeli, I., Taylan-Sekeroglu, H., and Ersoz, R. (2014). Umbilical Cord Blood Serum Therapy for the Management of Persistent Corneal Epithelial Defects. Int. J. Ophthalmol. 7, 807–810. doi:10.3980/j.issn.2222-3959.2014.05.12
 European Commission (2019). Commission Staff Working Document. Evaluation of the Union Legislation on Blood, Tissues and Cells. 376 final. Brussels SWD. Available at: https://ec.europa.eu/health/sites/health/files/blood_tissues_organs/docs/swd_2019_376_en.pdf (Accessed October 11, 2021). 
 Ferri, A. L., Ceserani, V., Greppi, N., Tosetti, V., Schiariti, M., Alessandri, G., et al. (2016). Osteogenic Differentiation of Adipose Tissue-Derived Mesenchymal Stem Cells Cultured on a Scaffold Made of Silk Fibroin and Cord Blood Platelet Gel. Blood Transfus. 14, 206–211. doi:10.2450/2016.0209-15
 Gazzettaufficiale (2010). Official Journal of the Italian Republic General Series No. 40, 2010. Legislative Decree No. 16 of 25 January 2010: “Implementation of Directives 2006/17/EC and 2006/86/EC Implementing Directive 2004/34/CE as Regards Certain Technical Requirements for the Donation, Procurement and Testing of Human Tissues and Cells and as Regards Traceability Requirements, Notification of Serious Adverse Reactions and Events and Certain Technical Requirements for the Coding, Processing, Preservation, Storage and Distribution of Human Tissues and Cells. Available at: https://www.gazzettaufficiale.it/eli/id/2010/02/18/010G0030/sg (Accessed October 10, 2021). 
 Gelmetti, A., Greppi, N., Guez, S., Grassi, F., Rebulla, P., and Tadini, G. (2018). Cord Blood Platelet Gel for the Treatment of Inherited Epidermolysis Bullosa. Transfus. Apher. Sci. 57, 370–373. doi:10.1016/j.transci.2018.05.021
 Giannaccare, G., Buzzi, M., Fresina, M., Velati, C., and Versura, P. (2017). Efficacy of 2-Month Treatment with Cord Blood Serum Eye Drops in Ocular Surface Disease: An In Vivo Confocal Microscopy Study. Cornea 36, 915–921. doi:10.1097/ico.0000000000001257
 Giannaccare, G., Carnevali, A., Senni, C., Logozzo, L., and Scorcia, V. (2020). Umbilical Cord Blood and Serum for the Treatment of Ocular Diseases: A Comprehensive Review. Ophthalmol. Ther. 9, 235–248. doi:10.1007/s40123-020-00239-9
 González, E. G., Casanova, M. A., Samarkanova, D., Aldecoa-Bilbao, V., Teresa-Palacio, M., Busquets, E. F., et al. (2020). Feasibility of Umbilical Cord Blood as a Source of Red Blood Cell Transfusion in Preterm Infants. Blood Transfus. 19 (6), 510–517. doi:10.2450/2020.0169-20
 Hare, J., DeLeon, P. G., Pool, K., Reioux, D., Fontenot, M., Champlin, R. E., et al. (2021). Optimal Umbilical Cord Blood Collection, Processing and Cryopreservation Methods for Sustained Public Cord Blood Banking. Cytotherapy 23 (21), 1029–1035. doi:10.1016/j.jcyt.2021.05.004
 Hassall, O. W., Thitiri, J., Fegan, G., Pole, L., Mwarumba, S., Denje, D., et al. (2012). The Microbiologic Safety of Umbilical Cord Blood Transfusion for Children with Severe Anemia in Mombasa, Kenya. Transfusion 52, 1542–1551. doi:10.1111/j.1537-2995.2011.03487.x
 Hassall, O. W., Thitiri, J., Fegan, G., Hamid, F., Mwarumba, S., Denje, D., et al. (2015). Safety and Efficacy of Allogeneic Umbilical Cord Red Blood Cell Transfusion for Children with Severe Anaemia in a Kenyan Hospital: an Open-Label Single-Arm Trial. Lancet Haematol. 2 (3), e101–e107. doi:10.1016/s2352-3026(15)00005-8
 Jöris, M., Paulson, K., Foley, L., Duffy, M., Querol, S., Gomez, S., et al. (2021). Worldwide Survey on Key Indicators for Public Cord Blood Banking Technologies: By the World Marrow Donor Association Cord Blood Working Group. Stem Cell Transl Med 10, 222–229. doi:10.1002/sctm.20-0246
 Khodabux, C. M., and Brand, A. (2009). The Use of Cord Blood for Transfusion Purposes: Current Status. Vox Sang 97, 281–293. doi:10.1111/j.1423-0410.2009.001212.x
 Khodabux, C. M., von Lindern, J. S., van Hilten, J. A., Scherjon, S., Walther, F. J., and Brand, A. (2008). A Clinical Study on the Feasibility of Autologous Cord Blood Transfusion for Anemia of Prematurity. Transfusion 48, 1634–1643. doi:10.1111/j.1537-2995.2008.01747.x
 Khodabux, C. M., van Beckhoven, J. M., Scharenberg, J. G. M., El Barjiji, F., Slot, M. C., and Brand, A. (2011). Processing Cord Blood from Premature Infants into Autologous Red-Blood-Cell Products for Transfusion. Vox Sang 100, 367–373. doi:10.1111/j.1423-0410.2010.01440.x
 Kurtzberg, J. (2017). A History of Cord Blood Banking and Transplantation. Stem Cell Transl Med 6, 1309–1311. doi:10.1002/sctm.17-0075
 Longo, V., Rebulla, P., Pupella, S., Zolla, L., and Rinalducci, S. (2016). Proteomic Characterization of Platelet Gel Releasate from Adult Peripheral and Cord Blood. Prot. Clin. Appl. 10, 870–882. doi:10.1002/prca.201500126
 Lopriore, E., Huisman, E., Zwaginga, J. J., Snijder, P. M., Reiss, I. K., and Stanworth, S. (2020). Allogeneic Cord Blood Transfusions for Extremely Preterm Neonates: an Extremely Promising Proof of Concept. Br. J. Haematol. 191, 150–151. doi:10.1111/bjh.16918
 Magalon, J., Maiers, M., Kurtzberg, J., Navarrete, C., Rubinstein, P., Brown, C., et al. (2015). Banking or Bankrupting: Strategies for Sustaining the Economic Future of Public Cord Blood Banks. PLoS One 10 (12), e0143440. doi:10.1371/journal.pone.0143440
 Mayani, H., Wagner, J. E., and Broxmeyer, H. E. (2020). Cord Blood Research, Banking, and Transplantation: Achievements, Challenges, and Perspectives. Bone Marrow Transpl. 55, 48–61. doi:10.1038/s41409-019-0546-9
 Neema, P. (2018). In Response to "Use of Autologous Umbilical Cord Blood Transfusion in Neonates Undergoing Surgical Correction of Congenital Cardiac Defects: A Pilot Study". Ann. Card. Anaesth. 21, 275–276. doi:10.4103/aca.aca_103_18
 ONT (2021). Plan Nacional de Sangre de Cordón Umbilical. Available at: http://www.ont.es (Accessed October 11, 2021). 
 Parazzi, V., Lazzari, L., and Rebulla, P. (2010). Platelet Gel from Cord Blood: a Novel Tool for Tissue Engineering. Platelets 21, 549–554. doi:10.3109/09537104.2010.514626
 Parazzi, V., Lavazza, C., Boldrin, V., Montelatici, E., Pallotti, F., Marconi, M., et al. (2015). Extensive Characterization of Platelet Gel Releasate from Cord Blood in Regenerative Medicine. Cel Transpl. 24, 2573–2584. doi:10.3727/096368915x687471
 Petrini, C. (2012). Ethical and Legal Considerations Regarding the Ownership and Commercial Use of Human Biological Materials and Their Derivatives. J. Blood Med. 3, 87–96. doi:10.2147/jbm.s36134
 Piccin, A., Di Pierro, A. M., Canzian, L., Primerano, M., Corvetta, D., Negri, G., et al. (2017). Platelet Gel: A New Therapeutic Tool with Great Potential. Blood Transfus. 15, 333–340. doi:10.2450/2016.0038-16
 Piccin, A., Rebulla, P., Pupella, S., Tagnin, M., Marano, G., Di Pierro, A. M., et al. (2017). Impressive Tissue Regeneration of Severe Oral Mucositis post Stem Cell Transplantation Using Cord Blood Platelet Gel. Transfusion 57, 2220–2224. doi:10.1111/trf.14205
 Pupella, S., Bianchi, M., Ceccarelli, A., Calteri, D., Lombardini, L., Giornetti, A., et al. (2018). A Cost Analysis of Public Cord Blood Banks Belonging to the Italian Cord Blood Network. Blood Transfus. 16, 313–320. doi:10.2450/2017.0251-16
 Querol, S., and Samarkanova, D. (2019). Rapid Review: Next Generation of Cord Blood Banks; Transplantation and Beyond. Transfusion 59, 3048–3050. doi:10.1111/trf.15466
 Querol, S., Rubinstein, P., and Madrigal, A. (2021). The Wider Perspective: Cord Blood Banks and Their Future Prospects. Br. J. Haematol. 195, 507–517. doi:10.1111/bjh.17468
 Rafii, H., Garnier, F., Ruggeri, A., Ionescu, I., Ballot, C., Bensoussan, D., et al. (2021). Umbilical Cord Blood Transplants Facilitated by the French Cord Blood banks Network. On Behalf of the Agency of Biomedicine, Eurocord and the French Society of Bone Marrow Transplant and Cell Therapy (SFGM-TC). Bone Marrow Transpl. 56, 2497–2509. doi:10.1038/s41409-021-01313-x
 Rallapalli, S., Guhathakurta, S., Bishi, D. K., Subbarayan, R., Mathapati, S., and Korrapati, P. S. (2021). A Critical Appraisal of Humanized Alternatives to Fetal Bovine Serum for Clinical Applications of Umbilical Cord Derived Mesenchymal Stromal Cells. Biotechnol. Lett. 43, 2067–2083. doi:10.1007/s10529-021-03180-4
 Rebulla, P., Pupella, S., Santodirocco, M., Greppi, N., Villanova, I., Buzzi, M., et al. (2016). Multicentre Standardisation of a Clinical Grade Procedure for the Preparation of Allogeneic Platelet Concentrates from Umbilical Cord Blood. Blood Transfus. 14, 73–79. doi:10.2450/2015.0122-15
 Rebulla, P., Querol, S., and Madrigal, A. (2019). “Umbilical Cord Blood as a Source of Novel Reagents and Therapeutics,” in Perinatal Stem Cells ed . Editors Z. C. T. HanTakahashi, Z. Han, and Z. Li (Singapore: Springer Nature Singapore Pte Ltd). doi:10.1007/978-981-13-2703-2_7
 Rosso, L., Parazzi, V., Damarco, F., Righi, I., Santambrogio, L., Rebulla, P., et al. (2014). Pleural Tissue Repair with Cord Blood Platelet Gel. Blood Transfus. 12 (Suppl. 1), s235–42. doi:10.2450/2013.0214-12
 Samarkanova, D., Rodríguez, L., Vives, J., Coll, R., Tahull, E., Azqueta, C., et al. (2020). Cord Blood-Derived Platelet Concentrates as Starting Material for New Therapeutic Blood Components Prepared in a Public Cord Blood Bank: From Product Development to Clinical Application. Blood Transfus. 18, 208–216. doi:10.2450/2020.0305-19
 Samarkanova, D., Cox, S., Hernandez, D., Rodriguez, L., Casaroli-Marano, R. P., Madrigal, A., et al. (2020). Cord Blood Platelet Rich Plasma Derivatives for Clinical Applications in Non-transfusion Medicine. Front. Immunol. 11, 942. doi:10.3389/fimmu.2020.00942
 Samarkanova, D., Martin, S., Bisbe, L., Puig, J., Calatayud-Pinuaga, M., Rodriguez, L., et al. (2020). Clinical Evaluation of Allogeneic Eye Drops from Cord Blood Platelet Lysate. Blood Transfus. 19, 347–356. doi:10.2450/2020.0130-20
 Samarkanova, D., Cox, S., Hernandez, D., Rodriguez, L., Pérez, M. L., Madrigal, A., et al. (2021). Cord Blood and Amniotic Membrane Extract Eye Drop Preparations Display Immune-Suppressive and Regenerative Properties. Sci. Rep. 11 (1), 13754. doi:10.1038/s41598-021-93150-7
 Sarin, K., Chauhan, S., Bisoi, A. K., Hazarika, A., Malhotra, N., and Manek, P. (2018). Use of Autologous Umbilical Cord Blood Transfusion in Neonates Undergoing Surgical Correction of Congenital Cardiac Defects: A Pilot Study. Ann. Card. Anaesth. 21, 270–274. doi:10.4103/aca.ACA_194_17
 Scaradavou, A. (2021). Cord Blood beyond Transplantation: Can We Use the Experience to advance All Cell Therapies?Br. J. Haematol. 194, 14–27. doi:10.1111/bjh.17297
 Sharma, N., Singh, D., Maharana, P. K., Kriplani, A., Velpandian, T., Pandey, R. M., et al. (2016). Comparison of Amniotic Membrane Transplantation and Umbilical Cord Serum in Acute Ocular Chemical Burns: A Randomized Controlled Trial. Am. J. Ophthalmol. 168, 157–163. doi:10.1016/j.ajo.2016.05.010
 Shirzad, N., Bordbar, S., Goodarzi, A., Mohammad, M., Khosravani, P., Sayahpour, F., et al. (2017). Umbilical Cord Blood Platelet Lysate as Serum Substitute in Expansion of Human Mesenchymal Stem Cells. Cell J 19, 403–414. doi:10.22074/cellj.2017.4886
 Sindici, E., Giuliano, B., Astesano, S., Fazio, L., Dragonetti, A., Pugliese, M., et al. (2018). Cord Blood Platelet Gel Alone or in Combination with Photobiomodulation Therapy for the Treatment of Oral Ulcerations in Patients with Epidermolysis Bullosa: A Pilot Clinical Comparative Study. Photodermatol. Photoimmunol Photomed. 34, 269–272. doi:10.1111/phpp.12366
 Stokhuijzen, E., Koornneef, J. M., Nota, B., van den Eshof, B. L., van Alphen, F. P. J., van den Biggelaar, M., et al. (2017). Differences between Platelets Derived from Neonatal Cord Blood and Adult Peripheral Blood Assessed by Mass Spectrometry. J. Proteome Res. 16, 3567–3575. doi:10.1021/acs.jproteome.7b00298
 Teofili, L., Bianchi, M., Baldascino, A., Papacci, P., and Vento, G. (2018). Foetal Haemoglobin, Blood Transfusion, and Retinopathy of Prematurity. Eye 32, 1155–1156. doi:10.1038/s41433-018-0030-6
 Teofili, L., Papacci, P., Orlando, N., Bianchi, M., Molisso, A., Purcaro, V., et al. (2020). Allogeneic Cord Blood Transfusions Prevent Fetal Haemoglobin Depletion in Preterm Neonates. Results of the CB‐TrIP Study. Br. J. Haematol. 191, 263–268. doi:10.1111/bjh.16851
 Torkamaniha, E., Amirkhani, M. A., Dahmardehei, M., Rebulla, P., Piccin, A., Hortamani, S., et al. (2021). Efficacy of Allogeneic Cord Blood Platelet Gel on Wounds of Dystrophic Epidermolysis Bullosa Patients after Pseudosyndactyly Surgery. Wound Rep. Reg. 29, 134–143. doi:10.1111/wrr.12865
 Valentini, C. G., Nuzzolo, E. R., Bianchi, M., Orlando, N., Iachininoto, M. G., Pinci, P., et al. (2019). Cord Blood Platelet Lysate: In Vitro Evaluation to Support the Use in Regenerative Medicine. Mediterr. J. Hematol. Infect. Dis. 11, e2019021. doi:10.4084/MJHID.2019.021
 Versura, P., Buzzi, M., Giannaccare, G., Grillini, M., Terzi, A., Pagliaro, P., et al. (2014). Cord Blood Serum-Based Eye Drops: the Impact of Donor Haematological and Obstetric Factors on the Variability of Epidermal Growth Factor Levels. Blood Transfus. 12 (Suppl. 1), s44–50. doi:10.2450/2013.0115-13
 Volpe, P., Marcuccio, D., Stilo, G., Alberti, A., Foti, G., Volpe, A., et al. (2017). Efficacy of Cord Blood Platelet Gel Application for Enhancing Diabetic Foot Ulcer Healing after Lower Limb Revascularization. Semin. Vasc. Surg. 30, 106–112. doi:10.1053/j.semvascsurg.2017.12.001
 Volpe, P., Pucci, G., Stilo, G., Alberti, A., Foti, G., Surace, R., et al. (2020). Use of Cord Blood Platelet Gel to Enhance Healing of Deep Surgical Site Dehiscences after Peripheral Bypass. Regen. Med. 15, 1951–1956. doi:10.2217/rme-2020-0034
 Wynn, L. A., and Madrigal, A. (2021). Predictive Analytics and Cord Blood Banking: toward Utilization-Based Unit Selection. Cytotherapy 23, 641–646. doi:10.1016/j.jcyt.2021.01.002
 Yoon, K. C. (2014). Use of Umbilical Cord Serum in Ophthalmology. Chonnam Med. J. 50, 82–85. doi:10.4068/cmj.2014.50.3.82
Conflict of Interest: PR is co-inventor of patents on umbilical cord blood fractionation and use, shareholder and scientific director of Episkey S.R.L. and scientific director of Meditalia Industriale S.R.L. (Lovero, SO, Italy).The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Rebulla, Querol, Pupella, Prati, Delgadillo and De Angelis. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fcell-09-812038-t003.jpg
Product (unit)

Umbiiical cord blood stem cells (national fee estabiished by the Spanish Bone Marrow Donor Registry)
Autologous/Allogeneic umbilical cord blood stem cells for approved family use
Fee covers collection, manipulation, characterisation and biological validation, freezing, storage for 1 year, distribution
excluding transport to the Transplant Center”
Allogeneic cord blood-derived platelet concentrate for non-transfusional use including platelet gel activation with Cas-+*
Platelet lysate used as eye drops (amount sufficient for 19 days)"

%n Spain there is no national fee for these products.

Fee (€)

23,000
2,471

159.60
212.79





OPS/xhtml/nav.xhtml
Contents

		Cover

		Recycling Apparent Waste Into Biologicals: The Case of Umbilical Cord Blood in Italy and Spain		Introduction		Italy

		Spain





		Conclusion

		Data Availability Statement

		Author Contributions

		Funding

		Publisher’s Note

		Acknowledgments

		References









OPS/images/cover.jpg
frontiers
in Cell and Developmental Biology

Recycling Apparent Waste Into
Biologicals: The Case of
Umbilical Cord Blood in Italy and
Spain





OPS/images/fcell-09-812038-t001.jpg
cB
component

Platelets

Platelets,
Plasma

Red Blood
Cells

Product

Platelet Gel, Platelet
Rich Plasma

Eye Drops

Leukoreduced Red
Blood Cells

Therapeutic
field of use

Wound healing

Ophthaimology

Premature newbom’s and
pediatric transfusion

Conditions

Diabetic foot ulcers, pressure ulcers,
epidermolysis bullosa, oral mucositis, fistulae,
surgical wound dehiscence

Neurotrophic keratopathy, ocular graft versus

host disease, ocular burns, dry eye syndrome,
glaucoma

Anemia

Ref

Rosso et al. (2014); Piccin et al. (2017a); Piccin
et al. (2017b); Volpe et dl. (2017); Gelmetti et al
(2018); Sindici et al. (2018); Biscegiia et al. (2020);
Volpe et al. (2020); Torkamaniha et al. (2021)
Erdem et al. (2014); Versura et al. (2014); Yoon
(2014); Sharma et al. (2016); Giannaccare et al.
(2017); Buzzi et al. (2018); Campos et al. (2018);
Samarkanova et al. (2020c); Giannaccare et
(2020); Samarkanova et al. (2021)

Bhattacharya et al. (2001); Bhattacharya (2006);
Khodabux et al. (2008); Khodabux and Brand
(2009); Khodabux et al. (2011); Hassall et al.
(2012); Bianchi et al. (2015); Hassall et al. (2015);
Bianchi et al. (2018); Neema (2018); Sarin et al.
(2018); Tedfili et al. (2018); Bianchi et al. (2020);
Gonzélez et al. (2020); Lopriore et al. (2020); Teofil
et al. (2020)





OPS/images/fcell-09-812038-t002.jpg
Product (unit)

Umbiical cord blood stem cells (national fee established by the Italian Bone Marrow Donor Registry)
Autologous/Allogeneic umbilical cord blood stem cells for approved family use
Fee covers collection, manipulation, characterisation and biological validation, freezing, storage for 1 year, distribution
excluding transport to the Transplant Center

Allogeneic cord blood-derived platelet concentrate for non-transfusional use

Platelet gel activation with Ca++

Platelet lysate used as eye drops (amount sufficient for 1 month patient’s treatment)

Fee (€)

17,000
2,800

164
21
202









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
’ frontiers
in Cell and Developmental Biology





