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A B S T R A C T   

The past 20 years of experience with umbilical cord blood transplantation have demonstrated that cord blood is 
effective in the treatment of a spectrum of diseases, including hematological malignancies, bone marrow failure, 
hemoglobinopathies, and inborn errors of metabolism. However, only a few number of umbilical cord blood 
units collected have a cell content adequate for an allogenic hematopoietic stem cell transplantation. In the 
meanwhile, there is an increasing interest in exploiting cord blood derivatives in different fields. In this review, 
we will summarize the most recent updates on clinical applications of umbilical cord blood platelet derivatives 
for regenerative medicine, and we will revise the literature concerning the use of umbilical cord blood for 
autologous or allogeneic transfusion purposes. The methodological aspect and the biological characteristics of 
these products also will be discussed.   

1. Introduction 

Umbilical cord blood (UCB) is an alternative to bone marrow as a 
source of hematopoietic stem cells for the transplant of children and 
adults with hematological disease. Since the first umbilical cord trans-
plant in 1988 [1], around 35,000 UCB hematopoietic transplants have 
been performed worldwide, and more than 730,000 UCB units are today 
available to hematological patients in need for an allogeneic donor [2]. 

UCB units destined to the transplant utilization are constituted by the 
fetal blood residual in the placenta after vaginal or cesarean delivery, 
and are collected from full-term healthy babies after achieving the 
informed consent from parents. Collection occurs according to 

standardized asepsis procedures and contextual to collection a carful 
screening for blood-transmitted infectious diseases, including serology 
for hepatitis B virus (HBV), hepatitis C virus (HCV), human immuno-
deficiency virus (HIV), syphilis, toxoplasma, and cytomegalovirus 
(CMV), and nucleic acid test for HBV, HCV and HIV is accomplished in 
the donor mother. Further tests are additionally performed depending 
from specific National regulations and according to endemic or seasonal 
infectious diseases (i.e. Chikunghunya virus, West Nile virus, Chagas 
disease). Although cellular thresholds for UCB unit banking may vary 
across different countries, a minimum total nucleated cell amount is 
requested to make the units suitable for transplantation [3]. In general, a 
few number of collected units fulfil the requirement the criterion of an 

Abbreviations: bFGF, basic fibroblast growth factor; CMV, cytomegalovirus; DEB, dystrophic epidermolysis bullosa; EGF, epidermal growth factor; FGF, fibrolast 
growth factor; GF, growth factor; GVHD, graft versus host disease; HbA, adult haemoglobin; HbF, fetal haemoglobin; HBV, hepatitis B virus; HCC-4, C-C motif 
chemokine ligand 16; HCV, hepatitis C virus; HGF, hepatocyte growth factor; HIV, human immunodeficiency virus; IGF, insulin-like growth factor; IL, interleukin; 
ITCBN, Italian Cord Blood Network; LLLT, low-level laser therapy; MIP, macrophage inflammatory protein; MSC, mesenchymal stromal cells; NGF, nerve growth 
factor; PB, peripheral blood; PBMT, photobiomodulation therapy; PDGF, platelet-derived growth factor; PDGF-BB, platelet-derived growth factor-BB; PED, persistent 
epithelial defects; PG, platelet gel; PL, platelet lysate; PR, platelet-rich plasma releasate; PRP, platelet-rich plasma; RANTES, C-C motif chemokine ligand 5; ROP, 
retinopathy of prematurity; SAG-M, saline, adenine, glucose-mannitol; TGF-α, transforming growth factor α; TGFβ, transforming growth factor β; UCB, umbilical cord 
blood; UCB-PG, umbilical cord blood-platelet gel; UCB-RBC, umbilical cord red blood cell; UCB-S, umbilical cord blood derived–serum containing platelet factors; 
VEGF, vascular endothelial growth factor. 

* Corresponding author at: Istituto di Ematologia, Fondazione Policlinico A. Gemelli IRCCS, I-00168 Roma, Italy. 
E-mail address: luciana.teofili@unicatt.it (L. Teofili).   

1 N.O. and C.P. equally contributed to the study. 

Contents lists available at ScienceDirect 

Transfusion and Apheresis Science 

journal homepage: www.elsevier.com/locate/transci 

https://doi.org/10.1016/j.transci.2020.102952    

mailto:luciana.teofili@unicatt.it
www.sciencedirect.com/science/journal/14730502
https://www.elsevier.com/locate/transci
https://doi.org/10.1016/j.transci.2020.102952
https://doi.org/10.1016/j.transci.2020.102952
https://doi.org/10.1016/j.transci.2020.102952
http://crossmark.crossref.org/dialog/?doi=10.1016/j.transci.2020.102952&domain=pdf


Transfusion and Apheresis Science 59 (2020) 102952

2

adequate cellularity. In Italy, for example, the average banking index (i. 
e. the ratio between stored and collected units) ranges across banks from 
3 to 13 % [4]. This means that a huge number of UCB units are available 
for uses further than hematopoietic transplantation. 

Starting a program for an alternative clinical use of UCB units not 
suitable for transplant is an intriguing opportunity for the majority of 
cord blood banks. From a biological point of view, umbilical blood has 
distinct characteristics, such us the predominance of fetal hemoglobin in 
erythrocytes, and functional peculiarities of fetal platelets, which make 
it potentially suitable for specific clinical uses [5–7]. In this review, we 
discuss non-transplantation uses of umbilical cord blood, highlighting 
characteristics of derived products and eventual differences in com-
parison with their adult counterparts. 

2. Literature review 

In this narrative review, we performed a literature search focusing on 
the alternative clinical applications of UCB other than transplant. All 
English-language articles were retrieved from Pub Med Database search 
for the following keywords: 1) “cord blood platelet gel”, “cord blood 
serum” and “cord blood eye drops” for cord blood platelet derivatives, 2) 
“umbilical cord blood transfusion” and “placental blood transfusion” 
and “red cord blood transfusion” for UCB blood transfusion. The authors 
read the pertinent articles thoroughly. In this review, we included and 
discussed 39 references reported from 2005 to April 2020. 

3. Umbilical cord blood-platelet derivatives 

Autologous peripheral blood platelet derivatives have been suc-
cessfully used in several medical fields like dentistry and oral implan-
tology, ophthalmology, orthopedics, sport medicine, cosmetology and 
dermatology, and ulcer and soft tissue defects treatment. Nevertheless, 
preparation method is a crucial source of variability, affecting the 
number and quality of platelets yielded, and the amount of growth 
factors (GFs) and other molecules of clinical interest, and the different 
cell types sequestered with platelets and delivered with these products 
(red blood cells and leukocytes). Moreover, the type of activators, do-
nors’ intra- and inter-individual variability, types of pathology to be 
treated, the ways and times of administration and the association with 
other treatments, have led to different scientific results using these 
products in both efficacy and safety [8,9]. 

UCB-platelet derivatives represent an efficacious alternative to 
autologous counterparts, for example in case of contraindication to the 
autologous for platelet derivative manufacture due to patient refusal or 
discomfort, unsuitability of venous accesses, or coexistence of inflam-
matory, autoimmune or hematological diseases. In the meanwhile, the 
manufacture of UCB derivative as medical products for local use, could 
limit the current disposal of several UCB units collected for solidary 
donation, and not suitable for transplant due to their low nucleated cell 
count. Moreover, the UCB-platelet derivative use is supported by several 
in vitro data, below summarized. 

UCB-platelet derivatives revised in this study include platelet-rich 
plasma bio-products (gel and lysate), and serum containing platelet 
factors [10]. 

3.1. Methodological aspects 

Platelet-rich plasma (PRP) emerged amongst the most innovative 
autologous blood products used to enhance tissue healing and regen-
eration and can be defined as a portion of the plasma fraction with a 
platelet concentration above the baseline (i.e. before the centrifugation) 
[9]. The final PRP product typically has a platelet count of about 1 ×
106/μL (4–5 times higher than baseline). The rationale of the clinical use 
of these products is to replace the blood clot with a preparation enriched 
in platelets, which can, once activated, secrete a large pool of biofactors 
to the local milieu, driving the tissue regeneration mechanism. These 

molecules are mainly stored in platelets alpha granules [11]. 
Among growth factors (GFs) stored within the α-granules, Platelet- 

derived growth factor (PDGF), epidermal growth factor (EGF), insulin- 
like growth factor (IGF-I), transforming growth factor β-I (TGFβ-I), 
vascular endothelial growth factor (VEGF), hepatocyte growth factor 
(HGF), and basic fibroblast growth factor (bFGF) are the most charac-
terized [8]. Such a wide and complex range of GFs is pivotal to under-
stand the multifaceted roles of PRP, including the stimulation of 
proliferation and differentiation of cells belonging to the musculoskel-
etal and vascular systems [8]. However, α-granules also contain 
different interleukins (ILs) and chemokines, such as IL-1 β, IL-8, and 
MIP-1-2-3, which are inflammation mediators able to stimulate cell 
chemotaxis to the site of application and tissue maturation [12]. 

PRP can be obtained from whole blood by centrifugation or density- 
gradient cell centrifugation: in both cases separation can be carried out 
manually or using automated devices to avoid bacterial contamination. 
Whole blood is collected in citrate-phosphate-dextrose to prevent 
coagulation, and submitted to sequential double-centrifugations (at soft 
and hard spin) or to single-spin centrifugation over a density gradient 
medium. These methods imply that variable amounts of granulocytes 
and mononuclear cells can be retained in the PRP. Double centrifugation 
is simple and cost-effective, but the final quality of the product is highly 
operator-dependent if manually performed. Conversely, density- 
gradient are generally automated, providing more standardized re-
sults. Importantly, platelet separation should take place without lysing 
or damaging them, to preserve they ability to secrete GFs [13]. 

PRP can be used as a jellified (platelet gel, PG) or liquid products 
(platelet lysate, PL). In the first case, after concentrating platelets 
through centrifugation, a subsequent polymerization of the fibrinogen, 
present in the concentrates to form a three-dimensional semisolid fibrin 
gel, is required. Currently, common methods of PRP gelling use calcium 
chloride and/or thrombin or batroxobin (Bothrops atrox snake venom) 
to initiate PRP clot formation. For the lysate, repeated freeze-thaw 
procedures are performed, allowing the platelet GFs release. 

The preparation of serum containing platelet factors requires the 
blood collection without anticoagulant [10]. The blood is clotted at 
room temperature, and then centrifuged (hard spin) and then recovered 
under sterile conditions in a laminar air-flow cabinet. Both PL and serum 
are generally diluted in saline solution and aliquotated into sterile vials. 

Microbial testing of UCB derivatives should be performed before 
their clinical utilization even if prepared in automation, considering that 
microbial contamination during UCB collection can eventually occur 
[14]. 

3.2. Platelet-rich plasma bio-products from umbilical blood: in vitro 
characterization 

Since its first production, UCB-PG was recognized as rich in growth 
factors. In particular, high levels of VEGF and PDGF-BB were reported, 
substantial amounts of FGF, HGF and TGFbeta1, and only minimal 
amounts of PDGF [15]. Parazzi et al. extensively compared the proteo-
mic profile in PG releasate (PR) and PL obtained from either adult pe-
ripheral blood (PB) or UCB. A multi-analyte profiling (188 biomarkers) 
was performed and revealed significant differences in two clusters of 
biofactors: UCB had higher concentrations of angiogenic factors (resis-
tin, prolactin, VEGF, growth hormone, trefoil factor 3, erythropoietin) 
than PB, whereas PB was richer in inflammatory and immunomodula-
tory factors (chemokine HCC-4, CD5 antigen-like, matrix 
metalloproteinase-3, RANTES, IgA, IgM) [16]. Longo et al. used prote-
omic approach for qualitative and quantitative characterization of 
platelets secretome after batroxobin and calcium gluconate treatment of 
both PB and UCB-derived PRP, revealing a set of distinctive proteins 
with pro- and anti-effects on inflammation, angiogenesis, cell prolifer-
ation, and tissue remodelling [17]. Of note, dermatopontin and lumican, 
two adhesive extracellular matrix proteins favouring the complex pro-
cess of wound healing, were detected only in PG from UBC; UCB-PR 
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showed also a unique composition in term of antioxidant enzymes, with 
a prevalence of selonoproteins over peroxiredoxins, and protease/-
peptidase and their inhibitors [17]. Valentini et al. evaluated cytokine, 
chemokines and growth factors profile in UCB-PL. The only significant 
difference emerging from the comparison between adult and cord blood 
PLs was the higher concentration of IL17 and RANTES in adult PLs, 
reflecting the relative immaturity of the innate immune system of 
healthy term babies [18]. In addition, UCB-PL demonstrated more 
effective in supporting BM-derived MSC proliferation than the adult 
counterpart and fetal blood serum [18]. Losi et al. studied the effect of 
different concentrations of UCB-PL on viability, proliferation, and cell 
migration in different human and murine cell lines, concluding for the 
possibility to use UCB-PL in wound regenerative applications [19]. 

Finally, UCB-PG has been increasingly used to enhance culture 
expansion of Mesenchymal Stromal Cells (MSC) in regenerative medi-
cine as a substitute for fetal calf serum. Mallis et al. clearly showed in 
vitro that the proper combination of UCB-PG with stem cells strategy 
may enhance the healing process in patients with skin erosion processes 
[20]. 

Notably, this could be a more efficacious and safer alternative to the 
autologous PRP. Indeed, cord blood platelet lysate could be of use in 
case of contraindication to the autologous PRP for patient refusal or 
discomfort, unsuitability of venous accesses, or coexistence of inflam-
matory, autoimmune or hematological diseases. In the meanwhile, the 
manufacture of UCB derivative as medical products for local use, could 
limit the current disposal of several UCB units collected for solidary 
donation, and not suitable for transplant due to their low nucleated cell 
count: a PRP storage bank could be established, where the PRP samples 
can be stored over a long time period, and thawed on demand [21]. 

3.3. Platelet-rich plasma bio-products from umbilical blood: clinical use 

Healing proprieties of UCB-PG were first showed in vitro and in a 
murine model, where the gel accelerated the repair of pleural damage 
and stimulated the development of pleural adhesions, supporting its 
clinical application [22]. 

Table 1 
Clinical use of UCB-platelet gel.  

Reference Clinical 
condition 

Patients 
(n) 

Administration 
scheme 

Reported results 

Tadini 
et al. 
2015 
[24] 

Dystrophic 
epidermolysis 
bullosa 
skin lesions 

1 Two lesions, 
treated for 2 and 
4 weeks 
respectively 

Complete 
resolution. No 
significant 
relapse after a 6- 
week follow-up. 

Tadini 
et al. 
2015 
[25] 

Dystrophic 
epidermolysis 
bullosa skin 
lesions 

3 Two skin lesions 
randomly 
selected: one 
lesion was 
treated with a 
weekly 
application of 
UCB-PG for 3 
weeks; control 
lesion was 
managed with 
standardised 
medication 

Greater 
improvement in 
two skin lesions 
treated with 
UCB-PG than in 
control. In the 
third patient, 
the efficacy of 
UCB-PG 
treatment 
appeared 
similar to 
standard 
medications. 
No adverse 
events reported, 
including 
malignant 
transformation 
or 
superinfection. 

Sindici 
et al. 
2017 
[26] 

Dystrophic 
epidermolysis 
bullosa 
symptomatic 
oral lesions 

4 3-day treatment 
period (one 
application each 
day) in 
combination 
with LLLT. 

Reduction in 
reported pain 
and clinical size 
of lesions from 
the first day of 
treatment 
provided, until 
resolution. 

Gelmetti 
et al. 
2018 
[27] 

Skin ulcers in 
patients with 
dystrophic 
epidermolysis 
bullosa 

12 Topical 
application in a 
single site for 
each patient. 
Weekly 
application 
(number of 
application 
range:3− 8) 

8 patients 
showed good to 
very good 
results. 
Treatment was 
minimally or 
not effective in 
the other 4. Best 
results obtained 
mostly in fresh 
lesions; effect on 
chronic wounds 
more limited or 
absent. 

Sindici 
et al. 
2018 * 
[28] 

Dystrophic 
epidermolysis 
bullosa oral 
mucosal 
lesions (at least 
two bilateral 
lesions) 

11 3-day period 
(one application 
each day) 

Only patient in 
UCB-PG + LLLT 
group achieved 
complete 
resolution, 
evaluated 1 
week after the 
end of the 
protocol. 

Sindici 
et al. 
2020 # 

[29] 

Dystrophic 
epidermolysis 
bullosa oral 
mucosal 
lesions (at least 
two bilateral 
lesions) 

17 3-day period 
(one application 
each day). 

Statistically 
significant 
improvement in 
lesions’ size and 
symptoms in all 
patients, 
evaluated 1 
week after the 
end of the 
protocol. 
At 6 months 
follow-up, UCB- 
PG + PBMT 
group displayed 
better results for  

Table 1 (continued ) 

Reference Clinical 
condition 

Patients 
(n) 

Administration 
scheme 

Reported results 

symptoms and 
lesions’ sizes. 

Piccin et al. 
2017 
[30] 

Severe oral 
mucositis and 
oesophagitis 
post HSCT 

1 Daily for seven 
days. Topical 
application in 
oral cavity. 

On day 8, 
restitutio ad 
integrum of the 
mucosa. 
Lymphocyte 
blood count 
recovery after 
each 
application. 

Volpeet al. 
2017 
[31] 

Diabetic foot 
ulcer 

10 Twice a week for 
4 weeks and 
then once a 
week for an 
additional 4 
weeks 

More rapid 
wound healing 
than standard 
care. 

Bisceglia 
et al. 
2020 
[32] 

Recurrent 
perianal fistula 

1 Single injection Complete 
regression of the 
symptoms and 
of the 
pathological 
condition at 3 
weeks. No 
recurrence after 
2 years of follow 
up. 

HSCT: hematopoietic stem cell transplantation; LLLT: low-level laser therapy; 
PBMT: photobiomodulation therapy. * Study design: UCB-PG alone vs UCB-PG 
followed by LLLT. # Study design: UCB-PG followed by PBMT vs PBMT alone. 
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In 2010, Parazzi et al. first described the preparation of a PG from 
umbilical cord blood-derived PRP (UCB-PG), through the addition of a 
standard reagent (Plateltex): the PG showed a viscosity and thickness 
comparable with those obtained from adult peripheral blood. In addi-
tion to demonstrate the feasibility of this process, they also character-
ized this new blood component in term of GFs content [15]. 

More recently, a national Italian programme was successfully 
developed to standardise the production of cryopreserved UCB platelet 
concentrates, suitable for future preparation of clinical grade UCB-PG, 

by the public banks belonging to the ITCBN (Italian Cord Blood 
Network), opening to the utilization of this product in clinical trials 
[23]. 

UCB-PG products have been mainly utilized to treat mucosal and 
cutaneous lesions (Table 1) [24–32]. The UCB-PG has shown in vivo 
positive results in epidermolysis bullosa: Tadini et al. describes the re-
sults of an innovative treatment of two large skin lesions in a newborn 
with recessive dystrophic epidermolysis bullosa (DEB) who experienced 
bacterial superinfections and progressive anemisation [24]. Promising 

Table 2 
Clinical use of umbilical blood derived-serum containing platelet factors.  

Reference Disease Patients (n) Study design Administration 
scheme 

Reported results 

Yoon et al. 
2005 [35] 

PED 14 Prospective 
interventional 

6 times/day, until 
healing 

6 eyes (42 %) healing within 2 weeks. All defects eventually healed 
within 8 weeks. 

Yoon et al. 
2007 [36] 

Neurotrophic 
keratitis 

28 Prospective 
interventional 

6− 10 times/day, 
until healing 

Complete epithelial defect healing in all eyes, with a mean healing 
time of 4.4 weeks. 

Yoon et al. 
2007 [37] 

Dry eye syndrome 48: 
27 UCB-S 
21 autologous 
serum 

Prospective 
interventional 
comparative. 

6− 10 times/day for 
2 months 

Greater improvement in symptoms and keratoepitheliopathy score 
in UCB-S group at 2 months. In Sjögren syndrome subgroup, goblet 
cell density was higher at two months in UCB-S group. 

Yoon et al. 
2007 [38] 

GVHD 12 Prospective 
interventional non 
comparative 

6− 10 times/day for 
6 months 

Significant improvement was observed in symptom score, corneal 
sensitivity, tear film break up time, keratoepitheliopathy score. 

Sharma et al. 
2011 [39] 

Acute ocular 
chemical burns 

32: 
11 UCB-S 
11 autologous 
serum 
10 artificial tears 

Prospective RCT 
double- blinded. 

10/day for 3 
months 

Faster epithelial defect healing rate, better corneal clarity, lesser 
vascularization, and greater decrease in limbal ischemia in UCB-S 
group. 

Yoon et al. 
2013 [40] 

Post-LASEK 
corneal defects 

60: 
32 UCB-S 
28 Conventional 
treatment 

Prospective 
interventional 
comparative. 

4–6 times /day Reduced early postoperative corneal haze and improved tear film 
and ocular surface parameters such as tear film break up time and 
keratoepitheliopathy. 

Versura et al. 
2013 [41] 

17 GVHD 
13 SS with PED 

30 Prospective 
interventional 

8/day for 1 month Significant improvement in subjective symptoms of pain and 
discomfort, extension of the epithelial defect break up time, 
Schirmer test, tear osmolarity, corneal esthesiometry, and 
conjunctival epithelial metaplasia after 1 month of treatment. 

Erdem et al. 
2014 [42] 

PED 14 Prospective 
interventional 

10/day (first two 
weeks) 
5/day (third week) 
21 days in total 

Rate of complete healing at day 21: 75 %.  

Reference Disease Patients (n) Study design Administration scheme Reported results 

Mukhopadhyay 
et al. 2015 [43] 

Dry eye 
associated with 
Hansen’s disease 

144: 
48 UCB-S 
52 auto serum 
44 tear substitutes 

Prospective, 
double-blind, 
randomised controlled 
trial. 

6/day for 6 weeks Significant improvement of clinical 
parameters lysozyme and lactoferrin 
upregulation, sustained increase in total tear 
protein level in serum-treated groups. 

Sharma et al. 2016 
[44] 

Acute ocular 
chemical burn 

45: 
15 UCB-S 
15 conventional 
therapy 
15 amniotic 
membrane 
transplantation 

Prospective 
randomized 
controlled trial. 

10 times /day until complete 
epithelialization 

Early reduction of pain scores and faster 
improvement in corneal clarity in UCB-S. 

Giannaccare et al. 
2017 [45] 

Ocular surface 
disease 

20 Prospective 
interventional 

8/day for 2 months Significantly improvement in corneal nerve 
morphology and subjective symptoms. 

Kamble et al. 2017 
[46] 

Post keratoplastic 
PED 

105: 
35 UCB-S 
35 autologous 
serum 
35 tears substitutes 

Prospective 
randomized 
controlled clinical. 

6/days until healing Faster re-epithelialization rate of post 
keratoplasty PED in serum therapy groups 
than autolugous serum. 

Campos et al. 2019 
[47] 

Severe dry eye 
diseases 

60: 
30 UCB-S 
30 adult PBS eye 
drops 

Multicentre 
randomised, double- 
masked cross over 
clinical trial. 

8/day for 1-month. Patients with 
relapse in signs or symptoms after 
further 2 months switched to the 
remaining group for one additional 
month. 

Dry eye-syndrome signs improved after both 
UCB-S and peripheral adult donor blood 
serum treatments, with potential advantages 
of UCB-S for subjective symptoms and 
corneal damage reduction. 

Giannaccare et al. 
2019 [48] 

Dry eye disease 30: 
15 UCB-S 
15 allo-PBS 

Prospective, 
randomized, double- 
blind. 

8 times/day for 30 days. Both treatments significantly improved 
corneal subbasal nerve plexus parameters. 
Treatment with UCB-S eye drops was 
associated with a higher increase of corneal 
nerve fractal dimension compared with allo- 
PBS. 

GVHD: graft versus host disease. PBS: peripheral blood cell. PED: persistent epithelial defects. SS: Sjogren syndrome. UCB-S: umbilical cord blood derived–serum 
containing platelet factors. 
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clinical results were obtained in a small patient group (age range =
0.1–35 years) mostly in fresh lesions, while the effect on chronic wounds 
was more limited or absent [27]. Sindici et al. extended the utilization of 
UCB-PG in the treatment of oral lesion associated with DEB [26]. In this 
condition, platelet gel proved particularly efficacious when associated 
with low-level laser therapy, achieving greater stability of the obtained 
results. Piccin et al. first report on the successful use of UCB-PG for oral 
mucositis after chemotherapy without any side effects, even after partial 
deglutition of the gel itself [30]. UCB-PG may improve the healing of 
foot ulcers associated with diabetes [31]. Volpe et al. showed the effi-
cacy of UCB-PG application on healing foot ulcers in 10 diabetic patients 
treated for critical lower limb ischemia by surgical or endovascular 
arterial revascularization [31]. Finally, Bisceglia et al. developed a 
simple and reproducible technique to administer UCB-PG in 
semi-activated liquid form, allowing the irrigation of a perianal fistulous 
tract, with complete gelification of the platelet concentrate in vivo [32]. 
Complete healing of the fistula canal without side effect and recurrence 
was reported [32]. 

To the best of our knowledge UCB-platelet-rich plasma bio-products 
have not yet been evaluated in treatment of ophthalmologic conditions. 
Given the wide use of UCB serum eye drops and autologous adult 
platelet-derived eye drops in treatment of ocular diseases, this would be 
an interesting area of future research [33]. 

3.4. Umbilical blood derived-serum containing platelet factors: clinical 
use 

Umbilical blood derived-serum containing platelet factors (UCB-S) 
has gained extensive application in the setting of ocular surface diseases 
and has produced satisfactory results both in terms of efficacy and safety 
[34]. 

UCB-S eye drops have been successfully applied in treatment of dry 
eye with or without systemic sclerosis, ocular graft versus host disease 
(GVHD), persistent epithelial defects (PED), neurotrophic keratitis, 
ocular surface chemical injury, post keratoplasty PED, post laser 
epithelial keratomileusis support (Table 2) [35–48]. In all these clinical 
conditions, often refractory to standard therapies, UCB-S has supported 
ocular surface anatomic and functional recovery, determining a signif-
icant improvement in patient’s quality of life. Noteworthy, in compar-
ative trials, UCB-S proved more effective than autologous or allogeneic 
PB counterparts. 

Molecular characterization of UCB-S strongly supports its clinical 
use. UCBS has bacteriostatic effect thanks to the antimicrobial agents 
such as IgG, lysozyme, and complement. It also eliminates the risk of 
toxic reaction at the ocular surface because does not contain pre-
servatives [49,50]. UCB-S is known to contain more growth factors 
compared to other adult blood derived preparations: levels of EGF, 
TGF-α, TGF-β2, FGF, PDGF, VEGF, NGF, IL-1B, IL-4, IL-6, IL-10, and 
IL-13 are significantly higher in UCBS compared to PB-S. Conversely, the 
levels of IGF-1, IGF-2, and TGF-β1 are lower compared PB-S, but higher 
compared to natural tears. Donors related factors can also affect GFs 
content: EGF levels are higher in UCB units from younger mothers (<30 
years), with longer labour duration (>6 h) [51]. Sex and birthweight 
also show a correlation with EGF and PDGF levels [50]. 

Taken together, these data suggest that, since each GF/IL selectively 
regulates different cellular processes involved in ocular surface ho-
meostasis and healing, serum type (PB-S or UCB-S) and donator char-
acteristic should be carefully chosen on the basis of the cellular 
mechanism to be promoted in each clinical case. In order to reduce the 
variability in the biological constituents of the serum, pooling of serum 
samples from multiple donors could be implemented to produce final 
products containing required levels of constituents. 

4. Umbilical cord blood transfusion 

Due to the high concentration of hemoglobin, transfusion use of UCB 

Table 3 
Autologous UCB transfusion in the newborn.  

Reference Disease Gestational 
age (week) 

N◦ of patients 
(enrolled/ 
transfused) 

Outcome 

Khodabux 
et al. 
2008 
[56] 

Anemia <32 67 
(randomized): 
35/8 
autologous # 

32/31 
allogeneic 

Efficacy: mean 
Hct increase and 
median interval 
until the next 
transfusion 
comparable to 
allogeneic 
transfusions. 
Safety: no adverse 
effects. 

Chasovskyi 
et al. 
2012 
[57] 

Cardiac 
surgery 

>36 61: 
21/21 
autologous *4 
0/40 
allogeneic 

Efficacy: 
hematocrit 
increase 
comparable to 
allogeneic 
transfusion. 
Serum lactate 
levels were 
significantly 
higher in the 
autologous UCB 
transfusion group 
until the second 
day after surgery. 
Safety: no blood 
transfusion 
related side 
effects. 

Chasovskyi 
et al. 
2015 
[58] 

Cardiac 
surgery 

NA 110: 
45/45 
autologous 
65/65 
allogenic 

Efficacy: tissue 
oxygen delivery 
was preserved. 
Lactate 
concentrations 
were significantly 
higher in the 
autologous UCB 
transfusion group 
during the early 
postoperative 
period. 

Choi et al. 
2016 
[59] 

Cardiac 
surgery 

37− 40 20: 
20/8 
autologus§

Feasibility and 
safety for 
cardiopulmonary 
bypass priming. 

Yavuz et al. 
2017 
[60] 

Anemia <32 39 
(randomized): 
16/1 
autologous; 
(16/15 
autologous +
allogenic) 
15/15 
allogenic 
9 no RBC 
products 

Efficacy and 
safety: similar to 
allogeneic blood. 
Cord blood 
transfusion not 
sufficient to meet 
all transfusion 
needs but 
decreased 
allogeneic blood 
exposure. 

Kotowshi 
et al. 
2017 
[61] 

Anemia and 
prematurity 
related 
disesases 

26.8 ± 0.4 20: 
5/5 autologus 
15/15 
allogenic 

Efficacy: 
reduction in the 
rate of selected 
prematurity- 
related 
complications 
(BPD, IVH, NEC, 
RDS, late sepsis). 

BPD: bronchopulmonary dysplasia. IVH: intraventricular hemorrhage. NEC: 
necrotizing enterocolitis. RDS: neonatal respiratory distress syndrome. 

# Autologous not irradiated RBC products were used. 
* In seven cases whole UCB was separated into blood component (RBC and 

fresh frozen plasma). 
§ cord blood was used for cardiopulmonary bypass priming; in 2 patients, 

remained cord blood after priming was added to the cardiopulmonary bypass 
circuit when necessary to maintain a target hematocrit. 
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has been explored long time ago. In 1939, Halbrecht et al. carried out 
116 placental blood transfusions in different hematological diseases 
with results superimposable to those of adult whole blood transfusions 
[52]. Since then, placental blood was defined an important source for 
blood transfusion and several studies have investigated its use in 
different clinical settings. To this purpose, UCB has been utilized in form 
of whole blood or red blood cell (RBC) concentrates, for allogeneic or 
autologous use, in anemia due to different conditions, and in diverse 
types of patients (adults, children and newborn). 

4.1. Methodological aspects 

The vast majority of studies on UCB transfusion have been performed 
using whole blood. Whole cord blood were tested for transfusion 
transmitted infections on donor mothers and microbial contamination 
was assessed in a sample of UCB before clinical release. The units were 
assigned according to ABO Rh(D) match. In studies reporting whole cord 
blood transfusion, the unit was not leuko-reduced with the exception of 
Bhattacharya at al. using a 230-μm bedside filter [53]. Whole cord blood 
and RBC concentrates obtained from UCB were used in allogenic and 
autologous transfusion. Recently, only two studies reported the use of 
RBC concentrates in the allogeneic setting. In the first one, Hassal et al. 
used a manual sedimentation, whereas in the other Bianchi et al. per-
formed an automated separation followed by suspension in saline-ade-
nine-glucose-mannitol (SAG-M) obtaining a product with a hematocrit 
value similar to standard transfusions [54,55]. In this last experience 
RBC units underwent post-storage filtration to obtain a 

leukocyte-depleted RBC unit and γ-irradiation [55]. 

4.2. Autologous umbilical cord whole blood transfusion 

Autologous UCB transfusion has been investigated in the treatment 
of perinatal blood losses and to treat the anemia of prematurity (Table 3) 
[56–64]. For their small size, newborn need limited volume of blood 
product, and one single UCB unit might have the potential for covering 
the entire patient transfusion requirements. The majority of studies 
involved newborns with antenatal diagnosis of congenital abnormalities 
requiring immediate surgical treatment at delivery (Table 3). Results 
from these studies are mostly positive, with no need for additional 
allogeneic transfusions in investigated patients. Nevertheless, studies in 
preterm infants showed that autologous cord blood is not sufficient to 
entirely cover that neonatal blood requests due to anemia of prematurity 
[62]. Nowadays, current recommendations for the delayed umbilical 
cord clamping in these neonates definitely makes the UCB collection 
unfruitful further than unnecessary. 

4.3. Allogeneic umbilical cord blood transfusion 

UCB allogeneic transfusion has been explored in a wide range of 
disease, such as thalassemia, autoimmune diseases, cancers, renal fail-
ure, diabetes, and infectious diseases [63]. In particular, studies from the 
group of Bhattacharya demonstrated that allogeneic UCB transfusion 
efficaciously improves anemia in pediatric and adult patients (Table 4) 
[53,64–70]. In patients with autoimmune diseases or severe 

Table 4 
Allogeneic UCB transfusion.  

Reference Disease Patients (age) N◦ of patients 
(enrolled/ 
trasfused) 

Outcome 

Whole cord blood 
Bhattacharya et al. 

2005 [53] 
Thalassemia, 
autoimmune diseases, 
cancer 

Pediatric 
and adult 
(2y–86y) 

129/129 Efficacy: not inferior method compared to adult transfusion. 
Safety: not encountered a single case of immunologic or nonimmunologic reaction. 

Bhattacharya et al. 
2005 [64] 

Beta thalassemia Pediatric 
and adult (6m 
– 38y) 

14/14 Safety: not encountered a single case of immunologic or nonimmunologic reaction. 

Bhattacharya et al. 
2006 [65] 

Malaria Pediatric 
and adult 
(8y–72y) 

39/39 Efficacy: Slow but sustained rise of Hb at day 7 after transfusion. No rise of serum 
creatinine, urea, glucose, and bilirubin compared to the pre-transfusion level. 
Improvement of appetite and a sense of well being in all the recipients. 

Bhattacharya et al. 
2006 [66] 

Rheumatoid arthritis Adult 28/28 Efficacy: 3 days after completion of the transfusion of placental umbilical cord blood, 
the peripheral CD34 estimation revealed a rise from the pre-transfusion level, which 
returned to base level in most of the cases at the three-month CD34 re-estimation, 
without provoking any clinical graft vs host reaction in any of the patients. 

Bhattacharya et al. 
2006 [67] 

Tuberculosis Adult 21/21 Efficacy: three days after transfusion the peripheral CD34 value were increased 
compared to pre-transfusion level, and returned to base level (re-evaluated after three- 
month), without any clinical graft vs host reaction in any patients. 
Safety: no clinical, immunological or non-immunological reactions. 

Bhattacharya et al. 
2006 [68] 

Anemia in HIV Adult 16/16 Efficacy: correction of anemia, improvement in the energy and fatigue levels. Immediate 
rise in CD34 levels of peripheral blood. 
Safety: no clinical, immunological or non-immunological reactions. 

Bhattacharya et al. 
2006 [69] 

Leprosy Pediatric 
and adult 
(12y–72y) 

16/16 Efficacy: 7 days after transfusion the peripheral CD34 value were increased compare to 
pre-transfusion level, and returned to base level (re-evaluated after three-month), 
without any clinical graft vs host reaction in any patients. 

Bhattacharya et al. 
2006 
[70] 

Diabetes Adult 
(48y–74y) 

39 
(randomized): 
24/24 UCB 
15/15 control 
group 

Efficacy: increase of Hb after 72 h and lower microalbuminuria after one month 
compared to pre-transfusion value. 
Safety: no clinical, immunological or non-immunological reactions 

Cord RBC concentrates 
Hassall et al. 2015 

[54] 
Anemia in childhood Pediatric 

(2d–5y) 
57/55 Efficacy: Hemoglobin increased at 24 h and 28 days after transfusion compared to pre 

transfusion level. 
Safety: cord blood transfusion was excluded as a potential cause of these serious adverse 
events 

Bianchi et al. 2015 
[55] 

Anemia in prematures Pediatric 20: 
9/9 UCB-RBC 
11/11 adult-RBC 

Efficacy: Hematocrit gain after transfusion and time intervals between transfusions were 
similar in the UCB-RBC and adult-RBC groups. 
Safety: no acute or delayed transfusion-related adverse events occurred 

CD34: blood hematopoietic stem cell. HIV: human immunodeficiency virus. Hb: hemoglobin. UCB-RBC: umbilical red blood cell. RBC: red blood cell. 
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immunodeficiency, a potential immunomodulatory role for UCB trans-
fusions was also explored (Table 4). The main finding of these studies is 
that allogeneic UCB can be a supplementary source of blood in 
low-income countries and that children may maximally benefit from this 
product. 

Transfusion of UCB-RBC concentrates has been proposed in alter-
native to standard transfusions for the treatment of anemia of prema-
turity [63]. Fetal hemoglobin (HbF) constitutes the major fraction of 
hemoglobin in UCB collected from full term neonates. In fact, the switch 
from HbF adult Hb (HbA) production starts around week 32 of gestation 
and is constitutively regulated according to the postconceptional age of 
the fetus [71]. Indeed, in preterm infants, HbF production continues 
until the due date [72]. The anemia of preterm infants is multifactorial: 
frequent blood sampling, reduced RBC production, and inflammatory 
conditions all contribute making preterm neonates among the most 
transfused patients at neonatal age. RBCs from adults cause the pro-
gressive increase of HbA at expense of HbF. HbA has a lower affinity for 
oxygen than HbF, and is therefore able to release more oxygen to the 
tissues, representing for these neonates with immature antioxidant de-
fenses a harmful oxidative challenge. Further than the affinity for oxy-
gen, HbF and HbA have different biochemical characteristics, including 
molecular stability, nitric oxide generation, pseudo-peroxidase activity, 
DNA cleavage [73–75]. It is widely acknowledged that the oxidative 
damage underlies prematurity related disease such as retinopathy of 
prematurity (ROP), bronchopulmonary dysplasia and necrotizing 
enterocolitis. Repeated adult RBC transfusions in the first month of life 
are one of the major risk factor for developing of retinopathy [76] Lust 
et al. reported that every adult RBC transfusion in the first 10 days of life 
increases the risk of severe ROP by 9% [77]. Moreover, low HbF levels 
are independent predictors of ROP [78]. All these aspects suggest that 
UCB-RBC might be advantageous over adult-RBC for preterm infants. 

Hassall et al. reported the first clinical trial assessing the safety and 
efficacy of allogeneic RBC concentrate transfusions in children with 
severe anemia [54]. In their study 55 children received umbilical cord 
red blood cells from 74 cord blood donations. No serious adverse events 
or adverse events certainly attributable to cord blood transfusion were 
reported. Hemoglobin recovery after cord blood transfusion was within 
expected limits [54]. Bianchi et al. compared UCB-RBC and adult-RBC in 
preterm neonates. Twenty newborns with gestational age ≤30 weeks 
and/or birth weight ≤1500 g, requiring RBC transfusions within the first 
28 days of life were investigated [55]. Nine of them received 23 cord 
RBCs and 4 adult-RBC units, while 11 neonates received 24 adult-RBC 
units. No acute or delayed transfusion-related adverse events 
occurred. The hematocrit gain after transfusion and time intervals be-
tween transfusions were similar in the UCB-RBC and adult RBC group 
[55]. 

5. Conclusions 

Umbilical blood has unique biological characteristics, including 
functional peculiarities of fetal platelets and predominance of fetal he-
moglobin in erythrocytes, which make it attractive for alternative clin-
ical uses other than transplantation. The healing property of platelets is 
increasingly exploited for the manufacture of various platelet-based bio- 
products, as adjuvant therapies in regenerative medicine for ocular 
diseases, as well as mucosal and cutaneous lesions. In addition, in the 
last few years, there is a growing interest for the transfusion of UCB in 
the neonatal setting, and particularly among premature newborns. 
Allogeneic transfusion of UCB-RBC concentrates have emerged as an 
alternative to standard top up transfusions for the treatment of anemia 
of prematurity. Multicenter clinical trials are encouraged to definitively 
establish the clinical indications for UCB derivatives. 
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