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Review Article

Platelet lysate for COVID-19 pneumonia—a newer adjunctive 
therapeutic avenue
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Abstract: The linchpin for COVID-19 pathogenesis is the severe inflammatory process in the respiratory 
tract wherein the accumulation of excessive cytokines paves the way for a series of systemic hemodynamic 
alterations and mortality. The mortality rate is higher in individuals with co-morbidities and advancing age. 
The absence of a specific therapy is responsible for this uncontrolled spread and the significant mortality. 
This renders potential insight for considering biologics as a plausible option to repair and regenerate the 
affected lung tissue and pulverize the causative organism. The plausible role of megakaryocytes against 
invading microbes was not clearly understood. Platelet lysate is an acellular product consisting of regenerative 
molecules released from a cluster of platelets. It attenuates the changes caused by immune reactions in 
allogenic utility with the introduction of growth factors, cytokines, and proteins at supraphysiologic levels 
and thereby serves as a regenerative immunomodulatory agent to combat COVID-19. This platelet lysate 
can be used in nebulized form for such acute respiratory distress conditions in COVID-19 elderly patients. 
Platelet lysate may emerge as a pivotal player provided investigations pace up in this context. Here, we 
discuss how the platelet lysate can plausibly perquisite to relegate COVID-19. Undertaking prospective 
randomized controlled trials to prove its efficacy is the need of the hour in this pandemic scenario.
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Introduction

It is astounding to know that human blood serves as a 
source for many therapeutic products. These therapeutic 
products can be classified into cellular and protein-based 
blood products. The cellular blood products include red 
blood cells, buffy coat derived, and apheresis platelets, 
whereas protein-based products are fresh frozen plasma, 
cryoprecipitate, and plasma fractionation products. Some 
products of blood are being recognized as “essential 
medicines” by the World Health Organisation, emphasizing 
their vital significance in any national healthcare system (1).

Although anuclear platelets are well recognized for their 
crucial role in hemostasis, global researchers have proved 
numerous non-hemostatic immunologic functions of 
platelets in vertebrates. A definitive complex cross-talk exists 
between their hemostatic and non-hemostatic functions. 
Platelets naturally release their growth factors in a gradual 
and targeted manner to enhance healing. However, at times 
a physician might need to advocate platelets containing 
growth factors to an area for its prompt recovery (2). 
Currently, there are means available to lyse platelets using 
an optimal methodology to render the myriads of growth 
factors accessible to the body.

A newer blood product preparation called human 
platelet lysate (HPL) has been developed recently (3). 
Notably, being rich in platelet growth factors makes it an 
ideal candidate for utilization as a clinical-grade, xeno-free, 
supplement of growth media for human cell propagation 
and cell therapy procedures (3,4). In this review article, the 
rational usage of platelet lysate to combat COVID-19 has 
been discussed, and the need for undertaking prospective 
randomized controlled trials to establish its due efficacy and 
safety has been equally emphasized in conjunction with the 
prevailing pandemic scenario.

Materials and methods

A scoping review was done till May 2020 from PubMed, 
Google Scholar, Scopus, PubMed Central, and Medline 
databases using the following search terms namely, platelet 
lysate, COVID-19, growth factors, ARDS and Influenza. 
Two independent reviewers collected 123 articles and after 
rapid scanning of the titles, a total of 72 articles were finally 
chosen for the review. A framework was developed for the 
analysis of the articles, following which the various diseases 
were classified based on the mode of action of platelets and 
platelet lysate in them.

Results

A scoping review showed several plausible uses of platelets 
and platelet lysate on various systemic diseases and viral 
infections. 

Platelets 

Structure of Platelets
Platelets are anucleated cells having a biconvex discoid 
shape that measures 2 to 3 microns in their greatest 
diameter (5). The circulating cytoplasmic fragments, called 
platelets, are derived from megakaryocytic progenitor cells 
of bone marrow. The ratio of platelets to red blood cells in 
a healthy adult ranges from 1:10 to 1:20 (5).

Platelet kinetics
Thrombopoietin is a hormone produced by the kidneys and 
liver which induces platelet production. During its entire 
life span, each megakaryocyte produces platelets ranging 
from 1,000 to 3,000. The daily production is approximately 
1011 platelets. The average life span of circulating platelets is 
around 8–9 days. One unit of platelet concentrate increases 
the platelet count by 5,000–8,000/mm3. They are regulated 
by internal apoptotic Bcl-xL genes. The site of platelet 
reserve is the spleen and the senescent platelets undergo 
phagocytosis in the spleen and liver. The zones of platelet 
have been explained in Figure 1 (6).

Platelet lysate: properties and mechanism

Despite being anuclear, platelets are the mega reservoir 
of growth factors and are activated at sites of endothelial 
and tissue injury. Hence, these pave way for tissue repair, 
regeneration, and revascularization of the injured tissue (7). 

The genesis of platelet biology and its contents are 
depicted in Figure 2. Platelets possess various granules 
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Figure 1 Zones of platelets.
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(alpha, delta, gamma, and lambda), lysosomes, and 
microparticles (growth factors, pro, and antiangiogenic 
factors) in their intracellular content. The regulatory 
molecules produced by platelets upon activation are 
angiopoietin-1, vascular endothelial growth factor (VEGF), 
epidermal growth factor (EGF), hepatocyte growth factor 
(HGF), insulin-like growth factor 1 (IGF-1), brain-
derived neurotrophic factor (NGF), basic fibroblast 
growth factor (FGF-b), connective tissue growth factor 
and thrombospondin respectively (2). Besides, coagulation 
factors and anticoagulants are also their key contents. 

To add on, anti-microbial factors (complement 
precursors C3 and C4, complement factor D, matrix 
metalloproteinases), proteases such as thymosin B2, 
cathepsin D, and E, C1 inhibitor, and/or substances for the 
surrounding cells, such as adenosine diphosphate (ADP), 
adenosine triphosphate (ATP), histamine, serotonin, 
adrenaline and a variety of chemokine factors (IL-1Ra, 
IL-6, IL-4, IL-1) account for the regenerative role of 
platelets. Being a warehouse of these factors, platelets play 
a pivotal role in hemostasis inflammation, angiogenesis, 
and regeneration (8). And that’s how platelets emerge as 
key players; blessed with the capacity to alter hemodynamic 
properties.

Platelet lysate is constituted by acellular formulation 
having platelet proteins. It is obtained by lysing the platelet 
plasma membrane. During its processing, centrifugation 
and filtration techniques facilitate the removal of all 
cellular debris and yield content generally rich in growth 
factors. The white cell antigens are low, which minimizes 
the risk of adverse immune responses. In the connotation 
of its regenerative role, the myriads of the growth factors 

render an increase in cell proliferation and angiogenesis. To 
reiterate, it accounts for the release of a supraphysiological 
dose of platelet factors (2-4).

It  can be obtained via changes in temperature, 
mechanical lysis, ultrasound bath, lyophilization, repeated 
freeze-thaw-freeze cycles, and filtration techniques (9). 
Current studies have shown its utility as a supplement 
to the culture medium as a replacement for fetal bovine 
serum (FBS). It has been put forth in vitro studies for the 
evaluation of the immune-regulatory potential of the lysate. 
Growth factors can be extracted after lysing the platelets. 
Notably, it renders a less expensive and safer alternative to 
recombinant or animal products (10).

The extracellular matrix in platelet-rich plasma (PRP) 
provides a biodegradable scaffold. The polymerization of 
fibrinogen into fibrin occurs and subsequently binds to 
scaffolding proteins such as fibronectin or vitronectin (11).  
These act as adhesives to collagen and other ECM 
components facilitating the process of adhesion at injury 
sites. Additionally, they contain integrin-binding sites 
(e.g., RGD motifs) which further allow attachment of 
cells. Platelet-derived scaffolds are degradable by proteases 
[plasmin and matrix metalloproteinases (MMPs)] and 
hence, able to achieve full biodegradability and host 
integration (12).

Platelet immunology 

Innate immunity
Platelets possess antimicrobial (via antimicrobial peptides) 
and phagocytic activity which is possible because of the 
cross-talks with a wide range of microbial spectra (13,14) 

A B C D

Alpha granules Dense granules Lysosomes Growth factors Chemostatic factors

CytokinesProteasesAngiogenic factors

Figure 2 Schematic representation of a platelet and the components derived after its lysis. (A) Platelet with granules; (B) Lysis of platelets; (C) 
Lysis of platelet contents and (D) Platelet contents.
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and possesses pro-inflammatory cytokines (IL-1α) which 
modulate inflammatory and immune responses (15). 
Platelets execute the innate immune mechanism due to the 
expression of toll-like receptors (TLRs), such as TLR- 2, -4, 
and -9 which is the basis for platelet-neutrophil interactions 
and it results in extracellular entrapment that kills the 
bacteria (16). The thrombotic nature of platelets leads to 
the containment of invasive microorganisms. As platelets 
possess these pro-inflammatory cytokines, they form a part 
of the innate immune system. 

Platelets have anti-inflammatory cytokine pockets. Among 
those anti-inflammatory cytokines, TGF-β is a potent 
immunosuppressive factor, that downregulates the expression 
of the activating receptor, natural killer (NK) cells, and finally 
inhibits the antitumor activity of NK cells (17). Thus, platelets 
allow tumor cells to evade the host’s immunosurveillance. 
Thrombospondin-1 (TSP-1) activates the anti-inflammatory 
cytokine TGF-β1 and inhibits the phagocytic capacity of 
macrophages (18). Platelet TLRs justify their active role of 
sentinel cells by sensing the invasion of foreign microorganisms 
and counteracting by releasing chemokines. These platelets 
may also escalate the number of inflammatory cells and depute 
those at the site of infection. Thus, platelets not only act as 
proinflammatory cells but also modulate the balance between 
inflammation and immune responses. 

Adaptive immunity
CD154, a member of the TNF superfamily, present 
on platelets, CD4, CD8, and γT cells, is central to the 
mobilization of the adaptive immune response. T cell 
CD154 ligation of CD40 on DC promotes DC maturation 
with its accompanying elevation of costimulatory/adhesion 
molecule expression and cytokine production, both of which 
are associated with enhanced antigen presentation (19-23). 
CD4 T cell-derived CD154 is known to be necessary for 
providing the second signal during B lymphocyte activation, 
and as such is required to induce B cell proliferation, 
enhance expression of costimulatory and adhesion 
molecules, and enable isotype switching and germinal 
center (GC) formation and maturation (24,25).

P selectin (CD62P), which is found in the peripheral 
zone of platelets plays a crucial role in Th-1 immune 
response development (26). Activated platelets support 
immune class switch and augment CD8+ T cell function 
during viral infections by expressing CD40L on their 
surface (27). These events can directly affect B-cell 
differentiation, proliferation, and antibody production (28). 
Thereby platelets actively participate in adaptive immune 

response generation. 
Interestingly, platelets contain functional TGF-β that 

is essential for the development of naturally occurring 
Foxp3+ regulatory T cells (Treg) or T helper 17 cells (Th17) 
depending on the local cytokine environment (29). However, 
the role of platelets in modulating the balance of immune 
tolerance and inflammation caused by microorganisms is not 
known.

Platelet cross-talks 

The plausible role of megakaryocytes against invading 
microbes was not clearly understood. Researchers reported 
that the beneficial effects in the host were due to the 
upregulation of immune responses by the interplay between 
platelets and microbes (30). Various researchers across the 
globe have documented the interplay between platelet and 
viruses in in-vitro studies, which resulted in the activation 
of platelets and lead to virus-laden platelet elimination 
and further clearance of viral load (31). The receptors for 
viruses have been depicted in Figure 3. 

Platelet activation by either direct or indirect stimuli 
results in activation, degranulation, and release of pockets 
of growth factors and biomolecules. The resultant 
biomolecules mediate host defense mechanisms. A novel 
biomolecule, kinocidin, which differentiates microbes under 
different pH conditions, has an immunomodulatory effect 
through chemotaxis and activation of immune cells (32,33). 

The most prominent antiviral platelet kinocidins are 
platelet factor 4 (PF-4/CXCL4), which is a potent HIV-1 
inhibitor, followed by CCL5 and CCL3 (HIV-suppressive 
factors) (34). Among these chemokines, CCL5 is involved in 
viral lung infections which are well documented in influenza 
A virus infection in mice by providing anti-apoptotic 
signaling for macrophages (35). Platelet–leukocyte-
mediated immune responses during viral infections result 
in enhanced phagocytosis, reactive oxygen species (ROS) 
production of neutrophils, and neutrophil extracellular trap 
(NET) formation (36).

The interactions between platelets and monocytes resulted 
in enhanced monocyte activation and differentiation, boosted 
expression of tissue factor on the surface of the monocytes, 
and enhanced the formation of microparticles (37).  
Platelet–dendritic cell cross-reaction promotes dendritic 
cell maturation and enhances their antigen-binding  
capacity (38). Platelet–lymphocyte cross-talk modulates T 
and B lymphocytes function via direct cell–to–cell interaction 
and soluble mediators (CCL-5 and CXCL-4 and -7) (39). 
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Chemokines released by platelets (CXCL4 and CCL5) 
enhance pro-, and anti-inflammatory cytokine production, 
which are the primary components in T-cell differentiation 
and further leads to an increase in regulatory T-lymphocytes 
and limits Th17 differentiation (40,41).

Preparation of platelet lysate for clinical utility

Various researchers followed their protocol in the preparation 
of platelet lysate and were used for treating various disorders 
(42-52). Schallmoser et al. described the methodology 
for the preparation of HPL for clinical utility (10). This 
includes combining 4–5 platelet concentrates bags having 
the same-gender characters and storing them at ‒20 ℃. 
Following initial freezing, these are defrosted and subjected 
to a centrifugation procedure. Afterward, they undergo 
filtration using sterilizing filters (0.22 μm). This process of 
filtration facilitates the elimination of membrane debris and 
minimizes the number of possible antigenic agents. The 
yielded supernatant will be frozen again at ‒20 ℃. This will 
increase platelet lysis and further release soluble factors. The 
discussed procedure will be conducted several times until 
a product free of membrane debris and antigenic factors is 
obtained. The finally produced HPL will then be divided 

into 4 mL aliquots. It will be frozen at ‒80 ℃ until clinically 
utilized.

Pathophysiology of COVID-19 pneumonia and platelet 
lysate

The presence of ACE-2 receptors facilitates the entry of 
SARS-CoV-2 into the pulmonary alveolar cells. Due to the 
widespread expression of ACE-2 receptors on pulmonary, 
cardiac, renal, and hepatic tissues, the patients with severe 
COVID-19 infection result in a multi-organ dysfunction 
syndrome complex (53). 

The immunopathogenesis in COVID-19 pneumonia 
ranges from sore throat, fever, dyspnea, anosmia, and 
dysgeusia to pneumonia which mandates ventilator support. 
In later stages of diseases, due to the extensive disruption 
of pulmonary epithelium and alveolar endothelium, an 
exponential production of cytokines and chemokines results 
in the development of cytokine storm (54) and hence results 
in severe acute respiratory distress syndrome (ARDS), 
systemic inflammatory response syndrome (SIRS), multi-
organ dysfunction syndrome (MODS) and eventually 
death. The pathological findings from the lungs of severe 
COVID-19 patients showed bilateral diffuse alveolar 

Platelet Receptors for Specific Viruses
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Figure 3 Platelet receptors for viruses.
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damage with cellular fibromyxoid exudates (55). Rapid 
viral replication, cellular damage, and virus-induced ACE2 
downregulation are all noted as possible causes of aggressive 
inflammation caused by SARS-CoV2 (56).

As far as the potential treatment targets are concerned, 
blockage of IL-6, IL-1, and TNF-α may benefit the 
patients. Platelet lysate could be a potential therapeutic 
modality in such cases. The process of generating platelet 
lysate includes the removal of all cellular debris. This results 
in a rich content of growth factors with a low concentration 
of white cell antigens that could trigger immune responses. 
As it provides supra-physiologic doses of platelet factors 
(as shown in Figure 4), the platelet lysate might increase 
cell proliferation and angiogenesis, thus helps in cellular 
regeneration (3). Platelet lysate has traditionally been 
studied as a supplement to the culture medium for 
lymphocytes or as a replacement for FBS. Recently, some 
studies have focused on the immune regulatory potential 
of platelet lysate. In one such study, the lysate was able 
to induce the development of CD4+Foxp3+-induced 
regulatory T cells (iTregs). These regulatory cells inhibited 
the proliferation of normal T cells thereby exerting 
immunosuppressive and anti-inflammatory properties (57). 
Considering the above evidence, the potential for utilization 
of platelet lysate (possibly in a nebulized form) as an 
adjuvant in the treatment of COVID-19 infection-related 
ARDS can be explored.

Discussion

Platelets are the key blood elements and renowned for their 
central role in hemostasis. They are a natural reservoir 
of multiple proteins, cytokines, and growth factors that 
are stored in a dense membrane system e.g., stored in the 
α-granules within them. In vivo, platelets are activated at 
the site of injury whereby they allow the release of a large 
number of soluble mediators which act as key participants 
in hemostasis and promoting tissue repair, including 
revascularization (58,59). The extraction of growth 
factors through lysis of human platelets represents a safer 
alternative with decreased costs as compared to the adoption 
of recombinant growth factors or proteins derived from 
animals (60). These signaling molecules, when in contact 
with cell transmembrane receptors promote the expression 
of genes involved in processes like cellular recruitment, 
growth, and morphogenesis (61). There are various other 
molecules present in platelet α-granules which include 
clotting factors, factors responsible for fibrinolysis, adhesive 
proteins, proteases, and antiproteases as well as glycoproteins 
that are constituents of its membrane (62). CD40 ligand 
and p-selectin molecules involved in inflammation processes 
are also a component of the platelet α-granules that are 
released upon platelet activation (63,64). Therefore, if we see 
therapeutically, the application of platelets seems to be quite 
promising for regenerative medicine and tissue engineering 
applications.
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For therapeutic applications, platelets are commonly 
used in the form of PRP wherein the normal concentration 
of platelets is at least 1×106 platelets/μL in 5 mL of plasma, 
whereas the range in whole blood is from 1.5×105 to 
3.5×105 platelets/μL respectively (65,66). In addition to this, 
HPL equally embraces possibly suitable utilization in the 
specialty of regenerative medicine. PL has been suggested 
as an efficient alternative to FBS for cell and tissue 
expansion, reducing the risks of transmission of xenogeneic 
contaminants as virus, bacteria, and prions, as well as 
xenogeneic antigens. Several ethical issues are associated 
with the collection methods of animal serums and the 
potential limits of availability (3,66). Increased safety for cell 
therapy protocols and cost reduction are the major benefits 
of human alternatives (67-69).

Cells from marrow, as well as trabecular bone, cells 
from dental pulp, mesenchymal stem cells (MSCs), 
adipose tissue-derived stem cells, human articular 
chondrocytes ,  myof ibrob las t s ,  human immorta l 
keratinocyte cell line, and osteoblasts, respond to the use 
of HPL with increased proliferation rate when compared 
to animal-derived mediums or mixtures of recombinant 
growth factors (67-70). It was also reported that the use 
of PL in substitution of FBS does not interfere with 
the differentiation potential and immunophenotypic 
characteristics, at least in the case of MSCs (70). The 
proliferation process is highly influenced by the presence 
of cytokines, growth factors, and attachment factors. 
These molecules are responsible for cellular migration, 
redistribution, adhesion, and proliferation and they are 
present in HPL. HPL contains a total protein content 
typically exceeding 50–55 mg/mL while FBS composition 
includes a protein content that is on average 38 mg/mL, 
this may explain the higher proliferation rates in cells 
cultured using HPL as a culture media supplement.

Frequently, HPL used as a supplement for cell culture 
media is obtained from processed blood donations from 
FDA or EMA licensed blood centers. It is also now possible 
to obtain commercial sources of HPL to replace FBS 
respectively. To decrease the variability between different 
batches, numerous blood donor units are processed 
together.

Despite the promising results,  a major concern 
regarding the use of Plasma lysate is their heterogeneity 
and demanding characterization. There is an essential 
demand for HPL quality control procedures, which may 
comprise analysis of pivotal substances important for cell 
growth and differentiation. Advanced characterization 

techniques such as mass spectrometry and two-dimensional 
gel electrophoresis and enzyme-linked immunosorbent 
analyses could be important for better characterization 
and standardization in the use of HPL (3,71). Testing 
for infectious markers or pathogen inactivation is also 
important process in HPL preparation. In the case of 
infectious markers, each HPL sample should be submitted 
to the detection analysis of viral markers such as HIV, 
Hep-B, and Hep-C through nucleic acid amplification 
methods. Pathogen inactivation during the HPL obtaining 
process reduces the risk of pathogen transmissions such as 
viruses, bacteria, fungi, and prions.

Karen Bieback from the University of Mannheim gave 
an audit on the preclinical evidence for the role of HPL 
in regenerative functions and cell growth-supporting 
functions. This was shown by using the expansion of MSCs 
derived from bone marrow and proposed HPL to be an 
intermediate growth medium supplement that can be used 
in place of FBS during further scientific advancements until 
chemically defined media is available additionally (72).

Since HPL is of biological origin, besides testing for the 
three viral markers, it also requires further testing to verify 
its purity, its microbial safety, and the determination of 
the storage environment needed. As mentioned earlier, to 
decrease the variability between different batches, numerous 
blood donor units need to be processed together. Also, 
bigger pools will tend to upsurge the hazard of transmitting 
infectious agents. Therefore manufacturers either put a 
check on the number of donations per pool or arrange for 
methods for inactivation/removal of viruses.

A major drawback lies in predicting the precise 
qualitative composition and this finally ends up in the 
detailed analysis of the composition. In fact, in certain 
relevant instances, these testing procedures also include 
the analysis of cell-based impurities. It is significant to note 
that safety measures are of utmost value while using HPL 
as a pooled product because of preventing transmission of 
blood-derived infections. A few reports have mentioned 
the transmission of Hepatitis E virus and Parvo B19 virus 
in blood products and highlighted the significance of safety 
considerations respectively. The recommendations made by 
the Paul Ehrlich Institute, Germany includes switching to 
a smaller pool size or if the pool size exceeds 16 donations 
then practicing virus inactivation methodology (72). The 
aforementioned methodology includes either utilizing 
pathogen-inactivated platelet as a source for HPL (under 
evaluation presently) or by executing a virus reduction step 
specifically while producing HPL.
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Currently, there are no registered clinical trials with 
HPL for COVID-19. This further makes it imperative to 
consider it as a potent modality and clinical trials should 
be undertaken to widen its scope for the same. This would 
serve as a potential region of interest among researchers and 
regenerative medicine specialists across the globe to combat 
the pandemic caused by SARS-CoV-2.

Conclusions

The fundamentals and dynamics of platelets have been 
mentioned extensively in the medical literature. These 
lend potential substantiation to explore and extrapolate 
therapeutically. Considering this aspect; one such biologic 
is HPL. Research at present provides us with an insight into 
platelet lysate concerning its function and myriads of growth 
factors which can be directed in a supraphysiological dose 
for reparative and regenerative roles. Its role is extremely 
well adduced for acting as a supplement to the culture 
medium wherein replacing FBS but warrants a clearer 
picture in case of an immunological aspect. Emerging 
evidence regarding its repair and regenerative role preludes 
it as a potential plausible candidate to be extrapolated for 
COVID-19. Platelet lysate may emerge as a pivotal player 
provided investigations pace up in this context. The current 
focus should be on tight regulation controls and conduction 
of randomized controlled trials to establish the same.
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