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A B S T R A C T   

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is the cause of coronavirus disease 2019 
(COVID-19) which has emerged as a global health crisis. Recently, more than 50 different types of potential 
COVID-19 vaccines have been developed to elicit a strong immune response against SARS-CoV-2. However, 
genetic mutations give rise to the new variants of SARS-CoV-2 which is highly associated with the reduced 
effectiveness of COVID-19 vaccines. There is still no efficient antiviral agent to specifically target the SARS-CoV-2 
infection and treatment of COVID-19. Therefore, understanding the molecular mechanisms underlying the 
pathogenesis of SARS-CoV-2 may contribute to discovering a novel potential therapeutic approach to the 
management of COVID-19. Recently, extracellular vesicle (EV)-based therapeutic strategies have received great 
attention on account of their potential benefits in the administration of viral diseases. EVs are extracellular 
vesicles containing specific biomolecules which play an important role in cell-to-cell communications. It has been 
revealed that EVs are involved in the pathogenesis of different inflammatory diseases such as cancer and viral 
infections. EVs are released from virus-infected cells which could mediate the interaction of infected and un-
infected host cells. Hence, these extracellular nanoparticles have been considered a novel approach for drug 
delivery to mediate the treatment of a wide range of diseases including, COVID-19. EVs are considered a cell-free 
therapeutic strategy that could ameliorate the cytokine storm and its complications in COVID-19 patients. 
Furthermore, EV-based cargo delivery such as immunomodulatory agents in combination with antiviral drugs 
may have therapeutic benefits in patients with SARS-CoV-2 infection. In this review, we will highlight the po-
tential of EVs as a therapeutic candidate in the diagnosis and treatment of COVID-19. Also, we will discuss the 
future perspectives regarding the beneficial effects of Evs in the development of COVID-19 vaccines.   
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1. Introduction 

The coronavirus disease 2019 (COVID-19) caused by the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) has been declared a 
challenging pandemic by the World Health Organization (WHO) on 
March 11, 2020 [1]. To date, COVID-19 with over 600 million cases has 
become a serious health crisis all around the world due to the simple 
transmission through respiratory droplets [2]. COVID-19 is mainly 
characterized by dysregulation of immune responses, uncontrolled sys-
temic inflammation, cytokine storm, and multi-organ dysfunctions [3]. 
However, the most frequent complication of COVID-19 is associated 
with respiratory diseases including, pneumonia, respiratory distress 
syndromes (RDS), and acute lung injury [4]. SARS-CoV-2 is a member of 
the coronaviruses family which are spherical RNA viruses enveloped 
with different viral proteins including, the spike (S), membrane (M), 
envelope (E), and nucleocapsid (N) proteins [5]. The internalization 
process of SARS-CoV-2 is mediated by the S protein that binds to the 
receptor-binding domain (RBD) of angiotensin-converting enzyme 2 
(ACE2) receptors expressed by host cells. The fusion of the host and the 
viral membrane is facilitated with the cleavage of S protein into S1 and 
S2 subunits by the transmembrane serine protease (TMPRSS2) [6]. Be-
sides, CD147 known as EMMPRIN or basigin (BSG), and furin-mediated 
S protein cleavage are considered the alternative internalization route of 
the SARS-CoV-2 virus [7]. In addition, integrins are identified as po-
tential alternative receptors for viral entry to facilitate viral transmission 
and pathogenesis [8]. The blockade of virus entry is a promising ther-
apeutic target in the prevention of COVID-19 [9]. Although the in-
hibitors of SARS-CoV-2 entry as well as different vaccines have been 
developed to prevent the SARS-CoV-2 infection and eradicate the 
COVID-19 pandemic. However, several mutations in the genome of 
SARS-CoV-2 lead to new variants of viruses such as the Alpha, Delta, and 
Omicron variants which are linked to the altered transmissibility and 
pathogenicity [10,11]. For instance, the mutated protein in the Omicron 
variant results in the enhanced affinity to ACE2 associated with accel-
erated internalization and fusion process [12]. Therefore, discovering an 
efficient therapeutic approach for the treatment of SARS-CoV-2 infec-
tion and alleviating COVID-19-related symptoms is still of research 
interest. 

Extracellular vesicles (EVs) are lipid-enclosed small particles with an 
endocytic origin that are produced and secreted by various immune and 
non-immune cells to the extracellular space in physiological and path-
ological states [13]. EVs are mainly classified into three subgroups 
microvesicles (MVs), exosomes, and apoptotic bodies (Abs) based on 
their characteristics including the biogenesis process, release mecha-
nisms, and physiological functions [13]. EVs are membrane-bound and 
cell-derived cargos that contain signaling biomolecules such as proteins, 
microRNAs (miRNA), and metabolites depending on the cell from which 
they originate. These intercellular signalosomes can be transported 
through body fluid to convey specific cargo to the target cells. EVs 
mainly express membrane-bound and cytosolic proteins including, CD9, 
CD63, and CD81, integrins, heat shock proteins (HSP), actin, and flo-
tillins [14]. Membrane-bound proteins, ligands, receptors, and adhesion 
molecules expressed on the exosomal membrane mediate cell interac-
tion to exert their effects on target cells [15]. According to the evidence, 
EVs play a critical role in the pathophysiology of different diseases such 
as autoimmune disease, cardiovascular disease (CVD), cancer, and viral 
pathogenicity [16–18]. Nevertheless, there is controversial evidence 
regarding the role of EVs in the prevention or promotion of SARS-CoV-2 
infectivity. For example, EVs can transfer ACE2 to recipient cells, which 
supports virus internalization and infection [19]. On the contrary, it has 
been demonstrated that circulating ACE2-expressing EVs can block 
different strains of SARS-CoV-2 [20]. In general, EVs implicate a sig-
nificant modulatory role in immune responses by providing a plethora of 
signals to activate or suppress the immune system [21]. Furthermore, it 
has been shown EVs can be a potential tool to reduce the cytokine storm 
and alleviate the severity of COVID-19 [22,23]. It is noteworthy that 

immunomodulatory drugs can be loaded into the EVs which may be an 
efficient approach for the treatment of COVID-19 infection alongside 
antiviral drugs. Hence, in this review, we will highlight the important 
role of EVs in viral infection and the potential application of these 
exo-transfer mediators in the alleviation of COVID-19–associated pa-
thologies (Fig. 1). 

2. Immunopathogenesis mechanism of COVID-19 and the role of 
the immune system in response to SARS-CoV-2 

The SARS-CoV-2 virus invades the host cell through different re-
ceptors and cofactors [24]. The most important mediator of viral inva-
sion is the ACE2 receptor which in turn leads to the entrance of the viral 
genome [25]. Subsequently, prompt viral replication occurs inside the 
infected cell and contributed to the dissemination of infection. In gen-
eral, innate and adaptive immunity are two major arms of the immune 
system which rapidly respond to potential invaders. Innate immune cells 
such as monocytes, macrophages, dendritic cells, neutrophils, and nat-
ural killer (NK) cells are recognized as the first line of immune defense 
that plays a fundamental role against viruses, as well as SARS-CoV-2 [26, 
27]. Different pattern recognition receptors (PRRs) have been identified 
as RNA and DNA sensors including, toll-like receptors (TLRs), a retinoic 
acid-inducible gene I (RIG-I), melanoma differentiation-associated pro-
tein 5 (MDA5), absent in melanoma 2 (AIM2), and cGAS [28]. These 
receptors as the key cellular sensors activated by a diverse range of viral 
components. Furthermore, SARS-CoV-2 infection may cause inflamma-
tory cell death such as apoptosis, pyroptosis, and necroptosis in infected 
cells and consequently a release of damage-associated molecular pat-
terns (DAMPs) [29]. Moreover, adaptive immune cells including, T and 
B cells mediate robust immune responses to viral infection. Following 
the recognition of viral particles, different series of downstream 
signaling pathways and various transcriptional mediators including, 
nuclear transcription factor κB (NF-κB), and interferon regulatory fac-
tors (IRFs) activate inside the cell. This process results in the expression 
of interferon-stimulated genes (ISGs) and type-I interferon (IFN-I) re-
sponses as well as the production of cytokines and chemokines such as 
interleukin-1 beta (IL-1β), IL-2, IL-6, IL-7, tumor necrosis factor-alpha 
(TNF-α), CCL-2, CCL-3, CXCL8, and CXCL10 [30,31]. Immune dysre-
gulation and various inflammatory pathways are key underlined 
mechanisms in the pathogenesis of SARS-CoV-2 [32]. Excessive and 
generalized cytokine production named cytokine storm or cytokine 
release syndrome (CRS) occurs as a consequence of unrestricted sys-
temic inflammation and may cause multiple organ damage [33]. In-
flammatory cytokine production especially high levels of IL-1β, IL-6, and 
TNFα significantly related to disease severity [34]. Taken together, 
immunoinflammatory responses are the important cause of damage to 
the different organs in COVID-19-infected patients. 

3. Immune system and EVs 

The SARS-CoV-2 primarily could infect the respiratory tract due to 
the high expression of ACE2 in type II alveolar epithelial cells. In gen-
eral, ACE2 is significantly expressed by diverse cell types including, 
myocardial cells, liver, adipose tissue, small intestine, colon, and 
bladder indicating the susceptibility of different human tissues to SARS- 
CoV-2 infection [35]. Although the interaction of the SARS-CoV-2 S 
protein and ACE2 receptor is the main viral entry mechanism, however, 
the pathogenesis of COVID-19 is more likely orchestrated through im-
mune dysregulation and impairment of interferon (IFN) immune re-
sponses [36]. It has been indicated that the M and N protein of 
SARS-CoV-2 suppresses the expression of the ISGs which represses 
IFN-I responses mediated through the RIG-I pathway resulting in im-
mune evasion by SARS-CoV-2 [37,38]. Moreover, several signaling 
pathways including, Janus kinase/signal transducer and activator of 
transcription (JAK/STAT), tyrosine kinases, mitogen-activated protein 
kinase (MAPK), and mammalian target of rapamycin (mTOR) are the 
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underlying mechanisms associated with COVID-19 pathogenesis [39]. 
Uncontrolled cytokine production is identified as cytokine storm or 
cytokine release syndrome (CRS) triggered as a result of unrestricted 
systemic inflammation which may cause multiple organ damage [40]. 
Besides, the production of inflammatory cytokines and high levels of 
IL-1β, IL-6, and TNF-α are remarkably related to the severity of 
COVID-19 [41,42]. The cytokine storm significantly occurs in the severe 
forms of COVID-19 which is characterized by high levels of 
interferon-gamma (IFN-γ), induced protein 10 (IP10), monocyte che-
moattractant protein-1 (MCP-1), granulocyte-colony stimulating factor 
(G-CSF), TNF-α and IL-1β [43]. Neutrophilia and lymphopenia, hyper-
activated T cells, reduced number of regulatory T cells (Tregs), decrease 
in CD8+ and CD4+ T cells expressing IFN-γ, pro-inflammatory cytokine 
production including, IL-6, IL-1β, IL-8, and TNF-α are related to the lung 
injury and severity of the disease [43,44]. Therefore, immune dysre-
gulation is the key mechanism in the pathogenesis of SARS-CoV-2. 

EVs are recognized as novel intercellular communication tools 
through direct or indirect interactions. Cell-to-cell communication is 
mediated through gap junctions and protein-protein interactions, while 
EVs could facilitate distant cells through secreted soluble factors, such as 
hormones and cytokines, to signal propagation [45]. Moreover, EVs 
could attach to the surface of target cells through adhesion molecules 
including, tetraspanins, integrins, extracellular matrix proteins, immu-
noglobulin superfamily members, proteoglycans, and lectins [46]. It has 
been demonstrated that EVs are associated with cellular physiological 
processes including, unwanted protein removal and other genetic 
products, as well as mRNA and miRNA [47]. EVs are produced by 

different cell types and play a dual role in immune stimulation or sup-
pression which regulate the immune responses [48]. These extracellular 
vesicles are involved in antigen presentation independent of the 
antigen-presenting cells (APCs) or interactions with T cells by providing 
the MHC-peptide signaling for T cell activation, through direct and in-
direct mechanisms as well as cross-dressing pathways [49]. Also, EVs 
enriched with chemokines effectively promote the recruitment of lym-
phocytes [50]. Li N, et al. have demonstrated that EVs derived from 
prostate cancer cell lines upregulate the expression of CXCR4 which is 
mediated by the TLR2/NF-κB pathway. This process results in the 
recruitment of myeloid-derived suppressor cells (MDSCs) into the tumor 
microenvironment [51]. In contrast, it has been revealed that EVs play 
an immunosuppressive role in different types of cancers [52]. For 
example, EVs bearing mediators of apoptosis such as Fas ligand (FasL) 
mediates apoptosis of CD8+ T cells [53]. Klibi et al. have demonstrated 
that EVs containing galectin-9 secreted by Epstein-Barr virus-infected 
nasopharyngeal carcinoma cells mediate the immunosuppression 
through apoptosis in EBV-specific CD4+ T cells [54]. Plasma-derived 
EVs are associated with immunosuppression by impacting immune 
cells’ function. It has been demonstrated that plasma EVs bearing IL-12 
and IL-4 could enhance the Th1/Th2 ratio [50]. Moreover, EVs are 
bearing different anti-apoptotic mediators as well as microRNAs which 
mediate the inhibition of apoptosis. For instance, EVs enriched with 
hsa-miR-7–5p potentially inhibit Bad and activation of the CGMP-PKG 
pathway which mediates the apoptosis of T cells [55]. Also, 
plasma-derived EVs containing PD-1 ligands (PDL-1 and PDL-2) syner-
gistically enhance the interaction of EVs and lymphocytes which inhibit 

Fig. 1. The pathogenesis mechanism of SARS-CoV-2 and exososme-related transmission. The internalization process of SARS-CoV-2 is primarily orchestrated by the 
interaction of S and ACE2 receptors expressed by human cells which are facilitated by the cleavage of S protein priming by TMPRSS2. Then, SARS-CoV-2 starts to 
replicate inside the cell and is released after assembling into new viruses which are followed by immune activation and cytokine storm. Through this process EVs 
containing viral particles can infect distant cells through secreted soluble factors, such as hormones and cytokines, to signal propagation. 
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the activation of T cells [56]. Similarly, Kim et al. found that plasma EVs 
carrying MHC II and CD11b suppress antigen-specific immune responses 
partially through Fas/FasL-dependent pathways [57]. On the other 
hand, miR-34a, miR-122 and, miR-146a in plasma-derived EVs upre-
gulate the production of pro-inflammatory cytokines including IL-6, IL-1 
β, TNF-α and, MIP-2 by macrophages via activation of TLR7-MyD88 
pathway. This process induces immune activation by the macrophages 
and neutrophils migration [50]. Taken together, understanding the 
molecular mechanisms of EVs could be beneficial in affecting several 
obstacles toward immunotherapy strategies. 

4. The role of EVs in viral infection and COVID-19 

EVs are the smallest type of extracellular vesicles that recently 
received great consideration due to their functional role in the recipient 
cells. These mediators originate from different cells through endocytic 
pathways which are actively important in health and disease [58]. EVs 
can move across the whole body and can be found in different body 
fluids. It has been demonstrated that the composition of EVs varies in 
different viral infections and other intracellular pathogens. viral recog-
nition and propagation in host cells are influenced by EVs derived from 
virus-infected cells [59]. EVs can dynamically influence host cells using 
different pathways. Cargo delivery is considered the main mechanism to 
affect recipient cells through the fusion of membranes and the trans-
portation of functional molecules to target cells [60]. The EVs and host 
cell membrane fusion is mediated by clatherin-dependent, caveolin, and 
lipid raft as well as phagocytosis and micropinocytosis internalizing 
mechanisms. This process can be influenced by proteins and glycopro-
teins expressed by Evs and the recipient cell surface. Besides, EVs could 
attach to the surface protein such as integrins which may result in the 
activation of the intracellular signaling pathways [61]. EVs could play a 
dual role in the inhibition or progression of viral pathogenesis. Based on 
the evidence, in different viral infections, including, human immuno-
deficiency virus type-1 (HIV-1), human T cell lymphotropic virus 
(HTLV), Dengue virus, and hepatitis C virus (HCV), EVs which are 
derived from viral-infected cells are containing regulatory molecules 
and modulating the cellular processes [62]. Kaposi’s sarcoma virus 
(KSV) and Epstein-Barr virus (EBV) are recruiting the exosomal traf-
ficking machinery to secrete microRNAs (miRNA), messenger RNAs 
(mRNA), and small non-protein-coding RNAs to proteins to modulate 
special gene expression in target recipient cells. EBV-infected cells 
release EVs enriched with dUTPaset that can lead to the activation of 
transcriptional factors such as NF-κB signal transduction and cytokine 
production. of macrophage cytokine secretion [63]. Furthermore, EVs 
derived from HCV- and Zika virus-infected cells mediate the cytokine 
release, especially INF-α production by macrophages and monocytes, 
respectively [64]. 

SARS-CoV-2 is a member of the coronavirus family which shares a 
great sequential homology with SARS-CoV and MERS-CoV. SARS-CoV-2 
viruses can hijack ACE2-positive human type II alveolar cells It has been 
demonstrated that EVs-mediated mechanisms potentially contribute to 
the SARS-CoV-2, and SARS-CoV transmission to neighbor cells and tis-
sues, distant organs through systemic circulation and vascular system. 
EVs membrane tetraspanin facilitates viral entry to the host cells. 
Several types of viruses use EV machinery to propagate and viral spread 
in the human body. It has recently been investigated that SARS-CoV-2 
infected lung epithelial cells can release EVs bearing viral particles 
which could facilitate the viral spread into cardiomyocytes and 
expression of inflammation-related genes [65]. Therefore, it is reason-
able to presume that EVs harboring SARS-CoV-2 RNA are an indirect 
mechanism for viral entry. 

5. EVs as a diagnostic tool for COVID-19 

EVs are important intercellular transportation systems that are 
secreted by different cells in health or disease indicating the 

pathophysiological states. Due to the biochemical characteristics of EVs 
including simple isolation, high stability, and easy storage, EVs could be 
served as appropriate diagnostic biomarkers [66]. Recently, it has been 
proposed that exosomal-miRNA could be considered as a biomarker to 
monitor patients with hepatitis B virus (HBV) infection. Hu Z, et al. have 
shown that EVs enriched with miR-142–3p secreted by tumor cells and 
M1 macrophages in HBV-infected patients with hepatocellular carci-
noma [67]. Furthermore, EVs derived from HCV-infected cells are 
composed of HCV RNA, argonaute-2 (Ago2), HSP90, and miR-122 
potentially could enhance the stability of HCV RNA mediating the 
HCV proliferation [68,69]. Hence, SARS-CoV-2-infected cells may 
release EVs with specific proteins that could be considered critical bio-
markers for the monitoring of COVID-19. The bulk of research is hinting 
at the presence of subgenomic SARS-CoV-2 RNAs which may indicate 
the active COVID-19 infection [70–72]. Nevertheless, a single study by 
Soren A, et al. indicated that subgenomic SARS-CoV-2 RNAs could not 
be considered a reliable biomarker of the active form of SARS-CoV-2 
infection [73]. Moreover, another in-vitro study has shown that EVs 
bearing viral genomes may trigger immune activation through the 
cGAS/STING and IRF3-dependent pathways [74]. It has been demon-
strated that the circulating EVs bearing self- and viral antigens are 
increased during coronavirus infections which indicates COVID-19 
virus-infected cells potentially release EVs containing virus particles 
[16,75]. Barberis E, et al. have shown that circulating EVs containing 
SARS-CoV-2 RNA are strongly contributed to inflammation, coagulation 
as well as immunomodulation in COVID-19-infected patients [76]. 
SARS-CoV-2 infected lung epithelial cells could produce EVs enriched 
with viral particles which facilitate the viral transmission to car-
diomyocytes and subsequent inflammation [77]. It has also been indi-
cated in an in-vitro study that circulating EVs enriched with ACE2 could 
potentially prevent SARS-CoV-2 infection by interaction with the viral S 
protein [20]. Therefore, it can be perceived that antiviral EV proteins are 
recognized as an early biomarker for the diagnosis of COVID-19. It has 
been suggested different exosomal proteins including, CRP, A1AG1, 
A1AG2, CXCL7, SAMP, and ZA2G proteins could be used as an efficient 
approach for the diagnosis and management of COVID-19 disease [76]. 
Therefore, EVs are widely accepted biomarkers for clinical diagnosis in 
various diseases including, COVID-19. 

6. Therapeutic application of EVs in COVID-19 

Although different vaccines have been developed for the prevention 
of COVID-19, however, there are still persistent challenges to finding 
effective therapeutic solutions for the treatment of infection caused by 
recent SARS-CoV-2 variants. Recently, mesenchymal stem cells draw a 
lot of interest in regenerative medicine with plenty of beneficial effects 
in different pathological states including CVD, cancer, autoimmune 
disease, and viral infections. For instance, the preliminary results of 
phase I to III clinical trials have indicated that bone marrow-derived 
mesenchymal stromal cells have promising efficacy in the treatment of 
patients with severe COVID-19 [78]. Interestingly, cell-free-based 
therapies avoid cell toxicity and undesirable side effects, which have 
become an advantageous strategy in the treatment of a wide range of 
diseases [79]. EVs are extracellular vehicles containing specific cargo 
including mRNA, non-coding RNAs, DNA, and proteins from cells of 
origin. Based on the evidence, EVs transport biomolecules and specific 
signals to neighboring cells, mediating the reprogramming of recipient 
cells to control essential cellular functions [80]. These nano-sized vesi-
cles play paradoxical effects on the immune responses in COVID-19, 
which could either promote SARS-CoV-2 pathogenesis or be beneficial 
in the treatment of the disease [49]. The potential role of EVs as drug 
delivery in lung diseases such as asthma chronic obstructive pulmonary 
disease (COPD) and acute respiratory distress syndrome (ARDS) have 
been evaluated [81]. Therefore, it would be beneficial to investigate the 
therapeutic and pharmacological effects of EVs in the treatment and 
management of COVID-19. 
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The mesenchymal stem cell-derived EVs are considered an ideal 
therapeutic strategy for the management of different diseases due to 
their characteristics including high stability and biocompatibility, low 
immunogenicity, easy storage, and ability to cross the blood-brain bar-
rier [82]. Basalova N, et al. have reported that mesenchymal stem 
cell-derived EVs prevent fibroblast-to-myofibroblast transition which 
might inhibit the development of tissue fibrosis [83]. Also, mesen-
chymal stem cell-derived EVs mediate lung regeneration in animal 
models of bronchopulmonary dysplasia by reducing the levels of 
pro-inflammatory cytokines and macrophage immunomodulation 
[84–86]. Furthermore, mesenchymal stem cell-derived EVs containing 
FGF2 could increase the proliferation of lung epithelial cells [87]. The 
administration of EVs as immunomodulator agents could decrease the 
proinflammatory mechanisms and cytokine storm in COVID-19 patients 
and prevent ARDS pathogenesis [88]. Besides, Worthington EN, et al. 
have demonstrated the potential of EVs to upregulate the 
anti-inflammatory cytokine levels which could impact lung injury 
severity [89]. It has been demonstrated that mesenchymal stem 
cell-derived EVs enriched miR-146a target specific cells which could 
prevent the inflammation of cardiomyocytes and facilitate cardiac 
repair [51]. Also, Li et al. have indicated that transporting of 
anti-apoptotic miR-21–5p using mesenchymal stem cell-derived EVs 
potentially has a protective effect against oxidative stress which alle-
viate ischemia/reperfusion lung injury in the mouse model [90]. EVs 
containing miR-155 and/or miR-146a which are produced by primary 
bone marrow-derived dendritic cells play anti-inflammatory effects 
[91]. Besides, adipose-derived stem cells are frequent types of mesen-
chymal stem cells characterized by immunomodulatory functions, low 
immunogenicity, ability to differentiate into various cell types, cell 
regeneration, and repair of damaged cells. In addition, adipose-derived 
stem cells can regulate immune responses through EV secretion, 
providing a microenvironment to modulate inflammation [92]. Zhu 
et al. have presented the evidence that EVs released from 
adipose-derived stem cells potentially reduce lung inflammation and 
injury caused by cigarette smoke through inhibition of alveolar macro-
phage pyroptosis [93]. Besides, adipose-mesenchymal stem cell-derived 
EVs represent a capacity to protect against acute lung injury in a mouse 
model of sepsis [94]. Another study has shown that EVs derived from 
mesenchymal stem cells are capable to inhibit IL-27 produced by mac-
rophages which potentially alleviates lung injury in sepsis mice model 
[95]. Therefore, adipose-derived stem cells are considered a potential 
therapeutic candidate in the treatment of COVID-19 [96]. Hence, 
mesenchymal stem cell-derived EVs exert anti-inflammatory and 
immunomodulatory effects, as well as tissue regeneration capacity, 
indicating the significant therapeutic potential for the management and 
treatment of SARS-CoV-2. 

Based on the evidence, several clinical trials are currently registered 
to indicate the safety and efficiency of EVs for the treatment of COVID- 

19 patients (Table 1) [97]. A phase I randomized clinical trial is evalu-
ating the safety and efficiency of CD24-EVs in 35 patients with 
COVID-19 infection (NCT04747574). A phase II randomized clinical 
trial evaluated 155 patients with severe COVID-19 pneumonia who are 
treated by inhalation of CD24 overexpressed EVs to prevent clinical 
deterioration (NCT04969172). Another nonrandomized cohort study 
has indicated the safety of bone marrow mesenchymal stem cell-derived 
EVs in improving the cytokine storm and alleviation of pneumonia 
features in COVID-19 patients [98]. In another clinical trial, umbilical 
cord mesenchymal stem cell-derived EVs were administered intrave-
nously to treat severe COVID-19 patients (ISRCTN33578935). It has 
been demonstrated that the administration of mesenchymal stem 
cell-derived EVs to COVID-19 patients with pulmonary fibrosis via 
inhalation is significantly associated with lung repair in those patients 
(NCT04276987). Another phase II clinical trial investigated the safety 
and efficiency of EVs inhalation in 90 individuals with COVID-19 
(NCT04602442). Also, the ongoing phase I and II clinical trials are 
evaluating the safety and efficiency of EVs inhalation in 90 individuals 
with SARS-CoV-2-associated pneumonia (NCT04491240). Moreover, 
the phase I clinical trial is investigating the COVID-19-specific T 
cell-derived EVs in 60 patients with SARS-CoV-2 infection. 120 partic-
ipants with COVID-19-associated ARDS are treated with extracellular 
vesicles in phase II clinical trial (NCT04493242). 

EVs are identified as a vehicle for drug delivery to infected cells due 
to their competence to preserve the encapsulated material from degra-
dation and immune response [99]. Also, EVs can cross the blood-brain 
barrier to transfer the encapsulated cargo to the brain through an 
endocytic mechanism [100]. EVs loaded with anti-inflammatory drugs 
could also be considered an effective approach to dealing with 
COVID-19 disease. A previous study demonstrated that intranasal de-
livery of two anti-inflammatory drugs encapsulated in EVs could selec-
tively result in the apoptosis of microglial cells and potentially treat 
various brain inflammation in animal models [101]. The EVs containing 
immunomodulatory materials in combination with antiviral drugs can 
be used as a novel tool for treating COVID-19. For instance, EVs con-
taining heparin, which exerts antiviral and anticoagulant features, have 
served as intrapulmonary drug delivery in the management of COVID-19 
patients in a clinical setting [102]. Besides, EVs are the potential to be 
used as a vehicle for Remdesivir delivery in the treatment of patients 
with severe COVID-19 [103]. All drugs approved by the food and drug 
administration for the treatment of COVID-19 infection such as remde-
sivir can be encapsulated by EVs [104]. 

On the other hand, EVs can be used as a potential virus-free vaccine 
by presenting specific viral antigens and induction of a strong immune 
response. Animal studies and transcriptomics analysis have indicated 
the off-toxicity of EVs with no hepatotoxicity or a proinflammatory 
cytokine response [105,106]. For instance, loading the viral peptides to 
EVs derived from myeloid cells mediate the activation of CD8+ T cells 

Table 1 
Clinical trial EVs-based therapeutics for the treatment of COVID-19.  

EVs source Administration 
route 

Number of 
participants 

Outcome measurement Reference Developmental 
status 

Mesenchymal stem cell Inhalation  30 Adverse reaction, Time to Clinical Recovery, blood oxygen 
saturation, level of inflammatory markers 

NCT04491240 Phase I and II 

Mesenchymal stem cell Inhalation  24 Adverse reactions, Time to Clinical Recovery, level of 
inflammatory markers 

NCT04276987 Phase I 

Mesenchymal stem cell Inhalation  90 Adverse reaction, Time to Clinical Recovery, blood oxygen 
saturation, level of inflammatory markers 

NCT04602442 Phase II 

Bone Marrow 
Mesenchymal Stem Cell 

Intravenous 
infusion  

120 Time to Clinical Recovery, Neutrophil count, level of 
inflammatory markers 

NCT04493242 Phase II 

Unavailable inhalation  155 blood oxygen saturation, level of inflammatory markers NCT04969172 Phase II 
T-RExTM-293 cells inhalation  35 Adverse reaction, Time to Clinical Recovery, blood oxygen 

saturation, level of inflammatory markers 
NCT04747574 Phase I 

T cells inhalation  60 Adverse reaction, Time to Clinical Recovery NCT04389385 Phase I 
Placental Mesenchymal 

Stem Cell 
Intravenous 
infusion  

64 Adverse reaction, Time to Clinical Recovery, blood oxygen 
saturation 

ISRCTN33578935 Phase II  
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and the production of IFN-γ [107]. It has also been indicated that 
EV-based vaccines trigger high antibody-mediate immune responses in 
comparison with patients with SARS. Based on previous reports, the 
anti-S protein vaccines potentially stimulate the production of anti-S 
antibodies as well as increased EVs containing S protein. It has also 
been demonstrated that a chimeric protein has been developed using S 
protein and EVs [108]. Despite more than 50 COVID-19 vaccines 
including live-attenuated and inactivated viruses, the development of 
different engineered EV-based vaccines by loading full or modified 
mRNAs/proteins is of paramount importance. It has been demonstrated 
that EV-based vaccines potentially induce high levels of antibodies in 
comparison with COVID-19-infected individuals [109]. Currently, 
EV-based vaccines are produced by Biotechnology companies which are 
composed of recombinant SARS-CoV-2 S, M, E, and N proteins that 
trigger prolonged immunity with strong neutralizing antibodies and T 
cell responses. Although, the development of EV-based COVID-19 vac-
cines is difficult in terms of scalability and characterization of immune 
responses. However, these type of vaccines is beneficial in conferring 
long-lasting immunity with no risk of recurrence of vaccine-induced 
virulence. Also, EV-based vaccines are considered the best carriers for 
viral antigens which could present antigens in their native state [110]. 
Hence, it could be perceived that EVs-based could be administered to 
patients with COVID-19. Currently, anti-SARS-CoV-2 vaccines are 
engineered using S protein expressed on EVs surface or carrying mRNA 
of viral proteins. 

7. Conclusion 

EVs are nanosized extracellular vesicles produced by different cells 
that could be engineered for antiviral therapies as well as COVID-19. EVs 
secreted locally or systematically play a fundamental role in patholog-
ical states of different diseases by signal transduction. According to the 
evidence, EVs may contribute to the propagation and spread of SARS- 
CoV-2 infection on account of CD9 and ACE2 expression. Also, EVs 
may have beneficial functions by transferring specific cargo in the 
treatment of diseases such as COVID-19. EVs are cell-free therapeutic 
approaches with low toxicity that have been recently recognized as 
state-of-the-art therapeutic candidates in the treatment of inflammatory 
diseases including, SARS-CoV-2 infection. It is noteworthy that EVs can 
control the cytokine storm and alleviate the complication of COVID-19. 
Besides, the advantages of EVs administration proposed these extracel-
lular vehicles as an ideal candidate to improve the patient’s health. 
Although the production of EVs, purification, and application of these 
extracellular vesicles are still considered the limitations of EVs-based 
treatments. Nevertheless, EVs are widely interested as biomarkers, im-
munomodulators, therapeutics, and vaccines in industries. Currently, 
ongoing research is implicated to exploit the advantage of EVs in the 
reduction of cytokine storm and alleviate the complication of SARS-CoV- 
2 infection. In conclusion, further pre-clinical and clinical analysis is 
required to evaluate the safety and effectiveness of EVs-based therapy in 
COVID-19 and other viral infections as well as to clarify the long-term 
outcomes of these kinds of treatments. 
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[81] B. Purghè, M. Manfredi, B. Ragnoli, G. Baldanzi, M. Malerba, Exosomes in chronic 
respiratory diseases, Biomed. Pharmacother. 144 (2021), 112270. 

[82] O. Martinez-Arroyo, A. Ortega, M.J. Forner, R. Cortes, Mesenchymal stem cell- 
derived extracellular vesicles as non-coding RNA therapeutic vehicles in 
autoimmune diseases, Pharmaceutics 14 (2022). 

[83] N. Basalova, G. Sagaradze, M. Arbatskiy, E. Evtushenko, K. Kulebyakin, 
O. Grigorieva, Z. Akopyan, N. Kalinina, A. Efimenko, Secretome of mesenchymal 
stromal cells prevents myofibroblasts differentiation by transferring fibrosis- 
associated microRNAs within extracellular vesicles, Cells 9 (2020). 

[84] S. Chaubey, S. Thueson, D. Ponnalagu, M.A. Alam, C.P. Gheorghe, Z. Aghai, 
H. Singh, V. Bhandari, Early gestational mesenchymal stem cell secretome 
attenuates experimental bronchopulmonary dysplasia in part via exosome- 
associated factor TSG-6, Stem Cell Res Ther. 9 (2018) 173. 

[85] G.R. Willis, A. Fernandez-Gonzalez, J. Anastas, S.H. Vitali, X. Liu, M. Ericsson, 
A. Kwong, S.A. Mitsialis, S. Kourembanas, Mesenchymal stromal cell exosomes 
ameliorate experimental bronchopulmonary dysplasia and restore lung function 
through macrophage immunomodulation, Am. J. Respir. Crit. Care Med. 197 
(2018) 104–116. 

[86] A. Porzionato, P. Zaramella, A. Dedja, D. Guidolin, K. Van Wemmel, V. Macchi, 
M. Jurga, G. Perilongo, R. De Caro, E. Baraldi, M. Muraca, Intratracheal 
administration of clinical-grade mesenchymal stem cell-derived extracellular 
vesicles reduces lung injury in a rat model of bronchopulmonary dysplasia, Am. J. 
Physiol. Lung Cell. Mol. Physiol. 316 (2019) L6–l19. 

[87] Y.S. Kim, J.Y. Kim, R. Cho, D.M. Shin, S.W. Lee, Y.M. Oh, Adipose stem cell- 
derived nanovesicles inhibit emphysema primarily via an FGF2-dependent 
pathway, Exp. Mol. Med. 49 (2017), e284. 

[88] A. Abraham, A. Krasnodembskaya, Mesenchymal stem cell-derived extracellular 
vesicles for the treatment of acute respiratory distress syndrome, Stem Cells 
Transl. Med. 9 (2020) 28–38. 

[89] E.N. Worthington, J.S. Hagood, Therapeutic use of extracellular vesicles for acute 
and chronic lung disease, Int. J. Mol. Sci. 21 (2020). 

[90] Jw Li, L. Wei, Z. Han, Z. Chen, Mesenchymal stromal cells-derived exosomes 
alleviate ischemia/reperfusion injury in mouse lung by transporting anti- 
apoptotic miR-21-5p, Eur. J. Pharmacol. 852 (2019) 68–76. 

[91] M. Alexander, R. Hu, M.C. Runtsch, D.A. Kagele, T.L. Mosbruger, T. Tolmachova, 
M.C. Seabra, J.L. Round, D.M. Ward, R.M. O’Connell, Exosome-delivered 
microRNAs modulate the inflammatory response to endotoxin, Nat. Commun. 6 
(2015) 7321. 

[92] T.H. Chang, C.S. Wu, S.H. Chiou, C.H. Chang, H.J. Liao, Adipose-derived stem cell 
exosomes as a novel anti-inflammatory agent and the current therapeutic targets 
for rheumatoid arthritis, Biomedicines 10 (2022). 

[93] Z. Zhu, X. Lian, X. Su, W. Wu, Y. Zeng, X. Chen, Exosomes derived from adipose- 
derived stem cells alleviate cigarette smoke-induced lung inflammation and 
injury by inhibiting alveolar macrophages pyroptosis, Respir. Res. 23 (2022) 5. 

[94] H. Deng, L. Zhu, Y. Zhang, L. Zheng, S. Hu, W. Zhou, T. Zhang, W. Xu, Y. Chen, 
H. Zhou, Q. Li, J. Wei, H. Yang, X. Lv, Differential lung protective capacity of 

exosomes derived from human adipose tissue, bone marrow, and umbilical cord 
mesenchymal stem cells in sepsis-induced acute lung injury, Oxid. Med. Cell. 
Longev. 2022 (2022), 7837837. 

[95] X. Wang, D. Liu, X. Zhang, L. Yang, Z. Xia, Q. Zhang, Exosomes from adipose- 
derived mesenchymal stem cells alleviate sepsis-induced lung injury in mice by 
inhibiting the secretion of IL-27 in macrophages, Cell Death Discov. 8 (2022) 18. 

[96] L. Mazini, M. Ezzoubi, G. Malka, Overview of current adipose-derived stem cell 
(ADSCs) processing involved in therapeutic advancements: flow chart and 
regulation updates before and after COVID-19, Stem Cell Res. Ther. 12 (2021) 1. 

[97] C.J. Rogers, R.J. Harman, B.A. Bunnell, M.A. Schreiber, C. Xiang, F.S. Wang, A. 
F. Santidrian, B.R. Minev, Rationale for the clinical use of adipose-derived 
mesenchymal stem cells for COVID-19 patients, J. Transl. Med. 18 (2020) 203. 

[98] V. Sengupta, S. Sengupta, A. Lazo, P. Woods, A. Nolan, N. Bremer, Exosomes 
derived from bone marrow mesenchymal stem cells as treatment for severe 
COVID-19, Stem Cells Dev. 29 (2020) 747–754. 

[99] O.M. Elsharkasy, J.Z. Nordin, D.W. Hagey, O.G. de Jong, R.M. Schiffelers, S.E. 
L. Andaloussi, P. Vader, Extracellular vesicles as drug delivery systems: why and 
how? Adv. Drug Deliv. Rev. 159 (2020) 332–343. 

[100] C.C. Chen, L. Liu, F. Ma, C.W. Wong, X.E. Guo, J.V. Chacko, H.P. Farhoodi, S. 
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