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Abstract 
The lethality of the COVID 19 pandemic became the trigger for one of the most meteoric races on record in the search for 
strategies of disease control. Those include development of rapid and sensitive diagnostic methods, therapies to treat severe 
cases, and development of anti-SARS-CoV-2 vaccines, the latter responsible for the current relative control of the disease. 
However, the commercially available vaccines are still far from conferring protection against acquiring the infection, so the 
development of more efficient vaccines that can cut the transmission of the variants of concerns that currently predominate and 
those that will emerge is a prevailing need. On the other hand, considering that COVID 19 is here to stay, the development of new 
diagnosis and treatment strategies is also desirable. In this sense, there has recently been a great interest in taking advantage of 
the benefits offered by extracellular vesicles (EVs), membrane structures of nanoscale size that carry information between cells 
participating in this manner in many physiological homeostatic and pathological processes. The interest has been focused on 
the fact that EVs are relatively easy to obtain and manipulate, allowing the design of natural nanocarriers that deliver molecules 
of interest, as well as the information about the pathogens, which can be exploited for the aforementioned purposes. Studies 
have shown that infection with SARS-CoV-2 induces the release of EVs from different sources, including platelets, and that 
their increase in blood, as well as some of their markers, could be used as a prognosis of disease severity. Likewise, EVs from 
different sources are being used as the ideal carriers for delivering active molecules and drugs to treat the disease, as well as 
vaccine antigens. In this review, we describe the progress that has been made in these three years of pandemic regarding the 
use of EVs for diagnosis, treatment, and vaccination against SARS-CoV-2 infection.

Key points
• Covid-19 still requires more effective and specific treatments and vaccines.
• The use of extracellular vesicles is emerging as an option with multiple advantages.
• Association of EVs with COVID 19 and engineered EVs for its control are presented.

Keywords  COVID-19 · SARS-CoV-2 · Extracellular vesicles · Treatment · Prognosis · Vaccination

Introduction

In recent years, viral diseases became serious public health 
problems. Ebola hemorrhagic fever (Onyango et al. 2004), 
influenza AH1N1 (Girard, et al. 2010), severe acute respiratory 
syndrome (SARS, Demmler and Ligon 2003), or Middle East 
respiratory syndrome (MERS, Fehr et al 2017) are examples 
of viral diseases triggering epidemics and pandemics that have 
alerted health institutions worldwide in the last two decades. 
The rapid spread of viral diseases, especially respiratory ones, 
must be monitored and reported before the cases increase to 
uncontrollable numbers, which is promoted by factors such 
as population mobility and globalization (Wu et al. 2017). 
A new respiratory human virus responsible for the current 
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pandemic emerged in late 2019 in Wuhan, China (Zhu et al. 
2020). Subsequent analyses identified it as a member of the 
coronavirus family and it was formally assigned the name of 
SARS-CoV-2 (severe acute respiratory syndrome coronavirus 
2; Coronaviridae Study Group of the International Committee 
on Taxonomy of Viruses 2020) and the associated disease, 
as COVID-19 (coronavirus disease 2019, World Health 
Organization 2020). COVID-19 is characterized by such 
symptoms as fever, cough, difficulty breathing, fatigue, body 
aches, headache, loss of smell or taste, diarrhea, among others 
(Center for Disease Control and Prevention 2022). The severity 
of the disease depends on several factors: age (> 45 years 
old), gender (male), presence of chronic diseases (diabetes, 
hypertension, obesity), and vaccination (Rahman and Sathi 
2021; Wingert et al. 2021), which makes non-vaccinated 
elder people the priority group to protect (Zhang et al. 2022A, 
B). In less than 3 years, COVID 19 became a serious public 
health problem that took the lives of almost 7 million people 
worldwide (https://​coron​avirus.​jhu.​edu/​map.​html).

Since the early stages of COVID-19 pandemic, treatment 
strategies have been sought to reduce its mortality and the 
risk of severe infection. Currently, the treatment consists of 
palliative therapy using non-steroid anti-inflammatory and 
analgesic drugs (Moore et al. 2021; Leal et al. 2021), antivi-
ral drugs, e.g. paxlovid, remdesivir, or molnupiravir (Center 
for Disease Control and Prevention 2022-B), and monoclo-
nal antibodies (Hwang et al. 2022). Other less conventional 
treatments have also been used in the quest for better medi-
cal care, including hyperimmune serum (Zylberman et al. 
2020) and drugs utilized in other pathologies such as cancer 
(El Bairi et al. 2020). Different parameters are currently used 
to determine the prognosis of patients, mainly those who are 
hospitalized (Ruscica et al. 2021; Zemlin et al. 2022), but 
the acquisition of more data in correlation to the severity of 
the disease are pivotal to determine the course of treatment 
and to perform early intervention.

The implementation of mass vaccination campaigns against 
COVID-19 worldwide has successfully resulted in a decrease 
in the numbers of cases and hospitalizations reported in dif-
ferent countries (Wang et al. 2022B). Nevertheless, the high 
mutation capacity of the virus has given rise to the variants that 
continue to generate waves of contagion, mainly related to the 
evasion of the immune response generated after vaccination 
or infection (Harvey et al. 2021). This once again puts health 
systems on alert in the search for treatment and vaccination 
alternatives that will make it possible to stop future outbreaks.

“Extracellular vesicles” (EVs) is the term used to define 
a family of membrane bodies released from almost all cell 
types having an important role in cellular communication 
(van Niel et al. 2022; Díaz-Godínez et al. 2022). According 
to their origin, size, and cargo, Evs are classified into three 
categories: exosomes, microvesicles, and apoptotic bodies 
(Doyle and Wang 2019). Exosomes (30–100 nm in size) 

originate from the multivesicular bodies and are released 
after fusion with the plasma membrane containing constant 
markers such as tetraspanins CD9, CD63, CD81, or CD82. 
Microvesicles (30–1000 nm in size) originate through evagi-
nation of the cytoplasmic membrane driven by a regulated 
mechanism, and are characterized by the presence of mito-
filin, actin-4, and GP96. Apoptotic bodies (500–5000 nm in 
size) are generated during the late stage of apoptosis and are 
characterized by the exposition of phosphatidylserine at the 
outer surface (Díaz-Godínez et al. 2022). In addition to play-
ing a critical role in cellular intercommunication, EVs have 
also been involved in several biological functions such as 
differentiation, proliferation, immune response, and metabo-
lism regulation (Doyle and Wang 2019; Díaz-Godínez et al. 
2022). Such a functional diversity has positioned EVs as a 
novelty strategy to develop acellular vaccines and treatments 
in different diseases, especially based on their immunogenic 
and immunoregulatory functions, respectively (Sabanovic 
et al. 2021; Santos and Almeida 2021).

In this review, we update the information on the use of 
EVs in the prognosis, treatment, and vaccination against 
COVID-19 generated so far in the pandemic. The collected 
data show that EVs are an important tool for the future 
development of strategies that lead to COVID-19 control.

EVs as prognosis marker in COVID‑19

More biomarkers are urgently needed to assess the risk and 
prognosis in COVID 19. Because EVs are present in all bio-
logical fluids, including blood, saliva, sputum, tears, and 
cerebrospinal fluid, they have been used as biomarkers for 
several human diseases. (Pulliero et al. 2019). Very early in 
the pandemic, SARS-CoV-2 infection was shown to be asso-
ciated with the release, into the blood, of EVs carrying tis-
sular factor that activates platelets and endothelial cells, thus 
contributing the EVs to the COVID-19-related thrombosis 
in patients (Mackman et al. 2020). The comparison between 
the proteomes of EVs from COVID-19 patients and EVs 
from healthy donors identified some EV-associated markers 
of SARS-CoV-2 infection, among which the coat complex 
subunit beta 2 (COPB2) results to be the best predictor to 
discern between mild and severe cases (Fujita et al. 2021). 
Moreover, SARS-CoV-2 RNA was also identified in the 
cargo of circulating EVs, suggesting that this virus may use 
the endocytosis route as Trojan horse to spread from one cell 
to another; nevertheless, viral RNA contamination during 
the EVs isolation process cannot be ruled out as reported 
elsewhere (Kongsomros et al. 2022). Therefore, circulating 
EVs may play a role in immunomodulation, inflammation, 
and coagulation during SARS-CoV-2 infection (Barberis 
et al. 2021).

https://coronavirus.jhu.edu/map.html
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On the other hand, platelet-derived EVs (PLT-EVs) 
are the most abundant circulating EVs in bloodstream 
(Berckmans et al. 2019). Activated platelets release PLT-
EVs into the circulatory system, enhancing damage and 
inflammation in lung and other several organs (Manfredi 
et al. 2022). Moreover, PLT-EVs release has been shown 
to increase in several human diseases, including viral 
infections (Boilard et al. 2014; Rozmyslowicz et al. 2003). 
For instance, the combination of SARS-CoV-2 and human 
platelets induced platelet activation and increased PLT-EVs 
secretion (Maugeri et al. 2022), which has been related to 
poor prognosis in SARS-CoV-2-infected patients (Traby 
et al. 2022). A cohort of SARS-CoV-2-infected patients 
enrolled during both the first (April/May) and the second 
(October/November) pandemic waves showed high counts 
of PLT-EVs compared to SARS-CoV-2 negative controls 
(Cappellano et al. 2021). The same study showed through 
a ROC curve analysis that PLT-EVs are a good diagnostic 
marker of SARS-Cov-2 infection (Cappellano et al. 2021). 
Raineri et al. (2022) also observed higher counts of PLT-EVs 
in patients with SARS-CoV-22 infection compared to healthy 
controls; moreover, they also detected that during hospital 
stay, SARS-CoV-2-infected patients with poor prognoses 
had significantly increased PLT-EV counts, suggesting 
that the abundance of PLT-EVs could also be used as an 
indicator of SARS-CoV-2 infection severity (Raineri et al. 
2022). Likewise, the counts of PLT-EVs increased in SARS-
CoV-2-infected patients 30-day post-discharge, and the high 
abundance of PLT-EVs was associated with developing 
venous thromboembolism (Campello et al. 2022). However, 
another study found that both severe and non-severe SARS-
CoV-2 patients presented a high abundance of PLT-EVs 
compared to healthy controls with no difference between 
infected groups (Zaid et  al. 2020). Therefore, evidence 
indicates that PLT-EVs is a good diagnostic marker of 
SARS-CoV-2 infection, and probably, of poor prognosis; 
however, further studies are necessary to assess this latter 
proposal (all this information is summarized in Table 1).

EVs as treatment for COVID‑19

EVs are considered a novel mediator of intercellular 
communication due to their ability to transfer to recipient 
cells a large range of cargoes, including proteins, lipids, 
and nucleic acids, regulating thus the physiological and 
pathological functions throughout the body (Zhou et al. 
2020). Therefore, EVs are considered the ideal carriers for 
delivering to cells active molecules and drugs for treatment 
of various diseases (Dang et  al. 2020). Several studies 
have been done in this regard on SARS-CoV-2 infection 
(summarized in Fig. 1). For example, a recent study showed 
that ACE2-containing EVs bind to SARS-CoV-2 through 
the virus spike (S) protein (Zhang et al. 2021), promoting 
a decrease in SAR-CoV-2-S-pseudotyped virus infection 
in vitro (Cocozza et al. 2020). Hence, various studies have 
focused on engineering EVs enriched with the ACE2 protein 
as a plausible treatment against SARS-CoV-2 infection. Xie 
et al. (2021) designed SARS-CoV-2 blocking EVs by fusing 
the ACE2 sequence to the S-palmitoylation-dependent 
plasma membrane targeting sequence, resulting in EVs 
enriched with ACE2 on their surface. This modification 
in the membrane of EVs allowed the neutralization of 
the SARS-CoV-2 virus in human ACE2 transgenic mice, 
resulting in an efficient decrease of SARS-CoV-2 viral 
loads, and thus protecting the mice against SARS-CoV-
2-induced lung inflammation. In another similar trial, Wu 
et al. (2022) reported that the intranasal pre-treatment of 
mice with engineered EVs stably expressing full-length 
human ACE2 (EVs-ACE2) blocked infection of nasal 
epithelium by S-pseudovirus. However, these findings 
must be taken with caution, as a report from the group of 
Tey et al. (2022) demonstrated that engineered EVs-ACE2 
increased the infectivity of SARS-CoV-2 by enhancing 
viral entry into host cells in a much more efficient manner 
than viruses alone, serving as a “Trojan horse.” Therefore, 
more studies are required to elucidate the therapeutic role 
of ACE2-enriched EVs in SARS-CoV-2 infection.

Table 1   Summary of candidate EV prognosis markers of COVID-19 severity

EV origin EV source EV markers Association with clinical outcomes Reference

Platelet Plasma CD41+/Annexin V+CD41+ Increased in COVID-19 non-severe cases, but not in 
severe cases

Zaid et al. 2020

Platelet Plasma CD41a+/CD31+ Predictor of SARS-CoV-2 infection (75% sensitivity and 
74% specificity)

Cappellano et al. 2021

Platelet Plasma HMGB1+ Independent predictor of the COVID-19 severity Maugeri et al. 2022
Platelet Blood CD41a+/CD31+ Increase as biomarker of COVID-19 severity Raineri et al. 2022
Platelet
Leukocytes

Blood P-Selectin+, E-Selectin+ and CD45+ P-Selectin+ EVs > 1,054/µL were associated with  
thrombosis, E-Selectin+ EVs ≤ 531/µL with worsen-
ing/death and 30-day P-Selectin+ and CD45+ EVs with 
persistent symptoms

Campello et al. 2022
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On the other hand, Scott et al. (2022) proposed a molec-
ular therapy against COVID-19 based on engineered EVs 
containing a fusion protein of CD63 with an anti-CoV-2 nan-
obody that bound SARS-CoV-2 spike at the receptor-binding 
domain (RBD) and exerted functional SARS-CoV-2 neu-
tralization activity. Engineered neonatal fibroblasts used as 
factories for the production of therapeutic activated special-
ized tissue effector EVs (ASTEX) have also been assessed. 
Thus, the pre-treatment of human lung epithelial cells with 
ASTEX resulted in cytoprotective activity by improving cell 
survival through the reduction of IL-6 and NF-κβ production 
in 2-day post-infection with SARS-CoV-2 (Ibrahim et al. 
2022). The same study found that ASTEX pre-treatment 
impaired SARS-CoV-2 infection by inhibiting the mTOR 
pathway (Ibrahim et al. 2022). Overall, the available evi-
dence indicates that therapy with engineered EVs could be a 
plausible strategy for protection against SARS-CoV-2 infec-
tion. However, more clinical trials are needed to have better 

certainty about the efficacy of this type of molecular therapy 
in variable conditions of COVID-19 infection.

Another possibility of COVID-19 treatment based on EVs 
is the use of mesenchymal stem cell-derived extracellular 
vesicles (MSC-EVs), considered very promising nanothera-
peutic agents. In this regard, a recent study demonstrated 
that MSC-EV treatment of SARS-CoV-2-infected human 
lung epithelial cells led to suppression of replication and 
release of SARS-CoV-2 viral particles from these cells 
(Chutipongtanate et al. 2022). Very interesting is the fact 
that the intravenous administration of MSC-EV in patients 
infected with SARS-CoV-2 resulted in a marked improve-
ment of oxygenation within 3 days of treatment, alongside 
with reduction in neutrophil count and increase in lympho-
cyte count, as well as decrease in C-reactive protein (CRP), 
ferritin, and d-dimer levels (Sengupta et al. 2020). Likewise, 
inhaling MSC-EVs as a noninvasive strategy has emerged 
as a potential treatment for acute lung injury (ALI) induced 

Fig. 1   Summary of EV-based strategies proposed to control COVID-
19 infection. A Use of EVs displaying the ACE2 receptor on their 
surface to neutralize SARS-CoV-2. B Use of ASTEX (activated spe-
cialized tissue effector EVs) to modulate the inflammatory response 

associated with the disease. C Use of mesenchymal stem cell-derived 
EVs (MSC-EVs) for the intranasal treatment of patients in order to 
attenuate the clinical signs of the disease
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by SARS-CoV-2 infection. Zhao et al. (2022) compared in 
mice the effects of MSC-EVs administration by inhalation 
and by tail vein injection for the treatment of ALI and found 
that inhalation of MSC-EVs reduced the expression of pro-
inflammatory cytokines and the pathological scores, while 
simultaneously increased the expression of anti-inflam-
matory cytokines by polarizing macrophages towards M2 
phenotype. In a pilot study with severe SARS-CoV-2 infec-
tion patients, it was found that the nebulization of human 
adipose-derived MSC-EVs improved the lymphocytopenia 
and a trend towards CRP, interleukin-6, and lactate dehydro-
genase decrease, and different degrees of resolution of pul-
monary lesions were observed (Zhu et al. 2022). Together, 
the evidence suggests that the use of MSC-EVs is a promis-
ing novel treatment for COVID-19.

EVs and vaccination against COVID‑19

The rapid spread of SARS-CoV-2 and the high mortality 
rate of COVID-19 during the first year of the pandemic 
highlighted the need to rapidly develop vaccines against 
this pathogen to protect the population (Halstead and 
Katzelnick 2020). After several months since the first cases 
were reported, and representing an unprecedent record, 
different types of vaccines with the ability to induce humoral 
and cellular responses against SARS-CoV-2 were put into 
circulation. Currently, there is a wide variety of vaccines 
that have been applied to people: messenger RNA vaccines 
(Pfizer-BioNTech, Moderna), viral vector vaccines (Oxford-
AstraZeneca, CanSino Biologics, Johnson & Johnson), 
inactivated complete virus vaccines (Sinovac, Sinopharm), 
and vaccines made from viral subunits (Novavax) (Meo et al. 
2021; Fathizadeh et al. 2021; Fiolet et al. 2022). All of them 
have shown their effectiveness by reducing the number of 
cases of severe disease; however, a vaccine that prevents 
infection in 100% of cases has yet not been developed.

Different research groups have reported the use of EVs 
released from engineered pathogens as a simple and practi-
cal strategy of vaccination. In this regard, it has been dem-
onstrated that EVs from engineered Staphylococcus aureus 
(Wang, et al. 2018), Cryptococcus neoformans (Rizzo et al. 
2021), and Streptococcus equi (Lee et al. 2021) lead to a 
strong immune response reflected in decreased death rates of 
infected animals. The potential of EVs as vaccines is not lim-
ited to those produced naturally by some cell types, but they 
can also be engineered with biotechnological tools according 
to the intended purpose (Dooley et al. 2021). Here, we high-
light 4 of the most recent strategies used to obtain EVs for 
vaccine purposes against COVID-19 (summarized in Fig. 2).

Ferrantelli et al. (2022) described a novel technique to 
provide cellular immunity based on EVs. They designed a 
DNA vector that drive the expression of the HIV-1 mutant 

protein Nef (Nefmut) which can be fused with other proteins 
and incorporated into EVs, which can then be released by 
different cell types (Muratori et al. 2009). The authors fused 
Nefmut with structural SARS-CoV-2 proteins (S1, S2, M, and 
N) and, after transfection in HEK 239 T cells, obtained a 
high expression of the fusion proteins into the EVs released 
to the culture media (Ferrantelli et al. 2021). Intramuscu-
lar immunization of mice with this fusion vector triggered 
the production of SARS-CoV-2 specific CD8 + T cells with 
the Th1 profile (production of INF-γ and TNF-α), which 
were detected in the spleens, bronchoalveolar washings, and 
lungs of the immunized animals. In protection assays, the 
mice inoculated with the vector driving the expression of 
Nefmut-N protein showed greater resistance against SARS-
CoV-2 infection compared to mice immunized with the con-
trol vector or the vector driving expression of Nefmut-S1 pro-
tein (Ferrantelli et al. 2022). The authors theorize that EVs 
released from muscle fibers after vector inoculation drive 
the expression of the fused proteins, which are taken up by 
antigen-presenting cells and presented to CD8 + T cells to 
trigger the specific response. This methodology aimed to 
induce a specific cellular immune response is of vital impor-
tance since the development of cellular immunity mediated 
by cytotoxic T lymphocytes has been associated with a good 
prognosis during COVID-19 (Li et al. 2020). Moreover, this 
strategy could provide a protective response even in patients 
that lack or have a poor humoral response (Kong et al. 2020).

A completely different strategy was used by Jiang et al. 
(2022) to trigger a systemic and mucosal humoral response. 
They obtained EVs from a detoxified mutant strain of Sal-
monella typhimurium which expressed the SpyCatcher 
peptide capable of binding to a SpyTag-containing protein. 
These EVs were purified from the bacterial culture and chal-
lenged with the recombinant Spike receptor binding domain 
(S-RBD) protein from SARS-CoV-2 fused to SpyTag. The 
interaction gave rise to S-RBD-decorated EVs (S-RBD-EV) 
due to the stable interaction between SpyCatcher present 
in the EV and the SpyTag of the RBD recombinant pro-
tein. According to the results obtained by this group, the 
intranasal immunization of mice with EV-S-RBD induced 
a humoral response represented by circulating and mucosal 
IgG antibodies with SARS-CoV-2 neutralizing activity. Con-
trary to that, the production of IgA and IgM antibodies in 
bronchoalveolar lavage was just above the limit of detection. 
In addition, S-RBD-EV inoculation reduced viral load and 
disease-associated histopathology in an experimental mouse 
model of SARS-CoV-2 infection.

Wang et al. (2022a) carried out a similar strategy to obtain 
EVs for vaccination purposes. This group conjugated the 
recombinant RBD protein from SARS-CoV-2 to 1,2-dis-
tearoyl-sn-glycero-3-phosphoethanolamine-poly(ethy lene-
glycol)-N-hydroxysuccinimide, and bound this constructed 
molecule to exosomes derived from lung cell spheroids. The 
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Fig. 2   Summary of proposed EV-based strategies of vaccination 
against COVID-19. A Vaccination with DNA coding for SARS-
CoV-2 structural proteins that are coupled to the EVs released by 
muscle cells. These EVs are captured by antigen presenting cells 
(APC) and the virus proteins presented to activate specific CD8 + T 
cells responses. B Vaccination with EVs displaying a SpyCatcher that 
captures the RBD of protein S (S-RBD) through a SpyTag. Inocula-
tion with these EVs is intended to induce strong humoral responses 

that neutralize the virus. C Intranasal nebulization vaccination with 
EVs derived from lung spheroids showing the S-RBD coupled to 
DSPE (1,2-distearoyl-sn-glycero-3-phosphoethanolamine-poly(ethy 
lene-glycol)-N-hydroxysuccinimide) to induce neutralizing mucosal 
antibody responses. D Intramuscular vaccination with mRNA coding 
for Spike or nucleocapsid proteins loaded into exosomes. Inoculation 
induces humoral response and cellular immunity mediated by CD4 
and CD8 lymphocytes
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conjugated protein was successfully incorporated into the 
surface of lung exosomes allowing its use for immunization 
studies. The administration of these constructed EVs by nebu-
lization in a golden hamster model led to the production of 
circulating IgG and mucosal IgG and IgA anti-SARS-CoV-2 
RBD antibodies. In addition, the immunization with these 
EVs induced a cellular immunity mediated by CD4 + and 
CD8 + T lymphocytes that produce INF-γ, a Th1 response 
profile. The challenge of the immunized animals with SARS-
CoV-2 demonstrated the effectiveness of this vaccine in 
reducing the viral load, as well as the inflammatory response 
in the lung. An additional feature of this vaccine is its ability 
to be freeze-dried and stored for up to 3 months without the 
need for a cold chain, which is the limitation for the transport 
of other currently used vaccines (Rusnack 2021).

Tsai et  al. (2021) combined the use of mRNA and 
exosomes to create a vaccine with promising results. They 
obtained and purified exosomes from the 293F cell line and 
loaded them with mRNA encoding the Spike protein (SW1) 
from SARS-CoV-2. In addition, they also obtained exosomes 
loaded with mRNA encoding LSNME, a fusion of SARS-
CoV-2 nucleocapsid, and fragments of Spike, membrane and 
enveloped proteins bound to the human Lamp 1 protein. To 
load the exosomes with mRNA, the authors treated the mRNA 
with cationic lipids and then incubated it with the exosomes. 
The intramuscular injection of the mRNA-loaded exosomes 
into C57BL/6 J mice induced the production of antibodies 
against the S and N proteins, which persisted through 3-month 
of the study, and the activation of reactive CD4+ and CD8+ T 
lymphocytes (Tsai et al. 2021). The cellular response against 
the S protein was associated with a Th1 profile characterized 
by high levels of INF-γ with low production of IL-4; 
however, the response against the N protein did not induce 
the production of any cytokine. Finally, the administration 
of the vaccine did not show adverse effects in the immunized 
animals (Tsai et al. 2021).

These data indicate the effectiveness of EVs-based vaccines 
to trigger immunity against SARS-CoV-2 that together with 
preclinical observations suggest that these vaccines could 
move on to the next phase of study.

Concluding remarks and future directions

As an unprecedented event in the history of humanity, the 
arrival of the COVID 19 pandemic encouraged in a very 
short time the development of great advances in all aspects 
of the disease, but above all, in those related to its control. 
This minireview summarized the findings that have been 
obtained in these three years concerning the use of EVs for 
the control of SARS-CoV-2 infection. Although many unan-
swered questions and methodological challenges remain, this 
rapidly advancing field of EVs application will ultimately 

provide important insights into the relevance of EVs in the 
clinical setting of COVID-19. Rather than being useful for 
diagnosis, for which a wide variety of tests are available, 
studies to date on EVs produced during infection seem to 
indicate that their abundance in blood, detectable through 
the overexpression of some markers such as COPB2, could 
be used as a predictor of the severity of the infection. In this 
regard, the high levels of some exosomal miRNAs in the 
blood have been associated with a poor prognosis for some 
cancers, such as miR-19a for gastric cancer (Matsumura 
et al. 2015) and miR-1290 and miR-375 for castration resist-
ant prostate cancer (Huang et al. 2015). In contrast, low 
levels of the exosomal miRNA miR-125b were associated 
with advanced melanoma (Alegre et al. 2014), suggesting 
that upward variations are not always the predictors. Stud-
ies of this type have not yet been carried out in patients with 
COVID 19, but they are necessary, as they could provide 
valuable information for the identification of severe cases, 
possible monitoring of the evolution of patients, and the 
use of miRNA-based therapeutics to reduce the severity of 
the illness. EVs arise as the appropriate delivery vehicle for 
these small non-coding RNAs, which could be envisioned as 
a promising biomarker in designing a practical iRNA-based 
treatment approach of clinical significance.

Perhaps the most interesting aspect of EVs is the possibil-
ity of using them as a carrier system for therapeutic target-
ing, drug delivery, and vaccination, through the intelligent 
design of EVs on demand and strategies of incorporation 
of useful molecules to their membranes or interior. In this 
sense, the possibilities are unlimited and are yielding very 
interesting results, including for SARS-CoV-2 infection. In 
particular, the use of SARS-CoV-2 blocking EVs displaying 
the ACE2 receptor has proved to be efficient in neutralizing 
the virus in vitro and inhibiting pulmonary inflammation in 
a murine model of infection, and EVs from neonatal fibro-
blasts (ASTEX) were both cytoprotective and inhibited the 
viral infection. A rather interesting option that has not yet 
been explored would be the use of EVs encapsulating antivi-
ral siRNA (small interfering RNA) to inhibit SARS-CoV-2. 
This strategy has been used successfully to inhibit the verti-
cal transmission of Zika virus in a mouse model, helping 
to alleviate virus-induced microcephaly by delivering the 
siRNA to the fetus brain (Zhang et al. 2022A, B). Finally, 
it is noteworthy to mention that EVs may represent the best 
cost-effective option for vaccination as they are increasingly 
easy to obtain, exhibit a low basal immunogenic profile, can 
be engineered to display specific CD8( +) T cell and B cell 
viral antigens, and can induce a strong immune response. 
Therefore, engineered EVs represent an efficient, flexible, 
and safe strategy for a virus-free vaccine design. In fact, 
this is the goal of some biotech companies such as Capri-
cor Terapeuthics, Ciloa Company, and Codiak BioSciences, 
who are developing EV-based vaccines for COVID-19, 
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by displaying the SARS-CoV-2 structural proteins on the 
EVs surface or by delivering their mRNAs through them 
(reviewed in Sabanovic et al 2021). All this augurs a prom-
ising future for the use of engineered EVs for various pur-
poses, for the definitive control not only of COVID-19 but 
also of any other infectious disease.

Acknowledgements  César Díaz-Godínez is a student of the Programa 
de Ciencias Bioquímicas, UNAM, and is a recipient of a scholarship 
from Consejo Nacional de Ciencia y Tecnología (CONACyT), Mexico 
(742064).

Author contribution  JCC conceived and designed the structure of the 
minireview. AH-D and CD-G compiled the information. AH-D and 
CD-G made the figures. JCC, AH-D, and CD-G wrote the paper. JCC 
supervised the work. All authors contributed to the article and approved 
the submitted version.

Funding  This research was funded by Programa de Apoyo a Proyectos 
de Investigación e Innovación Tecnológica (PAPIIT-UNAM), grant 
number IN208020 (to JCC).

Declarations 

Human and animal rights and informed consent  This article does not 
contain any studies with human participants or animals performed by 
any of the authors.

Conflict of interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Alegre E, Sanmamed MF, Rodriguez C, Carranza O, Martín-Algarra 
S, González A (2014) Study of circulating microRNA-125b levels 
in serum exosomes in advanced melanoma. Arch Pathol Lab Med 
138:828–832. https://​doi.​org/​10.​5858/​arpa.​2013-​0134-​OA

Barberis E, Vanella VV, Falasca M, Caneapero V, Cappellano G, 
Raineri D, Ghirimoldi M, De Giorgis V, Puricelli C, Vaschetto R, 
Sainaghi PP, Bruno S, Sica A, Dianzani U, Rolla R, Chiocchetti 
A, Cantaluppi V, Baldanzi G, Marengo E, Manfredi M (2021) 
Circulating exosomes are strongly involved in SARS-CoV-2 infec-
tion. Front Mol Biosci 22:632290. https://​doi.​org/​10.​3389/​fmolb.​
2021.​632290

Berckmans RJ, Lacroix R, Hau CM, Sturk A, Nieuwland R (2019) 
Extracellular vesicles and coagulation in blood from healthy 
humans revisited. J Extracell Vesicles 8:1688936. https://​doi.​org/​
10.​1080/​20013​078.​2019.​16889​36

Boilard E, Paré G, Rousseau M, Cloutier N, Dubuc I, Lévesque T, 
Borgeat P, Flamand L (2014) Influenza virus H1N1 activates plate-
lets through FcγRIIA signaling and thrombin generation. Blood 
123:2854–2863. https://​doi.​org/​10.​1182/​blood-​2013-​07-​515536

Campello E, Radu CM, Simion C, Spiezia L, Bulato C, Gavasso S, Tor-
mene D, Perin N, Turatti G, Simioni P (2022) Longitudinal trend 
of plasma concentrations of extracellular vesicles in patients hos-
pitalized for COVID-19. Front Cell Dev Biol 9:770463. https://​
doi.​org/​10.​3389/​fcell.​2021.​770463

Cappellano G, Raineri D, Rolla R, Giordano M, Puricelli C, Vilardo 
B, Manfredi M, Cantaluppi V, Sainaghi PP, Castello L, De Vita 
N, Scotti L, Vaschetto R, Dianzani U, Chiocchetti A (2021) Cir-
culating platelet-derived extracellular vesicles are a hallmark of 
Sars-Cov-2 infection. Cells 10:85. https://​doi.​org/​10.​3390/​cells​
10010​085

Center for Disease Control and Prevention (2022, October 26) Symp-
toms of COVID-19. About COVID-19. https://​www.​cdc.​gov/​
coron​avirus/​2019-​ncov/​sympt​oms-​testi​ng/​sympt​oms.​html

Center for Disease Control and Prevention (2022, October 19) COVID-
19 treatments and medications. About COVID-19. https://​www.​
cdc.​gov/​coron​avirus/​2019-​ncov/​your-​health/​treat​ments-​for-​
sever​eilln​ess.​html#:​~:​text=​The%​20FDA%​20has%​20iss​ued%​
20an,you%​20from%​20get​ting%​20COV​ID%​2D19

Chutipongtanate S, Kongsomros S, Pongsakul N, Panachan J, Khowa-
wisetsut L, Pattanapanyasat K, Hongeng S, Thitithanyanont A 
(2022) Anti-SARS-CoV-2 effect of extracellular vesicles released 
from mesenchymal stem cells. J Extracell Vesicles 11:e12201. 
https://​doi.​org/​10.​1002/​jev2.​12201

Cocozza F, Névo N, Piovesana E, Lahaye X, Buchrieser J, Schwartz 
O, Manel N, Tkach M, Théry C, Martin-Jaular L (2020) Extra-
cellular vesicles containing ACE2 efficiently prevent infection by 
SARS-CoV-2 Spike protein-containing virus. J Extracell Vesicles 
10:e12050. https://​doi.​org/​10.​1002/​jev2.​12050

Coronaviridae Study Group of the International Committee on Tax-
onomy of Viruses (2020) The species severe acute respiratory 
syndrome-related coronavirus: classifying 2019-nCoV and nam-
ing it SARS-CoV-2. Nat Microbiol 5:536–544. https://​doi.​org/​10.​
1038/​s41564-​020-​0695-z

Dang XTT, Kavishka JM, Zhang DX, Pirisinu M, Le MTN (2020) 
Extracellular vesicles as an efficient and versatile system for drug 
delivery. Cells 9:2191. https://​doi.​org/​10.​3390/​cells​91021​91

Demmler GJ, Ligon BL (2003) Severe acute respiratory syndrome 
(SARS): a review of the history, epidemiology, prevention, and 
concerns for the future. Sem Pediatr Infect Dis 14:240–244. 
https://​doi.​org/​10.​1016/​s1045-​1870(03)​00056-6

Díaz-Godínez C, Ríos-Valencia DG, García-Aguirre S, Martínez-Cal-
villo S, Carrero JC (2022) Immunomodulatory effect of extracel-
lular vesicles from Entamoeba histolytica trophozoites: regulation 
of NETs and respiratory burst during confrontation with human 
neutrophils. Front Cell Infect Microbiol 12:1018314. https://​doi.​
org/​10.​3389/​fcimb.​2022.​10183​14

Dooley K, McConnell RE, Xu K, Lewis ND, Haupt S, Youniss MR, 
Martin S, Sia CL, McCoy C, Moniz RJ, Burenkova O, Sanchez-
Salazar J, Jang SC, Choi B, Harrison RA, Houde D, Burzyn D, 
Leng C, Kirwin K, Ross NL, Finn JD, Gaidukov L, Economides 
KD, Estes S, Thornton JE, Kulman JD, Sathyanarayanan S, Wil-
liams DE (2021) A versatile platform for generating engineered 
extracellular vesicles with defined therapeutic properties. Mol 
Ther 29:1729–1743. https://​doi.​org/​10.​1016/j.​ymthe.​2021.​01.​020

Doyle LM, Wang MZ (2019) Overview of extracellular vesicles, their 
origin, composition, purpose, and methods for exosome isolation 
and analysis. Cells 8:727. https://​doi.​org/​10.​3390/​cells​80707​27

El Bairi K, Trapani D, Petrillo A, Le Page C, Zbakh H, Daniele B, Bel-
baraka R, Curigliano G, Afqir S (2020) Repurposing anticancer 
drugs for the management of COVID-19. Eur J Cancer 141:40–61. 
https://​doi.​org/​10.​1016/j.​ejca.​2020.​09.​014

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5858/arpa.2013-0134-OA
https://doi.org/10.3389/fmolb.2021.632290
https://doi.org/10.3389/fmolb.2021.632290
https://doi.org/10.1080/20013078.2019.1688936
https://doi.org/10.1080/20013078.2019.1688936
https://doi.org/10.1182/blood-2013-07-515536
https://doi.org/10.3389/fcell.2021.770463
https://doi.org/10.3389/fcell.2021.770463
https://doi.org/10.3390/cells10010085
https://doi.org/10.3390/cells10010085
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/your-health/treatments-for-severeillness.html#:~:text=The%20FDA%20has%20issued%20an,you%20from%20getting%20COVID%2D19
https://www.cdc.gov/coronavirus/2019-ncov/your-health/treatments-for-severeillness.html#:~:text=The%20FDA%20has%20issued%20an,you%20from%20getting%20COVID%2D19
https://www.cdc.gov/coronavirus/2019-ncov/your-health/treatments-for-severeillness.html#:~:text=The%20FDA%20has%20issued%20an,you%20from%20getting%20COVID%2D19
https://www.cdc.gov/coronavirus/2019-ncov/your-health/treatments-for-severeillness.html#:~:text=The%20FDA%20has%20issued%20an,you%20from%20getting%20COVID%2D19
https://doi.org/10.1002/jev2.12201
https://doi.org/10.1002/jev2.12050
https://doi.org/10.1038/s41564-020-0695-z
https://doi.org/10.1038/s41564-020-0695-z
https://doi.org/10.3390/cells9102191
https://doi.org/10.1016/s1045-1870(03)00056-6
https://doi.org/10.3389/fcimb.2022.1018314
https://doi.org/10.3389/fcimb.2022.1018314
https://doi.org/10.1016/j.ymthe.2021.01.020
https://doi.org/10.3390/cells8070727
https://doi.org/10.1016/j.ejca.2020.09.014


Applied Microbiology and Biotechnology	

1 3

Fathizadeh H, Afshar S, Masoudi MR, Gholizadeh P, Asgharzadeh M, 
Ganbarov K, Köse Ş, Yousefi M, Kafil HS (2021) SARS-CoV-2 
(Covid-19) vaccines structure, mechanisms and effectiveness: 
a review. Int J Biol Macromol 188:740–750. https://​doi.​org/​10.​
1016/j.​ijbio​mac.​2021.​08.​076

Fehr AR, Channappanavar R, Perlman S (2017) Middle East respira-
tory syndrome: emergence of a pathogenic human coronavi-
rus. Annu Rev Med 68:387–399. https://​doi.​org/​10.​1146/​annur​
ev-​med-​051215-​031152

Ferrantelli F, Chiozzini C, Manfredi F, Giovannelli A, Leone P, Feder-
ico M (2021) Simultaneous CD8+ T-cell immune response against 
SARS-Cov-2 S, M, and N induced by endogenously engineered 
extracellular vesicles in both spleen and lungs. Vaccines (basel) 
9:240. https://​doi.​org/​10.​3390/​vacci​nes90​30240

Ferrantelli F, Chiozzini C, Manfredi F, Leone P, Spada M, Di Virgilio 
A, Giovannelli A, Sanchez M, Cara A, Michelini Z, Federico M 
(2022) Strong SARS-CoV-2 N-specific CD8+ T immunity induced 
by engineered extracellular vesicles associates with protection 
from lethal infection in mice. Viruses 14:329. https://​doi.​org/​10.​
3390/​v1402​0329

Fiolet T, Kherabi Y, MacDonald CJ, Ghosn J, Peiffer-Smadja N (2022) 
Comparing COVID-19 vaccines for their characteristics, efficacy 
and effectiveness against SARS-CoV-2 and variants of concern: 
a narrative review. Clin Microbiol Infect 28:202–221. https://​doi.​
org/​10.​1016/j.​cmi.​2021.​10.​005

Fujita Y, Hoshina T, Matsuzaki J, Yoshioka Y, Kadota T, Hosaka Y, 
Fujimoto S, Kawamoto H, Watanabe N, Sawaki K, Sakamoto 
Y, Miyajima M, Lee K, Nakaharai K, Horino T, Nakagawa R, 
Araya J, Miyato M, Yoshida M, Kuwano K, Ochiya T (2021) 
Early prediction of COVID-19 severity using extracellular vesicle 
COPB2. J Extracell Vesicles 10:e12092. https://​doi.​org/​10.​1002/​
jev2.​12092

Girard MP, Tam JS, Assossou OM, Kieny MP (2010) The 2009 A 
(H1N1) influenza virus pandemic: A review. Vaccine 28:4895–
4902. https://​doi.​org/​10.​1016/j.​vacci​ne.​2010.​05.​031

Halstead SB, Katzelnick L (2020) COVID-19 vaccines: should we fear ADE? 
J Infect Dis 222:1946–1950. https://​doi.​org/​10.​1093/​infdis/​jiaa5​18

Harvey WT, Carabelli AM, Jackson B, Gupta RK, Thomson EC, 
Harrison EM, Ludden C, Reeve R, Rambaut A, COVID-19 
Genomics UK (COG-UK) Consortium, Peacock SJ, Robertson 
DL (2021) SARS-CoV-2 variants, spike mutations and immune 
escape. Nat Rev Microbiol 19:409–424. https://​doi.​org/​10.​1038/​
s41579-​021-​00573-0

Huang X, Yuan T, Liang M, Du M, Xia S, Dittmar R, Wang D, See W, 
Costello BA, Quevedo F, Tan W, Nandy D, Bevan GH, Longen-
bach S, Sun Z, Lu Y, Wang T, Thibodeau SN, Boardman L, Kohli 
M, Wang L (2015) Exosomal miR-1290 and miR-375 as prog-
nostic markers in castration-resistant prostate cancer. Eur Urol 
67:33–41. https://​doi.​org/​10.​1016/j.​eururo.​2014.​07.​035

Hwang YC, Lu RM, Su SC, Chiang PY, Ko SH, Ke FY, Liang KH, 
Hsieh TY, Wu HC (2022) Monoclonal antibodies for COVID-19 
therapy and SARS-CoV-2 detection. J Biomed Sci 29:1. https://​
doi.​org/​10.​1186/​s12929-​021-​00784-w

Ibrahim AG, Ciullo A, Li C, Garcia G, Peck K, Miyamoto K, Arumu-
gaswami V, Marbán E (2022) Engineered extracellular vesicles 
antagonize SARS-CoV-2 infection by inhibiting mTOR signal-
ing. Biomater Biosyst 6:100042. https://​doi.​org/​10.​1016/j.​bbiosy.​
2022.​100042

Jiang L, Driedonks TAP, Jong WSP, Dhakal S, Bart van den Berg van 
Saparoea H, Sitaras I, Zhou R, Caputo C, Littlefield K, Lowman 
M, Chen M, Lima G, Gololobova O, Smith B, Mahairaki V, Riley 
Richardson M, Mulka KR, Lane AP, Klein SL, Pekosz A, Bray-
ton C, Mankowski JL, Luirink J, Villano JS, Witwer KW (2022) 
A bacterial extracellular vesicle-based intranasal vaccine against 
SARS-CoV-2 protects against disease and elicits neutralizing 
antibodies to wild-type and Delta variants. J Extracell Vesicles 

11:e12192. https://​doi.​org/​10.​1002/​jev2.​12192. Erratum in: J 
Extracell Vesicles (2022) 11:e12219

Kong WH, Zhao R, Zhou JB, Wang F, Kong DG, Sun JB, Ruan QF, 
Liu MQ (2020) Serologic response to SARS-CoV-2 in COVID-19 
patients with different severity. Virol Sin 35:752–757. https://​doi.​
org/​10.​1007/​s12250-​020-​00270-x

Kongsomros S, Pongsakul N, Panachan J, Khowawisetsut L, Som-
kird J, Sangma C, Kanjanapruthipong T, Wongtrakoongate P, 
Chairoungdua A, Pattanapanyasat K, Newburg DS, Morrow AL, 
Hongeng S, Thitithanyanont A, Chutipongtanate S (2022) Com-
parison of viral inactivation methods on the characteristics of 
extracellular vesicles from SARS-CoV-2 infected human lung 
epithelial cells. J Extracell Vesicles. 11:e12291. https://​doi.​org/​
10.​1002/​jev2.​12291

Leal NS, Yu Y, Chen Y, Fedele G, Martins LM (2021) Paraceta-
mol is associated with a lower risk of COVID-19 infection and 
decreased ACE2 protein expression: a retrospective analysis. 
COVID 1:218–229. https://​doi.​org/​10.​3390/​covid​10100​18

Lee H, Yun SH, Hyon JY, Lee SY, Yi YS, Choi CW, Jun S, Park EC, Kim 
SI (2021) Streptococcus equi-derived extracellular vesicles as a vac-
cine candidate against Streptococcus equi infection. Vet Microbiol 
259:109165. https://​doi.​org/​10.​1016/j.​vetmic.​2021.​109165

Li M, Guo W, Dong Y, Wang X, Dai D, Liu X, Wu Y, Li M, Zhang 
W, Zhou H, Zhang Z, Lin L, Kang Z, Yu T, Tian C, Qin R, Gui 
Y, Jiang F, Fan H, Heissmeyer V, Sarapultsev A, Wang L, Luo 
S, Hu D (2020) Front Immunol 11:580237. https://​doi.​org/​10.​
3389/​fimmu.​2020.​580237

Mackman N, Antoniak S, Wolberg AS, Kasthuri R, Key NS (2020) 
Coagulation abnormalities and thrombosis in patients infected 
with SARS-CoV-2 and other pandemic viruses. Arterioscler 
Thromb Vasc Biol 40:2033–2044. https://​doi.​org/​10.​1161/​
ATVBA​HA.​120.​314514

Manfredi AA, Ramirez GA, Godino C, Capobianco A, Monno A, 
Franchini S, Tombetti E, Corradetti S, Distler JHW, Bianchi 
ME, Rovere-Querini P, Maugeri N (2022) Platelet phagocytosis 
via P-selectin glycoprotein ligand 1 and accumulation of micro-
particles in systemic sclerosis. Arthritis Rheumatol 74:318–328. 
https://​doi.​org/​10.​1002/​art.​41926

Matsumura T, Sugimachi K, Iinuma H, Takahashi Y, Kurashige J, 
Sawada G, Ueda M, Uchi R, Ueo H, Takano Y, Shinden Y, 
Eguchi H, Yamamoto H, Doki Y, Mori M, Ochiya T, Mimori K 
(2015) Exosomal microRNA in serum is a novel biomarker of 
recurrence in human colorectal cancer. Br J Cancer 113:275–
281. https://​doi.​org/​10.​1038/​bjc.​2015.​201

Maugeri N, De Lorenzo R, Clementi N, Antonia Diotti R, Criscuolo 
E, Godino C, Tresoldi C, Angels For Covid-BioB Study Group 
B, Bonini C, Clementi M, Mancini N, Ciceri F, Rovere-Querini 
P, Manfredi AA (2022) Unconventional CD147-dependent plate-
let activation elicited by SARS-CoV-2 in COVID-19. J Thromb 
Haemost 20:434–448. https://​doi.​org/​10.​1111/​jth.​15575

Meo SA, Bukhari IA, Akram J, Meo AS, Klonoff DC (2021) COVID-
19 vaccines: comparison of biological, pharmacological char-
acteristics and adverse effects of Pfizer/BioNTech and Moderna 
Vaccines. Eur Rev Med Pharmacol Sci 25:1663–1669. https://​
doi.​org/​10.​26355/​eurrev_​202102_​24877

Moore N, Bosco-Levy P, Thurin N, Blin P, Droz-Perroteau C 
(2021) NSAIDs and COVID-19: a systematic review and 
meta-analysis. Drug Saf 44:929–938. https://​doi.​org/​10.​1007/​
s40264-​021-​01089-5

Muratori C, Cavallin LE, Krätzel K, Tinari A, De Milito A, Fais S, 
D’Aloja P, Federico M, Vullo V, Fomina A, Mesri EA, Superti F, 
Baur AS (2009) Massive secretion by T cells is caused by HIV Nef 
in infected cells and by Nef transfer to bystander cells. Cell Host 
Microbe 6:218–230. https://​doi.​org/​10.​1016/j.​chom.​2009.​06.​009

Onyango CO, Opoka ML, Ksiazek TG, Formenty P, Ahmed A, Tukei 
PM, Sang RC, Ofula VO, Konongoi SL, Coldren RL, Grein T, 

https://doi.org/10.1016/j.ijbiomac.2021.08.076
https://doi.org/10.1016/j.ijbiomac.2021.08.076
https://doi.org/10.1146/annurev-med-051215-031152
https://doi.org/10.1146/annurev-med-051215-031152
https://doi.org/10.3390/vaccines9030240
https://doi.org/10.3390/v14020329
https://doi.org/10.3390/v14020329
https://doi.org/10.1016/j.cmi.2021.10.005
https://doi.org/10.1016/j.cmi.2021.10.005
https://doi.org/10.1002/jev2.12092
https://doi.org/10.1002/jev2.12092
https://doi.org/10.1016/j.vaccine.2010.05.031
https://doi.org/10.1093/infdis/jiaa518
https://doi.org/10.1038/s41579-021-00573-0
https://doi.org/10.1038/s41579-021-00573-0
https://doi.org/10.1016/j.eururo.2014.07.035
https://doi.org/10.1186/s12929-021-00784-w
https://doi.org/10.1186/s12929-021-00784-w
https://doi.org/10.1016/j.bbiosy.2022.100042
https://doi.org/10.1016/j.bbiosy.2022.100042
https://doi.org/10.1002/jev2.12192
https://doi.org/10.1007/s12250-020-00270-x
https://doi.org/10.1007/s12250-020-00270-x
https://doi.org/10.1002/jev2.12291
https://doi.org/10.1002/jev2.12291
https://doi.org/10.3390/covid1010018
https://doi.org/10.1016/j.vetmic.2021.109165
https://doi.org/10.3389/fimmu.2020.580237
https://doi.org/10.3389/fimmu.2020.580237
https://doi.org/10.1161/ATVBAHA.120.314514
https://doi.org/10.1161/ATVBAHA.120.314514
https://doi.org/10.1002/art.41926
https://doi.org/10.1038/bjc.2015.201
https://doi.org/10.1111/jth.15575
https://doi.org/10.26355/eurrev_202102_24877
https://doi.org/10.26355/eurrev_202102_24877
https://doi.org/10.1007/s40264-021-01089-5
https://doi.org/10.1007/s40264-021-01089-5
https://doi.org/10.1016/j.chom.2009.06.009


	 Applied Microbiology and Biotechnology

1 3

Legros D, Bell M, De Cock KM, Bellini WJ, Towner JS, Nichol 
ST, Rollin PE (2004) Laboratory diagnosis of Ebola hemorrhagic 
fever during an outbreak in Yambio, Sudan, 2004. J Infect Dis 
196(Suppl 2):S193–S198. https://​doi.​org/​10.​1086/​520609

Pulliero A, Pergoli L, LA Maestra S, Micale RT, Camoirano A, Bollati V, 
Izzotti A, DE Flora S. Extracellular vesicles in biological fluids (2019) 
A biomarker of exposure to cigarette smoke and treatment with chemo-
preventive drugs. J Prev Med Hyg 60:E327-E336. https://​doi.​org/​10.​
15167/​2421-​4248/​jpmh2​019.​60.4.​1284

Rahman A, Sathi NJ (2021) Risk factors of the severity of COVID-19: 
a meta-analysis. Int J Clin Pract 75:e13916. https://​doi.​org/​10.​
1111/​ijcp.​13916

Raineri D, Venegoni C, Calella MG, Vaschetto R, Scotti L, Canciani 
E, Manfredi M, Gavelli F, Castello L, Chiocchetti A, Cappellano 
G (2022) Worse disease prognosis is associated to an increase 
of platelet-derived extracellular vesicles in hospitalized SARS-
CoV-2 patients. Dis Markers 2022:8074655. https://​doi.​org/​10.​
1155/​2022/​80746​55

Rizzo J, Wong SSW, Gazi AD, Moyrand F, Chaze T, Commere PH, 
Novault S, Matondo M, Péhau-Arnaudet G, Reis FCG, Vos M, 
Alves LR, May RC, Nimrichter L, Rodrigues ML, Aimanianda V, 
Janbon G (2021) Cryptococcus extracellular vesicles properties 
and their use as vaccine platforms. J Extracell Vesicles 10:e12129. 
https://​doi.​org/​10.​1002/​jev2.​12129

Rozmyslowicz T, Majka M, Kijowski J, Murphy SL, Conover DO, 
Poncz M, Ratajczak J, Gaulton GN, Ratajczak MZ (2003) Plate-
let- and megakaryocyte-derived microparticles transfer CXCR4 
receptor to CXCR4-null cells and make them susceptible to infec-
tion by X4-HIV. AIDS 17:33–42. https://​doi.​org/​10.​1097/​00002​
030-​20030​1030-​00006

Ruscica M, Macchi C, Iodice S, Tersalvi G, Rota I, Ghidini S, Ter-
ranova L, Valenti L, Amati F, Aliberti S, Corsini A, Blasi F, 
Carugo S, Bollati V, Vicenzi M (2021) Prognostic parameters of 
in-hospital mortality in COVID-19 patients-an Italian experience. 
Eur J Clin Invest 51:e13629. https://​doi.​org/​10.​1111/​eci.​13629

Rusnack M (2021) COVID Vaccine transport, storage, and distribution: 
cold chain management to ensure efficacy. Innov Pharm 12:https://​doi.​
org/​10.​24926/​iip.​v12i4.​4225. https://​doi.​org/​10.​24926/​iip.​v12i4.​4225.

Sabanovic B, Piva F, Cecati M, Giulietti M (2021) Promising extracellu-
lar vesicle-based vaccines against viruses, including SARS-CoV-2. 
Biology (basel) 10:94. https://​doi.​org/​10.​3390/​biolo​gy100​20094

Santos P, Almeida F (2021) Exosome-based vaccines: history, current 
state, and clinical trials. Front Immunol 12:711565. https://​doi.​
org/​10.​3389/​fimmu.​2021.​711565

Scott TA, Supramaniam A, Idris A, Cardoso AA, Shrivastava S, Kelly 
G, Grepo NA, Soemardy C, Ray RM, McMillan NAJ, Morris KV 
(2022) Engineered extracellular vesicles directed to the spike pro-
tein inhibit SARS-CoV-2. Mol Ther Methods Clin Dev 24:355–
366. https://​doi.​org/​10.​1016/j.​omtm.​2022.​01.​015

Sengupta V, Sengupta S, Lazo A, Woods P, Nolan A, Bremer N (2020) 
Exosomes derived from bone marrow mesenchymal stem cells 
as treatment for severe COVID-19. Stem Cells Dev 29:747–754. 
https://​doi.​org/​10.​1089/​scd.​2020.​0080

Tey SK, Lam H, Wong SWK, Zhao H, To KKW, Yam JWP (2022) 
ACE2‐enriched extracellular vesicles enhance infectivity of live 
SARS‐CoV‐2 virus. J Extracell Vesicles 11

Traby L, Kollars M, Kussmann M, Karer M, Šinkovec H, Lobmeyr E, Her-
mann A, Staudinger T, Schellongowski P, Rössler B, Burgmann H, 
Kyrle PA, Eichinger S (2022) Extracellular vesicles and citrullinated 
histone H3 in coronavirus disease 2019 patients. Thromb Haemost 
122:113–122. https://​doi.​org/​10.​1055/a-​1522-​4131

Tsai SJ, Atai NA, Cacciottolo M, Nice J, Salehi A, Guo C, Sedgwick 
A, Kanagavelu S, Gould SJ (2021) Exosome-mediated mRNA 
delivery in vivo is safe and can be used to induce SARS-CoV-2 
immunity. J Biol Chem 297:101266. https://​doi.​org/​10.​1016/j.​jbc.​
2021.​101266

van Niel G, Carter DRF, Clayton A, Lambert DW, Raposo G, Vader P 
(2022) Challenges and directions in studying cell-cell communi-
cation by extracellular vesicles. Nat Rev Mol Cell Biol 23:369–
382. https://​doi.​org/​10.​1038/​s41580-​022-​00460-3

Wang X, Thompson CD, Weidenmaier C, Lee JC (2018) Release of 
Staphylococcus aureus extracellular vesicles and their application 
as a vaccine platform. Nat Commun 9:1379. https://​doi.​org/​10.​
1038/​s41467-​018-​03847-z

Wang K, Wang L, Li M, Xie B, He L, Wang M, Zhang R, Hou N, 
Zhang Y, Jia F (2022A) Real-word effectiveness of global 
COVID-19 vaccines against SARS-CoV-2 variants a system-
atic review and meta-analysis. Front Med (Lausanne) 9:820544. 
https://​doi.​org/​10.​3389/​fmed.​2022.​820544

Wang Z, Popowski KD, Zhu D, de Juan Abad BL, Wang X, Liu M, 
Lutz H, De Naeyer N, DeMarco CT, Denny TN, Dinh PC, Li 
Z, Cheng K (2022B) Exosomes decorated with a recombinant 
SARS-CoV-2 receptor-binding domain as an inhalable COVID-
19 vaccine. Nat Biomed Eng 6:791–805. https://​doi.​org/​10.​1038/​
s41551-​022-​00902-5

Wingert A, Pillay J, Gates M, Guitard S, Rahman S, Beck A, Van-
dermeer B, Hartling L (2021) Risk factors for severity of 
COVID-19: a rapid review to inform vaccine prioritisation in 
Canada. BMJ Open 11(5):e044684. https://​doi.​org/​10.​1136/​bmjop​
en-​2020-​044684

World Health Organization (2020, February 11) Naming the coro-
navirus disease (COVID-19) and the virus that causes it. Tech 
guidance. https://​www.​who.​int/​emerg​encies/​disea​ses/​novel-​coron​
avirus-​2019/​techn​ical-​guida​nce/​naming-​the-​coron​avirus-​disea​
se-​(covid-​2019)-​and-​the-​virus-​that-​causes-​it.

Wu T, Perrings C, Kinzig A, Collins JP, Minteer BA, Daszak P (2017) 
Economic growth, urbanization, globalization, and the risks of 
emerging infectious diseases in China: a review. Ambio 46:18–29. 
https://​doi.​org/​10.​1007/​s13280-​016-​0809-2

Wu C, Xu Q, Wang H, Tu B, Zeng J, Zhao P, Shi M, Qiu H, Huang Y 
(2022) Neutralization of SARS-CoV-2 pseudovirus using ACE2-
engineered extracellular vesicles. Acta Pharm Sin B 12:1523–
1533. https://​doi.​org/​10.​1016/j.​apsb.​2021.​09.​004

Xie F, Su P, Pan T, Zhou X, Li H, Huang H, Wang A, Wang F, Huang J, 
Yan H, Zeng L, Zhang L, Zhou F (2021) Engineering extracellular 
vesicles enriched with palmitoylated ACE2 as COVID-19 therapy. 
Adv Mater 33:e2103471. https://​doi.​org/​10.​1002/​adma.​20210​
3471

Zaid Y, Puhm F, Allaeys I, Naya A, Oudghiri M, Khalki L, Limami Y, 
Zaid N, Sadki K, Ben El Haj R, Mahir W, Belayachi L, Belefquih 
B, Benouda A, Cheikh A, Langlois MA, Cherrah Y, Flamand 
L, Guessous F, Boilard E (2020) Platelets can associate with 
SARS-Cov-2 RNA and are hyperactivated in COVID-19. Circ 
Res 127:1404–1418. https://​doi.​org/​10.​1161/​CIRCR​ESAHA.​120.​
317703

Zemlin AE, Allwood B, Erasmus RT, Matsha TE, Chapanduka ZC, 
Jalavu TP, Ngah V, Sigwadhi LN, Koegelenberg CF, Irusen E, 
Lalla U, Yalew A, Baines N, Tamuzi JL, Barasa AK, Magutu 
VK, Njeru C, Amayo A, Mureithi MW, Mungania M, Sono-Setati 
M, Zumla A, Nyasulu PS (2022) Prognostic value of biochemi-
cal parameters among severe COVID-19 patients admitted to an 
intensive care unit of a tertiary hospital in South Africa. IJID Reg 
2:191–197. https://​doi.​org/​10.​1016/j.​ijregi.​2022.​01.​012

Zhang Q, Jeppesen DK, Higginbotham JN, Franklin JL, Crowe JE Jr, 
Coffey RJ (2021) Angiotensin-converting enzyme 2-containing 
small extracellular vesicles and exomeres bind the severe acute 
respiratory syndrome coronavirus 2 spike protein. Gastroenterol-
ogy 160:958-961.e3. https://​doi.​org/​10.​1053/j.​gastro.​2020.​09.​042

Zhang Y, Wang Y, Ning G, He P, Wang W (2022A) Protecting 
older people: a high priority during the COVID-19 pandemic. 
Lancet 400:729–730. https://​doi.​org/​10.​1016/​S0140-​6736(22)​
01530-6

https://doi.org/10.1086/520609
https://doi.org/10.15167/2421-4248/jpmh2019.60.4.1284
https://doi.org/10.15167/2421-4248/jpmh2019.60.4.1284
https://doi.org/10.1111/ijcp.13916
https://doi.org/10.1111/ijcp.13916
https://doi.org/10.1155/2022/8074655
https://doi.org/10.1155/2022/8074655
https://doi.org/10.1002/jev2.12129
https://doi.org/10.1097/00002030-200301030-00006
https://doi.org/10.1097/00002030-200301030-00006
https://doi.org/10.1111/eci.13629
https://doi.org/10.24926/iip.v12i4.4225
https://doi.org/10.24926/iip.v12i4.4225
https://doi.org/10.24926/iip.v12i4.4225
https://doi.org/10.3390/biology10020094
https://doi.org/10.3389/fimmu.2021.711565
https://doi.org/10.3389/fimmu.2021.711565
https://doi.org/10.1016/j.omtm.2022.01.015
https://doi.org/10.1089/scd.2020.0080
https://doi.org/10.1055/a-1522-4131
https://doi.org/10.1016/j.jbc.2021.101266
https://doi.org/10.1016/j.jbc.2021.101266
https://doi.org/10.1038/s41580-022-00460-3
https://doi.org/10.1038/s41467-018-03847-z
https://doi.org/10.1038/s41467-018-03847-z
https://doi.org/10.3389/fmed.2022.820544
https://doi.org/10.1038/s41551-022-00902-5
https://doi.org/10.1038/s41551-022-00902-5
https://doi.org/10.1136/bmjopen-2020-044684
https://doi.org/10.1136/bmjopen-2020-044684
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://doi.org/10.1007/s13280-016-0809-2
https://doi.org/10.1016/j.apsb.2021.09.004
https://doi.org/10.1002/adma.202103471
https://doi.org/10.1002/adma.202103471
https://doi.org/10.1161/CIRCRESAHA.120.317703
https://doi.org/10.1161/CIRCRESAHA.120.317703
https://doi.org/10.1016/j.ijregi.2022.01.012
https://doi.org/10.1053/j.gastro.2020.09.042
https://doi.org/10.1016/S0140-6736(22)01530-6
https://doi.org/10.1016/S0140-6736(22)01530-6


Applied Microbiology and Biotechnology	

1 3

Zhang R, Fu Y, Cheng M, Ma W, Zheng N, Wang Y, Wu Z (2022B) 
sEVsRVG selectively delivers antiviral siRNA to fetus brain, inhibits 
ZIKV infection and mitigates ZIKV-induced microcephaly in 
mouse model. Mol Ther 30:2078–2091. https://​doi.​org/​10.​1016/j.​
ymthe.​2021.​10.​009

Zhao R, Wang L, Wang T, Xian P, Wang H, Long Q (2022) Inhalation 
of MSC-EVs is a noninvasive strategy for ameliorating acute lung 
injury. J Control Release 345:214–230. https://​doi.​org/​10.​1016/j.​
jconr​el.​2022.​03.​025

Zhou X, Xie F, Wang L, Zhang L, Zhang S, Fang M, Zhou F (2020) 
The function and clinical application of extracellular vesicles in 
innate immune regulation. Cell Mol Immunol 17:323–334. https://​
doi.​org/​10.​1038/​s41423-​020-​0391-1

Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang B, 
Shi W, Lu R, Niu P, Zhan F, Ma X, Wang D, Xu W, Wu G, Gao 
GF, Tan W, China Novel Coronavirus Investigating and Research 
Team (2020) A novel coronavirus from patients with pneumonia 
in China, 2019. N Engl J Med 382:727–733. https://​doi.​org/​10.​
1056/​NEJMo​a2001​017

Zhu YG, Shi MM, Monsel A, Dai CX, Dong X, Shen H, Li SK, Chang J, Xu 
CL, Li P, Wang J, Shen MP, Ren CJ, Chen DC, Qu JM (2022) Nebu-
lized exosomes derived from allogenic adipose tissue mesenchymal 
stromal cells in patients with severe COVID-19: a pilot study. Stem 
Cell Res Ther 13:220. https://​doi.​org/​10.​1186/​s13287-​022-​02900-5

Zylberman V, Sanguineti S, Pontoriero AV, Higa SV, Cerutti ML, Morrone 
Seijo SM, Pardo R, Muñoz L, Acuña Intrieri ME, Alzogaray VA, 
Avaro MM, Benedetti E, Berguer PM, Bocanera L, Bukata L, 
Bustelo MS, Campos AM, Colonna M, Correa E, Cragnaz L, Dattero 
ME, Dellafiore M, Foscaldi S, González JV, Guerra LL, Klinke S, 
Labanda MS, Lauché C, López JC, Martínez AM, Otero LH, Peyric 
EH, Ponziani PF, Ramondino R, Rinaldi J, Rodríguez S, Russo JE, 
Russo ML, Saavedra SL, Seigelchifer M, Sosa S, Vilariño C, López 
Biscayart P, Corley E, Spatz L, Baumeister EG, Goldbaum FA (2020) 
Development of a hyperimmune equine serum therapy for COVID-19 
in Argentina. Medicina (B Aires) 80 Suppl 3:1–6. English

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.ymthe.2021.10.009
https://doi.org/10.1016/j.ymthe.2021.10.009
https://doi.org/10.1016/j.jconrel.2022.03.025
https://doi.org/10.1016/j.jconrel.2022.03.025
https://doi.org/10.1038/s41423-020-0391-1
https://doi.org/10.1038/s41423-020-0391-1
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1186/s13287-022-02900-5

	Extracellular vesicles in COVID-19 prognosis, treatment, and vaccination: an update
	Abstract 
	Key points
	Introduction
	EVs as prognosis marker in COVID-19
	EVs as treatment for COVID-19
	EVs and vaccination against COVID-19
	Concluding remarks and future directions
	Acknowledgements 
	References


