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Abstract 

Viruses have developed many mechanisms by which they can stimulate or inhibit inflammation and cause various 
diseases, including viral respiratory diseases that kill many people every year. One of the mechanisms that viruses use 
to induce or inhibit inflammation is exosomes. Exosomes are small membrane nanovesicles (30–150 nm) released 
from cells that contain proteins, DNA, and coding and non-coding RNA species. They are a group of extracellular vesi-
cles that cells can take up to produce and mediate communication. Intercellular effect exosomes can deliver a broad 
confine of biological molecules, containing nucleic acids, proteins, and lipids, to the target cell, where they can 
convey therapeutic or pathogenic consequences through the modulation of inflammation and immune processes. 
Recent research has shown that exosomes can deliver entire virus genomes or virions to distant target cells, then 
the delivered viruses can escape the immune system and infect cells. Adenoviruses, orthomyxoviruses, paramyxovi-
ruses, respiratory syncytial viruses, picornaviruses, coronaviruses, and rhinoviruses are mostly related to respiratory 
diseases. In this article, we will first discuss the current knowledge of exosomes. We will learn about the relationship 
between exosomes and viral infections, and We mention the inflammations caused by viruses in the airways, the role 
of exosomes in them, and finally, we examine the relationship between the viruses as mentioned earlier, and the reg-
ulation of inflammatory pathways that play a role in causing the disease.
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Introduction
The respiratory system includes a set of organs of the 
human body that perform gas exchange between the 
human body and the outside air, organs such as the nose, 
pharynx, larynx, trachea, bronchi, lungs, etc. are among 

the organs. Which are widely used in the human respira-
tory system and are among the vital human organs [1]. 
Respiratory diseases including chronic obstructive pul-
monary disease (COPD), asthma and obstructive sleep 
apnea (OSA), and acute conditions such as pneumo-
nia have a high prevalence in the world population, and 
numerous reports show their gradual increase and have 
health and economic consequences. It has attracted the 
attention of many doctors and researchers [2]. Therefore, 
it is essential to identify and control the factors involved 
in respiratory diseases. Considering that various antivi-
ral drugs such as oseltamivir and zanamivir have been 
proposed for respiratory diseases caused by the influ-
enza virus, but the main problem here is that there is no 
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clinically approved antiviral drug for common respira-
tory viruses, and there is also a practical vaccine does not 
have [3, 4]. Mutual recognition between viral respira-
tory infections and host responses and their associated 
molecular mechanisms has recently been established 
[5]. For example, during virus replication, infected cells 
may secrete cytokines that alter the local inflammation. 
Inflammation in the airways creates an anti-viral state, 
called type 1 inflammation, which can ultimately lead to 
the virus being removed [6, 7].

Microorganisms play a significant function in respira-
tory disease, for example, viruses and bacteria can cause 
respiratory diseases [8]. Respiratory syncytial viruses, 
influenza, parainfluenza, rhinoviruses, bocaviruses, and 
viruses of the coronavirus can cause respiratory diseases 
[9–14]. These viruses can cause respiratory problems in 
different ways; for example, they can transfer their DNA 
or RNA to exosomes [15].

Since viruses are tiny organisms with parasitic life, 
research has found a close relationship between viruses 
and exosomes [16]. Exosomes are phospholipid nan-
ovesicles with cup-shaped morphology and diameters 
between 30 and 150  nm, found in blood, urine, and 
almost all eukaryotic fluids and cell culture media, and 
can be isolated using it [17]. Recent research has shown 
that exosomes act in two ways during viral infections. 
They can deliver the viral genome to the target cell or 
they can change the physiology of the target cell to facili-
tate infection [18].

In general, exosomes show an attractive field of 
research that promises a wide range of applications in 
medicine, and investigating the relationship between 
viruses and infections caused by them with blisters can 
be very helpful in exosome-based treatments and diag-
nostics. In this review, we do our best to provide an over-
view of the effects of respiratory infectious viruses and 
exosomes.

Biogenesis, composition, and function of exosomes
The term exosome was first used for extracellular vesicles 
(EVs) in 1981. In 1983, research showed that exosomes 
derived from reticulocytes can fuse with the plasma 
membrane and release their contents through exocy-
tosis [19, 20]. EV is a general term for particles that are 
naturally removed from the cell and are bound by a lipid 
bilayer and cannot replicate, i.e. they do not contain a 
functional nucleus [21]. As mentioned, exosomes are par-
ticles between 30 and 150 nm that are secreted by most 
cells, and they are small extracellular vesicles that are 
derived from endosomes. Before being released into the 
external environment, they are formed and stored inside 
multivesicular bodies (MVBs) [22], as seen in Fig. 1. The 
different proteins and lipids that exist in the membrane 

of exosomes are caused by the phospholipid membrane 
that exosomes have acquired from the parental cells [23]. 
Phosphatidylcholine, phosphatidylethanolamines, phos-
phatidylinositol, phosphatidylserine, and sphingomyelin 
are present in the exosome membrane [24]. The high 
stability of exosomes in body fluids and at different pH 
depends on the composition and levels of these lipid mol-
ecules. This is due to the presence of high levels of sphin-
gomyelin and phosphatidylinositol in their membranes 
[25]. Exosomes can be secreted from most cells in both 
physiological and pathological conditions, and by trans-
ferring vital genetic materials such as miRNA, mRNA, 
and DNA, as well as proteins and microorganisms such 
as viruses, they play an essential role in cellular commu-
nication and epigenetic regulation. As a result, they can 
be used to diagnose diseases based on exosomes and 
treatment methods [26, 27]. In culture, exosomes are also 
released from several cells, including B cells, dendritic 
cells (DCs), T cells, mast cells, and epithelial cells [28].

During biogenesis, the early exosomes formed by the 
endosomal system mature into late endosomes; during, 
this process, the contents of the endosomes construc-
tion due to the action of the v-ATPase booster pump, 
as well as the replacement of late endosome markers 
Rab 7 and -9. Rab. with mannose 6-phosphate receptor 
instead of 5-Rab [30]. After the formation of mature late 
endosomes, intraluminal vesicles (ILVs) are formed and 
accumulate in their lumen. There are two mechanisms 
for forming ILVs: endosomal sorting complex required 
for transport (ESCRT)-dependent and ESCRT-independ-
ent [30].

ESCRT-related mechanism: several mechanisms and 
molecules are involved in the formation of ILV, and the 
known ESCRT-related tool is the most ubiquitin-related 
[31]. ESCRT machines with SNARE producers and their 
effectors such as RAB GTPase play a prominent role in 
this process [32]. ESCRT consists of four complexes, 
ESCRT -0, ESCRT -I, ESCRT-II, and ESCRT-III, each 
having related functions (VPS4, Tsg101, and ALIX—clas-
sified lipid domains. ESCRT-I and ESCRT-II cause mem-
brane deformation to form a stable membrane neck, and 
the use of the Vps4 complex in ESCRT-III causes vesicle 
neck cleavage and the separation of the ESCRT-III com-
plex [33].

Non-ESCRT-dependent mechanism: Research shows 
that exosome biogenesis can have an EST-independent 
pathway, for example, showing that 4 ESCRT complexes 
are silenced. Intraluminal vesicles can still form in mul-
tivesicular bodies [34]. Non-ESCRT-dependent mecha-
nism: research shows that exosome biogenesis can have 
an EST-independent pathway, for example, showing that 
4 ESCRT complexes are silenced. Intraluminal vesicles 
can still form in multivesicular bodies [35]. Generally, 
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non-ESCRT-dependent mechanisms can be investigated 
with two categories: lipid-mediated biogenesis and tet-
raspanin-mediated biogenesis.

Lipid-Mediated Biogenesis: Exosomes are enriched 
with cholesterol, sphingolipids, and ceramide. Neutral 
sphingomyelinase two and phospholipase D2 converts 
sphingomyelin to ceramide and phosphatidylcholine to 
phosphatidic acid (PA), respectively [36]. Ceramide and 
PA then form a cone-like structure that eventually leads 
to the formation of ILVs released as EVs [37].

Tetraspanin-mediated biogenesis: One of the ESCRT-
independent regulators of exosome biogenesis that are 
highly enriched within exosomes and have been explicitly 
used as exosome biomarkers over the years is the tetras-
panin family, of which CD9 is specifically used as an exo-
some marker [38].

The composition of exosomes depends on various fac-
tors, and it can also partially depend on the type of cell 
and is affected by different cell states; it, can also depend 
on its biogenesis, and it can also be determined by bio-
logical processes such as reverse budding of the plasma 

membrane [39]. According to the origin and biogenesis 
of exosomes, the composition of exosomes includes three 
major types of biomolecules: (a) proteins, such as pro-
teins involved in membrane transport and fusion, heat 
shock proteins, Alix proteins, TSG101 and lipid-related 
proteins and phospholipases. (b) Lipids: lipids such as 
ceramides, cholesterol, long chain glycerophospholipids 
and sphingolipids and types of RNAs including mRNA, 
miRNA and other non-coding RNAs, tRNA and rRNA 
[40–42].

Exosome has a wide range of functions, the most 
important of which is the exchange of information and 
transfer of materials between cells. Exosomes commu-
nicate with cells by three main mechanisms: either they 
bind to the receptor of the target cell, or they combine 
directly with the membrane of the target cell, or they 
enter the target cell by endocytosis, which endocytosis 
can be clathrin-dependent or clathrin-independent. To 
occur, exosomes are heterogeneous in terms of size and 
content are released by different cell types and can regu-
late the biological activity of target cells by transferring 

Fig. 1 Schematic representation of exosome biogenesis and secretion. Internalization happens by endocytosis involving membrane proteins 
and lipid complexes. Then, endocytotic vesicles are transported to early endosomes and fuse to form late endosomes/multivesicular bodies (MVB). 
MVBs could fuse with the cellular membrane to release exosomes or fuse with lysosomes for degradation [29]. Created with BioRender.com
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proteins, lipids, and nucleic acids, for example, they are 
involved in various biological processes such as angio-
genesis, antigen presentation, apoptosis, and inflamma-
tion play a role. Furthermore, research has demonstrated 
a strong correlation between illnesses and the molecular 
constituents present within exosomes [43–47].

Role of exosome in the regulation of inflammation
In the last decade, studies reported that exosomes gener-
ated by various cell types have promising biological activ-
ity in not only promoting cell proliferation, angiogenesis, 
cancer cell metastasis, and invasion, but also reprogram-
ming metabolic processes, maintaining physiological 
homeostasis, regulating inflammation, and modulating 
the immune evasion, etc. [48, 49]. This evidence sheds 
light on the potential therapeutic effects of exosomes 
for different chronic inflammatory diseases and tumors 
[50]. As summarized in Table 1, exosomes can play dual 
pro-inflammatory and anti-inflammatory roles during 
inflammation.

Today, inflammation is considered the leading cause of 
many respiratory diseases, which is associated with a high 
rate of complications and mortality [59]. Many blood ves-
sels in the lung can cause the release of membrane mucins 
from exosomes derived from lung endothelial cells, 

which facilitates the innate defense of the airway [60]. As 
mentioned, nowadays, exosomes have received a lot of 
attention in various inflammatory lung diseases such as 
COPD, asthma, acute lung injury (ALI), and COVID-19. 
In the meantime, COPD is obtained from the damage of 
endothelial cells and epithelial cells along with epithelial-
mesenchymal transition (EMT) in the lung parenchyma 
[61, 62]. The secretion of exosomes from lung endothe-
lial cells significantly increases with exposure to smoke 
and infection in the lungs of COPD subjects, which leads 
to increased production of IL-8, followed by continuous 
damage and inflammation in the lung tissue [63]. After 
injury has occurred, the production of large numbers of 
exosomes derived from lung endothelial cells in the bron-
choalveolar lavage fluid (BALF) can alter the function 
of receptor cells, which can predict the level of COPD 
injury [64]. In research by Lee et al., they indicated that 
alveolar macrophages and alveolar epithelial cells type I 
are the primary sources of exosomes in BALF of ARDS 
and ALI [65]. The production of more exosomes, as well 
as the increase of eosinophils in the airways, can improve 
asthma in most cases [66, 67]. COVID-19 is another 
cause of severe lung inflammation. Based on the analy-
sis, exosomes derived from COVID-19 patients contain 
some molecules, such as complement subunits C1r and 

Table 1 Regulation of inflammation by exosome cargo

Exosome derived from Disease Mechanism Pathway Effect References

Monocytes Tumor cell Exosomes derived from mono-
cytes secrete various inflamma-
tory cytokines, including IL6, 
IL-1β, IL-8, and TNF-α

STAT3 and NFκB Pro-inflammatory effects [51]

Macrophages Breast 
and stomach 
tumor

Exosomes derived from mac-
rophages in breast and stomach 
tumors stimulate the produc-
tion of inflammatory cytokines, 
including GCSF, IL-6, IL-8, IL1β, 
CCL2, and TNF-α

NF-κB Pro-inflammatory effects [52]

Dendritic cells Tumor cell Induction of IL6 and Secretion 
of TGFβ

STAT3 Pro-inflammatory effects [51, 53]

Myeloid-derived sup-
pressor cells (MDSC)

Tumor cell Induction of the proinflam-
matory cytokine Cox 2 
and an increase in inflammatory 
cytokines such as IL-6, TNF-α, 
VEGF, CCL2

STAT3 Pro-inflammatory effects [54]

Natural killer cells Tumor Inhibition of NK cell activation 
mediated by IL-2

By inducing Smad phosphoryla-
tion, it can disrupt cytotoxicity 
and reduce NKG2D receptor 
expression

Anti-inflammatory effects [55]

Regulatory T cells (Treg) Tumor Expansion phosphorylation 
of relevant transcription factors 
IL-10 and TGF- β1

immunosuppression Anti-inflammatory effects [56]

Macrophages _ Decreased expression of IL-6 Decreased expression of IL-6
It can also act as a negative 
regulator in the JAK/STAT 
pathway

Anti-inflammatory effects [57, 58]
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C1s, which can stimulate inflammatory responses [68]. 
Exosomes may be used in the production of antiviral vac-
cines as well as pharmaceutical platforms, which are due 
to the intercellular communication activity and the dis-
tinct structure of the two lipid layers of exosomes. Also, 
the development of lung cancer can also be one of the 
cases in which exosomes are used in. They play a role in 
the way that exosomes secreted by the tumor can affect 
angiogenesis, EMT, etc. [69–71]. All the above shows the 
high importance of exosomes and shows that exosomes 
can have a dual role that can be very useful for therapeu-
tic work.

Regulation of exosome biogenesis by viral proteins
Virus regulates exosome production
Millions of people worldwide are affected by micro-
bial diseases such as bacterial, parasitic, fungal, and 
viral diseases. In recent years, the role of exosomes has 
been much noticed, and the discovery of their relation-
ship with viruses has progressed a lot [72, 73]. Accord-
ing to previous studies, it has been found that viruses can 
hijack the path of exosomes to facilitate the germination, 
accumulation, or release of the virus, and these hijacked 
exosomes help the virus escape from the immune system 
and spread in the body [74]. As mentioned, exosomes can 
act as viral carriers and directly contribute to virus rep-
lication; the first evidence to understand this issue came 
when researchers realized the importance of ESCRT 
components during viral capsid packaging and the 
maturation of several enveloped viruses [17]. Research 
has proven that viruses can regulate the biogenesis of 
exosomes, which play an essential role in virus and path-
ogen transmission. For example, the nef protein of HIV 
mediates the hijacking of exosome biogenesis. It directs 
proteins for integration into exosomes, or during infec-
tion with respiratory syncytial virus (RSV), it causes 
the cell to secrete more exosomes and change exosome 
components that are in N, F, G proteins of RSV virus are 
involved in this. Also, during hepatitis C virus infection, 
the viral genome can enter ILVs and later be secreted 
in exosomes. In the case of Epstein-Barr virus (EBV), 
exosomes may contain viral proteins that cause infection, 
or herpes simplex virus-1 (HSV-1)-derived exosomes 
may contain microRNAs that produce host-associated 
proteins. Virus-induced exosomes modulate antiviral 
immunity [72, 74–77].

Based on recent research, it has been found that exo-
some production from cells can be increased by exposure 
to viruses [78]. In a way, the number of late endosomes/
MVBs could be enhanced by viral protein expression 
in different cells, such as human T lymphocytes [79], 
CIITA, HeLa, and Mel JuSo cells [80], resulting in raised 
release of ILVs. These results support the involvement 

of viral protein in exosome biogenesis in different cell 
types, such as astrocytes [81], CD4 + T cells, and U937 
cells [82]. Considering the discovery of the viral protein 
domain and amino acid sequence responsible for stimu-
lation of vesicle release [83], it has been found that N, G, 
and F proteins of respiratory syncytial virus (RSV) are 
involved in the secretion of more exosomes and changes 
in exosome components during infection [84]. Accord-
ing to the research of Wu and his colleagues, it was found 
that infection with enterovirus A71 (EV-A71) increases 
the secretion of exosomes both in  vitro and in  vivo 
[85]. It also increases the production of exosomes from 
macrophages infected by HIV-1 [86]. In general, some 
viruses can increase the production of exosomes and use 
them for their benefit by increasing the production of 
exosomes.

Virus regulates exosome composition
Also, viral infection changes the exosomal proteome [87]. 
As mentioned, viral proteins have a substantial impact on 
changing the exosome’s composition. For instance, the 
incorporation of the Nef protein of human immunodefi-
ciency virus (HIV) into the exosomes derived from HIV-
infected cells [88], as well as Nef-transformed T cells 
[84, 85], stimulates the release of Nef from cells [89] and 
cell death of bystander CD4 + T lymphocytes. Of note, 
these T lymphocytes are essential and involved in the 
AIDS progression [89] and derive inflammation medi-
ated by destroying cholesterol metabolism and elevating 
lipid rafts in bystander cells [90]. In addition, increased 
expression of ADP-ribosyl cyclase 1 (CD38) by exosomes 
released by HIV-infected T-lymphocytes occurs, which 
decreases annexin A5 (ANXA5) and L-lactate dehydro-
genase B (LDHB) chain levels, which The above inter-
act with Tat and P24, HIV viral proteins, and affect the 
cellular processes of proliferation and apoptosis [87]. 
In a research conducted in 2023, it was found that the 
exosomes of HBV-infected hepatocytes activate stellate 
cells, which can aggravate liver fibrosis [91].

Despite all the above information, the specific roles, 
and mechanisms of exosomal sorting of these proteins 
have not been fully discovered during viral infection and 
require more extensive research in this field.

Regulation of inflammation by respiratory viruses 
through exosomes
Respiratory syncytial viruses
In 1956, the respiratory syncytial virus (RSV) was dis-
covered. Over the past years, researchers realized that 
it could cause lower respiratory tract disease at all ages 
and is the leading cause of death in children under five 
years of age, for which there is no vaccine. RSV is one of 
the RNA viruses that, according to statistics presented 
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in 2019, causes 3.6 million hospital beds and causes the 
death of about 101,400 children aged 0–60 months [92–
95]. RSV encodes eleven separate proteins, including 
structural proteins such as membrane envelope glycopro-
teins (F and G), two non-structural proteins 1 and 2 (NS1 
and NS2), and matrix proteins (M), which are considered 
crucial pathogenic agents to stimulate airway hyperreac-
tivity (AHR), such as Th2-type overexpression, cytokines 
immune disorder, and inflammatory disequilibrium 
[96–98]. RSV infection can affect the airway epithelium, 
polarized and differentiated cells release chemokines 
such as IL-8 and CCL5 and cause inflammatory cells 
to invade infected tissues [99]. Chemokines removed 
from the respiratory tract of RSV-infected children 
such as β-chemokines CCL2 (monocyte chemoattract-
ant protein-1 [MCP-1]), CCL3 (macrophage inflamma-
tory protein-1 [MIP-1α]), CCL11 (eotaxin), and CCL5 
in the RSV-infected respiratory tract has been shown 
to not only predict disease severity, possibly by enhanc-
ing inflammation in response to RSV [100]. Reportedly, 
the RSV-infected cells could aggravate the release rates 
of exosomes carrying the RSV N protein, attachment G 
protein, fusion F protein, and a wide range of RNAs (e.g., 
mRNA, small noncoding-RNAs, ribosomal RNA seg-
ments, and RSV RNA) [101]. Chahar et al. reported that 
RSV-infected cells produced exosomes with a significant 
potential for enhanced release of the chemokines, IP-10, 
RANTES, and MCP-1, in monocytes compared to con-
trol cell exosomes. Similar to monocytes, RSV exosomes 
in comparison to mock exosomes enhanced the secretion 
of RANTES, IP-10, and TNF-α in the A549 cells, indica-
tive of RSV exosomes ability in the generation of biologi-
cal signals to alter innate immunity and inflammation 
during RSV infection [101]. Also, RSV can induce inflam-
mation in different ways, and exosome is one of these 
ways; for, example, according to research on exosomes 
isolated from A549 cells infected with RSV in the labora-
tory, it was shown that the secretion of RANTES, Il-10, 
and TNF-α increases significantly and can induce inflam-
mation [101]. Identifying these pathways can be very use-
ful for treatment.

Influenza virus
Influenza viruses, the members of the family Orthomyxo-
viridae, are negative-sense RNA viruses classified into A, 
B, C, and D types. Amongst, only type A and B cause sea-
sonal epidemics in people. Influenza A virus (IAV) is sub-
typed based on the two surface glycoproteins expression, 
neuraminidase (NA) and hemagglutinin (HA). Infection 
begins with the direct deposition of influenza parti-
cles into the epithelium or alveoli of the upper respira-
tory tract. The virus then binds to the cellular receptors 
via HA on its surface [102, 103]. According to the CDC, 

research on all common types of influenza between 2010 
and 2022 showed that children under four years are more 
likely to be infected with almost all pathogenic influenza 
types than other age groups. Each year, severe influenza 
infection affects about 3–5 million people, of whom 
nearly 250,000–500,000 give in to the disease [104]. It 
has been reported that mice infected with influenza virus 
have various microRNAs (miRNAs), such as miR-483-3p, 
in their BALF exosomes. It has been hypothesized that 
miR-483p may boost the innate immunity in MLE-12 
epithelial cells rather than other lung epithelial cells due 
to the miR-483-3p potential in enhanced activation of the 
transcription factors NF-kB and IRF3 in MLE-12 cells 
[105]. Based on this, miR-483-3p could provide body 
protection against the flu. Also, one of the critical recep-
tors used by the influenza virus to bind to the target cell 
is sialic acid, related to a2,3 and a2,6, which are expressed 
by exosomes released in the airways. According to these 
ways, it competes with the sialylated cell surface receptor 
to which HA binds and is harmful to subsequent infec-
tions. In this way, it is clear that influenza virus infectivity 
can be neutralized by airway exosomes [106]. Also, BALF 
exosomes infected with the virus have been found to 
produce IL-6, MCP-1, and TNF and can induce inflam-
mation [106]. To use exosomes as therapeutic or vaccine 
platforms, it is helpful to identify the different pathways 
by which exosomes impose their effects.

Parainfluenza virus
Human parainfluenza virus (HPIV), belonging to the 
family paramyxoviridae, is an enveloped, single-stranded, 
negative-sense RNA virus that can infect various host 
species. HPIV has four types [1, 107, 3] and two subtypes 
(4a and 4b) with different clinical and epidemiological 
characteristics [108]. HPIV is vital because there is no 
vaccine available for it to prevent the infection. Infec-
tions with parainfluenza viruses may result in various 
illnesses, such as conjunctivitis, pharyngitis, tracheo-
bronchitis, otitis media, croup, and pneumonia. In chil-
dren under five years, HPIV is the second leading reason 
for acute respiratory illness causing hospitalization after 
RSV [109]. HPIV infection increases the secretion of 
exosomes containing a massive load of viral proteins and 
RNA which can be transferred to other cells, causing pro-
ductive infection and promoting viral replication. It has 
been shown that exosomes derived from HPIV-infected 
cells contain a different range of RNA species, includ-
ing piRNA and miRNA. Autophagy inhibited by HPIV 
exosomes has also been demonstrated in other studies. 
The miR-126-3 p_2 was an essential regulatory factor in 
this process [110]. Probably, autophagy inhibition is one 
of the reasons for developing efficient exosome-mediated 
replication of HPIV infection. Also, miRNAs delivered 
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to recipient cells through exosomes subsequently cause 
gene silencing, which has different effects depending 
on the cell type and stage [111]. Overall, the knowledge 
about inflammation caused by exosome and parainflu-
enza is minimal and needs further investigation.

Rhinoviruses
Rhinoviruses are linear single-stranded RNA viruses 
that belong to the picornaviridae family and belong to 
the enterovirus genus [112]. So far, more than 150 sero-
types of rhinoviruses have been identified, which pri-
marily cause mild and self-limiting diseases in healthy 
people, but cause significant complications in people 
with lung diseases [113, 114]. More than half of upper 
respiratory tract infections include human rhinoviruses, 
which are known as colds, and eventually recover after a 
week [115]. Rhinoviruses cause inflammation in the air-
ways by activating of interleukins such as IL1 [116]. Also, 
through Exosomal miRNAs (ExoMiRNAs), which are 
non-coding RNAs with a length of 18 to 25 nucleotides, 
they can affect the inflammation process [117]. Accord-
ing to research, it has been determined that exosomes 
derived from rhinoviruses that contain MiR155 can 
induce inflammation because miR-155 Th2-mediated 
eosinophilic inflammation is essential in the lung [118]. 
Also, various studies show the induction of inflammation 
by exosomes derived from rhinoviruses, which have dif-
ferent mechanisms; for, example they can induce inflam-
mation by producing cytokines and chemokines such as 
CXCL8 [119].

Coronaviruses
The coronaviruses family can cause common colds or 
acute and mild infections in the upper respiratory tract 
of both animals and humans. Coronavirus is a single-
stranded (positive sense) RNA virus enclosed in an enve-
lope with several protein molecules. The viral envelope 
consists of a lipid bilayer made of structural proteins: the 
membrane (M), coat (E), and spike (S). Coronaviruses 
are classified by the appearance of the corona or halo-
like envelope glycoproteins, and chemical and replication 
characteristics. Coronaviruses enter the body through 
the respiratory system and attach to host cells using spike 
proteins. Then, they penetrate the cells and multiply and 
produce more viral particles. Upon internalization of the 
cells, an immune response is created to control the infec-
tion. However, an excessive immune response can lead 
to tissue damage and inflammation, especially in the res-
piratory system, called a cytokine storm [120, 121]. Cor-
onaviruses can also affect other organs and methods of 
the body. The severity of the disease can range from mild 
respiratory signs to severe pneumonia and multi-organ 

failure [19]. The relationship between exosomes and cor-
onavirus can be investigated in three ways: 1-entry of the 
virus, 2-immune modulation, and 3-detection potential 
[122–124].

Exosomes potentially facilitate the coronavirus entry 
into the target cells [15]. Coronaviruses, including SARS-
CoV-2, modulate the host immune response. During 
coronavirus infection, exosomes carrying viral com-
ponents or immunoregulatory molecules are released, 
which affect immune cell function and inflammatory 
responses [125]. Probably, exosomes derived from virus-
infected cells contain various viral details, including viral 
protein and RNA [125]. As a diagnostic tool, there are 
many biomarkers for detecting coronaviruses through 
exosomes. According to the Fujita et al. study, these bio-
markers can be classified into three categories as follows; 
1-antiviral response-related biomarkers, 2-coagulation-
related markers, and 3- liver damage-related biomarkers 
[126]. Much research has been conducted on coronavi-
ruses, especially after the spread and epidemic of SARS-
CoV-2, which shows interesting results. It has been found 
that these types of exosomes have stimulating effects on 
inflammation. Therefore, exosomes can be used in differ-
ent ways to treat and prevent respiratory diseases.

During the tests on exosomes derived from lung 
macrophages, it was found that Nsp12 and Nsp13 in 
exosomes derived from them can lead to the activation 
of nuclear factor κB (NF-κB) and subsequent induc-
tion of an array of inflammatory cytokines [127]. Also, 
in another study, it was found that pro-inflammatory 
cytokines can be produced through the interaction 
of the NF-kB inflammatory signaling pathway with 
Fibrinogen-β (FGB) and Tenascin-C (TNC) and plasma 
exosomes can cause the transfer of FGB, which ultimately 
causes pro-inflammatory cytokine signals are removed in 
organ cells [128].

Adenoviruses
Adenoviruses are a group of viruses that can cause vari-
ous illnesses in humans. They can infect different tissues 
and are transmitted through close personal contact, res-
piratory droplets, or contaminated objects. Adenovi-
ruses can provoke respiratory infections (common cold, 
sore throat, and pneumonia), gastrointestinal infections 
(diarrhea and vomiting), conjunctivitis (pink eye), and 
urinary tract infections [129, 130]. Most infected cases 
resolve independently, but severe conditions can occur in 
individuals with weakened immune systems. Prevention 
involves good hygiene practices and vaccination against 
certain adenovirus types. Consulting a healthcare profes-
sional is advised for diagnosis and treatment. The patho-
genesis of adenovirus infection involves several steps, 
including entering the body through the respiratory or 
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gastrointestinal tract, attaching to the specific receptors 
on host cells, releasing their DNA into the cell’s nucleus 
followed by replication and transcription of viral genetic 
material, alongside synthesizing viral proteins [30]. From 
the infected cell, this is released to create new viral parti-
cles, these components assemble [131]. Adenoviruses can 
spread within the body and target various organs. The 
host immune system could be activated to eliminate the 
infection. Adenoviruses can evade immunity, resulting in 
prolonged or persistent disease, especially in individuals 
with weakened immune systems. The severity of adenovi-
rus infections can vary, and different serotypes cause dif-
ferent clinical manifestations [132].

It has been revealed that adenoviruses use exosomes 
during their reproduction in the host cells. During 
infection, they can infect neighboring cells by release of 
exosomes from infected cells. These exosomes can con-
tain viral components or factors that help the spread of 
the virus. Also, other studies have shown that adenovi-
ruses can use exosomes to escape from the immune sys-
tem [132].

 In addition, exosomes released by uninfected cells can 
contain antiviral agents that have the potential to inhibit 
virus replication or stimulate immune responses against 
the virus [133]. In the research conducted in the labo-
ratory on A549 cells infected with adenovirus  type 3, it 
was found that the exosomes derived from these infected 
cells significantly increased IL-1β, which caused the pres-
ence of the condition to become inflammatory [134]. In 
contrast to other studies, other studies indicate that DC/

FasL-derived exosomes can be used clinically to treat 
inflammatory and autoimmune diseases [135].

In summary, adenoviruses can manipulate the exo-
some pathway during infection and stimulate the 
release of virus-induced exosomes from infected cells 
[16]. These exosomes can help spread the virus, modu-
late the immune system, and promote disease progres-
sion. In addition, exosomes derived from uninfected 
cells can influence adenovirus infection by transfer-
ring antiviral agents [15]. Exosomes from adenovirus-
infected cells have been shown to both induce and inhibit 
inflammation.

Conclusion and outlook
One of the things that plays an essential role in anti-virus 
immunity and virus promotion and is also an important 
vector for the transmission of viruses is exosome. The 
role of exosomes in the transmission of viruses and their 
role in inducing or inhibiting airway inflammation is crit-
ical, and as shown in Table 2 and Fig. 2, viruses that cause 
respiratory diseases can regulate inflammatory pathways 
through Exosomes that play a role in causing disease.
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