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An inescapable conclusion of the past decade of research 
into extracellular vesicles (EVs) during viral infection is 
the growing recognition that there is not a categorical 
division between EVs and enveloped viruses, but rather an 
extensive and intricate overlap leading to the production 
of a heterogenous mix of submicron particles. Like EVs, 
enveloped viruses are small, lipid bilayer-enclosed particles 
and numerous recent reports have demonstrated significant 
similarity in physical and biochemical composition between 
EVs and viral particles (1-3). EVs and many viruses use the 
same cellular machinery to exit the cell and both are capable 
of transferring proteins and nucleic acids to target cells, 
which can have functional downstream effects. Furthermore, 
in addition to these similarities in size, composition, and 
biogenesis, there is a growing body of evidence that EVs 
play a major role during the course of viral infections. EVs 
released from virally-infected cells carry viral components 
to nearby uninfected cells, sensitizing them for viral spread 
(4,5). Alternatively, EVs can be released carrying antiviral 
proteins allowing nearby cells to prepare their defenses 
for a potential viral encounter (6,7). In “A New Infectious 
Unit: Extracellular Vesicles Carrying Virus Populations”, 
Kerviel et al. review a recently recognized phenomenon in 
which EVs facilitate the spread of viruses by encapsulating 
multiple virions or naked infectious viral genomes (8), 
expanding our understanding of the complex overlap 
between viruses and EVs that plays out at the nanoscale 
stage.

In “vesicle-mediated en bloc viral transmission”, EVs 
containing non-enveloped viruses, enveloped viruses, or 
even naked viral genomes are the main carrier of infection 
and viral transmission rather than individual “free” viral 

particles. En bloc transmission has been observed in a wide 
array of viral families, including polioviruses, enteroviruses, 
Coxsackieviruses, hepatitis A (HAV) and C viruses (HCV), 
rotaviruses, and polyomaviruses, suggesting a potential 
evolutionary advantage for the viruses for transmitting 
via EVs. A defining feature of en bloc transmission is the 
presence of multiple viruses per EV. This simple observation 
has several profound implications for viral transmission and 
the role of EVs. First, evidence suggests that viral infection 
of cells can be quite inefficient, with many cells failing to 
become productively infected (9). If a cell is infected by a 
single virus, the kinetics of viral replication may be slow 
enough to enable immune responses to develop. Viruses 
that replicate slowly may be cleared by the immune 
response before they spread to new cells. In contrast, by 
packaging multiple viruses per EV, en bloc transmission 
delivers higher effective MOIs to cells that are infected 
and increasing the chances of a productive infection and 
kinetics of replication. Second, the multiple viruses have 
the potential to recombine and significantly expand viral 
genetic diversity, which in turn can lead to drug resistance 
and immune escape. Third, packaging multiple viruses per 
EV also provides opportunities for complementation of 
defective proteins or particles, allowing viral mutants to 
replicate that might otherwise have been initially selected 
against. This could provide further opportunities for viral 
mutagenesis by complementing deleterious mutations until 
additional compensatory mutations that restore fitness are 
generated. 

An additional advantage of en bloc viral transfer 
delineated by Kerviel et al. is a type of quality control 
mechanism. Viruses are highly mutagenic due the high 
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error rate of most viral polymerases compared to cellular 
polymerases, coupled with selection pressures. These 
mutations, along with other inefficiencies of virus assembly 
and budding, result in most virus families producing large 
numbers of defective viral particles that are incapable of 
replication. However, it was found that viruses transmitted 
en bloc within EVs had less sequence diversity and fewer 
deleterious mutations (10). At the same time, it was 
recognized that proper viral assembly at internal replication 
organelles (typically adjacent to ER or Golgi) was important 
for packaging of viruses into EV structures (9). If packaging 
of virions into EVs requires proper viral assembly to occur 
near the EV packaging site, only virions with correct folding 
and trafficking of the structural proteins and assembly 
of the nascent particles will be incorporated into EVs, 
eliminating a large swath of defective viruses. Moreover, 
there may be an additional active packaging process in 
which EV machinery must recognize properly formed viral 
capsid topologies, thus ruling out virions with assembly 
defects. These two “quality control checks” prevent highly 
mutated viruses from being transferred en bloc within EVs, 
and increase the overall viral fitness of the EV-transmitted 
viruses compared to free virus particles.

A final major advantage to en bloc transmission is evasion 
of host immune responses. The ability of the host immune 
response to rapidly identify and target viruses is the key to 
preventing systemic viral spread. As detailed by Kerviel and 
colleagues in their review, the release of viruses in EVs is a 
non-lytic mechanism that doesn’t result in cell death, thus 
avoiding the release of cellular danger signals that normally 
alert the host immune system. Additionally, viruses 
within the EV lipid bilayer are shielded from neutralizing 
antibodies and capture by phagocytic cells, reducing the 
efficacy of the immune response when it does develop. 
Lastly, the composition and cargo of the EVs sheltering 
viruses may contribute to immune evasion. EVs universally 
contain phosphatidylserine lipids, which have been shown 
to be immunosuppressive and may help reduce immune 
responses in cells infected by en bloc transmission. Within 
the EV lumen, cellular immunomodulatory microRNAs 
(miRNAs) and protein cargos could potentially be co-
delivered to the target cell. Together, these advantages of 
en bloc viral transmission may convey significant immune 
evasion-related advantages (2). 

The authors highlight a number of viruses where en 
bloc transmission has been observed and an interesting 
observation is that for each disease and corresponding virus, 
the mechanism by which virions are packaged into EVs 

differs. For instance, poliovirus, coxsackievirus B (CVB), 
encephalomyocarditis virus (ECMV), and enterovirus A71 
(EV-A71) are packaged in autophagosomes (11-14). While 
autophagosomes normally fuse with lysosomes for content 
degradation, viruses have evolved proteins to interfere with 
the SNARE complex that mediates this autophagosome-
lysosome fusion, causing release of virus-containing EVs 
via autophagosome-plasma membrane fusion. Infectious 
EV-A71 genomic RNA was separately found in exosomes—
a small subtype of EV formed by invagination into the 
multivesicular body (MVB)—suggesting that some viruses 
use multiple EV pathways to spread (15). Norovirus, which 
can cause gastroenteritis, is also spread en bloc within 
exosomes derived from the MVB (16). HAV and hepatitis E 
virus (HEV) were both once thought to exist solely as non-
enveloped virions, until it was discovered they could interact 
with ESCRT machinery and be released within exosomes 
(17,18). HCV is normally released as an enveloped virus, 
but exosomes containing HCV genomic RNA and proteins 
without virions have been detected (19). West Nile virus 
(WNV), Zika virus (ZIKV), and porcine reproductive and 
respiratory syndrome virus (PRRSV) genome RNA have 
all been detected with EVs (20-22). Still other viruses use 
different EV populations. One agent of viral gastroenteritis, 
rotavirus, is shed in large plasma-membrane derived EVs (16). 
Some viruses clearly spread en bloc via an EV pathway but 
require more characterization to determine the precise 
EV subtype. These includes Dengue virus (DENV) and 
Bluetongue virus (BTV), both borne by arthropod vectors 
(23,24). The ability of viruses to spread via EVs has 
important public health implications. For instance, methods 
to detect viruses in blood may be unable to identify viruses 
enclosed within EVs, and those EV-packaged viruses may 
be less sensitive to traditional viral neutralization protocols.

Finally, is as so common in science, the mechanism of 
en bloc transmission raises nearly as many questions as it 
answers. Paramount among these is the question of how 
EVs deliver cargo proteins and nucleic acids to target 
cells. In the context of en bloc transmission, the viruses 
within the EVs need to release their nucleic acids into the 
cytosol of the target cell in order to replicate; as a result, 
fusion between the virus-containing EV and a cellular 
membrane is a prerequisite for productive viral infection. 
The authors propose two mechanisms through which 
this can occur—receptor-dependent fusion and receptor-
independent fusion. In receptor-dependent fusion, a viral 
fusion protein (often called a viral ‘envelope’ or ‘spike’ 
protein) from a circulating virus or a human endogenous 
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retrovirus could become embedded in the EV membrane 
and impart fusogenic potential to that EV. Indeed, this 
mechanism for imparting fusion potential to EVs has 
been demonstrated with multiple viral fusion proteins 
including those of vesicular stomatitis virus and influenza. 
In receptor-independent fusion, the authors propose a non-
specific, direct fusion of the EV membranes with a cellular 
membrane. Despite receptor-independent fusion of EVs 
being widely hypothesized, the mechanistic details of this 
route of fusion remain very poorly defined. Understanding 
how EVs fuse with target cells is key to en bloc transmission 
and receptor-independent fusion—if it occurs has the 
potential to expand upon the natural tropism of viruses by 
bypassing the receptors used to infect cells as free virions. 
Another fascinating question raised by this review is that of 
the evolutionary origins of viruses and EVs. The extensive 
overlap in size, composition, and biogenesis of EVs and 
enveloped viruses has led to the ‘progressive hypothesis’ 
or ‘escape hypothesis’ of viral evolution that proposes that 
ancestral viruses were nucleic acids that evolved the ability 
to move around the genome and then exit the cell and self-
replicate (25). Is it possible that ancestral nucleic acid viruses 
shuttled between cells within ancient EVs? These infectious 
EVs may have been the first ‘primordial’ viruses, consisting 
primarily of self-replicating DNA or RNA packaged into an 
EV. Based on this hypothesis, the ability of viruses to spread 
as free virions evolved over time as viruses developed capsid 
proteins to selectively package and enclose the viral genome 
and fusion (envelope, spike) proteins to facilitate membrane 
fusion with target cells. The en bloc transmission reviewed 
by Kerviel and colleagues thereby could represent a sort of 
window into the evolutionary past of viruses. 

In conclusion, this review presents a convincing case 
that EVs should be treated seriously as potential infectious 
agents within the context of viral disease and public 
health. The potential of viral spread while cloaked in 
EVs is a significant concern, although the relative safety 
of blood products in most developed countries suggests 
that protocols for maintaining safety are adequate for 
current viruses of concern. However, knowledge of en 
bloc transmission is essential to developing strategies 
to inactivate viruses embedded in EVs. Our current 
understanding of how viruses hijack EVs for their 
transmission is clearly still incomplete, and we predict that 
further fascinating examples of overlap between the EV 
machinery and viral replication will emerge as research in 
this area progresses. 
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