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Introduction

The difficult times of the coronavirus disease 2019 
(COVID-19) pandemic have necessitated the rapid 
development of sensitive diagnostic tests for severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection. According to clinical practice guided by World 
Health Organization (WHO), Centers for Disease Control 
and Prevention (CDC), European Centre for Disease 
Prevention and Control (ECDC), and related global health 
institutions, the selection of SARS-CoV-2 test should be 
based on the wider context including both the prevalence 
of the virus variants in the population and the status of the 
tested individual. 

Laboratory diagnostic testing for SARS-
CoV-2 infection—difficulties and possible 
improvements

Institutionally authorized specific diagnostic tests comprise 
those detecting either viral RNA (nucleic acid amplification 
tests, NAATs) and antigens (immunoassays) or specific 
antibodies (serological testing) in different materials. While 
the serological assays have a very limited indications for 
diagnostic testing of current infection, the recommended, 

and thus the most widely used NAAT, i.e., reverse 
transcription quantitative PCR (RT-PCR), allows for highly 
sensitive detection of viral RNA in respiratory specimens (1). 

It is worth noting that SARS-CoV-2 is one of the few 
human respiratory viruses that replicates in both upper and 
lower respiratory tracts (2). Consequently, virus shedding 
dynamics differs across the respiratory tract, in most cases 
remaining higher and prolonged in lower respiratory tract, 
while declining fastly in the upper parts after infection (3). 
Thus, there is a quite high risk of false negative results 
while testing nasopharyngeal swabs, the most commonly 
collected material (4). On the other hand, lower respiratory 
tract specimens are more difficult to obtain on an outpatient 
basis, but appear critical for proper diagnosis of severely ill 
patients especially (2). In addition, detection of viral RNA 
in plasma begins to be considered in COVID-19 diagnosis 
and patient monitoring (5), especially that SARS-CoV-2 
RNAemia seems to correlate strongly with disease severity 
and clinical outcome (6,7). However, some studies showed 
the very low positive rate of blood samples (4). One can 
speculate that this may be due to a high plasma dilution of 
viral RNA.

Most NAATs are preceded by an RNA extraction. This 
step extends the execution time and requires the specific 
reagents, which global shortages happen throughout 
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the pandemic (8). Therefore, at present, attempts are 
undertaken to shorten and simplify NAATs by removing 
the RNA extraction step (8). Some reports suggest that this 
could be achieved by simple direct heating of specimens 
before amplifying viral RNA genes with NAAT (9-11). 
But this approach is still fraught with many challenges, 
including optimalization across specimen types (8). For 
instance, one can speculate that RNA dilution in plasma 
may make heating insufficient to obtain enough nucleic 
acids for further amplification.

Along these lines, a different and very promising 
approach has been recently proposed by Ning et al. (12). 
The authors based their idea on the fact that a part of the 
plasma pool of SARS-CoV-2 nucleic acids is transmitted 
by extracellular vesicles (EVs). As discussed below, such 
a transfer is suggested to facilitate viral spreading and 
immune evasion, which aggravates the disease course and 
may cause the extrapulmonary complications (13). On the 
other hand, isolation of RNA-loaded EVs from diagnostic 
material is supposed to increase the amount and purity of 
yielded nucleic acids for further analysis.

Novel approach to detect viral RNA in plasma EVs

Based on the latter, the authors (12) developed a novel 
assay combining two already established technologies, i.e., 
EV’s isolation through binding by immobilized specific 
antibodies as well as liposome-mediated reagent delivery. At 
the first step, EVs are directly captured from plasma samples 
with the use of specific antibodies against their surface 
marker CD81 that had been coated onto the enzyme-linked 
immunosorbent assay (ELISA) plate wells. Then, liposomes 
that contain all reagents essential for (I) reverse transcriptase 
(RT); (II) recombinase polymerase amplification (RPA); 
and (III) clustered regularly interspaced short palindromic 
repeat (CRISPR)-Cas12a reactions (8), are added to the 
plate wells to fuse with captured EVs. Finally, the resulting 
CRISPR-FDS fluorescent signal is easily measured with 
a benchtop plate reader at 480 nm excitation and 530 nm 
emission wavelengths (Figure 1). The fusion process was 
controlled with transmission electron microscopy, and 
confirmed in a Fӧrster resonant energy transfer (FRET) 
dequenching assay. It should be stressed that this assay does 
not require the extraction of RNA, in contrast to another 
newly developed strategy so-called extracellular vesicle 
capture by antibody of choice and enzymatic release (EV‐
CATCHER) allowing for subsequent sequencing of small 
RNA molecules (14).

Afterwards, the authors were able to successfully 
distinguish the patients with COVID-19 from those with a 
negative RT-qPCR result of nasopharyngeal swab testing 
with the use of newly developed assay, and then proved its 
specificity by assaying the samples containing RNA from 
other human respiratory viruses. Interestingly, this assay 
allowed to detect EV-contained SARS-CoV-2 RNA in 
archived plasma obtained from six hospitalized patients with 
pulmonary lesions consistent with COVID-19 that had 
the negative RT-qPCR results. Moreover, it confirmed the 
long-lasting presence of SARS-CoV-2 RNA in plasma EVs 
obtained from two young children that had negative nasal 
swab results at all time points but positive results for specific 
IgGs. Finally, in a non-human primate model of SARS-
CoV-2 infection, Ning et al. (12) showed that viral RNA 
expression time course in plasma EVs exhibited a delayed 
and sustained peak, when compared to results from nasal 
swabs testing. Altogether, these findings suggest that the 
newly developed assay allows to detect SARS-CoV-2 RNA 
in plasma EVs with a high sensitivity not only early after 
infection, but also when the results of nasopharyngeal swabs 
testing are or become again negative. Thus, after successful 
optimalization, this assay becomes a promising candidate 
for the general use at clinical conditions. However, some 
aspects have to be addressed in detailed to increase the 
clinical significance of the assay.

The origin of viral RNA detected in plasma EVs—
should it be handled with care?

As pointed out by the authors (12), the form of the assay-
detected EV RNA cargo remains unclear. At present, it is 
difficult to determine whether the detected RNA derived 
either from the whole or the part of viral genome, or from 
the whole virion. The latter, however, seems to be less 
possible since reaction conditions were unlikely to promote 
the release of virion-encapsulated RNA as well as the initial 
studies failed to detect viral proteins in proteomic analysis 
of plasma EVs (12). Therefore, one can speculate that the 
isolated EVs contain RNA material, but not the intact 
virion of the new coronavirus. Consequently, this provokes 
other important questions for consideration, i.e., if EVs 
loaded with SARS-CoV-2 RNA are infectious and how the 
nucleic acid cargo was packaged into EVs.

Along these lines, it has already been demonstrated that 
viruses may modulate both the EV’s biogenesis in infected 
cell and the vesicle content (15). As a result, EVs released 
by infected cells may contain virus-derived components 
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that could either drive or limit viral replication in targeted 
cells. Moreover, growing evidence indicates that both 
enveloped and non-enveloped viruses may exploit the 
endocytic pathway that is physiologically used for EV’s 
biogenesis to produce virions that, after secretion, are 
capable of infecting the targeted cells (16). Thus, it has been 

assumed that transmission by EVs may not only facilitate 
virus invasion of entry-receptor-expressing cells but also of 
bystander cells that normally would avoid infection, thereby 
passing the infection to secondary tissues. In addition, EV-
transmitted factors were suggested to promote sepsis and 
multi-organ failure in critically ill COVID-19 patients 

Figure 1 Possible origin of plasma EVs that contain SARS-CoV-2-derived RNA and the scheme of the newly developed assay allowing 
for their specific detection. The same pathway appears to be possible for all virus-infected cell populations, and is depicted using type II 
pneumocytes as an example. Type II pneumocytes in alveolar epithelium express ACE2 receptor used by SARS-CoV-2 to enter the cells 
via receptor mediated endocytosis. The virus may then exploit the endocytic pathway for EV’s biogenesis to produce virions and likely also 
EVs that contain viral RNA. Through the exocytosis of MVB, such RNA-carrying EVs could then be released into the extracellular space, 
from where they can enter the blood in alveolar capillaries. Recently, a new assay was proposed for the specific detection of plasma EVs 
containing SARS-CoV-2 RNA. Firstly, plasma EVs are captured by anti-CD81 antibodies immobilized on the ELISA plate. Then, they 
are fused with liposomes that contain all reagents essential for RT, RPA and CRISPR-Cas12a reactions. The resulting fluorescent signal is 
easily measured with a benchtop plate reader, and was proved to be significantly higher for EVs that contained SARS-CoV-2 RNA instead 
of RNA of other viruses. Some of the icons were adopted from Servier Medical Art (smart.servier.com) in compliance with the terms of 
the Creative Commons Attribution 3.0 Unported License. EVs, extracellular vesicles; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2; ACE2, angiotensin converting enzyme-2; MVB, multivesicular bodies; ELISA, enzyme-linked immunosorbent assay; RT, 
reverse transcriptase; RPA, recombinase polymerase amplification; CRISPR, clustered regularly interspaced short palindromic repeat.

Capture of plasma EVs

containing viral RNA

with anti-CD81 antibodies

EVs containing

viral RNA

in patient’s

plasma

EVs 

containing

viral RNA

Endosome
containing
viral RNA

MVB

Fusion with liposomes delivering

RT-RPA + CRISPR

reagent mixture

Fluorescence

signal readout

liposome-mediated detection of plasma EVs containing SARS-CoV-2 RNA



ExRNA, 2021Page 4 of 6

© ExRNA. All rights reserved.   ExRNA 2021;3:5 | https://dx.doi.org/10.21037/exrna-21-15

(15,17). Finally, incorporation into EVs may also prevent 
the viral particle from binding by neutralizing antibodies 
and further degradation by immune cells (16). Altogether, 
these findings strongly imply the deleterious role of EVs in 
infection spreading and immune evasion by viruses, which 
in turn may aggravate the course of the disease and its 
complications. Thus, one can assume that EVs loaded with 
whole viral genome are infectious in vivo, and recent data 
implies that they may preserve the infectivity in vitro (18),  
likely also after isolation from biological material. Hence, 
these aspects require further investigation as they have a 
critical importance for biosafety in laboratories and for 
public health. In addition, it is worth noting that some 
of the methods standardly used for EV’s isolation have 
already been reported to co-isolate viral particles (16,19), 
making EVs highly contagious. These findings justify the 
recommendation to use the heightened laboratory safety 
measures while isolating EVs from specimens collected 
from COVID-19 patients (16). 

On the other hand, EV’s enrichment by CD63 bead 
affinity purification was shown to eliminate the viral 
particles from yielded CD63-positive vesicle fraction (19).  
This suggests that in the discussed study (12), EV’s fraction 
captured by anti-CD81 antibodies do not contain co-
isolated viral particles. Additionally, this assumption is in 
line with the abovementioned observation that CD81-
enriched EVs did not contain viral proteins (12). Thus, it 
could be assumed that the detected viral RNA was indeed 
carried by isolated EVs, and not artificially co-isolated 
during vesicle separation. However, there is still an open 
question if the detected RNA comes from the whole viral 
genome or from its fragments.

Interpreting the results

Similarly to NAATs, the results of currently developed assay 
are interpreted qualitatively and considered positive when 
the measured fluorescence signal is equal or greater than 
the mean signal of the negative controls plus three times 
their standard deviation (12). The attempts should be taken 
to allow the quantitative interpretation of the data, since 
one can speculate that the number of coronavirus RNA-
positive EVs in plasma varies across the infection course 
and may possibly correlate with some clinical measures, 
such as the disease severity and the risk of extrapulmonary 
complications.

Furthermore, the currently developed assay is designed 
to isolate the total pool of CD81-positive EVs from plasma 

without discriminating them according to other parameters, 
such as the cellular and tissue sources and physicochemical 
properties. Although this approach appears enough for 
diagnostic purposes, several aspects have to be taken into 
consideration; i.e., (I) the yielded EV’s fraction is very 
heterogeneous; (II) the percentage of captured EVs that 
contain viral RNA remains impossible to estimate; and (III) 
the viral RNA load levels can vary among EV subtypes. 
Importantly, this diversity might impact the clinical 
significance of the assay. Therefore, further investigation 
is needed to determine if the obtained results correspond 
to clinical status of infection as well as how to co-interpret 
them with patient condition. Accordingly, the authors (12) 
reported the prolonged detectability of SARS-CoV-2 RNA 
in plasma EVs in comparison to swab samples, making it a 
promising candidate for a more durable marker of infection. 
However, one can speculate that the positive result may 
indicate not only the current active infection when the 
patient is highly contagious, but also the post-infection 
stage when cells may possibly remove waste viral RNA by 
packaging it into EVs, and even the late/latent phase after 
integration of viral genetic material into host cell genome. 
The authors (12) seem to be aware of this possibility as they 
have undertaken the studies improving their assay to enable 
the detection of the subgenomic RNA fragments that may 
serve as an indicator of an active infection. This should 
greatly support the attempts to distinguish these infection 
phases from one another.

Besides,  an alternate pathway for a transfer of 
extracellular RNA between cells was formerly shown, 
and involved the association of freely circulating miRNA 
with EVs outside the cell (20). Taking this possibility into 
account for viral RNA, it could be hypothesized that free 
viral RNA may associate with plasma EVs in circulation 
during RNAemia. Such an EV-associated RNA pool could 
also be then detected with the currently discussed liposome-
based assay (12). However, this hypothesis requires further 
investigation.

Biological significance of EV-loaded viral RNA

From another point of view, the therapeutic effect of 
convalescent plasma was proposed to be facilitated by the 
contained EVs (21). However, stable detection of SARS-
CoV-2 RNA in plasma EVs during the long time course, as 
shown even up to 60 days from the initial evaluation (12), 
strongly suggests that EVs containing nucleic acids of the 
new coronavirus are present in convalescent plasma, and 
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thus could impact its therapeutic potential. Accordingly, 
one can speculate that such EV-enclosed viral RNA 
fragments may mimic adjuvant activity and thus increase 
the anti-viral immune responses. On the other hand, EVs 
carrying multiple whole viral genomes may constitute an 
infectious unit (22) that might possibly pass the infection to 
convalescent plasma recipient thereby worsening the clinical 
outcome. The discussed assay allowing to detect viral RNA 
transmitted by EVs appears profoundly useful to investigate 
these hypotheses, especially when improved to distinguish 
the whole viral genome from its likely noninfectious 
fragments.

Concluding the advantages and disadvantages 
of clinical application of discussed assay

The main advantages of newly developed assay include its 
simplicity, ease of obtaining diagnostic material, quite short 
duration, lack of RNA extraction step, commonly used 
result reading method. However, before its widespread use, 
some disadvantages need to be improved. The reagent-
loaded liposome supply chain could be developed to 
increase assay reproducibility. The form of viral RNA in 
EVs should be recognized to judge whether it is infectious 
or not. Attempts should be undertaken to detect SARS-
CoV-2 RNA in EVs isolated from other materials, such as 
bronchoalveolar lavage fluid and exhaled breath condensate. 
Future studies are also required to assess the putative 
correlation of assay results with patient condition, infection 
course and severity, and with the risk of complications. The 
latter would greatly increase the clinical significance of the 
discussed approach.

Considering the improvement of the above discussed 
limitations of the commented assay, it may provide a 
promising complementary tool supporting the rapid 
diagnostic procedure, especially of symptomatic patients 
with negative swab results, asymptomatic individuals 
with inconclusive RT-PCR results  as  wel l  as  for 
immunocompromised patients. Moreover, it may potentially 
be implemented to point-of-care testing, which increases its 
clinical significance. Finally, when improved, the assay may 
serve as an important extraction-free approach for tracking 
the infectiveness of EV-contained viral RNA in various 
biological samples.
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