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Objectives: We investigated the correlations between microvesicles and
D-dimers, as well as between microvesicles and COVID-19 severity.

Materials and methods: A systematic literature search was conducted in
PubMed, Web of Science, Scopus, and ScienceDirect to identify relevant
studies comparing microvesicle types between patients with COVID-19 and
healthy controls. Pooled estimates of the standardized mean difference
(SMD) for each MV type were calculated using RevMan 5.4, along with the
corresponding 95% confidence intervals (Cls).

Results: This meta-analysis included six studies comprising 183 COVID-19
patients and 135 healthy controls for quantitative analysis. Compared with
controls, COVID-19 patients presented significantly higher levels of circulating
TMVs, PMVs, EMVs, and TF-MVs (TMVs: SMD=4.27, 95% Cl 2.18-6.36,
p<0.0001; PMVs: SMD=2.07, 95% CI 0.99-3.15, p=0.0002; EMVs: SMD=1.20,
95% CI 0.56-1.84, p=0.0002; and TF-MVs: SMD=2.56, 95% CI 1.98-3.15,
p<0.00001). D-dimer levels were correlated with MV levels (N=82, r=0.430,
95% C10.227-0.592, p<0.0001). In general, MVs were correlated with COVID-19
severity (N=168; r=0.942; 95% CI, 0.558-0.993; p=0.002).

Conclusion: Patients with severe COVID-19 had elevated levels of TMVs,
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(SARS-CoV-2), affects many body systems, including
the hematological system, and has garnered global
attention since its initial discovery.' The invasion of
host cells by SARS-CoV-2 can lead to thrombosis,?
for which hypercoagulopathy is a contributory factor
and potential cause of severe COVID-19.® Recently,
extracellular vesicles have been identified as novel
diagnostic biomarkers of triggers of hypercoagulation
and subsequent thrombosis in COVID-19 patients “ and
have been implicated in various human diseases.®

Microvesicles (MVs), a type of extracellular vesicle,®
are released from various cells following cellular
hyperactivation, including platelets, leukocytes, and
endothelial cells.” MVs possess intact membrane
structures and express membrane glycoproteins
specific to their origin cells.® Thus, MVs can be isolated
from platelet-free plasma (PFP) by ultracentrifugation
and exhibit diverse immunophenotypes.® Upon cellular
activation, MVs adhere to the activated endothelium
along with neutrophil extracellular traps (NETs),
modulate the coagulation cascade, and induce
excessive thrombin production, which ultimately
results in a hypercoagulable state.®

As MVs are released under pathophysiological
conditions, their clinical relevance as disease markers
has increasingly generated interest.’® Furthermore,
MVs may influence COVID-19 severity. MVs contribute
to blood clotting by exposing negatively charged
phospholipids and tissue factors (TFs), which initiate
the coagulation pathway in vivo."" MV formation
disrupts cellular systems and leads to asymmetry
of the phospholipid bilayer in the cell membrane,
resulting in the externalization of phosphatidylserine
(PS). A notable feature of MVs is their involvement in
blood coagulation as a source of TF and as a negatively
charged surface on which clotting factor complexes
can accumulate.” Thus, MVs are known for their
procoagulant properties.'>'* Moreover, D-dimeris a part
of the routine screening protocol for determining the
severity of COVID-19 and is associated with MV-related
tissue factor-dependent activation of blood cells. Thus,
the presence of MVs supports fibrin formation, with
consequent D-dimer formation and fibrin degradation
by plasmin.

This review compared platelet-derived, endothelium-
derived, and TF-bearing MV levels in COVID-19 patients
with those in healthy controls. Moreover, the
correlations between MVs and D-dimer, an essential
marker of thrombus formation, and between MVs
and COVID-19 severity were assessed. To strengthen
these findings, a meta-analysis explored the potential
application of MVs as novel biomarkers of thrombus
occurrence and disease severity in COVID-19 patients.

Materials and methods
Ethical consideration

The protocol for this systematic review has been
registered in the International Prospective Registry of

Systematic Reviews (PROSPERO CRD42022362375).
This review adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020
guidelines. Only publicly available data from published
studies were analyzed, and no direct patient interaction
or identifiable data were used.

Type of sampling and reasons for selection

Purposive sampling of studies was used for a
systematic review and meta-analysis. The selected
studieswere chosen based on specificinclusion criteria
(human studies on COVID-19 and microvesicles,
comparison with healthy controls, quantification of MV
levels, and correlation with D-dimer levels and disease
severity) to ensure the relevance and robustness
of the findings. A systematic literature search was
conducted in PubMed, Web of Science, Scopus, and
ScienceDirect.

Search strategy

A systematic search was conducted using PubMed,
Web of Science, Scopus, and ScienceDirect for articles
published through May 10, 2023. The search was not
limited by region or release type, and a focused strategy
was employed to identify human studies that examined
MVs from COVID-19 patients. The search strategy
involved a combination of improvisation keywords,
MeSH terms (COVID-19, coronavirus, SARS-CoV-2,
microvesicles, microparticles, procoagulant), and
abbreviations (MVs and MPs).

Inclusion criteria

The eligibility criteria for study inclusion were
based on five parameters: population, intervention,
comparator, outcome, and study design (PICOS). This
meta-research methodology ensures an unbiased
search, inclusion, and assessment of articles.

Population
Only studies involving human participants were
included.

Intervention

The included studies followed MV isolation
protocols for blood samples obtained from human
participants; patients who were diagnosed using
RT-PCR, patients who were in the post-COVID-19
convalescent stage after up to four weeks of being PCR
negative for the virus; patients who were subjected to
D-dimer examination; and patients with comorbidities,
such as diabetes, hypertension, coronary heart
disease, hyperlipidemia, and chronic renal diseases.
Comparator

Blood samples from healthy controls were used as
comparator groups. The severity of COVID-19 patients
and patients whose D-dimer levels were also measured
were used as the assessment groups.
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Outcome

MVs were quantified in patients who were clinically
evaluated for COVID-19, and disease severity was
graded as mild to severe according to World Health
Organization guidelines. Compared with those in the
control group, the specific MVs of interest in COVID-19
patients included total microvesicles (TMVs), platelet-
derived microvesicles (PMVs), endothelium-derived
microparticles (EMVs), and tissue factor-bearing
microvesicles (TF-MVs). The correlations of MVs with
disease severity and D-dimer levels were investigated.

Study design

This systematic review included observational,
analytical, cohort, and cross-sectional studies that
measured MV levels in cohorts of COVID-19 patients.
The studies were published in 2020.

Exclusion criteria

Studies involving nonhuman subjects were excluded.
We excluded studies of patients who followed a home
isolation protocol, had bacterial inflammation (non-
COVID-19) or malignancies, or preclinical animal
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models. Review articles, case reports, case series,
meta-analyses, duplicate studies, and non-English
articles were excluded.

Study and data collection

Titles and abstracts that met the inclusion criteria
were screened for full-text review, and all reviewers
participated. Any discrepancies were resolved through
discussions among the reviewers. Figure 1 depicts
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses flowchart of the study selection
process. The extracted data were subjected toadouble-
blinded process. The studies were assessed based on
various characteristics, including specimen type, MV
isolation technique, instruments used for detection,
and other relevant aspects, all of which were recorded
and registered in the PROSPERO protocol. To ensure
specificity and consistency, the terms “microvesicles”
and “microparticles” were used to identify studies
that defined MVs as particles in the 100-1,000 nm size
range. The characterization of MVs by researchers
includes the quantification of MVs, analysis of MV size,
and positive labeling of MV markers.

Record removed before screening:
Duplicate records removed (14)
Records marked as ineligibility by
automation tools (1,512)

Irrelevant abstract (130)

reason:
Irrelevant subject (2)
Review article (2)
Meta-analysis (2)
Insufficient data (2)

Figure 1. PRISMA flowchart of the literature search and study selection
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Quality assessment of studies

The methodological quality of the included studies
was evaluated using the Newcastle-Ottawa Quality
Scale (NOS), which comprises three components:
participant selection, comparability of the study
groups, and exposure. Each study was assigned a score
from O0to 10.

Statistical analysis

Heterogeneity between studies was assessed
using the Q test and /? test. A random or fixed-effects
model was used to calculate the pooled standardized
mean difference (SMD). When significant heterogeneity
(p<0.05) was indicated across studies, a random effects
model was used for the analysis. Otherwise, a fixed-
effects model was used (p>0.05). The 95% confidence
intervals (Cls) of the SMDs were calculated. Begg’s
funnel plot and Egger’s test for publication bias were
recommended, with 10 studies included to assess the
evidence of publication bias. If publication bias was
present, the funnel plot was asymmetric, and Egger’s
test was significant (p<0.05). Review Manager meta-
analysis version 5.4 (The Cochrane Collaboration, UK)
was used to calculate the SMD and Cl.

Standardized mean difference (SMD) was used
to compare microvesicle levels between COVID-19
patients and control groups because the included
studies utilized different measurement scales and
reporting units. SMD values were interpreted using
conventional thresholds: 0.2 (small effect), 0.5
(moderate effect), and =20.8 (large effect). Positive
SMD values indicated higher microvesicle levels in
COVID-19 patients than in controls, whereas negative
values indicated lower levels.

For studies reporting correlations between
microvesicle and D-dimer levels or between

microvesicle levels and COVID-19 severity, correlation
coefficients were Fisher-transformed prior to pooled
analysis.

Results
Study characteristics

In this systematic review, the initial search
retrieved 1,672 studies. After removing duplicate
records and records deemed ineligible based on
automated tools (e.g., publication year and language),
146 studies remained. The abstracts of these studies
were reviewed, and 130 articles were excluded as
irrelevant. Two studies were subsequently retrieved
for review, whereas two were not, resulting in the
eligibility of 14 studies. Finally, based on a thorough
examination of the full texts, only six studies met the
inclusion criteria and were included in the analysis of
MVs/microparticles in COVID-19 patients.

The essential characteristics of the included
studies are presented in Table 1. Most of the included
studies were conducted in Egypt (N=2), followed by
the United States (N=1), Saudi Arabia (N=1), Germany
(N=1), and China (N=1). The first study to discuss MVs
in COVID-19 patients was published in 2020. Several
studies have examined MVs in COVID-19 patients
via blood samples. However, only four studies (N=4)
conducted original research on MVs in humans. Zahran
etal.and Guoetal.reported dataonMVsin patients with
varying severities of COVID-19."*"% Sun et al., Hamali et
al., Rausch et al., and Abdelmaksoud et al. reported
the presence of MVs in patients with COVID-19.'¢"°
Four of the six included studies employed a cross-
sectional design, whereas the others used cohort and
case-control designs. The quality of the studies was
assessed using the NOS, and all studies deemed high
quality had scores higher than 7.
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Meta-analysis of MVs in COVID-19 patients

This meta-analysis examined the differences
in MV levels between patients with COVID-19 and
healthy controls. The analysis revealed significantly
higher TMV levels in COVID-19 patients than in controls
(SMD=4.27, 95% CI=2.18-6.36, p<0.0001; Figure
2A). Similar significant differences were observed for
PMVs (SMD=2.07, 95% CI=0.99-3.15, p=0.0002), EMVs
(SMD =1.20, 95% CI1=0.56-1.84, p=0.0002), and TF-MVs
(SMD=2.56, 95% CIl=1.98-3.15, p<0.00001) between
COVID-19 patients and controls (Figure 2B-2D).
Notably, PMV levels were higher than those of EMVs;
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however, TF-MVs presented the highest levels, followed
by PMVs and EMVs (Figure 2B-2D). Furthermore, this
study investigated the correlation between MVs and
routine COVID-19 test parameters, such as D-dimer
levels, which indicate thrombus formation due to
increased coagulation activity in COVID-19 patients.
The analysis revealed a significant correlation between
MVs and D-dimer levels (N=82, r=0.430, 95%
Cl=0.227-0.592, p<0.0001) (Figure 2E). Additionally,
MVs increased with disease severity (N=168, r=0.942,
95% CI1=0.558-0.993, p=0.002) (Figure 2F).

A TMV COVID-19 patient TMV control Weight Std. mean difference
Study or subgroup Mean SD Total Mean | SD | Total | (%) IV, random, 95% ClI
Guo 2020 2,286.47 299 71 1,851.53| 30.13 | 30 | 31.9 1.71[1.22,2.20] -
Hamali 2022 21.7 12.5 40 3.9 1.8 37 | 318 1.94[1.39, 2.48] - -
Sun 2022 70.14 29.28 5 5.45 | 0.49 5 24.9 2.82[0.81, 4.84] — =
Zahran 2021 67.9 2.5 19 26 1.2 20 11.4 | 21.11[16.13,26.09] »
Total (95% CI) 135 92 100 4.27[2.18,6.36]
‘
Heterogeneity: Tau’=3.50; Chi’=58.46, df=3 (p<0.00001); I>=95% ; ; | ; ;
Test for overall effect: Z=4.01 (p<0.0001) TMV COVID-19 pa\}zm ¢ : TMC control
B PMV COVID-19 PMV control Weight Std. mean difference
Study or subgroup Mean SD Total Mean | SD |Total | (%) IV, random, 95% ClI
Abdelmaksoud 2023 38.7 10.6 25 189 | 153 | 32 | 302 1.45[0.86, 2.04] —a—
Rausch 2021 24.5 18.6 23 7.1 4.4 1 28.4 1.09[0.32, 1.86] —a—
Sun 2022 36.71 16.02 5 294 | 0.38 5 15.9 2.69[0.73, 4.65] e —
Zahran 2021 62.01 2.6 19 53.38 | 2.2 20 | 255 3.52[2.48, 4.55] —
Total (95% CI) 72 68 100 2.07[0.99, 3.15] e
Heterogeneity: Tau’=0.92; Chi*=15.91, df=3 (p=0.001); I’=81% ; ; | ; ;
Test for overall effect: Z=3.75 (p=0.0002) JPMV covm--?wg ’ QPMV commf
(o4 EMV COVID-19 EMV control Weight Std. mean difference
Study or subgroup Mean SD Total Mean | SD | Total | (%) IV, fixed, 95% CI
Zahrah 2021 11.94 0.83 19 11.26 | 0.43 | 20 | 90.5 1.02[0.34, 1.69] B
Sun 2022 1.73 0.7 5 0.12 | 0.01 5 9.5 2.94[0.87,5.00] —_—a
Total (95% CI) 24 25 100 1.20[0.56, 1.84] ‘
Heterogeneity: Chi*=3.00, df=1 (p=0.08); I’=67% , , | | ,
Test for overall effect: Z=3.68 (p=0.0002) “ MV COVIDAS ° EV control
D TF-MV COVID-19 TF-MV control Weight Std. mean difference ‘
Study or subgroup Mean SD Total Mean | SD | Total | (%) 1V, fixed, 95% Cl ‘
Hamali 2022 1.9 0.7 40 0.5 0.3 37 91.8 2.54[1.93,3.15] +
Sun 2022 59.8 24.91 5 418 | 0.34 5 8.2 2.85[0.82, 4.88] _—
Total (95% ClI) 45 42 100 2.56[1.98, 3.15] > =
Heterogeneity: Chi’*=0.08, df=1 (p=0.77); I>=0% ‘. , | ; 9
 T= -2 -1 ] 1 2
Test for overall effect: Z=8.63 (p<0.00001) TE-MV COVID-19 TE-MV control
E Fisher’sz SE Weight Fisher’s Z
Study or subgroup (%) 1V, fixed, 95% CI
Zahran 2021 0.34844977 0.160128 51.3 0.35[0.03, 0.66] -
Hamali 2022 0.57087283 0.164399 48.7 0.57[0.25, 0.89] -
Total (95% CI) 100 0.46[0.23, 0.68] ’
Heterogeneity: Chi*=0.94, df=1 (p=0.33); I’=0% j ! ‘ f :
3 ) 1 3
Test for overall effect: Z=3.98 (p<0.0001) MV ° D-dimer in COVID-19
F Fisher’sZ SE Weight Fisher’s Z \
Study or subgroup (%) 1V, random, 95% Cl ‘
Guo 2022 2.32345903 0.094916 51.7 2.32[2.14,2.51] [}
Rausch 2021 1.16604452 0.235702 48.3 1.17[0.70, 1.63] k3
Total (95% Cl) 100 1.76[0.63, 2.90]
Heterogeneity: Tau’=0.64; Chi*=20.75, df=1 (p<0.00001); I’=95% ; ; | . | ;
Test for overall effect: Z=3.05 (p=0.002) fw ® severiyinCOVID1S

Figure 2. Forest plots and meta-analyses comparing microvesicle types between COVID-19 patients and controls.
A: Forest plot and meta-analysis of TMVs, B: Forest plot and meta-analysis of PMVs, C: Forest plot and meta-analysis
of EMVSs, D: Forest plot and meta-analysis of TF-MVs, E: Forest plot and meta-analysis of MVs correlated with D-dimer
levels in COVID-19 patients, F: Forest plot and meta-analysis of MVs correlated with disease severity in COVID-19
patients.
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Assessment of studies

Three independent reviewers assessed the
quality of the studies to evaluate the risk of bias
(Supplementary data). The included cohort studies
did not indicate publication bias, and none were
deemed of low quality. The NOS assessment tool
incorporates assessment parameters specific to each
study design. All studies measured TMVs in COVID-19
patients, except the study by Rausch et al., which
precisely measured CD41 PMVs.'® However, the quality
assessment results did not differ significantly between
the studies (Supplementary data). Specifically, this
analysis focused on TMVs, PMVs, EMVs, and TF-MVs
expressed in COVID-19 patients and healthy controls.
All the results collected within the groups were
consistent with the overall analysis. To understand
the role of MVs in COVID-19, this study analyzed the
association between MVs and COVID-19 severity, as
well as the correlation between MVs and D-dimer, a
coagulation parameter. All the findings are consistent
with the original analysis.

Publication bias and sensitivity analysis

Begg’s funnel plot or Egger’s test was not performed
to assess evidence of publication bias because there
were fewer than 10 studies; according to the Cochrane
guidelines, funnel plots are recommended for studies
exceeding this threshold.

Discussion

Regardless of the type of control or comorbidity,
our systematic review revealed a significant increase
in annexin V-labeled TMVs, PMVs, and EMVs in patients
with COVID-19. This is the first systematic review
to evaluate MVs in COVID-19 patients and compare
them with MV levels in healthy controls. Despite the
potential heterogeneity among studies, the results of
the subgroup and sensitivity analyses were robust and
indicated a significant increase in MVs in COVID-19
patients. Many severe cases of COVID-19 are
associated with hemostatic markers such as D-dimer.?
The increased coagulation and thrombosis observed
in COVID-19 are triggered by cellular hyperactivation,
which is initiated when the spike surface receptor of
SARS-CoV-2 binds to ACE-2 receptors on host cells
through the transmembrane protease serine-type 2
(TMPRSS2), facilitating fusion with host cells.?'

SARS-CoV-2 infection involves the endothelium,
and entry of the virus into ACE-2-expressing endothelial
cells leads to endothelial dysfunction and loss of
endothelial integrity.?> Consequently, uncontrolled viral
invasion triggers endothelial dysfunction, activating
the immune system and hemostatic responses.
Endothelial dysfunction, in turn, contributes to the
release of MVs from the endothelium, furtherincreasing
the production of proinflammatory cytokines, such as
IL-6, IL-8, IL-10, and TNF-a, and ultimately exacerbates
the severity of COVID-19.%2 Additionally, during acute

inflammation, various cells, including neutrophils,
monocytes, lymphocytes, and platelets, undergo
activation and release MVs.?*

According to Balbi et al., many EVs carrying
surface antigens found in COVID-19 patients originate
from platelets and the endothelium.® Consistent
with this, the studies included in our meta-analysis
predominantly employed markers derived from
platelets and the endothelium, with more recent
studies investigating tissue factor expression. Kaur et al.
reported the upregulation of IL-6, IL-8, IL-10, and TNF-aq,
along with increased prothrombotic and coagulation
factors, in patients with severe COVID-19.2% MVs can
form coagulation complexes and support thrombin
formation, contributing to the prothrombotic changes
observed in COVID-19 patients and playing a significant
role in the development of a hypercoagulable state.””
MVs of COVID-19 patients with comorbidities are
more procoagulant. In addition to adhering to the
endothelium, it enables the assembly of enzyme
complexes and thrombin formation, thus contributing
to hypercoagulation.'® In line with these findings, Guo et
al. confirmed that increased production of circulating
MVs is associated with COVID-19 progression and that
the number of MVs may indicate disease severity.'®

Previous studies have consistently demonstrated
an increase in the number of microvesicles, and our
meta-analysis further confirmed that MV levels are
elevated not only in COVID-19 patients but also in
healthy controls and are positively correlated with
D-dimer levels. Furthermore, the expression of TFs
on MV surfaces was significantly higher in COVID-19
patients than in healthy controls. Notably, TF-bearing
MVs appeared to be the most abundant, followed by
MVs originating from platelets and the endothelium.

TFs are expressed on the surface of MVs when cells
are activated, causing cell membrane translocation
and facilitating TF-initiated coagulation.?® Several tissue
factors are released in response to inflammation.?
Generally, TF is found in the subendothelial matrix. In
previous studies, TF-MVs were reported to play a role
in thrombosis, indicating their severity and death, and
these TF-bearing MVs are procoagulants that trigger the
start of the coagulation cascade.?”-2"2

The presence of hyperactive platelets in patients
with COVID-19 increases the number of PMVs in
circulation.'® MV derivatives, such as PMVs, contain
cellular receptors that may trigger an inflammatory
storm. The ability of PMVs to mediate inflammatory
cytokines can exacerbate the inflammatory response.
In COVID-19, there is an increase in PMVs due to
secondary inflammatory conditions when the virus is
active.”® PMVs can change the function of cells, including
neutrophils, endothelial cells, and megakaryocytes, as
platelet precursors, thereby enabling communication
between cells during infection.™

PMVs and EMVs influence the expression of cell
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adhesion molecules, enabling interactions with the
endothelium and the recruitment of inflammatory
cells.?® Garnier et al. reported that the concentration
of EMVs was higher in intubated COVID-19 patients
than in uninfected controls.®® Subgroup analysis of
molecular cluster of differentiation (CD) markers was
not performed because of insufficient data. Increased
D-dimer levels in COVID-19 patients are associated
with cell activation and coagulation due to the release
of MVs.%3114 D-dimer is often found in patients with
COVID-19, is a risk factor that correlates with disease
severity and can predict hypercoagulability status due
to the risk of thrombosis and mortality.323* Thus, when
D-dimer levels correlate with MV release, MV may
indirectly trigger the presence of cross-linked fibrin
breakdown products.

Microvesicles have been shown to increase in
number and correlate with D-dimer, which predicts
hypercoagulability. MVs can be identified early in
the diagnosis of thrombosis and have potential as
diagnostic biomarkers. In addition, as part of the EV
subtype, microvesicles play an essentialrole in cellular
communication, making MVs promising candidates for
therapeutic agents and drug delivery systems. MV may
be a promising noninvasive biomarker for monitoring
biological processes in the diagnosis and treatment of
thrombosis.®3¢

Microvesicles may also serve as promising
therapeutic candidates due to their natural role in
intercellular communication, ability to carry bioactive
cargo (including proteins, lipids, and nucleic acids),
biocompatibility, and low immunogenicity. These
characteristics make them potential targeted drug-
delivery systems for improving therapeutic efficacy
while minimizing adverse effects.*

The results of this meta-analysis were consistent
with those of previous studies. This meta-analysis
used the standard deviation of the mean to validate
studies that presented only numerical data. This study
was conducted at the end of the COVID-19 pandemic.
For this reason, studies have discussed potential
markers that are not widely known for the treatment
of COVID-19, such as PMV, EMV, and TF-bearing MVs,
which can be used as new reliable markers of the
response to pathophysiological severity in patients
with COVID-19.

The potential role of microvesicles in predicting
COVID-19 severity may be reflected by the magnitude
of the pooled SMD, where larger SMD values indicate
greater differences in microvesicle levels between
severe COVID-19 patients and comparison groups.®
Hypercoagulation and thrombosisin COVID-19 patients
are attributable to MVs from platelets and endothelium
derivatives or TF-bearing MVs, which increase over
time, along with the severity of the effects. However,
there is no consensus regarding the association of
MVs with COVID-19. MV quantification in COVID-19
patients should be developed to initiate management

to minimize disease worsening and high mortality.
These studies are limited in that few studies discuss
microvesicles in COVID-19 patients, and not all have
examined the associations between MVs and other
laboratory parameters. Investigating this association in
future studies could provide insights into the complex
pathophysiology resulting from increased MVs in
COVID-19 patients, particularly hypercoagulation
and thrombosis. Another limitation of this study
is the heterogeneity of microvesicle isolation,
characterization, and detection methods across
included studies, which may influence measurement
consistency and comparability of reported microvesicle
levels. This meta-analysis included a limited number of
studies with relatively small sample sizes, which may
affect the generalizability of the findings. Therefore,
the results should be interpreted cautiously, and larger
multicenter studies are needed to validate the role of
microvesicles as predictive biomarkers in COVID-19.

Conclusion

In conclusion, the number of MVs detected in
COVID-19 patients is significantly higher than that
detected in healthy controls. The presence of MVs
in COVID-19 patients is positively associated with
disease severity. Specifically, TF-MVs are present at
higher levels in patients with COVID-19 and are more
abundant than PMVs and EMVs. MVs also demonstrate
a positive correlation with D-dimer, a crucial parameter
in hemostasis. The predictive value of MVs in assessing
COVID-19 severity has been shown consistently across
numerous studies, with high statistical significance
(p<0.05). Therefore, MVs hold promise as valuable
markers for predicting the prognosis of patients with
COVID-19.
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