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Background: Coronavirus disease (COVID-19) induces inflammation, coagulopathy follow-
ing platelet and monocyte activation, and fibrinolysis, resulting in elevated D-dimer levels. 
Activated platelets and monocytes produce microvesicles (MVs). We analyzed the differ-
ences in platelet and monocyte MV counts in mild, moderate, and severe COVID-19, as 
well as their correlation with D-dimer levels.

Methods: In this cross-sectional study, blood specimens were collected from 90 COVID-19 
patients and analyzed for D-dimers using SYSMEX CS-2500. Platelet MVs (PMVs; PM-
VCD42b+ and PMVCD41a+), monocyte MVs (MMVs; MMVCD14+), and phosphatidylserine-
binding annexin V (PS, AnnV+) were analyzed using a BD FACSCalibur instrument.

Results: PMV and MMV counts were significantly increased in COVID-19 patients. AnnV+ 
PMVCD42b+ and AnnV+ PMVCD41a+ cell counts were higher in patients with severe CO-
VID-19 than in those with moderate clinical symptoms. The median (range) of AnnV+ PM-
VCD42b+ (MV/µL) in mild, moderate, and severe COVID-19 was 1,118.3 (328.1–1,910.5), 
937.4 (311.4–2,909.5), and 1,298.8 (458.2–9,703.5), respectively (P =0.009). The me-
dian (range) for AnnV+ PMVCD41a+ (MV/µL) in mild, moderate, and severe disease was 
885.5 (346.3–1,682.7), 663.5 (233.8–2,081.5), and 1,146.3 (333.3–10,296.6), respec-
tively (P =0.007). D-dimer levels (ng/mL) weak correlated with AnnV+ PMVCD41a+ 
(P =0.047, r=0.258).

Conclusions: PMV PMVCD42b+ and PMVCD41a+ counts were significantly increased in pa-
tients with severe clinical symptoms, and PMVCD41a+ counts correlated with D-dimer lev-
els. Therefore, MV counts can be used as a potential biomarker of COVID-19 severity.
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INTRODUCTION

Coronavirus disease (COVID-19) is caused by severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), which may affect 
the platelet components of patients [1]. When activated, plate-
lets and other cells release microvesicles (MVs), which are 
known as microparticles or ectosomes and comprise a group of 
extracellular vesicles (EVs) that originate from the cell mem-
brane after activation under physiological or pathological condi-
tions [2]. All cell types release MVs that are non-nucleated and 
carry the same surface antigens as their cells of origin; there-
fore, MVs can be distinguished by their surface antigens [3]. 
MVs are characterized by surface expression of phosphatidylser-
ine (PS) because upon cell activation, PS is externalized on the 
outer surface of the cell membrane [4]. 

The downregulation of angiotensin-converting enzyme (ACE)-2 
receptors on the surface of the endothelium of blood vessels ac-
celerates COVID-19 progression from mild to severe [5]. PS is a 
receptor for coagulation that enhances thrombus formation [6]. 
As COVID-19 is related to underlying clinical symptoms, disease 
severity is associated with an increase in circulating MVs [7, 8], 
which promote pro-adhesive and prothrombotic abilities. Under 
pathological conditions, MVs express procoagulant phospholip-
ids, which induce inflammation and activate coagulation and 
thrombosis. Platelet MVs (PMVs) have an eight times higher 
density and 50–100 times higher procoagulant activity than ac-
tivated platelets [9]. Monocyte MVs (MMVs) contribute to fibrin-
rich thrombus formation [4]. Because of their clinical relevance 
as disease markers and potential role in mediating COVID-19 
severity, MVs have received increasing interest [10].

COVID-19 patients exhibit coagulopathy with fibrin deposition 
and thrombus formation [11]. COVID-19 affects the hemostatic 
system via increased levels of inflammatory cytokines and ex-
cess thrombin production [12]. Thrombosis is a key factor in CO-
VID-19 that is associated with increased MV counts and can 
trigger a coagulation cascade [2, 13]. Patients with both cancer 
and COVID-19 exhibit significant MV formation compared to CO-
VID-19 patients without cancer [14]. 

D-dimer levels are routinely screened in patients with CO-
VID-19 [15] and reflect the success of fibrinolysis, which is pre-
ceded by thrombosis. D-dimer is associated with the activation 
of blood cells, which subsequently release MVs. CD42b-express-
ing PMVs (PMVCD42b+) can bind to platelet receptors (glycopro-
tein [GP] IIb/IIIa), inducing binding to the fibrinogen receptor [9, 
7]. Similarly, CD41a-expressing PMVs (PMVCD41a+) can directly 
bind to fibrinogen receptors to increase platelet aggregation 

[11]. CD14-expressing MMVs (MMVCD14+) activate the extrinsic 
coagulation pathway [8]. 

We investigated PMV (PMVCD42b+ and PMVCD41a+) and 
MMV (MMVCD14+) counts in COVID-19 patients with varying dis-
ease severities, as evinced by clinical symptoms, and assessed 
whether D-dimer levels correlated with PMV and MMV counts.

MATERIALS AND METHODS

Participants 
This was an analytical, observational study with a cross-sec-
tional design. We recruited patients with COVID-19 presenting at 
Dr. Soetomo General Academic Teaching Hospital, Surabaya, 
East Java, Indonesia between September 2020 and December 
2021. SARS-CoV-2 infection was confirmed using a nucleic acid 
amplification test. Ninety hospitalized COVID-19 patients (includ-
ing 30 with mild, 30 with moderate, and 30 with severe disease) 
and nine healthy controls (three men and six women), with ages 
ranging from 19 to 22 yrs, were included in the study.

Clinical degrees were classified based on the Decree of the 
Minister of Health of the Republic of Indonesia regarding the 
clinical management of COVID-19 in healthcare facilities, which 
refers to the WHO recommendations. All patients were diag-
nosed according to the criteria for classifying mild, moderate, 
and severe clinical symptoms based on their clinical symptoms 
and oxygen saturation (SpO2) levels, as follows: mild, patients 
with symptoms without evidence of viral pneumonia or hypoxia 
and oxygenation status and SpO2 >95% in room air; moderate, 
patients with clinical signs of pneumonia but without signs of 
severe pneumonia, and SpO2 >93% in room air; and severe, pa-
tients with clinical symptoms of pneumonia and severe respira-
tory distress, and SpO2 <93% in room air [16]. The control group 
consisted of healthy individuals without clinical complaints or 
symptoms of COVID-19, negative test results for SARS-CoV-2, 
and no history of comorbidities. The healthy controls were re-
cruited from volunteers at Universitas Nahdlatul Ulama (Sura-
baya, Indonesia). Blood specimens were collected from the pa-
tients and healthy controls after obtaining written informed con-
sent. Ethical approval was obtained from the Ethical Committees 
in Health Research of Dr. Soetomo General Hospital Surabaya 
(approval No.: 0030/KEPK/VII/2020) and Universitas Nahdaltul 
Ulama Surabaya (approval No.: 277/EC//KEPK/UNUSA/2021).

Specimen and laboratory data collection
Blood specimens were collected via venipuncture in 3 mL of 
0.109 M sodium citrate. D-dimer levels were measured using an 
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INNOVANCE D-dimer assay (OPBPG03C11; Siemens Healthcare 
Diagnostics Products GmbH, Marburg, Germany) in a fully auto-
mated coagulation analyzer (CS-2500; Sysmex, Kobe, Japan). 
According to the institutional protocol, D-dimers were not ana-
lyzed in patients with mild clinical symptoms. All specimens 
were processed by double centrifugation at 2,500×g, 25°C for 
15 mins. The platelet-free plasma (PFP) specimens were stored 
at −80°C until use.

Clinical data, including SpO2, platelet count, monocyte count, 
prothrombin time (PT), and activated partial thromboplastin time 
(APTT), of COVID-19 patients with severe and moderate clinical 
symptoms, but not from routine examination in patients with 
mild clinical symptoms, were obtained from medical records and 
the laboratory information system.

MV isolation
The PFP specimens were thawed at 25°C. Approximately 250 µL 
of PFP supernatant was centrifuged at 18,000×g, 25°C for 30 
mins. The supernatant was separated and the pellet was resus-
pended in 1,000 µL of phosphate-buffered saline (PBS). The su-
pernatant was centrifuged at 18,000×g, 25°C for 30 mins and 
vortexed for 5 sec. The supernatant was removed and the pellet 
was resuspended in ±250 µL PBS and vortexed for 5 sec [17, 
18]. 

MV quantification and flow-cytometric analysis
Up to 50 µL of each specimen was added to 50 µL of Annexin V 
Binding Buffer (51-66121E; BD Biosciences, Franklin Lakes, NJ, 
USA; 0.1 M 4-(2-hydroxyethyl)piperazine-1-ethane-sulfonic acid 
(HEPES)/NaOH [pH 7.4], 1.4 M NaCl, 25 mM CaCl2), 4 µL of phy-
coerythrin (PE)-conjugated annexin V (51-65875X; BD Biosci-
ences), 15 µL of fluorescein isothiocyanate (FITC)-conjugated 
CD42b (cat. No. 555472; Becton Dickinson Biosciences, USA), 
15 µL of peridinin chlorophyll protein-cyanine5.5 (PerCP-Cy5.5)-
conjugated CD41a (HIP8) (340931; BD Biosciences), and 15 µL 
of allophycocyanin (APC)-conjugated CD14 (555399; BD Biosci-
ences) in a Trucount bead tube (BD Biosciences), vortexed for 5 
sec, and incubated at 25°C in the dark for 30 mins to maximize 
the binding of the fluorochrome antibodies to the MV surface. 
After incubation, 500 µL of Annexin V Binding Buffer (51-
66121E; BD Biosciences; 0.1 M HEPES/NaOH [pH 7.4], 1.4 M 
NaCl, 25 mM CaCl2) was added. Negative gating was achieved 
by testing specimens from healthy controls without staining with 
fluorescence-labeled antibodies (unstained). This strategy was 
used to determine the quadrant lines, position of the quadrant 
region, or quadrant boundary of the MVs. The specimens were 

analyzed using a fluorescence-activated cell sorter (FACS) (FAC-
SCalibur; BD Biosciences) and the data were analyzed using 
CellQuest Pro software (BD Biosciences).

The absolute MV count was determined using the FACSCalibur 
flow cytometer. Forward scatter (FSC), side scatter (SSC), and 
fluorescence data were obtained by setting a logarithmic scale 
to read smaller sizes. The instrument thresholds for MV gating 
were optimized using the Megamix-Plus SSC (7803; Biocytex, 
Marseille, France), which is a mixture of fluorescent beads with 
varying diameters (0.16, 0.20, 0.24, and 0.5 µm) selected to 
represent the MV size range (0.1–1 µm), and fluorescence 
(FL1)/FITC was used as the threshold.

Trucount beads facilitate the calculation of the absolute MV 
count using the following formula:

MV/µL=
Number of events in the gating area−positive population×total bead count

Number of events in the bead region×sample volume

Circulating MVs were quantified based on FSC or SSC, MV size 
characteristics, and annexin V binding. MVs expressing PS on 
their surface were detected based on annexin V fluorescence. 
Fluorescence-labeled antibodies were selected to define MVs 
derived from their cells of origin; platelet GPIbα (CD42b), platelet 
GPIIb/IIIa (CD41a), and monocytes (CD14). PMVs and MMVs are 
expressed as PS (AnnV+, PMVCD42b+) and (AnnV+, PMVCD41a+) 
and PS (AnnV+, MMVCD14+), respectively. Quadrant lines were 
used to distinguish positive and negative events.

Statistical analysis
Statistical analyses were conducted using SPSS v.21 (IBM Corp., 
Armonk, NY, USA). Normality was assessed using the Shapiro–
Wilk test. Normally distributed data are presented as mean±SD 
and non-normally distributed (non-parametric) as median and 
range. ANOVA test was used for normally distributed data with 
mean differences in more than two groups. The Kruskal–Wallis 
test was used to compare numerical variables in more than two 
groups when the data were non-normally distributed. An inde-
pendent t-test and the Mann–Whitney U test were used for two 
groups when the data were normally distributed and for non-nor-
mally distributed categorical data, respectively. The chi-square 
test was used for qualitative data. Spearman’s correlation test 
was used for non-normally distributed data; correlations be-
tween MV counts and certain clinical data of COVID-19 patients 
were assessed based on Spearman’s correlation coefficients. 
Differences were considered significant at P <0.05.
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RESULTS

Clinical data of COVID-19 patients 
As expected, the average age of COVID-19 patients with moder-
ate to severe clinical symptoms was >45 yrs, whereas that pa-
tients who had mild clinical symptoms was <45 yrs (P <0.001; 
Table 1). SpO2 levels decreased with the severity of clinical 
symptoms (P =0.001; Table 1). Patients with severe clinical 
symptoms had significantly higher D-dimer levels than those 
with moderate clinical symptoms (P =0.028; Table 1).

Gating strategy for MV identification using flow 
cytometry 
MVs were gated based on FSC and SSC, and the MV location 
was <1.0 µm (Fig. 1). The selected threshold was FL1/FITC, and 
a negative gating strategy was used (Fig. 1E). PMVs (PM-
VCD42b+ and PMVCD41a+) and MMVs (MMVCD14+) were identi-
fied using annexin V conjugated with PE (Fig. 1F–1I). Specimens 
containing MVs stained annexin V-positive (Fig. 1G–1I).

Comparison of MV counts
AnnV+ PMVCD42b+, AnnV+ PMVCD41a+, and AnnV+ MMVCD14+ 
cell counts increased with the severity of clinical symptoms (Fig. 
1G–1I; Table 2). AnnV+ PMVCD42b+ cell counts were higher in 
COVID-19 patients with severe clinical symptoms than in those 
with mild clinical symptoms (P =0.003) or moderate clinical 
symptoms (P =0.028). AnnV+ PMVCD41a+ cell counts were 
higher in COVID-19 patients with severe clinical symptoms than 
in those with moderate clinical symptoms (P =0.002; Table 3).

Correlation of MV counts with certain clinical data
Spearman correlation analysis of AnnV+ PMVCD42b+, AnnV+ PM-
VCD41a+, and AnnV+ MMVCD14+ counts in 60 specimens of CO-
VID-19 patients with clinical symptoms and D-dimer levels re-
vealed that only Ann V+ PMVCD41a+ counts were weakly corre-
lated with D-dimer levels (P <0.05 and P =0.047, r=0.258). AnnV+ 
PMVCD42b+ (P =0.157, r=0.185) and AnnV+ MMVCD14+ (P = 
0.218, r=0.162) counts showed no correlation with D-dimer lev-
els. PMV and MMV counts were not correlated with age (Table 4). 

Table 1. Characteristics of COVID-19 patients with mild, moderate, and severe clinical symptoms

Characteristic Total (N=90)
COVID-19 clinical symptoms

P
Mild (N=30) Moderate (N=30) Severe (N=30)

Age (yrs), mean±SD 45.8±13.9 35.0±11.2 53.2±13.3 49.3±10.0 <0.001*

Sex, N (%) 0.002†

    Male 52 (57.8) 25 (83.3) 13 (43.3) 14 (46.7)

    Female 38 (42.2) 5 (16.7) 17 (56.7) 16 (53.3)

Condition, N (%) <0.001†

    With comorbidities 41 (45.6) 5 (16.7) 19 (63.3) 17 (56.7)

    Without comorbidities 49 (54.4) 25 (83.3) 11 (36.7) 13 (43.3)

Outcome, N (%) <0.001†

    Survived 69 (76.7) 30 (100.0) 22 (73.3) 17 (56.7)

    Did not survive 21 (23.3) N/A 8 (26.7) 13 (43.3)

Laboratory findings

    SpO2 (%), median (range) 97 (60–100) 99 (97–100) 97 (94–99) 76.5 (60–92) 0.001‡

    PLT count (×103/µL), mean±SD 308.1±145.4 N/A 309.6±153.1 306.5±140.0 0.935§

    Monocyte count (×103/µL), median (range) 0.8 (0.1–3.3) N/A 0.7 (0.1–2.0) 0.9 (0.2–3.3) 0.084||

Coagulation parameters

    PT (sec), median (range) 11.1 (9.4–21.6) N/A 11 (9.7–18.3) 11.1 (9.4–21.6) 0.750||

    APTT (sec), median (range) 28.8 (18.2–100) N/A 27.9 (18.2–100) 29.3 (18.5–82.2) 0.988||

    D-dimer (ng/mL), median (range) 1,980 (380–19,050) N/A 1,290 (380–5,360) 2,825 (540–19,050) 0.028||

The results are expressed as mean±SD, median (range), or N (%). The data were analyzed using ANOVA (*), Chi-square test (†), Kruskal–Wallis test (‡), inde-
pendent t-test (§), or Mann–Whitney U test (||). Significance was set at P <0.05.
Abbreviations: COVID-19, coronavirus disease; SpO2, oxygen saturation; PLT, platelets; PT, prothrombin time; APTT, activated partial thromboplastin time; N/A, 
not applicable.
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Fig. 1. Flow-cytometric detection of MVs. (A) The MV gate region was separated, defined, and calculated using the SSC-height (log) scale as 
the threshold to eliminate the 0.16-µm beads and use the 0.2- and 0.5-µm bead clouds to set the MV gate. The gate used for capturing the 
beads for counting is depicted as region 1 (R1). (B) MVs were calibrated using Megamix-Plus SSC beads in a Trucount tube, using fluores-
cence (FL1)/FITC as the threshold. (C) FSC and SSC of isolated MVs stained with fluorescence (FL), fluorescein isothiocyanate (FITC)-conju-
gated CD42b, and Trucount calibrator beads (R1). (D) Analysis of a specimen from a COVID-19 patient using a Trucount tube to obtain the 
R4 region. R4 comprised Trucount gating beads for counting. (E) MV-negative control, analyzed from healthy controls without staining with 
fluorescent-labeled antibodies (unstained). (F) The MV population of healthy controls with annexin V-positive staining was analyzed for PMVs 
(AnnV+ PMVCD42b+, AnnV+ PMVCD41a+) and MMVs (AnnV+ MMVCD14+). (G) The MV population of mild COVID-19 patients with annexin V-
positive staining was analyzed for PMVs and MMVs. (H) The MV population of moderate COVID-19 patients with annexin V-positive staining 
was analyzed for PMVs and MMVs. (I) The MV population of severe COVID-19 patients with annexin V-positive staining was analyzed for 
PMVs and MMVs. The detected MVs were conjugated with fluorescent FITC for CD42b, PerCP-Cy5.5 for CD41a, APC for CD14, and PE for 
annexin V. 
Abbreviations: MVs, microvesicles; PMVs, platelet microvesicles; MMVs, monocyte microvesicles; Qty, quantity; FSC, forward scatter; SSC, side scatter; FITC, 
fluorescein isothiocyanate; PerCP-Cy5.5, peridinin chlorophyll protein-cyanine5.5; APC, allophycocyanin; PE, phycoerythrin.
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The age, sex, condition, and outcome of patients stratified by 
clinical symptoms (Table 1) were not correlated with the bio-
markers. These results confirmed that any differences in the 
biomarkers were real differences and were not caused by the 
effects of age, sex, condition, or outcome (Table 4).

DISCUSSION 

In this study, the mean age was lower in the mild COVID-19 
group than in the other groups, and the MV count was higher in 
the mild disease group than in the moderate disease group. 
Therefore, age may have caused bias in the MV counts because 
in theory, the number of senescent cells in the body increases 
with age. However, PMV and MMV counts were not correlated 
with age. This may explain some of the differences in disease 
pathophysiology observed among different age groups, although 
the exact reason remains unclear. Enjeti, et al. [19] reported 
that median MV counts were significantly negatively correlated 
with age and were generally similar between women and men. 

The results of this study are in line with previous findings that 
MV counts do not correlate with age and sex (Table 4).

Platelet and monocyte counts were within the normal ranges 
(Table 1), whereas MV counts were increased. Although we did 
not directly examine parameters of cell activation, this con-
firmed the increased activation of both cell types and conse-
quent MV release in COVID-19. PMV and MMV counts were in-
creased among COVID-19 patients with mild, moderate, and se-
vere clinical symptoms. We assume that this was due to the in-
vasive effect of SARS-CoV-2 on host cells, which immediately 
triggers innate immune system modulation. Patients with mild 
clinical symptoms released large numbers of PMVs and MMVs. 

This is consistent with results reported by Rausch, et al. [20], 
who assessed hyperactive platelets in patients with COVID-19 
and found an increase in the amount of circulating PMVs. Abdel-
maksoud, et al. [21] reported that the ability of PMVs to promote 
inflammatory cytokine production can exacerbate the inflamma-
tory response. In COVID-19, PMV production is increased be-
cause of secondary inflammatory conditions when the virus is 
active. Therefore, hematopoietic and endothelial cells are acti-
vated to eliminate the incoming viruses. 

Non-hyperactive immune cells release MVs in advanced 
stages, such as in moderate clinical symptoms. With worsening 
clinical condition in severe COVID-19, MV release increases be-
cause of systemic multiorgan failure, further cell activation, and 
increased MV counts, followed by MV-mediated thrombus forma-
tion and coagulation.

PMVCD42b+ express surface-adhesion receptors for von Will-
ebrand factor (vWF) and mediate platelet adhesion to the sub-
endothelium damaged by SARS-CoV-2 invasion [22]. Patients 
with severe, moderate, or mild COVID-19 have different degrees 
of inflammation, possibly from platelet activation via the P-selec-
tin-mediated GPIbα receptor that binds monocytes to vWF in the 
endothelium; therefore, PMVCD42b+ contributes to plaque for-
mation by inducing direct interaction between inflammatory 

Table 2. Differences in MV counts among COVID-19 patients with mild, moderate, and severe clinical symptoms

Biomarker (MV/µL) Healthy control (N=9)
COVID-19 clinical symptoms

P
Mild (N=30) Moderate (N=30) Severe (N=30)

AnnV+ PMVCD42b+ 761.4 (414.2–1,294.8) 1,118.3 (328.1–1,910.5) 937.4 (311.4–2,909.5) 1,298.8 (458.2–9,703.5) 0.009

AnnV+ PMVCD41a+ 543.9 (395.4–1,055.0) 885.5 (346.3–1,682.7) 663.5 (233.8–2,081.5) 1,146.3 (333.3–10,296.6) 0.007

AnnV+ MMVCD14+ 697.4 (357.7–941.0) 761.1 (164.0–1,416.8) 711.1 (217.1–2,058.5) 912.7 (263.8–6,795.8) 0.063

The results are expressed as median (range). Data from mild, moderate, and severe clinical symptoms were analyzed using the Kruskal–Wallis test. Signifi-
cance was set at P <0.05. 
Abbreviations: MV, microvesicle; AnnV+, annexin V-positive; COVID-19, coronavirus disease; PMVCD42b+, CD42b+ platelet MV-positive; PMVCD41a+, CD41a+ 
platelet MV-positive; MMVCD14+, CD14+ monocyte microvesicle-positive.

Table 3. Significant differences among groups with different severity 
of clinical symptoms

Biomarker P
Clinical symptoms

Severe Mild Moderate

AnnV+ PMVCD42b+ Mild 0.003

Moderate 0.554

Severe 0.028

AnnV+ PMVCD41a+ Mild 0.117

Moderate 0.086

Severe 0.002

Results are expressed as P-values. Data from patient groups with mild, mod-
erate, and severe clinical symptoms were analyzed using the Mann–Whitney 
U test. Significance was set at P <0.05. 
Abbreviations: AnnV+, annexin V-positive; PMVCD42b+, CD42b+ platelet mi-
crovesicle-positive; PMVCD41a+, CD41a+ platelet microvesicle-positive; 
MMVCD14+, CD14+ monocyte microvesicle-positive.
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monocytes and the endothelium [23, 24]. 
Bongiovanni, et al. [24] reported increased PMVCD42b+ abun-

dance in annexin V-negative (AnnV–) individuals, in contrast to 
our findings (PMVCD42b+ abundance in AnnV+ individuals). 
While not all MVs express PS on their surface, PMVCD42b+ 
abundantly express PS; therefore, they originate directly from 
the plasma membrane surface of activated platelets [25]. PM-
VCD41a+ counts were higher in patients with severe COVID-19 
than in those with moderate disease. PMVCD41a+ forms a com-
plex with thrombospondin, fibronectin, vitronectin, fibrinogen, 
and vWF to aid coagulation [26]. The presence of PMVCD41a+ 
reflects cell activation because of endothelial dysfunction [27]. 
PMVCD41a+ mediates cell–cell communication and thereby in-
creases coagulation in COVID-19 patients [28]. PMVCD41a+ 
binds to the endothelium, blood vessel wall submatrix, and leu-
kocytes, thereby contributing to thrombus formation. 

CD14 is highly expressed on the surface of monocytes and 
MMVCD14+ are released after monocyte activation in response 
to COVID-19 inflammation. MMV counts increase under patho-
logical conditions, indicating continued monocyte activation, 
which further promotes MMV release. The interaction between 
endothelial cells and MMVs indicates chronic inflammation. 
Therefore, MMVs potentially mediate pathological mechanisms 
[27]. Using flow cytometry, Tripsciano, et al. [29] found a higher 
PS density on platelets than on monocytes, which supports our 

finding of AnnV+ MMVCD14+ MMVs, but without counts signifi-
cantly differing by COVID-19 severity. We assume that this was 
because MMVs did not dominate in the circulation when com-
pared with platelets, although they were activated during inflam-
mation (Table 2).

Our results emphasize the role of MVs in COVID-19 patients 
and their potential as a biomarker. Zahran, et al. [14] reported 
significant MV formation in cancer patients with COVID-19 when 
compared with that in COVID-19 patients not affected by cancer. 
Platelet-derived EVs have shown good diagnostic performance 
in SARS-CoV-2-positive patients compared with SARS-CoV-2-neg-
ative subjects [3]. 

MVs expressing PS can induce thrombin formation and pro-
vide sites for coagulation factors such as FVa, FVIIIa, and FIXa to 
bind to tenases (FIXa and FVIIIa) and prothrombinase (FXa and 
FVa), thereby amplifying the coagulation pathway and triggering 
direct fibrin formation through MV–fibrinogen interactions [30]. 
PMVs and MMVs reflect cell activation during thrombotic events 
[29]. 

Annexin V was used in this study as a marker for the quantifi-
cation of PMVs (PMVCD42b+, PMVCD41a+) and MMVs 
(MMVCD14+) expressing PS. MV surface penetration of annexin 
V is increased when large amounts of PS are expressed on the 
membrane surface [31]. 

D-dimer, a product of fibrin degradation by plasmin, is a com-

Table 4. Correlations of biomarkers with characteristics of COVID-19 patients with different severity of clinical symptoms

Clinical symptoms Characteristic
Biomarker

AnnV+ PMVCD42b+ AnnV+ PMVCD41a+ AnnV+ MMVCD14+

r P r P r P

Mild Age 0.126 0.507 0.127 0.502 0.118 0.534

Sex –0.284 0.128 –0.155 0.413 –0.284 0.128

Condition 0.284 0.128 0.238 0.206 0.284 0.128

Outcome N/A N/A N/A N/A N/A N/A

Moderate Age 0.047 0.804 0.093 0.623 0.064 0.736

Sex –0.225 0.231 –0.264 0.158 –0.179 0.345

Condition –0.340 0.066 –0.252 0.180 –0.372 0.043

Outcome –0.057 0.766 0.004 0.982 0.013 0.945

Severe Age –0.160 0.400 –0.275 0.141 –0.141 0.458

Sex –0.039 0.840 –0.097 0.612 –0.015 0.935

Condition 0.089 0.639 –0.012 0.951 –0.035 –0.854

Outcome –0.183 0.334 –0.101 0.595 –0.276 0.140

Correlation at the 0.05 level (two-tailed) was determined using Spearman’s test. Significance was set at P <0.05. 
Abbreviations: AnnV+, annexin V-positive; PMV+, platelet microvesicle-positive; MMV+, monocyte microvesicle-positive; r, Spearman correlation coefficient; N/A, 
not applicable; Condition, total with and without comorbidities.
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mon activation marker of the coagulation system and an indirect 
marker of the fibrinolytic process. Increased D-dimer levels in 
COVID-19 reflect the coagulation activity in viremia and the cyto-
kine storm [15]. In the present study, COVID-19 patients with se-
vere clinical symptoms had increased D-dimer levels compared 
to those with moderate clinical symptoms (Table 1), which was 
in line with findings by Yu, et al. [32].

Increased D-dimer levels in COVID-19 patients are associated 
with cell activation, which is associated with MV coagulation, in-
dicating that MVs are correlated with D-dimer levels [13, 17]. 
This was supported by our results, which also suggested that 
annexin V-positive PMV marker (AnnV+ PMVCD41a+) counts cor-
related with D-dimer levels in patients with COVID-19 [25]. 

One limitation of this study is that we did not determine the 
activity of platelets and monocytes. Further studies are required 
to assess cell activity markers. To validate the results of this 
study, studies in a larger population comparing COVID-19 pa-
tients with a proportional number of healthy donors are re-
quired.

In conclusion, PMVs (PMVCD42b+ and PMVCD41a+) in COVID-19 
patients are potential biomarkers for assessing disease severity 
because they indicate enhanced coagulation. This is the first 
study of this kind in our country, and the results support that the 
severity of thrombosis in COVID-19 is modulated by PMVs and 
MMVs. 
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