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Abstract

Objective Several pathological conditions trigger the formation of microvesicles (MVs), including infectious diseases
such as COVID-19. The shedding of MVs increases the levels of inflammatory factors (e.g., interleukin-6; IL.-6) and
ultimately leads to an inflammatory cascade response, while also increasing the procoagulant response. The current
study aimed to evaluate the level of circulating MVs and their procoagulant activity as well as the serum level of IL.-6
in patients with COVID-19 and healthy controls. In this case-control study, 65 patients with COVID-19 and 30 healthy
individuals were sampled after obtaining written informed consent. MVs counting was measured using conjugated
CD61, CD45, CD2353, and Annexin-V antibodies. Additionally, the procoagulant activity of MVs and the IL-6 level were
estimated using enzyme-linked immunosorbent assay (ELISA).

Results The majority of MVs were platelet-derived MVs (PMVs). Patients with COVID-19 had significantly higher levels
of MVs, procoagulant MVs, and IL-6 compared to healthy controls (p <0.001). MVs were significantly correlated with
procoagulant MVs, D-Dimer levels, fibrinogen, and IL-6, but not with platelet, lymphocyte, and neutrophil counts.

Conclusion Elevated levels of procoagulant MVs and their association with inflammatory and coagulation markers
in patients with COVID-19 are suggested as a novel circulatory biomarker to evaluate and predict the procoagulant
activity and severity of COVID-19.
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Introduction

COVID-19 is a pro-inflammatory and pro-thrombotic
disease, with numerous immune mechanisms resembling
other viral infections, but exhibiting distinct changes in
pathophysiological reactions [1, 2]. Herein, it induces
systemic hyper-inflammation, raising the risk of throm-
boembolism. The presence of thrombosis is considered a
significant factor in the severity of the disease [3]. Endo-
thelial cell damage, vasculitis, alterations in blood flow
and viscosity, activation of the coagulation cascade, and
MVs formation are only a few pathomechanisms contrib-
uting to endothelial damage and thrombosis formation
[4].

In addition, this infectious respiratory virus disrupts
and changes the normal responses of immune systems
[5]. COVID-19 mainly affects lymphocytes, especially T
cells, and is associated with lymphopenia [6]. Moreover,
cytokines especially IL-2, IL-7, IL-10, granulocyte col-
ony-stimulating factor (G-CSF), IFN-y, monocyte chemi-
cal protein 1 (MCP1), macrophage inflammatory protein
1 alpha (MIP-al) and tumor necrosis factor-alpha (TNF-
a) are significantly increased in patients with a severe
type of the disease [7]. On the other hand, IL-6 is released
from neutrophils and leads to cytokine storm and even-
tually lung damage [8]. Hence, cytokine storm plays an
essential role in the deterioration of patients’ condition
due to COVID-19 [7].

MVs or microparticles (MPs) are a group of small-sized
vesicles (ranging from 0.1 to 1 pm) which released from
different cell types followed by various triggers such as
viral infections, oxidative stress, cell activation, injury,
inflammation, and apoptosis [9-11]. The clinical impor-
tance of MVs in different diseases is growing steadily,
emphasizing the necessity for further research to explore
the biological characteristics of MVs and their role in
various diseases and pathological conditions [9, 10]. Cir-
culating MVs increased in some pathological processes
such as inflammation and infection and their production
increased the level of inflammatory factors such as IL-1,
IL-6, IL-8, and TNF-a and finally caused inflammatory
waterfall response due to further activations of inflam-
mation [12]. Moreover, MVs lead to the enhancement
of procoagulant response through tissue factor expo-
sure and phospholipids with a negative charge such as
phosphatidylserine (PS) that finally cause thrombin gen-
eration [13]. This study aimed to assess the levels of pro-
coagulant MVs and IL-6 in patients with COVID-19 to
improve our understanding of the potential role of circu-
lating procoagulant MVs in predicting the procoagulant
activity and severity of COVID-19 disease.
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Materials and methods

Study design

The case-control study was confirmed by the Ethics
Committee of Jahrom University of Medical Sciences
(IR.JUMS.REC.1399.049), and conducted in accordance
with the Declaration of Helsinki. This study was carried
out from July 2021 to August 2022. Before recruiting
any participant in this study, all of them signed a writ-
ten consent form after being explained the study. In this
study, 65 COVID-19 patients with proven real-time PCR
(RT-PCR) test who were referred to Hospital Peymanieh
of Jahrom city were selected as the case group. In addi-
tion, 30 sex- and age-matched healthy participants with
negative screening reports who had no history of previ-
ous exposure to COVID-19, with normal coagulation
screening tests, and without any underlying coagulation
or platelet disorders consisted the control group. Also, a
history of qualitative and quantitative platelet disorders,
anti-platelet or anti-coagulant medications, and anti-
inflammation medications, were defined as the exclusion
criteria.

Data collection

Variables comprising demographics, medical history,
major comorbidities, clinical data, dates of onset, and
main biological findings on the day of admission were
collected from the patient’s medical records. In addition,
data on the patient’s hemodynamic status, disease sever-
ity, presence of fever, need for ventilatory support, and
daily use of specific therapies were also collected.

Blood sample collection

After obtaining written consent, venous blood sam-
ples were collected from the case (who confirmed with
COVID-PCR test) and control groups from their ante-
cubital vein through a 21-gauge needle (BD Vacutainer
needles). Blood samples were collected from each par-
ticipant into tubes containing ethylenediaminetetraace-
tic acid (EDTA, 1.5 mg/ml), sodium citrate (0.2 ml 3.8%),
and anticoagulant-free tubes. Serum samples for IL-6
analysis were collected by centrifuging clotted blood
samples at 1200 g for 10 min and subsequently stored at
-20 °C until analysis.

Laboratory tests

Other Laboratory tests included baseline complete
blood count (CBC), prothrombin time (PT), and partial
thromboplastin time (PTT) coagulation test, fibrinogen,
D-Dimer, and ferritin were performed on patients and
healthy subjects. The routine CBC and white blood cell
(WBC) differential count were performed on the date
of COVID-19 diagnosis or admission date on Sysmex
hematology analyzers (Sysmex XT 2000i, Diamond Diag-
nostics, USA) as a part of routine clinical care. Also, by
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using the semi-automated coagulation analyzer (Start
Max, Stago, France), fibrinogen (STA-Liquid Fib, Stago,
France, Cat. No. 00673), PT (STA-NeoPTimal 5, Stago,
France, Cat. No. 01163), and PTT (STA-C.K. Prest, Stago,
France, Cat. No. 00597), tests were evaluated based on
the clot formation method. D-Dimer was also measured
enzymatically (D-Dimer AccuBind ELISA Kit, Lake For-
est, USA, Cat. No. 12025-300 A).

Microvesicle isolation

To evaluate the presence of circulating MVs in samples,
MVs were separated from the taken samples with cen-
trifugation. At first, plasma was separated immediately
(within 30 min) by centrifugation of a blood sample
containing citrate anticoagulant at 2000 g for 10 min.
Plasma was removed and mixed with phosphate-buffered
saline (PBS; pH 7.4, ratio 2.5:1) and centrifuged again at
2500 g for 10 min. After removal of the top two-thirds of
the double-centrifuged plasma, the residual plasma was
stored at —70 °C until MVs analysis.

Microvesicle analysis by flow cytometry

CyFlow Space flow cytometer (Partec PAS, Germany)
was used to determine the count and phenotype of MVs
in the supernatant of blood samples, and the collected
data were analyzed using Flomax software. This instru-
ment consists of two parts including laser and standard
optical filter and the voltages of the photomultiplier were
set in the desired range for cellular analysis. Also, for-
ward scatter (FSC) and side scatter (SSC) parameters,
which determine the cell size and granularity, respec-
tively, are adjusted logarithmically.

Yellow-Green (YG) Carboxylate Microspheres 1.0 pm
(Polysciences, Warrington, Philadelphia) were applied to
identify the size events. The bead vial contains a precise
number of fluorescent beads (4.5x10'" particles/mL),
enabling the comparison of measured MVs between dif-
ferent samples.

Fluorescein isothiocyanate (FITC) anti-human CD45
(BD Pharmingen, San Diego, CA, USA), FITC anti-
human CD235a (BD), and Phycoerythrin (PE) anti-
human CD61 (BD) were used to tag leukocyte- (LMVs),
red blood cell- (RMVs), and platelet-derived MVs
(PMVs), respectively. Moreover, FITC human Annexin V
(BD) was used to tag phosphatidylserine (PS) on proco-
agulant MVs.

To determine the cell origin and concentration of
MVs in plasma, samples (50 pl) were labeled with anti-
CD45 (5 pl), anti-CD235a (5 pl), and anti-CD61 (5 ul) for
30 min at 4 °C in the dark. Also, 50 pl of plasma samples
were added to test tubes containing 300 pl binding buf-
fer (0.1 mol/l HEPES / pH 7.4, 25 mmol/l CaCl, and
1.4 mol/l NaCl), and then FITC-Annexin V (5 pl) was
added. After a 30 min incubation at 25 °C in the dark,
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samples were analyzed. Before analysis, 5 pl of well-
homogenized beads that were diluted 1:500 in double-
distilled water, was added to each sample. The MVs
enumeration was measured in relation to ten thousand
bead events. Finally, the MVs absolute count was calcu-
lated as follows [14, 15]:

MPs per pl =
N. of eventsin gating containing MPs x Absolute count of bead per tube
N. of eventsin bead region x test volume

In addition, the control tube containing beads and buf-
fer only without human plasma was used to evaluate the
background noise.

Microvesicle procoagulant activity assay

To determine the procoagulant activity of MVs, a func-
tional ELISA test (Zymuphen MP-activity, Hyphen
BioMed, Neuville-sur-Oise, France) based on PS expres-
sion was used. Firstly, calibrator (100 pl), and 1/20 diluted
plasma (100 pl) along with calcium, factor Xa, and
thrombin inhibitor were added to microplate wells that
pre-coated with streptavidin and biotinylated Annexin V,
and then incubated for 1 h at 37 °C. Following a wash-
ing step, the mixture of factors Xa-Va containing calcium
(100 pl), and then pure prothrombin (50 pl) were added
and kept plate for 10 min at 37 °C. If there are MVs in the
sample, the MVs are connected to annexin V through PS
and the FXa-FVa complex can convert prothrombin into
active thrombin in the presence of calcium.

After incubation time, the specific chromogenic sub-
strate (50 ul) was used to detect the amount of generated
thrombin that correlated with the number of proco-
agulant MVs. The final reaction was stopped with citric
acid (2%, 50 pl), and the absorbance of the solution was
measured at 405 nm. According to the calibration curve,
results were calculated and expressed as nano-molar PS
(nM PS) equivalents [14, 15].

Measuring the serum level of IL-6

The Single Molecule Counting (SMC™) Human IL-6 High
Sensitivity Immunoassay (SMC™ Human IL-6 High Sen-
sitivity Immunoassay Kit, Merck, Darmstadt, Germany,
Cat. No. 03-0155-00) was used to measure the serum
level of IL-6 on the stored samples. The process was
conducted following the manufacturer’s recommended
procedure with a detection limit of 0.08 pg/mL, an intra-
assay variation of 7.8%, and an inter-assay variation of
18% (Fig. 1).

Statistical analysis

All statistical analyses were performed by Graph-
Pad Prism (version 8.0) and SPSS software ver-
sion 24 (IBM SPSS Statistics version 24, USA). The
normal distribution of the data was determined using
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Fig. 1 IL-6 assay protocol using ELISA

Table 1 Patients’demographic and clinical characteristics

Parameters Patients
Age, yrs (mean+sd) 46.1+10.3
Gender (male/female) 38/27
Underlying diseases [n (%)]

Cardiovascular disease 4 (06.15)
Chronic renal disease 2(03.07)
Hypertension 6 (09.23)
Diabetes 7(10.76)
Obesity 16 (24.61)
> 2 Coexisting disorder 10 (15.38)
Symptoms at admission [n (% or range)]

Days of symptoms 6.8 (2-18)
Fatigue 51 (78.46)
Cough 43 (66.15)
Fever 34 (52.30)
Dyspnea 38 (58.46)
Sore throat 39 (60.0)
Nausea or vomiting 20 (30.76)
Headache 18 (27.69)
Anosmia 17 (26.15)
Patient stratification [n (%)]

Mild 24 (36.92)
Moderate 27 (41.53)
Severe to critical 13(21.53)
Care [n (%)]

Home isolation 35(53.84)
General ward 21(32.30)
ICU 9(13.84)
Treatment [n (%)]

Oxygen therapy 26 (40.0)
Mechanical ventilation 7 (10.76)
Hydroxychloroquine 16 (24.61)
Vasopressors 15 (23.07)
Remdesivir 9(13.84)
Oseltamivir 5(07.69)
Corticosteroids 10 (15.38)
Azithromycin 6 (09.23)
Antiplatelet drugs 8(12.30)
No medication 19 (29.23)
Outcome [n (%)]

Alive 60 (92.31)
Died 5(07.69)
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the Kolmogorov-Smirnov test. The descriptive data were
presented as meanz*standard deviation, and the analyti-
cal data were compared using the one-way analysis of
variance (ANCOVA) and Duncan’s test. For all statisti-
cal analyses, a p-value<0.05 was considered statistically
significant.

Results

Demographic and clinical findings

In this case-control study, A total of 65 COVID-19
patients and 30 healthy individuals were included. In this
study, the mean age of patients and healthy volunteers
was 48.1+11.3, and 47.5+£10.4 years, respectively. There
were 38 men and 27 women in the patient group, and 17
men and 13 women in the healthy group.

Demographic and clinical characteristics of the patients
are detailed in Table 1. Of these patients, four (06.15%)
had underlying cardiovascular disease, two (03.07%) had
kidney disorders, six (09.23%) had high blood pressure,
seven (10.76%) had diabetes, sixteen (24.61%) suffered
from obesity, and ten patients (15.38%) had two or more
underlying disorders.

Most patients were hospitalized after 6.8 days of symp-
toms, with fatigue and cough being the most prevalent
complaints. Thirty patients were admitted in general
ward (32.30%), and ICU (13.84%) due to the pneumo-
nia with hypoxemia. patients received respiratory sup-
port with either non-invasive oxygen therapy (40%) or
mechanical ventilation (10.76%). Out of all the patients,
five deaths were observed.

Laboratory findings

A statistically significant difference in hemoglobin,
hematocrit, RBC, WBC, platelet, neutrophil count,
and lymphocyte count was observed between patients
and healthy individuals (p<0.01). The results of CBC
indices in both studied groups are shown in Table 2. In
the coagulation tests panel, we observed a significant
increase in PT and PTT in the patient group (P<0.01).
Also, the plasma levels of fibrinogen (P<0.01) and
D-Dimer (P<0.001) increased significantly in the patient
group (Table 2). The variable level of fibrinolytic system
in patients’ group was significantly higher than healthy
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Table 2 Laboratory findings in patient and control groups

Lab Finding Patients (n=65) Control (n=30) P
Leukocyte (x103 /ul) 77426 57414 0.01
Neutrophil (x10% /ul) 57+10 39408 0.01
Lymphocyte (x10° /ul) 14+03 15405 0.01
Platelet (x10% /pl) 215465 239461 0.01
Red blood cell (x10° /ul) 39+0.7 40+05 0.12
Hemoglobin (gr/dl) 129419 131412 0.04
Hematocrit (%) 39.1+4.6 429442 0.03
PT (sec) 13311 12.2+0.85 0.01
PTT (sec) 39.6+3.0 346+25 0.01
Fibrinogen (mg/dl) 413+55 348+29 0.01
D-Dimer (ug/ml) 08+0.3 03+0.1 0.001
Platelet count< 100x 10%/L  6.15% (n=4) 00 0.001
Ferritin (ng/ml) 331+£72 146+38 0.001

one. In the inflammatory panel, there was a significant
increase in ferritin levels in the patient group compared
to healthy individuals (P<0.001).

MVs enumeration

Flow cytometric analysis revealed that all samples tested
had MVs. At first, MVs were gated based on their spe-
cific FSC and SSC signals. MVs were seen as the popula-
tion slightly smaller and with lower SSC than the 1.0 um
beads (Fig. 2). The number of total MVs counted based
on the FSC and SSC signals was significantly higher in
patients compared to the control (Fig. 3).

Afterward, MVs were further identified by labeling with
fluorescent CD61, CD45, CD235, and Annexin-V mark-
ers. Flow cytometric results showed that the majority of
MVs originated from platelets (CD61+). The number of
CD61+MVs (PMVs) was significantly different between
patients and the control group (p<0.001) (Fig. 3). Also,

1000 5
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Fig. 3 MVs enumeration in patients and healthy subjects

there was a statistically significant difference in the level
of RMVs and LMVs between patients and the control
group (p<0.001).

Moreover, MVs also showed positive results for
Annexin-V staining. Annexin-V serves as a valuable
marker for assessing the overall levels of procoagulant
MVs. In the study, patients exhibited higher levels of pro-
coagulant MVs compared to the control group (p<0.001)
(Fig. 3).

MVs procoagulant activity

The procoagulant activity assay results are shown in
Fig. 4. In this study, the procoagulant activity of MVs was
significantly higher in patients than in the control group
(p<0.001) (Fig. 4).

Serum level of IL-6 assay

The mean concentration of IL-6 levels in the serum
patients with COVID-19 and control groups was
581.0+312.5, and 486.6+307.8 pg/mL, respectively. In
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Fig. 2 Flowcytometric graphs of MVs: FSC and SSC represent the size and granularity of MVs, respectively. Using 1.0 um beads, the size range of MVs was
determined. (a) The two specified ranges under the headings R1 and R2 represent MVs and 1.0 um beads, respectively. According to FSC and SSC, the
MVs gate was lower than beads. (b) Logarithmic histogram of FSC versus MVs count, which shows the distribution of MVs compared to beads. (c) A graph

of beads and buffer only without plasma
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Fig. 4 Evaluation of procoagulant activity of MVs expressing PS

Table 3 Correlation of MVs with the studied parameters in
COVID-19 patient group

r P
MVs and Annexin-V MVs 0.52 0.001
MVs and procoagulant activity 0.55 0.000
MVs and IL-6 0.49 0.001
MVs and D-Dimer 061 0.001
MVs and fibrinogen 0.31 0.011
MVs and platelet -0.09 0.112
MVs and lymphocyte -0.31 0.051
MVs and neutrophil 0.24 0.038
MVs and disease severity 0.51 0.001

this study, the serum level of IL-6 was significantly higher
in patients than in the control group (p<0.001).

Correlation studies

Pearson correlation analysis was carried out to deter-
mine the relationship between the concentrations of MVs
with other studied parameters in COVID-19 patients
(Table 3). Correlation studies revealed a significant posi-
tive correlation between MVs and Annexin-V positive
MVs (r=0.52, p=0.001), procoagulant activity of MVs
(r=0.55, p=0.000), IL-6 (r=0.49, p=0.001), D-Dimer
level (r=0.61, p=0.001), and neutrophil count (r=0.24,
p=0.038). On the other hand, no significant correlation
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was observed between MVs levels and platelet count
(r = -0.09, p=0.112), and lymphocyte count (r = -0.31,
p=0.051) (Table 3).

Discussion

Quantitation of new blood biomarkers is crucial for
the understanding of diseases, which can lead to explo-
ration into new therapeutic and prognostic applica-
tions [16]. The evaluation of procoagulant circulating
MVs in patients with COVID-19 is an important area
of research as it can provide valuable insights into the
pathophysiology of the disease and potentially serve as
a new biomarker for disease progression and severity
[9]. Many studies have shown that the COVID-19 dis-
ease is associated with abnormalities in cytokine mark-
ers and procoagulant MVs. In this study, we aimed to
assess the procoagulant MVs and IL-6 levels in patients
with COVID-19 to improve our comprehension of the
potential role of circulating MVs and IL-6 in treatment
approaches and disease prognosis.

Our findings revealed significant differences between
the patient and control groups in hematological param-
eters. It showed a higher count of leukocytes, neutro-
phils, and platelets, as well as higher hemoglobin levels
in patients compared to the control group. On the other
hand, the lymphocyte counts in patients showed a signifi-
cant decrease. These findings are consistent with previ-
ous reports in COVID-19 patients [6, 7].

Decreased lymphocyte counts are common in patients
with COVID-19 [17, 18]. A meta-analysis study showed
a significant decrease in lymphocyte counts in severe
patients with COVID-19 [18]. This change in lymphocyte
counts is associated with oxygen demand, and also coag-
ulopathy in patients with COVID-19 [19]. In the study by
Yang et al., [20] which examined the association between
thrombocytopenia and COVID-19, a significant decrease
in platelet count was observed in patients, similar to our
study. Maybe, the main reason for the patient’s thrombo-
cytopenia was DIC.

In line with our findings, it has been reported that
many patients displayed varying degrees of reduction
in RBC count and hemoglobin levels, with more pro-
nounced effects observed in severe and critically ill
patients [21].

The coagulation panel also showed a significant
increase in PT, PTT, and fibrinogen levels in the patient
group. Several studies have indicated that PT and PTT
levels in COVID-19 patients are elevated compared to
those in healthy individuals [22, 23]. However, this obser-
vation may be influenced by potential confounders, as
the use of low molecular weight heparin (LMWH) and
unfractionated heparin (UFH) is common in COVID-19
treatment and could affect PTT results. PTT-dependent
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coagulation factors, particularly 8, 9, 11, and 12, are
reduced by heparin [23].

The most commonly used test associated with coagu-
lopathy is plasma D-Dimer, and the present study indi-
cated a significant increase in the patient’s D-Dimer
level. Some studies have indicated that D-Dimer levels at
admission can predict the prognosis of COVID-19 [24].
Another study demonstrated that D-Dimer levels were
elevated in critically ill patients, leading to an increased
risk of thrombotic events and mortality [25].

A key feature of viral infections is the development
of an inflammatory environment around infected cells,
and the release of MPs can be prompted by viral patho-
gens and is closely linked to cell activation, as well as the
onset of apoptosis and necrosis in these infected cells [9].
Our flow cytometry results demonstrated that the level
of total MVs, LMVs, RMVs, and PMVs increased sig-
nificantly in the patient group compared to the healthy
subjects. Consistent with our findings, Zahran et al., [11]
demonstrated a high level of MVs in COVID-19 patients,
suggesting these MVs as a promising prognostic factor
for COVID-19 patients [9].

MVs are released by various cell types and possess
proinflammatory and procoagulant properties [14, 15].
In situations of hemostasis imbalance, like in a COVID-
19 infection, MVs are likely to be involved, even in the
initial stages of sepsis, as a mechanism to counteract
the body’s systemic inflammation. It is noteworthy that
MVs can also induce detrimental changes in the activity
of enzymes associated with inflammation and oxidative
stress, a scenario that may occur at different stages of a
COVID-19 infection [5].

To measure general levels of procoagulant MVs,
Annexin-V, which binds to PS, is a useful marker. In
our study, flow cytometry analysis revealed that around
61.1% of total MVs expressed PS on their surface, and
this MV subpopulation was higher in patients com-
pared to healthy volunteers, which is similar to previ-
ously published findings related to COVID-19 [26]. In
the context of COVID-19, the virus causes direct harm
to cells and triggers the release of MVs that are positive
for PS (PS+MVs). Additionally, it indirectly activates
the immune system, including monocytes, neutrophils,
and lymphocytes, leading to a cytokine storm and exten-
sive cell damage and death. It is crucial to note that the
destruction of vascular endothelial cells by the COVID-
19 virus and the resulting immune inflammation plays
a central role in the development of clot formation [6].
The MVs, are believed to have a significant role in coagu-
lation due to their PS content. PS acts as a binding site
for attaching tenase and prothrombinase complexes that
support robust amounts of thrombin generation [7].
Moreover, consistent with the studies by Balbi et al. [27]
and Zahran et al., [9], the current study demonstrated a
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significant increase in the procoagulant activity of MVs.
The presence of MVs and their PS content is thought to
play a significant role in the formation of blood clots in
individuals with COVID-19, leading to the formation of
vascular thrombosis [10].

The current study found a significantly increased serum
level of IL-6 in the COVID-19 patient group compared to
the control. During episodes of acute inflammation, stim-
ulated macrophages and neutrophils produce IL-6 [11].
IL-6 supports the accumulation of inflammatory cells by
preventing T cells from undergoing cell death, facilitat-
ing the development of T cells into active effector cells,
and causing blood vessels to become more permeable
[28]. Moreover, the release of MVs resulting from endo-
thelial cell damage caused by viral infection can trigger
an elevation in pro-inflammatory cytokines such as IL-6.
Consequently, elevated MV levels can play a role in the
advancement of a disease. It has been shown recently
that the presence of MVs can induce the production of
inflammatory cytokines such as IL-6 and IL-8, exacerbat-
ing the symptoms of COVID-19 [29].

Conclusion

The current study’s findings revealed significantly ele-
vated levels of MVs, Annexin-V positive MVs, and IL-6
in patients with COVID-19; these heightened levels
are linked to increased procoagulant activity of MVs in
COVID-19 patients, thereby raising the risk of hyperco-
agulability in COVID-19 and subsequently increasing
the tendency towards prothrombotic events. Further
research is needed to explain the exact mechanism of
MVs and IL-6 in COVID-19, which could potentially lead
to the development of new therapeutic and prognostic
markers in predicting inflammatory response and throm-
botic events.

Abbreviations
CBC Complete blood count

EDTA Ethylene diamine tetra acetic acid

ELISA Enzyme-linked immunosorbent assay

FSC Forward scatter

G-CSF Granulocyte colony stimulating factor
IFN-y Interferony

I-6 Interleukin-6

LMVs Leukocyte-derived Microvesicles

MCP1 Monocyte chemical protein 1

MIP-a Macrophage inflammatory protein 1 alpha

MPs Microparticles
MVs Microvesicles
PBS Phosphate-buffered saline

PMVs Platelet-derived Microvesicles

PS Phosphatidyl serine

PT Prothrombin time

PTT Partial thromboplastin time

RMVs Red blood cell-derived Microvesicles

SSC Side scatter
TNF-a  Tumor necrosis factor alpha
WBC White blood cell
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