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ABSTRACT

BACKGROUND: Coagulopathies in COVID-19 are an important aspect in the pathophysiological mechanisms, clinical picture of
the disease, and occurrence of delayed complications.

AIM: To study plasma hemostasis using turbidimetry, thromboelastography, and the role of microvesicles in the coagulation
process in patients with COVID-19.

MATERIAL AND METHODS: The study used blood samples from patients of the temporary infectious diseases hospital based
on the State Autonomous Healthcare Institution “Republican Clinical Hospital of the Ministry of Health of the Republic of Ta-
tarstan” in Kazan (n=213) in the period from June to August 2020. Patients were divided into two groups according to the seve-
rity of the disease: the first group — moderate COVID-19 (n=138), the second group — severe COVID-19 (n=75). Patients were
treated according to the protocols of the Temporary Methodological Recommendations of the Ministry of Health of the Russian
Federation, version 7. The blood of healthy donors (n=20) was used as a control group. Plasma hemostasis was assessed
using dynamic turbidimetry (measured lag period — Lag, polymerization rate — V, maximum optical density at a given wave-
length — A,,,) and thromboelastography (determined coagulation activation time — R). Statistical processing of the results
was performed using IBM SPSS Statistics 26.0. The groups were compared using the nonparametric Mann—Whitney U-test.
Statistical processing of the results following standart normal distribution was performed using the Student's t-test. Diffe-
rences were considered significant at p <0.05.

RESULTS: Severe COVID-19 was characterized by an increase in the lag period (9.4+0.8 min relative to the control 6.2+1.2 min;
p <0.0001), a decrease in the polymerization rate (1.12+0.71 OD units/s relative to the control 3.93+2.3 0D units/s; p <0.0001)
and a decrease in the maximum optical density of the clot (0.576+0.17 OD units relative to the control 1.625+0.433 OD units;
p <0.0001). In moderate cases, a shortening of the lag period was noted (3.8+1.1 min relative to the control 6.2+1.2 min;
p=0.0004), the maximum optical density of the clot was lower than the control (1.412+0.351 OD units at 1.625+0.433 OD units,
respectively; p=0.0007). In patients with moderate disease severity, a 1.6-fold reduction in coagulation activation time was noted
relative to the control group. In patients with severe disease, coagulation activation time was increased by 1.5 times relative
to the control. After adding microvesicles to the samples, this parameter decreased by 2.12 times in patients with a moderate
course of the disease (16.9+1.1 min and 8+0.6 min; p <0.0001), and by 1.44 times in patients with a severe course of the disease
(10.8+0.9 min and 7.5+0.5 min; p <0.0001).

CONCLUSION: Moderate COVID-19 is characterized by signs of hypercoagulation, which can lead to the development of throm-
botic complications; severe disease is accompanied by hypocoagulation, which contributes to hemorrhagic complications.
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AHanus nnasMeHHOro reMocTasa U posiu MUKpOBe3UKyN
B npouecce Koarynauuu y nauuentos ¢ COVID-19

E.C. [paueBa, P.P. Abgynnuna, W.I'. Myctadun, [.1. AbpynraHuesa

KasaHcKuii rocynapCTBEHHbIN MeANLMHCKII YHUBEpCuTET, T. KasaHb, Poccus

AHHOTALUA

AktyanbHocTb. Koarynonatum npu COVID-19 — BaHbIit acnekT B NaTo$n3nN0I0rMYECKUX MEXaHU3MaX, KITMHUYECKON KapTUHe
3abonieBaHus, BO3HUKHOBEHWUW OTCPOYEHHBIX OCTOMHEHMH.

Lienb. U3yyeHne nnasMeHHoro reMocTasa MeTofoM TypbuamMetpum, TpoMboanacTorpadum M ponv MUKpOBE3UKYN B NpoLiecce
Koarynauuu y naumenTos ¢ COVID-19.

Matepuan u Metoabl. B uccnenoBaHmmn ucnonb3oBany 06pasLbl KPOBU NALMEHTOB BPEMEHHOTO MH(EKLMOHHOM rocnuTans
Ha 6a3e TAY3 «PKB M3 PT» r. Kasanu (n=213) B nepuog ¢ uioHs no asryct 2020 r. MauneHTbl pa3aeneHbl Ha Age rpynnbl
Mo CTeneHu TsHKeCTH 3abonieBaHms: nepBas rpynna — cpepHeTskenoe tedeHne COVID-19 (n=138), BTopas rpynna — Tsxenoe
TeyeHne COVID-19 (n=75). JleyeHne naLMeHTOB NPOBOAMIM COMIACHO NPOTOKONAaM BpeMeHHbIX MeTOAMYECKUX peKOMeHAaLuiA
MuHucTepcTBa 3apaBooxpaHenust Poceuiickoit Mepepaumy, Bepcus 7. B KauecTBe KOHTPOSbHOM Mpynmbl MCMONb30BaNW KPoBb
300poBbIx AoHopoB (n=20). Mna3MeHHbIN reMocTas oLeHUBaNyU MeTofaMu AMHaMUYECKON TypbuaumeTpum (Msmepsnm lag-
nepuop, — Lag, ckopocTb nonMMepm3amn — V, MakcUMaribHyl0 OMTMYECKYH0 MIOTHOCTb NPU AaHHOW ASMHE BONHbI — A,.,)
u TpomMbo3anactorpadum (onpegensnm Bpems akTuBaumm Koarynaumm — R). Cratuctuyeckyto 06paboTky pesynbTaTos npoBoavim
¢ nomoLwbio IBM SPSS Statistics 26.0. CpaBHeHuWe rpynn ocyLLEeCTBASIMU C UCMONb30BaHUEM HenapaMeTpuyeckoro U-Kputepus
ManHa-YutHu. CratucTuyecKyto 06paboTKy pesynbTaToB, NOAYMHAIOLLMXCA 3aKOHY HOPMaIbHOMO pacnpefeneHus, BoiMoHAN
¢ ucnonb3oBaHueM t-kputepusa CrbtogeHTa. [JocToBepHbIMK cumTanm pasnuyms npu p <0,05.

Pesynbratbl. Tsxénoe tedeHne COVID-19 otnuuaetcs yanuHenuem lag-nepuopa (9,4+0,8 MUH OTHOCHUTENBHO KOHTpONS
6,2+1,2 MuH; p <0,0001), cHueHneM ckopocTu nonuMepusaumm (1,12+0,71 ea. O/c otHocuTenbHo KoHTpons 3,93+2,3 ea. Ol/c;
p <0,0001) 1 yMeHbLUEHMEM MaKCMMasbHOM ONTUYecKol nnoTHocTu crycTka (0,576+0,17 en. O oTHOCUTENBbHO KOHTpONS
1,625+0,433 eq. OM; p <0,0001). Mpu cpeaHeTAXKENOM TeYeHUM OTMeTUIM YKopodeHue lag-nepuopa (3,8+1,1 MUH OTHOCUTENIBHO
KoHTpons 6,2+1,2 MuH; p=0,0004), MaKcuManbHas onNTUYECKas NAOTHOCTb CrycTKa bbina Hke koHTtpons (1,412+0,351 eq. ON
npu 1,625+0,433 eq. O cootBetcTBEHHO; p=0,0007). ¥ nauneHTOB CO CpeaHei CTeneHblo TAXECTU 3a00/1eBaHMsA OTMEYEHO Co-
KpalLieH1e BpeMeHU aKTUBaLMM Koarynauuu B 1,6 pa3a 0THOCUTENIBHO KOHTPOSTBHOM rpynMbl. Y NaLMeHTOB € TAXENLIM TeYeHUeM
BpeMsl aKTMUBaLMM Koarynsaumm yenudeHo B 1,5 pasa oTHocuTenbHO KoHTposs. locne BHeceHMs B Npobbl MMKPOBE3MKYN Y NaLu-
€HTOB CO CPEAHUM TEYEHWUEM AaHHbIA NapameTp cokpatuncs B 2,12 pasa (16,9+1,1 mun 1 8+0,6 mu; p <0,0001), a y naumenToB
C TSKENbIM TeyeHneM B 1,44 pa3a (10,8+0,9 MuH 1 7,5+0,5 mun; p <0,0001).

Boisoa. [Ins cpeaHetaxenoro teqenns COVID-19 xapakTepHbl NpU3HaKK runeproarynsLmm, 4To MOXeT NPUBECTM K BO3HUKHOBE-
HUWI0 TPOMOOTUYECKMX OCNOXKHEHWM; TAXENOE TeueHWe 3aboneBaHWs CONPOBOXAAETCA MMMNOKOArynaUueis, Kotopas cnocobeTayet
reMopparM4eckyM 0CNOXHEHUAM.

KnioueBbie cnoea: COVID-19; nonumepumsaums ¢ruOpUHOBOO CrycTKa; Mia3MeHHbIA reMoCTas; MUKPOBE3UKYIbI.
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BACKGROUND

Corona virus disease 2019 (COVID-19) manifests in different
forms and varies in the degree of damage and organ and
tissue involvement [1]. The World Health Organization lifted
the pandemic status of COVID-19 on May 5, 2023. However,
currently, COVID-19-associated complications continue to be
a relevant issue, and how to prevent them remains unclear.
COVID-19 can be virtually asymptomatic to extremely severe,
with patients requiring mechanical ventilation [2].

Since the first months of studying the severe acute re-
spiratory syndrome-related coronavirus-2 virus and the di-
sease it causes, the blood coagulation system has been found
to be actively involved in their pathogenesis [3]. Thrombotic
complications, such as venous and arterial thrombosis, deep
vein thrombosis, pulmonary embolism, arterial thromboem-
bolism, microvascular thrombosis, and stroke, are the most
common causes of death in COVID-19 patients [4]. Thrombo-
tic complication incidence depends on the severity of the di-
sease, with a higher prevalence in patients in the intensive
care unit [3].

The dysfunction of the coagulation system in COVID-19 is
crucial in pathophysiological mechanisms, the clinical pre-
sentation and, particularly, delayed complications [6]. The risk
of thrombotic and hemorrhagic complications should be iden-
tified by accurately interpreting standard coagulation parame-
ters and data from additional tests of the hemostasis system,
namely, evaluation of fibrin clot formation by turbidimetry and
plasma hemostasis by thromboelastography.

These methods provide beneficial information for selec-
ting the appropriate treatment and adequate therapy. A com-
prehensive evaluation of coagulation disorders in patients
with COVID-19 increases the probability of prescribing effec-
tive therapy.

The first studies that demonstrated the procoagulant
properties of microvesicles (MVs) were published in the 1960
1970s [7, 8].

Published data show a significant impact on development
of hypercoagulability in COVID-19, associated with MVs [9-11].
Hamali et al. found significantly increased levels of procoag-
ulant MVs and tissue factor-bearing MVs in COVID-19 patients
than in healthy controls (p < 0.001). Elevated levels of proco-
agulant MVs and tissue factor-bearing MVs may play a role
in predicting COVID-19 severity and may be a new biomarker
for assessing procoagulant activity [12]. MVs secreted by apo-
ptotically stimulated cells from different cell lines (e.g., plate-
lets, leukocytes, macrophages, etc.) have been shown to be
reliable markers of vascular injury [13].

Guervilly et al. reported high levels of tissue factor-bear-
ing extracellular MVs in individuals with severe COVID-19 [14].
COVID-19 patients are characterized by the presence of plate-
let and leukocyte MVs in the extracellular pool. Binding to
other blood cells reduces the number of MVs released from

1CT, computed tomography.
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endothelial cells. MVs are considered a marker of hemosta-
sis activation, including the risk of thromboembolic complica-
tions in COVID-19 patients, with higher sensitivity compared to
a well-established D-dimer test. The total number of extra-
cellular MVs (CD9*) in COVID-19 patients at hospital admis-
sion was comparable to that in patients with venous throm-
boembolism and those with post-embolic complications [15].

The impact of MVs on the coagulation system in various
diseases indicates that they are actively involved in COVID-19.
Therefore, it is critical to evaluate the effects of MVs on
the coagulation system in patients with COVID-19.

The current study aimed to evaluate plasma hemo-
stasis in vitro using turbidimetry and thromboelastography
and the role of microvesicles in coagulation in patients with
COVID-19 of varying severity.

MATERIALS AND METHODS

A retrospective clinical, randomized, case-control study was
conducted. According to the type of values received, the study
(reported) parameters (endpoints) were quantitative (quantity
of MVs, thromboelastographic parameters, and dynamic tur-
bidimetry).

Additionally, 4.5 mL blood samples were extracted from
the ulnar vein of 213 patients admitted to the Temporary In-
fectious Diseases Hospital of the Republican Clinical Hospital
of the Ministry of Health of the Republic of Tatarstan, Kazan,
between June and August 2020 and were collected in a test
tube with sodium citrate. Patients enrolled in this study were
diagnosed with COVID-19 (U07.1), confirmed by polymerase
chain reaction nasopharyngeal and oropharyngeal analysis.
The control group included 20 healthy volunteers. Blood sam-
ples were obtained from the Blood Transfusion Department
of the Republican Clinical Hospital of the Ministry of Health of
the Republic of Tatarstan, Kazan, concurrently with the collec-
tion of study material.

The study was approved by the ethics committee of
the Kazan State Medical University of the Ministry of Health
of the Russian Federation (protocol no. 2, dated February 16,
2021). All patients signed an informed consent to participate
in this study.

The patients were divided into two groups according to
disease severity:

— Group 1: patients with moderate COVID-19, CT2-3,' who
received enoxaparin sodium subcutaneously at 0.6 mg twice
a day

— Group 2: patients with severe COVID-19, CT4, who re-
ceived a heparin pump (sodium heparin) at 20,000 U and ad-
mitted to the intensive care unit

The mean age of the patients was 63 + 10.3 years (range:
35-79 years) in group 1, 66.3+12.1 years (range: 32-
87 years; p = 0.008) in group 2; and 53.5 + 10.9 years (range:
33-71 years) in the control group. In group 1, 131 (94.9%)
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patients had a history of comorbidities, including 128 (92.7%)
with stage |-l hypertension and 99 (71.7%) with type 2 dia-
betes mellitus. In group 2, 75 (100%) patients had a history of
comorbidities, including 74 (98.6%) with stage I-Il hyperten-
sion and 56 (74.6%) with type 2 diabetes mellitus. All patients
in group 2 were on mechanical ventilation, and 66 (88%) died.
No significant difference (p = 0.119) was noted in sex distribu-
tion between the groups compared.

The inclusion criteria were a COVID-19 diagnosis con-
firmed by polymerase chain reaction and consent of a patient
or their representative to participate in the study. The exclu-
sion criteria included refusal by the patient or their represen-
tative to participate in the study and unconfirmed COVID-19
diagnosis.

Platelet-free plasma (PFP) was obtained by double cen-
trifugation at 1,500 g for 15 minutes and at 10,000 g for 5 mi-
nutes to isolate platelets and purify plasma samples from
them. The supernatant was collected in clean Eppendorf tubes
for further evaluation.

Fibrin polymerization kinetics was evaluated by dyna-
mic turbidimetry. Furthermore, optical density was measured
using an SF-2000 spectrophotometer (OKB Spektr, St. Peters-
burg, Russia) with Kinetics software. A cell was filled with
a mixture of 400 pl PFP and 400 pl 0.025 M CaCl,. Coagu-
lation activation onset was recorded immediately after plas-
ma recalcification (time zero). An increased optical density of
the sample caused by the formation of insoluble fibrin fibers
from soluble fibrinogen indicated a clot formation. Recording
was performed at 340 nm in a 10 mm cell for 60 minutes.
Testing was conducted at +24°C.

A lag period (Lag) was determined when evaluating
the turbodimetric curve, which corresponds to time of throm-
bin generation and protofibril formation; the polymerization
rate (V) as an increase in optical density in the segment of
its increase per unit of time, which characterizes the rate of
lateral aggregation and fibrin fiber formation; and the maxi-
mum absorbance at a given wavelength (A,..,), which is de-
termined by the amount of polymerized protein and fibrin fi-
ber thickness.

Moreover, thromboelastography was used to assess he-
mostasis using the TEG 5000 thromboelastograph (Haemo-
netics, USA). Contrary to traditional coagulation tests, throm-
boelastogram shows kinetics of all stages of thrombus
formation, considering contributions of plasma and cellular
(platelets, erythrocytes, and leukocytes) components to hemo-
static reactions and fibrinolysis [16]. In the current study, this
method was employed to assess hemostasis in PFP samples.

The absolute number of MVs was calculated by flow cy-
tometry using FACS Calibur (Becton Dickinson, USA) with
modified Iversen technique (2013). PFP was mixed with phos-
phate buffer (pH=7.4)at 9: 1.

The absolute number of MVs per 1pl was determined
by fixed time (60 seconds) light scattering using CellQuest,
recording the number of events per time unit (60 seconds),
considering the flow rate. Flow cytometry of particle size
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distribution (FSC) and granularity (SSC) on logarithmic scales
allows to locate MV signals in a specific area. Standard syn-
thetic spherical particles with 1, 2, 3, 5, 6, and 10 pm diame-
ters (BD Pharmingen, USA) were used to calibrate the instru-
ment and limit the range of MV counting.

PFP was pre-centrifuged twice with buffered isotonic so-
dium chloride at 10,000 g for 30 minutes to evaluate the ef-
fects of MVs on blood coagulation by thromboelastography.
Then, the supernatant was collected, and 200 pL isoto-
nic sodium chloride solution was added to the precipitated
MVs to obtain a suspension. Further, 240 L of the PFP test
sample, 20 pL of 0.2 M CaCl,, and 100 pL of MVs were added
to the tested samples. The assay was performed in reaction
cells containing heparinase to exclude heparin therapy influ-
ence on the results. As a control, 340 L of native patient PFP
was used with 20 uL of 0.2 M CaCl, to activate fibrin forma-
tion. Thromboelastograms obtained with and without MVs
were compared.

Reaction time (R) (i.e., coagulation activation time) was
the thromboelastographic parameter used to examine plas-
ma hemostasis.

OriginLab 2021 (OriginLab Corporation, USA) was used to
process and plot the turbidimetric results and IBM SPSS Sta-
tistics 26.0 for statistical analysis. The Shapiro—Wilk test was
used to test quantitative parameters for normal distribution
and the nonparametric Mann-Whitney test to determine sig-
nificant differences between groups of data that did not con-
form to the normal distribution law. Student’s t-test with cal-
culation of mean and standard deviation was employed for
statistical processing of the study results, which conformed
to the law of normal distribution.

Tables present data as mean + standard error of the mean
(M £ m), where n is sample size. All presented data were sta-
tistically significant (p < 0.05).

RESULTS

Fibrin formation parameters obtained by turbidimetry signi-
ficantly differed between groups. Severe COVID-19 is char-
acterized by significant hypocoagulation and decreased fibrin
clot density, indicating a disruption in fibrin formation. Mode-
rate COVID-19 is marked by hypercoagulation and thrombotic
complications (Table 1).

We identified 15 (19%) of 75 patients with severe COVID-19
who did not receive heparin therapy (were admitted to
the hospital for infectious diseases in a severe condition)
(2Hep group). Fibrin generation kinetics data showed that
these patients and those on heparin therapy demonstrated hy-
pocoagulation. Figure 1 shows representative kinetic curves
for each group.

Thromboelastography results were consistent with our
turbidimetry data using PFP. Thromboelastography showed
hypercoagulation (decreased coagulation activation time R) in
the moderate COVID-19 group and hypocoagulation (increased
R) in the severe COVID-19 group. Table 2 shows these results.
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Table 1. The influence of the COVID-19 severity on the kinetics of fibrin formation

Parameter C::t;(:]l, Group 1 (n:lo:i;a;e course), Group 2 (ie;n;rse course),
V (fibrin clot polymerization rate), AU/sec 3.93+£23 331;4010201437 ,13 120%0%31

Lag period, min 6.2+12 p3='80%02]'(}4 p9.<4[]i.-000.g1

A AU 1625 + 0.433 1;'1301_000'83 1 0,35<7 50001

Note: AU, absorbance unit; A ...,

Table 2. Ratio of coagulation activation time of native sample to coa-
gulation activation time of sample after microvesicle injection

Control Group 1 Group 2
Parameter n= 20' (moderate course) | (severe course)
- n=138 n=75
2.12+0.32 1.44 £0.19
RIRMV- 03£006 7 g oopt p<0.0001

Note: R, activation time of coagulation of the native sample; RMV,
activation time of coagulation after microvesicles were added to
the sample; p, significance of the differences compared to the control.

10mm—l—

i

Group 1
RMV

IUmm—I—

Group 2

)
<
<
=)

Fig. 2. Thromboelastograms demonstrating the effect of microve-
sicles on coagulation parameters, “typical” for each of the study
groups (group 1 and group 2); R is the coagulation activation time
of the native sample; RMV is the coagulation activation time after
adding microvesicles to the sample

maximum absorbance at a given wavelength; p, significance of differences compared with the control group.

Table 3. Absolute number of microvesicles in platelet-free plasma
samples from patients with COVID-19 of varying severity, obtained
by flow cytometry

Group Absolute number of MVs per 1 mL

14.4+1.9 x 106
12.2 £ 1.6 x 106,

Control, n=20
Group 1 (moderate course

of COVID-19), n =138 p = 0.3967
Group 2 (severe course 3.7+0.3 x 106,
of COVID-19),n=75 p <0.0001

Note: p, significance of differences compared to control.

— Control

—

— 2Hep group —Group1 —Group 2

1,6 1

1,4 1
1,2 1

08 -
0,6 -
04 -
0,2- vV o
0,0 -

Absorbance (AU)

Time (min)

Fig. 1. Registration of fibrin polymerization kinetics by dynamic tur-
bidimetry. Determined parameters: lag period (Lag) — time before
the density increase; V — increase in optical density during its in-
crease per unit time; A, — maximum optical density at a given
wavelength; control — group of healthy donors; group 1 — mo-
derate course; group 2 — severe course, patients of the intensive
care unit; group 2Hep — patients with severe course who did not
receive heparin therapy
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Data confirming the role of MVs in fibrin clot formation by
reducing coagulation activation time were obtained from eva-
luating the effect of MVs on plasma hemostasis. This param-
eter decreased by 2.1 times (16.9 + 1.1 min and 8.0 £ 0.6 min;
p<0.0001) in patients with moderate COVID-19 and by
1.44 times (10.8 + 0.9 min and 7.5 £ 0.5 min; p < 0.0001) in those
with severe COVID-19 after MVs were added to the samples
(Figure 2). In the control group, no significant effect of MVs
was observed on R coagulation activation time (p = 0.0917).

Notably, the higher the R value (coagulation activation
time), the more significant the influence of MVs (e.g., for na-
tive PFP, R = 39.3 minutes; after addition of washed MVs to
the test sample, R = 13.7 minutes). However, if a patient was
hypercoagulated, MVs less significantly shortened the fibrin
activation time (for the patient’s native PFP, R = 9.4 minutes;
after addition of MVs to the test sample, R = 8.6 minutes).

Flow cytometry was used to calculate the absolute num-
ber of MVs in the PFP samples; Table 3 presents the results.

DISCUSSION

Study of the kinetics of fibrin formation using turbidimetry
and thromboelastography in COVID-19 patients showed spe-
cific characteristics in the pathogenetic processes of coagu-
lopathy development depending on severity. Fibrin formation
indicated hypocoagulation in patients with severe COVID-19
and hypercoagulation in those with moderate COVID-19. Fur-
thermore, hypocoagulation was reported in patients with se-
vere COVID-19 in the heparin and no-anticoagulant groups.

Several studies revealed the critical role of MVs in blood
coagulation. The procoagulant role of MVs and their involvement
in fibrin clot formation have been reported in our studies [17].

In the present study, relevant results were obtained on
a significant and reliable decrease in the content of MVs in
severe COVID-19 patients with hypocoagulation. A model ex-
periment to investigate the effect of MVs on plasma hemosta-
sis demonstrated a significant change in the kinetics of fibrin
clot formation when PFP with a high MV content was added
to the test plasma of severe COVID-19 patients. This exhibits
the procoagulant role of MVs, and the decrease in their pe-
ripheral blood content may be related to their active partici-
pation in coagulation processes.

A prolonged coagulation activation time in patients
with severe COVID-19 should be considered a marker of
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disseminated vascular coagulation syndrome (consumption
phase) and, as a consequence, possible hemorrhagic compli-
cations. Moderate COVID-19 is characterized by Lag shorte-
ning, indicating the presence of hypercoagulation.

Moreover, according to thromboelastographic parameters,
these patients manifested increased coagulation activity as
evidenced by a decreased activation time. Without appropriate
anticoagulant therapy, this condition may lead to thrombosis
(venous thromboembolism or pulmonary embolism).

CONCLUSION

1. Dynamic turbidimetry and thromboelastography are
used as objective and demonstrative methods to assess plas-
ma hemostasis in patients with COVID-19. They allow a more
detailed evaluation of changes in the patient’s coagulation
system and timely adjustment of treatment strategy.

2.The plasma hemostasis system of patients with
COVID-19 shifts to hypo- and hypercoagulation depending on
disease severity.

3. The absolute number of microvesicles in peripheral
blood is significantly lower in patients with severe disease
than in controls and those with moderate disease.
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