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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 — Amax) 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 OD 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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Анализ плазменного гемостаза и роли микровезикул 
в процессе коагуляции у пациентов с COVID-19
Е.С. Грачева, Р.Р. Абдуллина, И.Г. Мустафин, Д.И. Абдулганиева
Казанский государственный медицинский университет, г. Казань, Россия

АННОТАЦИЯ
Актуальность. Коагулопатии при COVID-19 — важный аспект в патофизиологических механизмах, клинической картине 
заболевания, возникновении отсроченных осложнений.
Цель. Изучение плазменного гемостаза методом турбидиметрии, тромбоэластографии и роли микровезикул в процессе 
коагуляции у пациентов с COVID-19.
Материал и методы. В исследовании использовали образцы крови пациентов временного инфекционного госпиталя 
на базе ГАУЗ «РКБ МЗ РТ» г. Казани (n=213) в период с июня по август 2020 г. Пациенты разделены на две группы 
по степени тяжести заболевания: первая группа — среднетяжёлое течение COVID-19 (n=138), вторая группа — тяжёлое 
течение COVID-19 (n=75). Лечение пациентов проводили согласно протоколам Временных методических рекомендаций 
Министерства здравоохранения Российской Федерации, версия 7. В качестве контрольной группы использовали кровь 
здоровых доноров (n=20). Плазменный гемостаз оценивали методами динамической турбидиметрии (измеряли lag-
период — Lag, скорость полимеризации — V, максимальную оптическую плотность при данной длине волны — Amax) 
и тромбоэластографии (определяли время активации коагуляции — R). Статистическую обработку результатов проводили 
с помощью IBM SPSS Statistics 26.0. Сравнение групп осуществляли с использованием непараметрического U-критерия 
Манна–Уитни. Статистическую обработку результатов, подчиняющихся закону нормального распределения, выполняли 
с использованием t-критерия Стьюдента. Достоверными считали различия при p <0,05.
Результаты. Тяжёлое течение COVID-19 отличается удлинением lag-периода (9,4±0,8 мин относительно контроля 
6,2±1,2 мин; p <0,0001), снижением скорости полимеризации (1,12±0,71 ед. ОП/с относительно контроля 3,93±2,3 ед. ОП/с; 
p <0,0001) и уменьшением максимальной оптической плотности сгустка (0,576±0,17 ед. ОП относительно контроля 
1,625±0,433 ед. ОП; p <0,0001). При среднетяжёлом течении отметили укорочение lag-периода (3,8±1,1 мин относительно 
контроля 6,2±1,2 мин; p=0,0004), максимальная оптическая плотность сгустка была ниже контроля (1,412±0,351 ед. ОП 
при 1,625±0,433 ед. ОП соответственно; p=0,0007). У пациентов со средней степенью тяжести заболевания отмечено со-
кращение времени активации коагуляции в 1,6 раза относительно контрольной группы. У пациентов с тяжёлым течением 
время активации коагуляции увеличено в 1,5 раза относительно контроля. После внесения в пробы микровезикул у паци-
ентов со средним течением данный параметр сократился в 2,12 раза (16,9±1,1 мин и 8±0,6 мин; p <0,0001), а у пациентов 
с тяжёлым течением в 1,44 раза (10,8±0,9 мин и 7,5±0,5 мин; p <0,0001).
Вывод. Для среднетяжёлого течения COVID-19 характерны признаки гиперкоагуляции, что может привести к возникнове-
нию тромботических осложнений; тяжёлое течение заболевания сопровождается гипокоагуляцией, которая способствует 
геморрагическим осложнениям.

Ключевые слова: COVID-19; полимеризация фибринового сгустка; плазменный гемостаз; микровезикулы.
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BACKGROUND
Corona virus disease 2019 (COVID-19) manifests in diffe rent 
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 [5].

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 

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, CT2–3,1 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%) 

1 CT, computed tomography.
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patients had a history of comorbidities, including 128 (92.7%) 
with stage I–III 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–III 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 µl PFP and 400 µl 0.025 M CaCl2. 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. Recor ding 
was performed at 340 nm in a 10 mm cell for 60 minutes. 
Testing was conducted at +24°С.

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 (Amax), 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 1 µl 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 

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 μm 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 isoto nic so-
dium chloride at 10,000 g for 30 minutes to evaluate the ef-
fects of MVs on blood coagulation by thromboelasto graphy. 
Then, the supernatant was collected, and 200 μL isoto-
nic sodium chloride solution was added to the precipita ted 
MVs to obtain a suspension. Further, 240 µL of the PFP test 
 sample, 20 µL of 0.2 M CaCl2, and 100 µL 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 μL of native patient PFP 
was used with 20 μL of 0.2 M CaCl2 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 Control,
n = 20

Group 1 (moderate course),
n = 138

Group 2 (severe course),
n = 75

V (fibrin clot polymerization rate), AU/sec 3.93 ± 2.3 5.44 ± 2.47
p = 0.0013

1.12 ± 0.71
р < 0.0001

Lag period, min 6.2 ± 1.2 3.8 ± 1.1
p = 0.0004

9.4 ± 0.8
р < 0.0001

Amax, AU 1.625 ± 0.433 1.412 ± 0.351
p = 0.0007

0.576 ± 0.17
р < 0.0001

Note: AU, absorbance unit; Amax, maximum absorbance at a given wavelength; p, significance of differences compared with the control group.
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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; Amax — 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

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

Parameter Control,
n = 20

Group 1  
(moderate course)

n = 138

Group 2  
(severe course)

n = 75

R/RMV 0.3 ± 0.06 2.12 ± 0.32
p < 0.0001

1.44 ± 0.19
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.

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

Control, n = 20 14.4 ± 1.9 × 106
Group 1 (moderate course 
of COVID-19), n = 138

12.2 ± 1.6 × 106,
p = 0.3967

Group 2 (severe course 
of COVID-19), n = 75

3.7 ± 0.3 × 106,
p < 0.0001

Note: p, significance of differences compared to control.

10 mm

10 mm

Group 1

Group 2

R

R

RMV

RMV

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
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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 
coa gulation. 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 

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 periphe ral 
blood is significantly lower in patients with severe disease 
than in controls and those with moderate disease.
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