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Introduction. The severity of endothelial destruction in patients with the new COVID-19 new coronavirus infection may be correlated with the risk of develop-
ing acute cerebrovascular accident (ACVA).

Objective. To study the role of hemostasis system activation markers and vascular wall damage markers in the development of stroke in patients with the
new coronavirus infection.

Materials and methods. The study included 38 patients with the new coronavirus infection and ACVA and 40 patients with the new coronavirus in-
fection without ACVA. All patients were tested for antibodies to p2-glycoprotein, antibodies to cardiolipin, plasminogen activator inhibitor type 1 (PAI-1),
o2-antiplasmin, intercellular adhesion molecule type 1 (ICAM-1), von Willebrand factor, and homocysteine.

Results. No statistically significant differences were found between the groups in terms of antiphospholipid antibody levels; however, increased antibodies to
B2-glycoprotein relative to the reference interval were more frequent in the group without ACVA. Significant differences in PAI-1 levels were found between the
group with ACVA and the comparison group (p < 0.001), with the PAI-1 concentration being 1.6 times higher in the comparison group. No significant differ-
ences were observed between the groups in terms of a2-antiplasmin, ICAM-1, and von Willebrand factor levels. Significant differences for homocysteine were
found between the ACVA group and the comparison group (p < 0.001), with the concentration in the comparison group being 1.8 times higher.
Conclusions. The development of acute cerebrovascular accident in patients with lower concentrations of homocysteine and PAI-1 may be explained by
weaker compensatory mechanisms aimed at repairing of the vascular wall and harmonization of interaction of hemostasis system links, which eventually led
to vascular wall damage.
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JIABOPATOPHbIE MAPKEPbI 3HOOTEJIMANIbHOWN AECTPYKLNU N AKTUBALIUWM TEMOCTASA
Y NALUMEHTOB C UHCYJ1IbTOM U COVID-19

O.B. Nanr® M.A. Conpgatos', J1.B. Knumog', T.B. Kucenesa'?, H.A. Mapckas', H.A. LLlamanog'
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3Hay4Ho-nccnenoBaTeNbCKMin UHCTUTYT OpraHn3aLLm 30,paBOOXPaHEHNS 1 MEAULIMHCKOrO MeHef KMeHTa [lenapTameHTa 3apaBooxpaHerunst ropofaa Mockssbl,
Mocksa, Poccus

BBepeHue. Boipa)keHHOCTb 9HAOTENMANBHOM AeCTPYKLUMM Y naumeHTos ¢ COVID-19 MOXeT 6bITb B3aNMOCBA3aHa C PUCKOM PasBUTHA OCTPOrO HapyLLEHNS
MO3roBOro KpoBOOOPALLEHMS.

Llenb. /13y4eHne ponm MapkepoB akT1BaLMmn CUCTEMbI reMocTasa 1 MOBPEXKAEHWS COCYAVCTON CTEHKM B Pa3BUTUM OCTPOrO HapyLLEHNSt MO3rOBOrO KPOBO-
obpatyerHnsa (OHMK) y naumeHToB ¢ HOBOW KOPOHaBUPYCHOM MH(EKLMEN.

Matepuanbl u meTopabl. B nccnenosaHmne 6binmn BKIOYEHbI 38 NaLMeHToB ¢ HOBOW KOpOHaBMpYyCcHoOM MHdekumen 1 OHMK 1 40 naymeHToB ¢ HOBOW KOPO-
HaBupycHow nHdekumen 6e3 OHMK. Bcem nauveHTam onpefensnu: aHtuTena k 6eta-2 rvkonpoTerHy, aHTUTena K Kapanonunmny, MHrMbuTop akTneatopa
nnasmuHoreHa 1-ro tuna (MAM-1), a2-aHTUNnasMmnH, Monekyny MexxknetouHon agreaumn 1-ro tvna (ICAM-1), haktop Bunnebparga, roMOLMCTENH.
Pe3ynbtathbl. [10 YPOBHIO aHTUPOCHOMMMUAHBIX aHTUTEN HE ObINO BbISBNEHO CTATUCTUHECKN 3HAYUMBIX Pa3NNHUIA MeXAY rpynnaMmn, OfHaKO MOBbILLEHHbIE
OTHOCUTENBHO PedhepeHTHOro NHTepBana aHTuTena K 6eta-2 rmMkonpoTenHy Yalle Bctpedanmcs B rpynne 6e3 OHMK. Mo yposHo NAT-1 6binv BbiSiBNEHbI
3Ha4MMble pasnu4na mexay rpynno ¢ OHMK v rpynnow cpasHeHns (o < 0,001), B rpynne cpaBHerust koHUeHTpaumsa MATM-1 6bina B 1,6 pasa soiwe. 1o ypos-
HIO a2-aHTMnNaamuHa, ICAM-1 1 hakTopa BunnebpaHaa 3HaunMbIX pasnnymin Mexxay rpynnamm BbiSBNeHo He Obino. CTaTUCTUYECKN 3HaYUMble pasnmyns
no roMoumcTenHy 6binu BbisiBieHbl Mexxay rpynnot ¢ OHMK 1 rpynnon cpasHeHust (p < 0,001), KoHUEeHTpauwms B rpynne cpaBHeHust Obina B 1,8 pasa BbiLle.
BbiBoabl. Passutre OHMK y naumeHToB ¢ 60Nnee HU3KMMIU KOHLUEHTpaumamu romoumctenHa n AMM-1, BepoaTHO, MOXXHO 0OBbACHUTL 6onee cnabbiMu
KOMMEHCATOPHbIMI MexaHN3Mamm, HanpasneHHbIMN Ha penapaumio COCYANCTON CTEHKN 1 FapMOHN3aLMIO B3aUMOAENCTBNSA 3BEHbEB CUCTEMbI FEMOCTasa,
YTO B KOHEYHOM CHeTe MPUBOANT K MOBPEXAEHNIO COCYANCTON CTEHKM.

KntoyeBble CnoBa: ULLEMUYECKNA VHCY/BT; FEMOPParn4eCcKuii MHCYMBT; KOPOHABMPYC; FOMOLMCTENH; aHTUOCHONMNNAHBIE aHTUTENa; WMHIMBUTOP
aKTvBaTopa niasmMuHoreHa
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INTRODUCTION

The new coronavirus infection (COVID-19) is an acute infec-
tious disease caused by the SARS-CoV-2 strain of coro-
navirus. Although coronaviruses basically lack neurotropic-
ity, they are capable of affecting the nervous system and
disrupting its functions. One of the action mechanisms
is respiratory hypoxia accompanying severe coronavi-
rus pneumonia [1]. Another damage mechanism is the
cytokine storm, which causes an increase in the pro-in-
flammatory cytokine level and activation of T-lymphocytes,
macrophages, and endothelial cells. Vascular wall perme-
ability increases, the complement system is activated, and
blood coagulation properties increase [2]. COVID-19 was
shown to develop overexpression of plasminogen activator
inhibitor-1 (PAI-1) and thrombin-activated fibrinolysis inhibi-
tor, thus leading to suppression of fibrinolysis and an even
greater tendency to hypercoagulation [3].

The role of antiphospholipid antibodies (antibodies to
cardiolipin and to p2—-glycoprotein) in the pathogenesis of
hemostasis system activation was described in previous re-
search. These antibodies activate endothelial cells, mono-
cytes, neutrophils, and platelets, resulting in the transfor-
mation of the anticoagulant surface of the endothelium
into a procoagulant form [4]. The literature also describes
the relationship between the formation of antiphospholipid
antibodies as a result of infection and the development of
ischemic stroke [5]. According to observations, endotheli-
opathy is observed in most patients. Markers of endothe-
lial condition, inflammation, and coagulation such as IL-6,
TNF-a, von Willebrand Factor (VWF), tissue factor, tissue
factor inhibitor, D-dimer, thrombin-antithrombin complex,
platelet factor P4, thromboglobulin, P-selectin, and plate-
let adhesion are significantly increased in mild to moderate
COVID-19 [6].

Endothelial wall damage and hemostasis system activa-
tion caused by the SARS-COV-2 virus may be the cause of
acute vascular events, such as hemorrhagic and ischemic
stroke. Moreover, the probability of their development in-
creases in patients with an increased risk of vascular disor-
ders of the brain with upon the onset of the new coronavirus
infection [7]. According to the TARGET-VIP hospital registry
(Moscow), the incidence of acute cerebrovascular accident
(ACVA) in the setting of the coronavirus infection was 0.8%,
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compared to 2.4% reported by foreign authors [8, 9]. The
role of COVID-19 as a risk factor for ischemic brain damage
was confirmed by data from the Regional Vascular Center
(Botkin Hospital, Moscow). Thus, the number of ischemic
stroke cases increased by 2.2-6.1% during the pandemic,
while the proportion of hemorrhagic strokes and transient
ischemic attacks decreased [10].

Thus, the severity of endothelial destruction and the ac-
companying activation of the hemostasis system towards
hypercoagulation in patients with the new coronavirus in-
fection may be correlated with the development of acute
cerebrovascular accident. A number of laboratory markers
characterizing the state of the endothelium and the hemo-
static system in ischemic stroke have been studied. Thus,
an extended meta-analysis showed that an increase in
the inhibitor of plasminogen activator type 1 (PAI-1), which
regulates the intensity of fibrinolysis in plasma, is associ-
ated with death, myocardial infarction, or acute cerebro-
vascular accident [11]. At the same time, it remains unclear
whether PAI-1 is just a risk marker or an etiological cause of
a vascular event [12]. The a2-antiplasmin acute phase pro-
tein, which inhibits the main enzyme of fibrinolysis plasmin,
increases damage to the brain and the blood-brain bar-
rier during acute ischemia by activating matrix metallopro-
teinases. Experiments showed that therapeutic inactiva-
tion of a2-antiplasmin reduces microvascular thrombosis,
ischemic damage, and cerebral edema [13]. The Inter-
Cellular Adhesion Molecule Type 1 (ICAM-1) expressed on
the endothelium is significantly increased in stroke patients,
reflecting damage to the blood-brain barrier [11]. The en-
dothelial glycoprotein, von Willebrand factor, is involved in
platelet adhesion at the vascular wall damage site. It was
shown that elevated levels of von Willebrand factor are
associated with the development of primary or recurrent
stroke, as well as with fatal stroke [14, 15]. Homocysteineg, a
metabolite of the methionine and cysteine amino acids, is a
marker of vascular wall damage and activation of the hemo-
static system. This is one of the most studied biomarkers
in stroke: hyperhomocysteinemia is associated with the risk
of developing cardiovascular diseases, being a predictor of
the severity of neurological symptoms in stroke and poor
functional recovery [16—18]. Antibodies to B2-glycoprotein
and cardiolipin are autoantibodies to phospholipids, which
are markers of antiphospholipid syndrome, which is based
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on vasculopathy associated with non-inflammatory and/or
thrombotic vascular damage. In old age, the prevalence of
positive antiphospholipid antibodies can reach 68% [19].
It was shown that these antibodies can participate in the
pathogenesis of ischemic stroke, with their levels being
positively correlated with the risk of stroke [20, 21].

In this work, we study the role of markers of hemostasis
system activation and vascular wall damage in the develop-
ment of acute cerebrovascular accident in patients with the
new coronavirus infection.

MATERIALS AND METHODS

A total of 78 patients participated in the study, including 35
women and 43 men. The patients were divided into two
groups: the study group included 38 patients with the new
coronavirus infection and ACVA who were admitted to the
Federal Center of Brain Research and Neurotechnologies
and the Mukhin Hospital in Moscow, of whom four patients
developed hemorrhagic stroke (HS) during hospitalization
and 34 developed ischemic stroke (IS). Thus, the group of
patients with ACVA was divided into two subgroups: pa-
tients with IS and patients with HS. The comparison group
comprised 40 patients with the new coronavirus infection
without ACVA, who were admitted to the Federal Center of
Brain Research and Neurotechnologies.

Group 1 (n = 38) — patients with the new coronavirus
infection + ACVA;

Group 1.1 (n = 4) — patients with the new coronavirus
infection+ ACVA (HS);

Group 1.2 (n = 34) — patients with the new coronavirus
infection+ ACVA (IS);

Group 2 (n = 40) — patients with the new coronavirus
infection.

The average age of patients with HI was 70.9 + 8.0
years; patients with IS — 72.0 + 7.3 years; the compari-
son group — 58.2 + 16.7 years. The criteria for inclusion
of patients in the study were age over 18 years, detection
of SARS-CoV2 RNA by PCR, clinical signs of pneumonia
(body temperature above 38.5°C, respiratory rate above
22 per min, shortness of breath during physical exertion,
saturation less than 95% in the air), pneumonia signs in the
chest organs confirmed by computed tomography. All par-
ticipants signed a voluntary informed consent to participate
in the study.

Arterial hypertension (64%), chronic heart failure (39%),
chronic kidney disease (25%), and diabetes mellitus (21%)
prevailed among the concomitant diseases in the general
sample. The stroke severity at admission according to the
National Institutes of Health Stroke Scale (NIHSS) in the
study group was 10.4 + 5.7 points (13.8 + 7.6 points in pa-
tients with HS; 9.9 + 5.3 points in patients with IS). The dis-
tribution of pathogenetic variants of ischemic stroke was as
follows: atherothrombotic — 5 patients (14.7%), cardioem-
bolic — 11 patients (32.4%), lacunar — 2 patients (5.9%),
unspecified — 16 patients (47.1%). At the beginning of hos-
pitalization, in 52.6% of patients, the lung damage severity
was established at the CT-1 level (77.5% in the comparison
group; 29.4% in patients with IS; there were no patients with
HS and CT-1). At the same time, grade 1 respiratory failure
was detected in 70.5% of patients: in 85.0% of patients

from the comparison group; in 58.8% of patients with IS,
in 25.0% of patients with HS. The average hospital stay of
patients in the study group was 11.0 = 4.7 days. Hospital
mortality was 5.2% (2 patients), caused by ischemic stroke;
the immediate cause of death was cerebral edema. Upon
discharge, the median on the Rehabilitation Routing Scale
(RRS) was 4.0 (Q 3.0-4.3) points, on the modified Rankin
scale — 3.0 (Q 3.0-3.3) points. The neurological symp-
toms severity according to NIHSS was 8.9 + 7.2 points.
The groups were representative in terms of concomitant
diseases and severity of coronavirus infection.

Taking into account their biological role, antibodies to
B2-glycoprotein, antibodies to cardiolipin, plasminogen ac-
tivator inhibitor type 1 (PAI-1), a2-antiplasmin, intercellular
adhesion molecule type 1 (ICAM-1), von Willebrand factor,
homocysteine were selected for the study.

Venous blood in a volume of 5 mL was collected during
the first hospital day in tubes with coagulation activator and
separation gel (VACUTEST KIMA, ltaly). About 30 min after
blood collection, the tubes were centrifuged for 15 min at
1500 g on an ELMI CM-6MT centrifuge; the blood serum
was aliquoted and frozen at —70 °C. Further, total antibodies
to p2-glycoprotein (Euroimmun, Germany), total antibodies
to cardiolipin (Euroimmun, Germany), type 1 plasminogen
activator inhibitor (PAI-1) (ABclonal, China), a2-antiplasmin
(ABclonal, China) were determined by enzyme immunoas-
say (ELISA) in serum; intercellular adhesion molecule type
1 (ICAM-1) (ABclonal, China), von Willebrand factor (VWF)
(ABclonal, China), homocysteine (ABclonal, China) were
determined on an Infinite F50 enzyme microplate automat-
ic immunoassay analyzer using a Shellab Gl2-2 laboratory
incubator, a Titramax 101 platform vibrating shaker and a
HydroFlex microplate flushing analyzer.

For each set of the reagents, a calibration curve was
constructed based on measuring the optical density of
standard solutions. The conversion of optical density into
concentration in serum samples was carried out using the
software installed in the Infinite F50 analyzer, taking the
calibration data into account.

Statistical data processing was carried out using the
SPSS 25.0, Microsoft Excel 2016 software packages.
Descriptive statistics of continuous quantitative data after
analysis of the normality of distribution are presented as
the mean (M) and standard deviation for a normal distri-
bution, or as the median (Md) and values of 25% of the
lower and 75% of the upper quartiles using the sign Q
[25-75%)] for an abnormal distribution. The normal distri-
bution was assumed to have a criterion for distinguishing
the Kolmogorov—Smirnov type from a theoretically normal
distribution of more than 0.05. Analytical statistics were
performed using the Student’s t-test for quantitative data
with a normal distribution or the Wilcoxon, Mann-Whitney
rank/sign sum test for quantitative data with a distribution
other than normal. The probability value of p < 0.05 dem-
onstrated statistical significance.

RESULTS AND DISCUSSION
The assessment of distribution normality of laboratory

marker values showed that most of the markers did not
have a normal distribution across a set of factors. As aresult,
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nonparametric analysis methods were used. Limitations on
the choice of statistical methods were also associated with
the limited number of patients in the HS subgroup. It should
be noted that the objectives of the study did not include
calculation of reference intervals, which reagent manufac-
turers propose to calculate for each laboratory indepen-
dently through their own sampling. The results of laboratory
measurements are shown in the Table.

No statistically significant differences were observed in
the level of antiphospholipid antibodies between the groups.
At the same time, antibodies to f2-glycoprotein were com-
pletely absent (not detected by ELISA) in 16 patients (42%)
and antibodies to cardiolipin in 34 patients (89%). In the
comparison group, 12 (30%) patients had no antibodies to
p2-glycoprotein and 32 (80%) patients had no antibodies
to cardiolipin. In 10 (26%) patients from the ACVA group
and in 15 (38%) patients from the comparison group, the
concentration of antibodies to p2-glycoprotein was higher
than the reference range specified in the kit instructions
(10 RU/mL), i.e., increased concentrations were more often
observed in the comparison group. Elevated concentra-
tions of antibodies to cardiolipin relative to the reference
range (more than 10 RU/mL) were much less common: in 1
(2.6%) patient from the ACVA group and in 1 (2.5%) patient
from the comparison group. p2-glycoprotein is a serum co-
factor, having anticoagulant activity in vivo. Antibodies to
B2-glycoprotein, in addition to directly suppressing activity,
induce the expression of E-selectin on the membrane of
endothelial cells and the secretion of proinflammatory cy-
tokines and prostaglandin E2, which can lead to endothelial
damage and activation of the hemostasis system towards
hypercoagulation." A single measured increase in the con-
centration of antiphospholipid antibodies in some patients
does not yet indicate the development of antiphospholipid
syndrome, although supporting the data of other authors
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that the appearance of antiphospholipid antibodies is asso-
ciated with the viral infection caused by SARS-CoV-2 [22].

According to the PAI-1 level, statistically significant dif-
ferences were found between the group with ACVA and
the comparison group (p < 0.001), as well as between the
group with IS and the comparison group (p < 0.001). In
the comparison group, the concentration of PAI-lwas 1.6
times higher than in patients with ACVA. The lower levels of
PAI-1 in the ACVA group are likely to be due to the activa-
tion of fibrinolysis processes, which are triggered after a
thrombotic vascular event, and suppression of blood anti-
fibrinolytic activity.

No statistically significant differences were observed
between the groups in terms of a2-antiplasmin, ICAM-1,
and von Willebrand factor. At the same time, attention
should be drawn to the tendency towards a higher level
of the ICAM-1 endothelial molecule in patients with ACVA,
which may be caused by damage to the blood—-brain bar-
rier due to stroke.

The results of measuring homocysteine in the studied
groups turned out to be unexpected. Since the units of
measurement from the kit instructions — ng/mL — were
used to determine the concentration of homocysteineg,
and the kit itself was intended strictly for scientific use, we
did not compare the level of homocysteine in the stud-
ied groups with the generally accepted threshold level? of
11.4 pmol/L.The calculation of our own reference interval
was not part of the objectives of our study. Statistically
significant differences were found between the group with
ACVA and the comparison group (p < 0.001), the group
with IS and the comparison group (p < 0.001), as well as
between the group with HS and the comparison group
(p < 0.05). The concentration in the comparison group was
1.8 times higher than in the group with ACVA, although the
concentration of homocysteine tends to increase with age

Table. Laboratory parameters measured in patients of the main group and the comparison group

Patients with Acute Cerebrovascular Accident (ACVA) Comparison
Laboratory parameter Total patients of the ACVA group (HS+IS) | Patients with IS | Patients with HS grf:g
n=238 n=234 n=4 -

. ) . 5.0 6.8 0.0 7.2
Antibodies to f2-glycoprotein, RU/mL [0.0-11.0] [0.0-11.5] [0.0-9.0] [0.0-14.5]
Antibodies to cardiolipin, IU/mL 0 8_% 0] 0 8_% 0] [0 (())_% 0] 0 8_% 0]

332* 318* 362 543
PAI-1, pg/mL [157-456] [152-456] [321-528] [354-773]
2-antiplasmin, pg/mL 43 49 26 40
as-antiplasmin, pg/m [19-90] [19-90] [21-44] [27-81]
45 37 45 15
ICAM-1, pg/mL [9-45] [9-45] [15-45] [5-45]
. 91 114 95 116
von Willebrand factor, ng/mL [110-138] [91-140] [87-122] [77-131]
) 20 20 o4 39
Homocysteine, ng/mL [16-31] [16-32] [16-31] [33-45]

Table prepared by the authors using their own data

Note: Data are presented as the median (Md) values of the lower and upper quartiles of Q [25%-75%]; statistical significance of differences with the comparison

group: “p < 0.001; *p < 0.05.

" Kudrja AA. Determination of antibodies to cardiolipin and p2-glycoprotein-l. Gomel: GU RNPC RMiJeCh; 2020 (In Russ.).

2 Tietz clinical guide to laboratory tests. Moscow: Labora; 2013.
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due to a decrease in renal excretory function, and the age
of patients with ACVA was higher than in the comparison
group. We expected to obtain the opposite results, tak-
ing into account the damaging effect of homocysteine on
endothelial cells, its suppressive effect on the natural anti-
coagulant antithrombin Ill, direct neurotoxic effect on brain
neurons [23] and, consequently, the creation of prerequi-
sites for the development of vascular events. However, the
results obtained forced us to take a fresh look at the patho-
genesis of ACVA in coronavirus infection.

Thus, the results obtained confirm the data that the new
coronavirus infection can induce the formation of antiphos-
pholipid autoantibodies, which were detected in more than
half of the studied patients. Such patients should be fur-
ther monitored and examined to exclude the development
of antiphospholipid syndrome and thrombotic complica-
tions. Suppression of the antifibrinolytic link in patients with
ACVA, manifested by a decrease in the concentration of
PAI-1, may be a consequence of a compensatory increase
in fibrinolysis in response to a thrombotic event that led
to a stroke. Higher levels of homocysteine in patients with
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