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Abstract

Introduction. Coronavirus infection is associated with severe endotheliopathy, thromboinflammation and immunothrombosis
leading to excessive release of von Willebrand factor (vWF) multimers from Weibel-Palade bodies, which can affect activity of
ADAMTS-13 metalloproteinase (a disintegrin and metalloproteinase with thrombospondin type 1 motif, member 13) and the
ADAMTS-13/VWF axis previously shown by us to be altered in non-pregnant women with severe COVID-19.

Aim: to study a clinical role of hemostasis activation particularly ADAMTS-13/vVWF axis in pregnant women after COVID-19.

Materials and Methods. A prospective case—control study was conducted with pregnant women (n = 135) divided into 3 groups:
group 1 included 45 women with prior COVID-19 during pregnancy, group 2 —45 women in the acute phase of the infection during
pregnancy, group 3 — 45 healthy pregnant women. The level of vVWF and ADAMTS-13 was assessed in all patients.

Results. The concentration of vVWF antigen (VWF:Aqg) in the acute period of the disease in pregnant women with COVID-19 was
significantly higher compared to the control group (p < 0.001). ADAMTS-13 level in pregnant women after COVID-19 did not differ
from that of in control group, while vWF level was significantly higher in 66.7 % (30/45). The ADAMTS-13/vWF ratio was increased
and significantly differed both in pregnant patients during the acute period of the disease (p < 0.001) and pregnant women after
infection (p = 0.0002) compared with the control group.

Conclusion. Our results show that endotheliopathy was prominently manifested in pregnant women with COVID-19 and persisted
for several months after disease. The ADAMTS-13/vVWF ratio determines the pathway functioning, the risk of microcirculation
disorders and clinical complications.
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Pestome

Beepenue. KopoHaBupycHas HMEKLMA CBA3aHA C BbIPQXXEHHOI SHA0TeNMoNaTnel, TpoM60oBoCNaneHnemM 1 UMMYHOTPOMBO30M.
9T1 NpoLecchbl NPUBOAAT K 4pe3mMepHOMY BbICBOGOXIEHNIO MynbTUMEPOB (hakTopa poH Bunnebpanaa (aHrn. von Willebrand
factor, VWF) u3 Teney Beinbens—lanage, 470 MOXET BIMATb HA aKTUBHOCTb MeTanonpotenHasbl ADAMTS-13 (aHrn. a disintegrin
and metalloproteinase with thrombospondin type 1 motif, member 13) u ocb ADAMTS-13/VWF, nsmeHenus KotopbIx y Hebepe-
MeHHbIX ¢ TshxenbiM COVID-19 nokasanu Hawwm npeabiayLive padoTbl.

Llenb: n3y4eHune KNMHUHECKON PONN aKTUBALM CUCTEMbI FEMOCTA3a, B YaCTHOCTU, U3MeHeHNii B oct ADAMTS-13/VWF y 6epemeH-
HbIX nocne nepeHecenHoro COVID-19.

Matepuanbi n metofbl. [IpoBeAEHO NPOCNEKTUBHOE UCCNEA0BAHNE «CNY4al—KOHTPOSb>», B KOTOPOE 6bInn BKIOYeHbl 135 6epe-
MEHHbIX. MauneHTKn 6binK pa3aeneHsl Ha 3 rpynnbl: B rpynny 1 Bownmn 45 XeHuwnH ¢ nepeHeceHHbiM GOVID-19 Bo Bpems 6epe-
MEHHOCTU, B rpynny 2 — 45 6epemeHHbIx ¢ COVID-19 B ocTpbIli nepuof 6051e3Hu, B rpynny 3 — 45 340p0BbIX 6epeMeHHbIX. Y BCex
XeHLWuH onpeaensnn cogepxxanune VWF n ADAMTS-13 B nna3me Kposu.

PesynbTatbl. KoHueHTpauns antureda VWF (VWF:Ag) B ocTpbliii nepnof 605e3Hn y 6epemeHHbix ¢ COVID-19 6bina 3HAYMTENbHO
BbILLE MO CPABHEHMIO C KOHTPOSbHOI rpynnoii (p < 0,001). YpoBeHb ADAMTS-13 y 6epemeHHbix nocne COVID-19 He otnmyancs
0T KOHTPONLHOM Fpynnbl, B TO BPeMs Kak KOHUeHTpaums VWF 6bina ropa3go sbiwe y 66,7 % (30/45) »eHwuH. OTHOLEHMe
ADAMTS-13/VWF 6b110 MOBbILLEHO U AOCTOBEPHO OTNIMYANOCH KaK Y 6epeMeHHbIX B OCTpbIA nepuof 6onesHu (p < 0,001), Tak
'y 6epeMeHHbIX nocne nepeHeceHHon nHekuum (p = 0,0002) 0T KOHTPONBLHOM TPYNMbI.

3akntouenue. Y 6epemenHbix ¢ COVID-19 HabntogaeTcs BblpaXeHHas 3HAOTENMONATUSA, KOTOPas COXPaHAETCS B TEHEHNE HECKOJb-
Kux mecsles nocne BbizaoposneHns. OTHoweHne ADAMTS-13/VWF onpefiensieT (yHKLNOHUPOBAHIE OCKM, PUCK MUKPOLMPKYNS-
TOPHBIX HAPYLLIEHUIA W KIMHUYECKMX OCMOXHEHWIA.

KntoyeBble cnosa: 6epemeHHocTb, COVID-19, ADAMTS-13, chaktop coH Bunnebpanga, vVWF

Ins uutuposauus: fawmumosa H.P., Tpuropbesa K.H., buuanse B.O., Mankparteesa J1.J1., Xuspoesa [.X., TpeTbsikosa M.B.,
[ammyT .M., HOnatos E.H0., Uu6usosa B.W., pn XK.-K., bnunos [.B., Makauapus A.[l. KnuHnyeckoe 3HayeHne onpeaeneHns
ADAMTS-13 n baktopa hoH Bunnebpanpa y 6epemeHHbiX nocne nepeHeceHHoro GOVID-19. AkywepctBo, [uHekonorus
u Penpogykuums. 2023;17(1):8-17. https://doi.org/10.17749/2313-7347/0b.gyn.rep.2023.386.
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What is already known about this subject?

» High activity of von Willebrand factor antigen (VWF:Ag) is an
independent predictor of poor survival in non-pregnant
patients with severe COVID-19.

» The pathogenesis of COVID-19 is based on profound
endothelial damage.

What are the new findings?

» A high level of blood plasma vWF:Ag in pregnant woman after
COVID-19 indicates an ongoing endotheliopathy and
endothelial cell activation.

How might it impact on clinical practice in the foreseeable
future?

» In clinical practice, measuring the ADAMTS-13/vWF ratio will
be of great importance.

Introduction / BBegenue

The coronavirus disease 2019 (COVID-19) remains
to be a global healthcare emergency. Although the di-
sease was initially thought to be limited to the respira-
tory tract, soon it became clear that it was presented as
a multisystem disease causing coagulopathy, kidney fai-
lure, liver dysfunction, and heart failure [1]. The severe
course of the disease is more common in the elderly and
in comorbidity with chronic diseases such as diabetes
mellitus, hypertension, chronic obstructive pulmonary di-
sease, coronary heart disease, and chronic kidney disea-
se [2]. SARS-CoV-2 infection is associated with abun-
dant thrombotic complications, such as deep vein throm-
bosis and pulmonary embolism [3]. As a rule, a severe
course of SARS-CoV-2 infection is observed upon strong
inflammatory reaction due to neutrophil release and infil-
tration in various organs coupled to neutrophil extracel-
lular traps (NETS), increased plasma levels of pro-inflam-
matory cytokines and chemokines, leading to cytokine
storm, massive damage to the endothelium as well as ac-
tivation of macrophages, platelets, and endothelial cells
[4, 5]. One of the leading causes of death in COVID-19-
patients is thrombo-inflammatory concomitant diseases,
such as hypercoagulability, thrombosis, and respiratory
failure due to pulmonary microvascular thrombosis [6, 7].

A spectrum of clinical manifestations widely varies
from asymptomatic to severe in pregnant women with
COVID-19 presented from mild, common cold-like to se-
vere symptoms with thrombotic complications [8]. It is
known that SARS-CoV-2 infection during pregnancy can
be an additional trigger for severe thrombotic compli-
cations [9] because pregnancy serves as a preexisting
physiological hypercoagulable state. Pathophysiological
phenomena underlying the increased risk of obstetric
complications are mainly presented by cytokine storm

OCHOBHbIE MOMEHTbI

Y10 yXe u3BecTHo 06 aToi Teme?

» BbICOKas aKTMBHOCTb aHTUreHa haktopa oH Bunnebpanaa
(VWF:Ag) — He3aBMUCUMbIA NPESUKTOP NI0XO0MN BbKBAEMOCTY
y He6epeMEeHHbIX NaLNEHTOK ¢ Tsxenon popmoin COVID-19.

» B ocHoBe matoreHe3a COVID-19 nexut rny60okoe noBpexe-
HIE 3HAOTENNS.

Y70 HOBOrO faeT cTaThAA?

» Bbicokuit ypoBeHb VWF:Ag B nia3me KpoBy 6epemMeHHON nochne
nepeHeceHHoro COVID-19 yka3biBaeT Ha MPOAOIKAOLLYHOCS
9HZOTENNONATMIO U aKTUBALMIO SHAOTENNANbHBIX KNETOK.

Kak 3aTo MoXeT NoBNMATb Ha KIIMHUYECKYH) NPAKTHKY
B 0603pumom byaywem?

» B KNMHMYECKOW NpakTuke 60/blUOe 3Ha4eHWe OyAeT MMETb
onpeaeneHue otHoweHns ADAMTS-13/vWEF.

and activation of circulating cells such as macrophages,
T-lymphocytes, and endothelial cells. SARS-CoV-2 pro-
motes the development of endotheliitis in various organs
and tissues, leading to endothelial damage [10] and, in
turn, to thrombotic microangiopathy (TMA), which is re-
lated to direst consequences of infection [11]. An impor-
tant etiological factor leading to TMA is the ADAMTS-13
metalloproteinase (a disintegrin and metalloproteinase
with a thrombospondin type 1 motif, member 13) defi-
ciency. ADAMTS-13 belongs to the family of peptidase
enzymes whose biological function is to cleave von
Willebrand factor (vWF) multimers. Endothelial damage
results in excessively released vVWF multimers from Wei-
bel-Palade bodies followed by ADAMTS-13 consumption.
It is also important to remember that NETs can inhibit
ADAMTS-13 activity followed by increased vWF con-
centration. In turn, excessive accumulation of ultrahigh
molecular weight vVWF multimers in complex with plate-
lets can cause thrombosis of the microvasculature [12].
Many publications appear in global medical literature on
potential role for a relationship between ADAMTS-13 and
vWEF in assessing acute conditions caused by COVID-19.
Usually, the balance between ADAMTS-13 and vWF plays
a crucial role in maintaining average circulation in vital or-
gans. These data suggest that acute endothelial cell acti-
vation and dysregulation of the normal ADAMTS-13/vWF
axis play an essential role in the pathogenesis of under-
lying COVID-19 immunothrombosis. Our previous study
showed that increased VWF:Ag level, decreased concen-
tration of ADAMTS-13 as well as an imbalance in the
ADAMTS-13/VWF axis significantly correlate with low
survival in severe coronavirus infection [13].

A recent study by H. Fogarty et al. demonstrated that
the blood plasma levels of vWF:Ag and factor VIII (FVIII)
remain markedly elevated 3 months later in convalescent

m http://www.gynecology.su
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patients after coronavirus disease compared with healthy
control group [14]. Based on these data, a role for sus-
tained endothelial cell activation in post-COVID-19 pa-
tients can be suggested. In this study, we set a goal to stu-
dy clinically significant changes in the ADAMTS-13/vWF
axis in pregnant women with previous coronavirus
infection.

Aim: to study a clinical role of hemostasis activation
particularly ADAMTS-13/VWF axis in pregnant women
after COVID-19.

Materials and Methods / MaTepuaxbr
H METO/IBI

Study design / u3aiti uccnepoBanus

A prospective randomized case-control study invol-
ving 135 pregnant women was conducted at the following
clinical sites: Maternity hospital No. 4 at Vorokhobov City
Clinical Hospital No. 67, Perinatal Center at Vorokhobov
City Clinical Hospital No. 67, Agafonov Republican Clini-
cal Infectious Diseases Hospital (Republic of Tatarstan).

Patient groups / I'pynnbl 06cneoBaHHbIX

The patients were divided into 3 groups: group 1 — 45
patients with COVID-19 during pregnancy, group 2 in-
cluded 45 pregnant women with acute COVID-19, control
group — 45 healthy pregnant women.

Inclusion and exclusion criteria / Kpurepuu Bknro4eHus
1 UCKNTHOYEHNA

Inclusion criteria: age over 18; pregnant women diag-
nosed with COVID-19 during pregnancy (SARS-CoV-2
positive PCR test); singleton pregnancy; voluntary in-
formed consent to participate in the study.

Inclusion criteria for the control group: age over 18;
singleton pregnancy; physiological course of pregnancy;
voluntary informed consent to participate in the study.

Exclusion criteria: age under 18 years; verified active
infectious and inflammatory process; confirmed posi-
tive test for antibodies to HIV; markers of viral hepatitis,
syphilis; previous ARVI, vaccinated; signs of thrombotic
or hemorrhagic syndrome at first examination; refusal to
participate in the study.

Study methods / MeToab! uccnefoBaHus

The patient's peripheral blood samples obtained on
the day of hospitalization before treatment were placed in
a 3.2 % buffered sodium citrate solution and centrifuged
for 20 min at 3000 g, room temperature. Plasma samp-
les were collected and stored at —80 °C. The level of von
Willebrand factor antigen (vWF:Ag), ADAMTS-13 antigen
(ADAMTS-13:Ag), ADAMTS-13 activity (ADAMTS-13:Ac),

ADAMTS-13 inhibitor (ADAMTS-13:i) was assessed
by using commercial TECHNOZYM® test kits (Techno-
clone Herstellung von Diagnostika und Arzneimitteln
Gmb, Austria). According to the manufacturer, the nor-
mal reference ranges were: for ADAMTS-13:Ag - 0.41-
1.41 U/mL, for ADAMTS-13:Ac - 0.4-1.3 IU/mL, for
ADAMTS-13:i — less than 15 U/ml; for vWF:Ag - 0.5-
1.5 1U/ml (50-150 %).

Ethical aspects / 3Tuueckue acnekTbl

The study was approved by the Local Ethics Com-
mittee at the Sechenov University (Protocol No 04-22,
dated of February 16, 2022). All patients participating in
the study were informed about the scope of the study
and the inclusion of examination data in current study. All
patients received written informed consent.

The study was conducted following the ethical
standards of the Declaration of Helsinki of the World
Medical Association.

Statistical analysis / CtaTucTUueckuii ananus

The data obtained were systematized in Microsoft Of-
fice Excel 2021 spreadsheets (Microsoft, USA). Statis-
tical data processing was performed using the Jamovi
program, version 1.2.5 (The jamovi project, Australia).
Statistical analysis included the calculation of descrip-
tive statistics: mean (M), median (Me), standard devi-
ation (SD), and border of the 95 % confidence interval
(95 % Cl). While comparing quantitative data, the Mann—
Whitney test was used. To test the statistical significance,
a one-way analysis of variance was used by calculating
Fisher's exact test at level less than 0.05 indicating sig-
nificant differences. The Fisher's "p" value more than
0.05 indicated no differences.

Results and Discussion / Pe3yasTaTnI
H O0CYKIeHHE

Clinical and anamnestic data as well as perinatal out-
comes of the examined subjects are presented in Table 1.

The groups showed no significant difference in ma-
ternal characteristics. Two patients from group 1 and
three from group 2 had arterial hypertension; in each
group, 2 patients had mild preeclampsia during pregnan-
cy. In case of COVID-19, none of the patients had signs
of placental insufficiency and fetal growth retardation.
In group 1, the majority of pregnant women had a mild
COVID-19 (34/45; 75.5 %), 7/45 — (15.6 %) moderate
form, and only 4/45 (8.9 %) — severe form, which did not
significantly differ from group 2. Patients with moderate
and severe COVID-19 were hospitalized for observation
at infectious disease hospital. Severe cases of COVID-19
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Table 1. Clinical and anamnestic characteristics and perinatal outcomes.

Tabnuua 1. KnuHnko-aHamMHecTN4eckas XapakTepucTuka u nepuHaTabHbIe NCXofpl.

Group 1 Group 2 Control group
Parameter
NokasaTens Ipynna 1 Ipynna 2 KoHTponbHas rpynna
n =45 n =45 n=45
Age, years, M 28,0 277 27,0
Bospacr, net, M
Min-max 19-40 18-38 19-38
Body mass index before pregnancy, kg/m?, I\g 25,3 25,3 245
Hpekc maccol Tena go 6epemeHHocTH, Kr/me, M
Blood group, n (%):
pynna kposu, n (%):
« blood group 0/ rpynna kposu 0 14 (31,2) 14 (31,2) 13 (28,9)
» blood group A/ rpynna kposu A 19 (42,2) 20 (44,4) 17 (37,8)
« blood group B/ rpynna kposu B 10 (22,2) 9 (20,0) 11 (24,4)
« blood group AB / rpynna kposu AB 2 (4,4) 2 (4,4) 4 (8,9)
Previous pregnancies, n (%):
Mpeablaywime 6epemeHHocTH, N (%):
« nullipara / HepoxasLuue 28 (62,2) 20 (44,4) 23 (51,1)
- term delivery / cBOeBpeMeHHbIE POJbl 25 (55,6) 34 (75,5) 29 (64,4)
« preterm delivery / npexaeBpemeHHbIe pofbl 0 3(6,7) 0
» pregnancy losses / notepn 6epeMeHHOCTI 7 (15,6) 21 (46,7) 6 (13,3)
Arterial hypertension, n (%)
AptepuanbHas runepteHsus, n (%) 2(44) 3(67) 0
Preeclampsia, n (%)
Mpeaknamncus, n (%) 2(44) 2(44) 0
Perinatal outcomes, n (%):
MepuHaTanbHble ncxofpl, n (%):
- premature rupture of membranes / npexzaespemeHHoe 8 (17,8) 9(20,0) 7 (15,6)
N3NUTUE OKONOMIOAHBIX BOA
- preterm delivery / npexzaeBpeMeHHbIe pofbl 0 11 (24,4) 0
- premature detachment of normally located placenta /
NpeXxxaeBpeMeHHas 0TCI0MKa HOPMabHO PacnosioXXeHHON 0 2 (4,4) 0
NNALEHTBI
« natural delivery / pobl 4epe3 ecTeCTBEHHbIE POJOBbIE MYTH 41 (91,1) 27 (60,0 44 (97,8)
« caesarean section delivery / poapl nyTem onepauum Kecapesa 4(8,9) 18 (40,0) 1(22)
CeYeHus
« Apgar score of less than 7 at 5 minutes / ougHka no Lwkane Anrap 0 3(6,7) 0
Ha 5-1 MUHYTE MeHee 7 6aI10B
COVID-19 severity, n (%):
CteneHb TskecT COVID-19, n (%):
- mild / nerkas 34 (75,5) 37 (82,2) 0
» moderate / cpeaHss 7 (15,6) 6 (13,3) 0
* severe / Tsxénas 4 (8,9) 2 (4,4) 0
Pregnancy trimester (+ COVID-19), n (%):
Tpumectp 6epemeHHocTU (+ COVID-19), n (%):
« | trimester / | Tpumectp 6(13,3) 5(11,2) 0
o [l trimester / Il TpumecTp 19 (42,2) 11 (24,4) 0
o [Il trimester / Il TpumecTp 20 (44,4) 29 (64,4) 0

were not critical. In acute infection, 17 (37.7 %) patients
from group 1 and 12 (26.6 %) from group 2 received low
molecular weight heparin. No perinatal death was recor-
ded in groups; 13.3 % (6/45) of patients in group 1, 46.6 %
(21/45) of group 2, and 15.6 % (7/45) of group 3 had a
history of pregnancy loss. It was found that preterm births
accounted for 6.7 % (3/45) of observations in group 2.

Vaginal delivery occurred in most women (91.1 %; 41/45)
in either group (60.0 %; 27/45). Preterm births were ob-
served only in group 2, accounting for 24.4 % (11/45).
Table 2 presents laboratory parameters of the preg-
nant women examined in the study.
The examined women showed significant differences
in the level of VWF:Ag in acute COVID-19 (group 2) vs.
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Table 2. Laboratory parameter assessment.

Tabnuua 2. Pe3ynbrathl M3y4eHHbIX TaBOPATOPHbIX NOKa3aTenei.

Group 1 Group 2 Control group
Parameter
NokasaTens Ipynna 1 Ipynna 2 KoHTponbHas rpynna p
n=45 n=45 n =45
vWF:Ag, IU/ml <0,001*
VWF:Ag. ME/mn 2,38 1,18 2,43+ 0,586 1,382 + 0,465 <0001
ADAMTS-13:Ac, IU/ml 0,029*
ADAMTS-13:Ac. ME/Mn 0,692 £ 0,188 0,541 £ 0,171 0,588 + 0,251 0.478**
ADAMTS-13:Ag, U/ml 0,550*
ADAMTS-13:Ag. EF/wn 0,843+ 0,319 0,378 £ 0,149 0,807 + 0,159 <0.001**
ADAMTS-13:Ac/VWF:Ag 0,352 + 0,194 0,237 £ 0,097 0,53+ 0,458 <%%%11 e
ADAMTS-13:Ag/VWF:Ag 0,437 0,268 0,163 + 0,072 0,708 + 0,507 :00’000011**
0,0002*
VWF:Ag/ADAMTS-13:Ag 3,8676 * 4,505 7,472 + 3,638 1,794 £ 0,784 <0.001**

Note: *significance of differences between group 1 and control group,; **significance of differences between group 2 and control group.

Tpumeyanne: *3Ha4uMoCTb PasInymni MeXay rpynnovi 1 v KOHTPONILHON rPYNNow; * *3Ha4MMOCTb P3SNy MEXLY rpynnovi 2 v KOHTPOILHON rPYnoj.

control group (p < 0.001) as well as between pregnant
women in the post-COVID (group 1) compared to control
group (p < 0.001). There were noticeable interindividual
differences in vVWF:Ag level, which varied from 1.063 to
6.074 IU/ml in convalescents. Accordingly, plasma levels
of VWF:Ag above the upper limit in our local reference
range (0.5-1.5 IU/ml) were observed in 66.7 % (30/45)
of patients with prior COVID-19 (group 1), whereas in this
group it was 2.38 IU/ml being significantly higher com-
pared to control group. In the latter, it was higher only
in 40.0 % (18/45) of pregnant women, with an average
concentrartion of 1.382 IU/ml (Fig. 1). Thus, a high blood
plasma level of vVWF:Ag in pregnant women after a coro-
navirus infection indicates ongoing endotheliopathy and
continuing endothelial cell activation.

There were no significant differences in assessing
ADAMTS-13:Ac among patients with a history of coro-
navirus infection (group 1) and control group as well as
among patients with acute COVID-19 (group 2) vs. con-
trol group.

While assessing ADAMTS-13:i concentration, signifi-
cant differences were observed between group 1 and
group 2 vs. control group (Fig. 2): in healthy pregnant
women (group 3) ADAMTS-13:i level was 3.144 + 2.657
U/ml, which is profoundly lower than in group 2 — 7.3920
+5.817 U/ml (p < 0.001) and in group 1 - 5.619 + 3.227
U/ml (p = 0.0002).

Significant differences were found in ADAMTS-13:Ag
magnitude between pregnant women in acute COVID-19
(group 2) and healthy pregnant women (p < 0.001);
no significant difference was found while comparing
post-GOVID (group 1) and healthy pregnant women (Fig. 3).

More than half (55.6 %; 25/45) of pregnant women
during acute COVID-19 (group 2) experienced an in-
crease in VWF:Ag concentration with simultaneously de-
creased ADAMTS-13 levels, which most likely resulted
from the secondary consumption of ADAMTS-13 metal-
loproteinase. Moreover, the vVWF:Ag/ADAMTS-13:Ag ra-
tio is significantly higher than in healthy patients (p <
0.001), demonstrating a disturbed vVWF/ADAMTS-13 axis
and regulation system of normal microcirculation.

In the post-COVID state (group 1), only in 6.7 % (3/45)
cases was an increase in VWF:Ag magnitude with si-
multaneously decreased ADAMTS-13 level. Therefore,
ADAMTS-13 is not consumed in such quantities as in
acute COVID-19. Thus, the regulatory function of the
VWF:Ag/ADAMTS-13:Ag axis remains intact in a signifi-
cantly high proportion of patients (Fig. 4).

In the acute phase of COVID-19, the disease is hyper-
inflammatory, prothrombotic and therefore negatively af-
fect the level of specific thrombo-inflammatory markers,
leading to endotheliopathy and increasing susceptibility
to thrombotic and microvascular disorders (including mi-
crothrombosis and TMA) [15]. Therefore, it is not sur-
prising that the ADAMTS-13/vWF axis may be involved in
the TMA and cytokine storm observed during COVID-19
outside pregnancy. In non-pregnant adults, the more the
ADAMTS-13/VWF axis is impaired, the more severe the
disease course [13]. In this study, most pregnant wom-
en with SARS-CoV-2 infection had mild disease. Howev-
er, regarding fetal and maternal outcomes, we found a
significantly higher prevalence of preterm birth during
acute COVID-19 (24.4 %). Noteworthy, as E. Grandone
et al. pointed out that one of the most critical factors of
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Figure 1. von Willebrand factor antigen (VWF:Ag) level in
post-COVID-19 pregnant patients (Group 1), acute COVID-19
(Group 2), and healthy pregnant women (Group 3).

PucyHok 1. KoHueHTpauus aHTureHa hakropa ooH Bunnebpanga
(VWF:Ag) y 6epeMeHHbIX NawuueHToK nocse nepeHeceHHoro
COVID-19 (rpynna 1), B ocTpbiit nepuoga COVID-19 (rpynna 2)
'y 340POBbIX 6epeMeHHbIX (rpynna 3).

preterm labor in women with COVID-19 is endotheliopa-
thy, and an imbalance of vWF and ADAMTS-13 can contri-
bute to multiorgan thrombosis with clinical TMA picture
[16]. We consider extremely important to further eluci-
date these issues to confirm a role of endotheliopathy
and other latent hemostasis disorders in emerging preg-
nancy complications.
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Figure 3. ADAMTS-13 antigen (ADAMTS-13:Ag) level in
post-COVID-19 pregnant patients (Group 1), acute COVID-19
(Group 2), and healthy pregnant women (Group 3).

PucyHok 3. KoHueHTpauns aHtureHa ADAMTS-13 (ADAMTS-13:Ag)
y 6epeMeHHbIX NaLueHToK nocne nepeHeceHHoro COVID-19
(rpynna 1), B ocTpbiit nepuog COVID-19 (rpynna 2) u'y 340p0BbIX
6epeMeHHbIX (rpynna 3).
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Figure 2. ADAMTS-13 inhibitor (ADAMTS-13:i) level in
post-COVID-19 pregnant patients (Group 1), period COVID-19
(Group 2), and healthy pregnant women (Group 3).

PucyHok 2. KoHueHTpauus nirnéutopa ADAMTS-13
(ADAMTS-13:i) y 6epemMeHHbIX NaLUeHTOK NOCe KOPOHABUPYCHON
MHgekymum (rpynna 1), B 0CTpbIiA Nepuog 605e3Hn (rpynna 2)

11 340POBbIX GepeMeHHbIX (rpynna 3).

Conclusion / 3ak1oueHue

Our data provide new insight into the nature of persis-
tent endotheliopathy and imbalance in the ADAMTS-13/
vWF axis in post-COVID-19 pregnant women. Functioning
of the latter is determined by assessing ADAMTS-13/vWF
ratio that also accounts for risk of microcirculatory disor-
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Figure 4. vWF:Ag/ADAMTS-13:Ag axis in post-COVID-19 pregnant
patients (Group 1), acute COVID-19 (Group 2), and healthy
pregnant women (Group 3).

Pucynok 4. Ocb VWF:Ag/ADAMTS-13:Ag y 6epeMeHHbIX
nauneHTok nocne nepeHeceHHoro COVID-19 (rpynna 1),
B ocTpbIi nepuog COVID-19 (rpynna 2) vy 3A0pOBbIX
6epeMeHHbIX (rpynna 3).
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ders as well as clinical complications. Thus, determining
the ADAMTS-13/vWF ratio is crucial in clinical practice.
Consistent with the critical role of immunothrombosis in
acute COVID-19, our results support the hypothesis that
persistent endotheliopathy and hemostatic dysfunction

are sustained after COVID-19 during pregnancy, which
is clinically relevant for the management of such patients.
Further studies on larger patient cohort with longer fol-
low-ups are required to confirm our data to open up new
possibilities in treating post-COVID conditions.
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