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Abstract

Introduction. Currently, endothelial dysfunction caused by inflammation and immunothrombosisis considered as one of the crucial
mechanisms in developing the SARS-CoV-2 virus-mediated coronavirus disease 2019 (COVID-19). A mass endothelial damage
followed by release of untypical large quantity of von Willebrand factor (VWF) multimers and subsequent consumption of
metalloproteinase ADAMTS-13 (a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13) is described
during severe GOVID-19. The activation of innate immune cells including neutrophils results in formation of neutrophil extracellular
traps (NETs) and myeloperoxidase (MPO) release that, in turn, contributes to spread of inflammation and microvascular thrombosis.
Aim: to evaluate a pathogenetic role and predictive significance for serum markers of inflammation, endothelial dysfunction and

hemostatis activation such as vWF, ADAMTS-13 and MPOQ for in-hospital mortality in severe COVID-19 patients requiring
mechanical lung ventilation.
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Materials and Methods. There was performed a single-center observational study with 129 severe COVID-19 patients on mechanical
lung ventilation at the intensive care unit, by assessing serum in all subjects VWF, ADAMTS-13 as well as in 79 patients MPO level
along with other potential predictors for in-hospital mortality.

Results. A multivariate analysis revealed that increased serum level for vVWF antigen (VWF:Ag) and MPO antigen (MPQ:Ag) were
significantly and independently related to high mortality probability: vVWF:Ag (IU/ml) — adjusted odds ratio (OR) = 3.360; 95 %
confidence interval (95 % Cl) = 1.562-7.228 (p = 0.0019); MP0:Ag (ng/ml) — adjusted OR = 1.062; 95 % Cl = 1.024-1.101 (p =
0.0011). Such data allowed to obtained a simplified mortality score for categorizing patients as those having a higher or lower
score compared with the median score level: a high score was associated with lower cumulative survival rate (p < 0.0001), with
50 % of the cases linked to lethal outcome on day 13 post-hospital admission.

Conclusion. Severe COVID-19 patients requiring mechanical lung ventilation were found to have elevated level of serum MPO
activity and vVWF correlating with poor survival.
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Pestome

Beepenue. B HacTosLee BpemMs 3HAOTENNANbHAA AMCAYHKLNA, BbI3BAHHAA BOCMANIEHNEM I MMMYHOTPOM6G030M, paccmarpusa-
eTCS B KQ46CTBE OJJHOI0 U3 KMto4eBbIx MexaHn3moB COVID-19. Mpu Tsxenom TedeHnn GOVID-19 onucaHo MaccmMBHOE NOBPEX[e-
HUE 3HAOTENNA C BbICBOOOXAEHUEM 6O0MNbLIOr0 KONUYEeCcTBa MynbTUMEPOB (hakTopa oH Bunnebpanga (aHrn. von Willebrand
factor, VWF) n nocnegytowum notpebneHmem metannonpotenHadsl ADAMTS-13 (aHrn. a disintegrin and metalloproteinase with
a thrombospondin type 1 motif, member 13). AKT1BaLns KNETOK BPOXAEHHOTO UMMYHUTETA, B TOM Y1CIIe HEUTPOOUIIOB, NMPUBO-
OUT K 00pa30BaHWI0 BHEKIETOYHbLIX NOBYLUEK HelTpodmnos (aHrn. neutrophil extracellular traps, NETS) n BbicBO60XIEHNIO
muenonepokcnaassl (MM0), 410 B CBOO 04epesb CNOCOBCTBYET PacnpOCTPAHEHUIO NPOLLECCOB BOCMNANEHUs U TPOMB03a B MUKPO-
COCYAMCTOM pycre.

Llenb: u3y4eHne natoreHeTUYECKOW POMW M MPOFHOCTUYECKOW LIEHHOCTW LMPKYNUPYIOLMX B KPOBM MapkepoB BOCMANEeHMS,
ANCAYHKLMN 3HA0TENNA U aKTMBALMK CUCTEMbI reMocTasa, B YacTHocTi, VWF, ADAMTS-13 n MIO B 0THOLIEHWUI BHYTPUOONb-
HUYHOI CMEPTHOCT Y NALMEHTOB C Tshxenol dpopmoit COVID-19, HyXaaOLWMXCSA B MUCKYCCTBEHHOM BeHTUNALMM nerkux (MBJ1).

Matepuanbi u meToabl. [TpoBeIeHO 0JJHOLIEHTPOBOE PETPOCNEKTUBHOE HAabNoAaTeNbHOe UccneaoBaHue ¢ ysactnem 129 naumeH-
TOB C TshKenbIM TeyeHnem COVID-19, HaX0aMBLUMXCS B OTAENEHIM UHTEHCMBHOI Tepanuu Ha VIBJ1. Y Bcex naumeHToB onpeensnm
copepxaHue VWF, ADAMTS-13 ny 79 — koHueHTpaumto MO B CbIBOPOTKE KPOBU, @ TaKXe APYrue nokasaTenn kak noTeHLmanb-
Hble NPeJUKTOPbl BHYTPUOOSbHUYHOA CMEPTHOCTH.

PesynbTartbl. [TyTemM npoBefieHNs MHOrO(akTOPHOro aHann3a 6b1s10 MOKa3aHO, YTO YBESIMYEHNE KOHLIEHTPALIMM TaKUX MapKepoB, Kak
antured VWF (VWF:Ag, ME/mn) u MO yenoseka (MIO:Ar, HI/Mn) [OCTOBEPHO W HE3ABUCUMO CBSI3aHbI C BLICOKOV BEPOATHOCTHLIO
cmeptHocTU: VIWF:Ag — CKOpPpeKTUpoBaHHoe OTHOLeHWe WwaHcoB (OL) = 3,360; 95 % poBepuTeNbHbIA MHTEpBan (95 % OW) =
1,562-7,228 (p = 0,0019); MMO:Ar — ckoppekTuposaxHoe OLL = 1,062; 95 % [N = 1,024-1,101 (p = 0,0011). Ha ocHoBaHum 311X
Pe3ynbTaToB Obl1 NOSTYYeH YNPOLLEHHbI NoKasaTtesb CMEPTHOCTH, U NaLUEeHTbl ObIN KNacCMULMPOBaHbI Kak UMEHLLIME 3HaYe-
HUS JAHHOTO NOKA3aTess BbILLE UN HUXKEe MeNAHHOM0: BbICOKOE 3Ha4eHWe nokasarens 6bi710 CBA3aHO C 60S1ee HU3KOM KymMyns-
TUBHOI BbIXMBaeMoCTbtO (p < 0,0001), B 50 % cnyvaeB cMepTb HacTynana Ha 13-e CyTKM rocnuTanusalmu.

3akntovenue. Mpu TsHxenom TeveHmn COVID-19, Tpebytowiem VBJT, noBbiweHHble KOHLeHTpauun MO n vWF:Ag B KpoBM y naum-
eHTOB ¢ TsKesbiM COVID-19 koppenupyroT ¢ HU3KOI BbIKBAEMOCTBH.

Kntouesbie cnosa: COVID-19, ADAMTS-13, chaktop choH Bunne6bpanaa, VWF, muenonepokcuaasa, M0, BbXMBagMOCTb

Onsa uutuposauus: buuanse B.0., Xuspoesa [.X., Tpu X.-K., Wynseman C., Lkoga A.C., TpeTbsikoBa M.B., Makauapus H.A.,
Cnyxanuyk E.B., MaHkpatbesa J1.J1., Metposckuia M.J., MaweykuH W.B., brnnos [.B., Lln6usosa B.I., lapaesa 3.K., MaHblunH C.C.,
Camobyposa H.B., Makauapusa A.[l. laToreHeTM4eCKOe 1 MPOrHOCTUYECKOE 3HAaYeHMe BOCnaneHus u HapylweHuii 8 ocm ADAMTS-
13/VWF y 60nbHbIx Tshxenon popmoit COVID-19. Akywepctso, [nHekonorus n Penpogykumns. 2022;16(3):228-243. https://doi.
0rg/10.17749/2313-7347/0b.gyn.rep.2022.327.

What is already known about this subject?

» Activation of myeloid cells and deep endothelial damage play
a key role in the pathogenesis of severe COVID-19.

What are the new findings?

» High myeloperoxidase (MPO) activity and von Willebrand
factor (vWF:Ag) served as independent predictors of poor
survival in severe COVID-19 patients admitted to intensive
care unit for mechanical lung ventilation.

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

» MPO may have a prognostic value in severe COVID-19
patients undergoing mechanical lung ventilation.

» Further prospective studies are warranted to: i) verify such
data in a prospective multicenter study, ii) evaluate an impact
of current therapeutic advances on the risk factors noted
above.

» Our data may be a prerequisite to test emerging von Willebrand
factor inhibitors, granulocyte activation and MPO.

OCHOBHbIE MOMEHTbI

Yr10 yXe u3BecTHO 06 3Toi TEMe?

» AKTUBALMS MUENIOMAHbLIX KIIETOK W rNy6oKoe MoBpexaeHne
9HJ0TENNS 3aHNMAIOT KIKHEBYH POSib B NATOrEHE3E TAKEN0ro
TeyeHus COVID-19.

Y70 HOBOFO A1aeT cTaThA?

» Bbicokast akTUBHOCTb Muenonepokcuaassl (MIO) n aHTurena
thaktopa thoH Bunnebpanga (VWF:Ag) 6binn He3aBUCUMbIMM
NPeAnKTOpamMun NioXoW BbPKMBAEMOCTY Y MALUEHTOB C TAXE-
non cpopmoii COVID-19, nocTynaiowmx B OTAENEHNE WHTEH-
CMBHOW Tepanuu u TPebyloLMX MCKYCCTBEHHON BEHTUAALMN
nerkux (/BJ1).

Kak 310 MOXET NOBAMATL HA KIIMHUYECKYH NPaKTUKY
B 0603pumom 6yayiem?

» MMO MOXEeT UMeTb MPOrHOCTUYECKOE 3HAYEHUE Y THKENbIX
nauuentoB ¢ COVID-19, Haxoaswmxcs Ha UBJI.

» Heo6x0anmbl AanbHeiLne npocneKTUBHbIE WUCCEA0BaHNS,
BO-MEPBbIX, ANS MNPOBEPKM MOMYYEHHbIX Pe3yNnbTaToB Ha
MPOCNEKTUBHOM MHOTOLEHTPOBON OCHOBE, BO-BTOPbLIX, ANs
OLIEHKM BANSHWS TEKYLLMX TepaneBTUYECKMX paspaboTok Ha
311 2 hakTopa pucka.

» Hawm faHHble MOryT 6bITb NMPEANOCHINKONA s TECTUPOBAHUS
paspabarbiBaeMbIX MHIMOUTOPOB hakTopa oH BunnebpaHaa,
akTmeauuu rpaHynountos 1 Mro.

http://www.gynecology.su
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Introduction / BBegenue

The COVID-19 pandemic consequences have
raised many new questions in medicine, including the
study of inflammation and hemostasis disorders in
the pathogenesis of its severe forms. Virus-induced
hemostasis disorders are not uncommon mainly being
presented as hemorrhagic manifestations similar to the
well-known acute hemorrhagic fever, particularly Crimean
fever (Congo fever), Ebola fever, etc. [1]. Coronavirus
infection has become a vivid of the multiple virus-related
thrombotic effects. Thus, in the severe form of COVID-19,
the frequency of venous thromboembolic complications
averages 45.6 %, whereas in non-severe forms it compri-
ses around 23 % [2, 3]. Today, it is known that mortality
in COVID-19 is mainly associated with severe impairment
of lung function (severe pulmonary insufficiency) and
concomitant diffuse thrombosis. Moreover, pulmonary
insufficiency is mainly associated with local thrombosis
of pulmonary vessels (mainly at the capillary level) [4].
The main mechanisms of the disorders caused by SARS-
CoV-2 infection include generation of thrombin and
intravascular coagulation in capillaries, severe endothelial
damage and macrophage/monocyte activation, release
of excessive amounts of pro-inflammatory cytokines,
externalization of glycosaminoglycans on the endothelial
surface, formation of extracellular neutrophil traps, and
activated complement systems [5, 6]. Pathological
NETosis that develops under super inflammation can
play a decisive role in the disease severity and outcome.
NETosis is an excessive release of so-called neutrophil
extracellular traps (NETs) due to excessive neutrophil
activation during inflammation. NETs are extracellular
structures similar to networks of chromatin threads
lined up with highly active proteases as well as proteins
of nuclear, cytosolic, and granular origin. NETosis
inducers can be presented by microorganisms, bacterial
components, activated platelets, complementary peptides,
and autoantibodies. Activated platelets initiate a powerful
release of NETs by neutrophils, thereby providing a
scaffold for fibrin deposition and thrombus stabilization.
The uncontrolled release of pro-inflammatory cytokines
resulting from activation of monocytes/macrophages/
neutrophils, endothelium, and the complement system
is called a cytokine storm, which can contribute to the
development of a thrombotic storm with emerging
thrombotic microangiopathy (TMA) [7]. The TMA may
stem from diverse causes, but one of the most important
etiological factors is the deficiency of ADAMTS-13
metalloproteinase (a disintegrin and metalloproteinase

with a thrombospondin type 1 motif, member 13) and, as
a result, inadequate proteolysis of von Willebrand factor
(VWF) multimers, which have a high potential to activate
platelets. During SARS-CoV-2-mediated endothelial
damage, ADAMTS-13 is consumed by excessive amounts
of high-molecular-weight von Willebrand factor and
accumulation of ultra-high-molecular-weight multimers,
which, in combination with adherent and aggregated
platelets, cause microcirculatory thrombosis along with
developing organ failure [8].

The thrombotic microangiopathy during systemic
inflammatory response and NETosis may be also
caused Dby directly inhibited natural ADAMTS-13
anticoagulant properties by neutrophil traps. Thus,
thromboinflammation and immunothrombosis are now
considered as the main processes underlying severe
forms of COVID-19 [4, 9]. There are few publications on
potential role of ADAMTS-13 and vVWF in severe forms
of COVID-19, with a limited number of patients studied
and providing results. However, much less information
was collected about the prognostic role of some NETosis
markers, particularly myeloperoxidase (MPQ), a known
marker of neutrophil activation [10]. Although a high level
of serum D-dimer, thrombocytopenia, and prolongation of
prothrombin time have been proposed as prognostically
unfavorable markers in severe COVID-19 [11, 12], the
search for independent predictors that determine survival
in severe forms of COVID-19 is still of importance. Thus,
there is a need to analyze a prognostic value for laboratory
hemostasis and inflammation parameters in severe forms
of COVID-19.

Aim: to investigate a pathogenetic role and predictive
significance for serum markers of inflammation,
endothelial dysfunction and hemostatis activation
such as vVWF, ADAMTS-13 and MPO for assessing in-
hospital mortality in severe COVID-19 patients requiring
mechanical lung ventilation.

Materials and Methods / Matepuanbr
M METObI

Study design / [iu3aitH uccnepoBaHus

There was conducted a single-center retrospective
observational study of patients with severe forms of
COVID-19. The patients were hospitalized at the intensive
care unit (ICU) of Vorokhobov City Clinical Hospital Ne 67
that was used as the COVID hospital during the pandemic
from May 2020 to May 2021. The diagnosis of COVID-19
and clinical manifestations were laboratory-confirmed
in all patients by performing a reverse transcription-

N
S
N
N
[ ]
S5
=
—
(=)
[ ]
Z
W

poxdoy pue A301000uAix) ‘so111918qQ)

uonon




23

Pathogenetic and prognostic significance of inflammation and altered ADAMTS-13/VWF axis in patients with severe COVID-19

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PAryER Ve (X

polymerase chain reaction (PCR) test with nasal and
oropharyngeal swabs for SARS-CoV-2 of all patients.

Inclusion and exclusion criteria / Kputepuu BknioyeHus
U UCKNIOYEHNA

Inclusion criteria: age > 18 years old; patients with
severe GCOVID-19 requiring mechanical ventilation with
a positive PCR result for SARS-CoV-2; acute respiratory
distress syndrome caused by SARS-CoV-2.

Exclusion criteria: age < 18 years old; the admission to
the ICU is due to non-SARS-CoV-2 secondary infection.

Study groups / I'pynnbl 06¢cnefoBaHHbIX

There were examined 314 patients, among which
312 patients were selected into the study. Of these, 214
patients were at ICU with severe COVID-19 requiring
mechanical lung ventilation.

During the selection process, out of 214 patients
admitted to the ICU, only 129 were subsequently included
in the study because relevant plasma samples were
collected immediately upon admission to the ICU.

The control group consisted of 40 COVID-19-free
healthy volunteers.

Study methods / MeTtoab! 06cnefoBanus

In 129 patients, parameters of hemostasis and
inflammation such as vWF, ADAMTS-13 metalloproteinase
(ADAMTS-13:Ag  antigen, ADAMTS-13:Ac  activity,
ADAMTS-13:iinhibitor), D-dimer, C-reactive protein (CRP),
ferritin, as well as platelet/lymphocyte ratios (PLT/LYM),
ADAMTS-13:Ag/VWF:Ag, ADAMTS-13:Ac/VWF:Ag were
analyzed.

In addition, serum MPO (MPQ:Ag) level was assessed
in 79 of them along with parameters indicated due to
collecting sufficient number of plasma samples.

The blood plasma of healthy volunteers (control group)
was also examined for such non-routine parameters.

Serum samples from patients obtained on day 1 of ICU
admission before initiation of anticoagulant therapy were
centrifuged and stored at — 80 °C. Subsequently, plasma
samples were analyzed for routine parameters such as CRP
and ferritin concentrations; prothrombin time (PT) and
activated partial thromboplastin time (APTT), aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
gamma-glutamyltransferase (GGT), as well as lactate
dehydrogenase (LDH), hemoglobin concentration, total
leukocyte count, platelet count, as well as whole blood
platelet-to-lymphocyte ratio. Non-routine studies included
analysis of platelet-poor plasma for von Willebrand factor
antigen (VWF:Ag), ADAMTS-13 antigen (ADAMTS-13:Ag),
ADAMTS-13 activity (ADAMTS-13:Ac), ADAMTS-13

inhibitor (ADAMTS-13:i) concentration using commercial
TECHNOZYM® test kits (Technoclone Herstellung von
Diagnostika und Arzneimitteln Gmb, Vienna, Austria).
The reference normative ranges for these indicators,
according to the manufacturer's recommendations, are:
0.41-1.41 1U/ml for ADAMTS-13:Ag; 0.4-1.3 1U/ml for
ADAMTS-13:Ac; less than 15 U/ml for ADAMTS-13:i; 0.5-
1.5 IU/mL (50-150 %) for WF:Ag.

The MPO antigen (MPO:Ag) was quantified by ELISA
by using a commercial kit (Hycult Biotech, Netherlands).
According to the manufacturer, the normative reference
range for MPO:Ag is 2.56 + 0.33 ng/ml.

D-dimer was determined using the TechnoLEIA kit
(Technoclone, Austria). According to the manufacturer's
recommendations, the normative reference range is
less than < 250 ng/ml. Despite the manufacturer's
recommendations for normative reference values, the
results obtained in patients were also compared with
those obtained in the control group.

Ethical aspects / 3Tuyeckue acnekTbl

The study was conducted under the Helsinki Declaration
of Ethics in Human Research and was also approved by
Ethics Committee at Vorokhobov City Clinical Hospital
No 67, protocol Ne 14 dated of 06.09.2021.

Statistical analysis / CtatucTu4eckuin aHanu3

Data from the patients admitted to the ICU underwent
statistical analysis. Two disease outcomes were
assessed: lethal outcome or discharge/transfer to another
department. The duration of stay at the ICU was used as
the time frame for survivors.

At stage 1, one-parametric data analysis was used.
The optimal threshold was determined; the approach of
searching for the optimal splitting variable in decision trees
was used. The minimum p-value for the log-rank statistics
from the survival time (staying in the ICU) was used as
a splitting criterion, censoring by ICU discharge. Thus, a
threshold was chosen that led to statistically significantly
different survival functions in the two resulting samples.

After choosing a threshold for all indicators, contin-
gency tables were built, and odds ratio (OR) and relative
risk (RR) were calculated for each parameter. The p-value
of the Cochran-Mantel-Haenszel statistics was used to
assess the significance level.

For all the parameters studied, a one-dimensional
regression was built, a point estimate of the regression
coefficient and its standard error were obtained as well
as relevant significance level, was estimated using the
p-value of the Wald test.

m http://www.gynecology.su
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To assess each variable to predict lethal outcome, a
concordant statistical method (c-statistics) was carried
out with the construction of the ROC (receiver operating
characteristic) curve and the ROC index or area under curve
(AUC) was calculated further evaluated nonparametrically.

Spearman's rank correlation was used to assess inter-
parameter correlation.

Separately, the most critical parameters — ADAMTS-
13:Ag, ADAMTS-13:Ac, ADAMTS-13:i, vWF:Ag, and
MPO:Ag were compared with a control group containing
40 healthy subjects. Univariate ANOVA with the Kruskal-
Wallis test and univariate nonparametric ANOVA based
on the Wilcoxon rank test allowed to test hypotheses
about the coincidence of means and rank mean in the
control and patient groups, and Boxplot plots were
constructed with the ability to compare distributions
on the baseline scale of parameter values and the rank
scale. The main comparison tools were Boxplot charts
showing the spread of values in groups and p-values for
the corresponding statistics: Fisher statistics for ANOVA
analysis and Wilcoxon for nonparametric analysis
of means. The comparison result was considered
significant at p < 0.05.

A comparison was also carried out for empirical
distribution functions, showing a significant difference in
distributions between the control and patient groups.

At stage 2, a multivariate logistic regression analysis
was used to assess the prognostic significance of each
factor studied. The multivariate logistic model included
potential  death-associated  biological  parameters
(significance level p < 0.20). With a strong correlation of
two variables (Pearson's correlation coefficient > 0.80),
only one was retained according to the feasibility criteria.
Informative parameters were selected using the inverse
regression method. Parameters with p < 0.10 were
included in the final multivariate model.

The most significant coefficients obtained from
the inverse regression analysis were used to create a
simplified mortality rate at the final stage of the statistical
analysis.

The validity of this analysis was also tested using
concordant statistics.

The use of the Yuoden index allowed to select the
optimal parameters with the best ability to predict lethal
outcome and assess sensitivity, specificity, positive
predictive value (PPV), positive likelihood ratio (LR+),
negative predictive value (NPV), as well as negative
likelihood ratio (LR-).

The resulting simplified mortality rate allowed to further
analyze survival using the Kaplan—-Meier method. All

survival periods were calculated from the ICU admission
to the time of in-hospital lethal outcome (censored data).
A log-rank test was used to compare survival curves
between patients with a simplified mortality rate above or
below the median.

Statistical analysis was performed using StatView®-
windows software v.5.0 (SAS Institute Inc., USA) and
XLSTAT® software v.2015.4.01.20116 (Addinsoft SARL,
France).

Results / Pe3yasTaThI

Epidemiological data analyzed patient age, gender, and
comorbidities (Table 1). The total hospital stay ranged
from 5 to 80 days (except 1 patient who stayed at hospital
for 108 days). The majority of patients (n = 70) died 13
days after admission to the hospital.

We evaluated laboratory markers of hemostasis and
inflammation as potential diagnostic, prognostic, and
control markers and predictors of lethal outcome in ICU
patients with severe COVID-19 requiring mechanical
ventilation. After a single parameter logistic regression
analysis, parameters with p < 0.20 were identified
(Table 2). Next, the optimal threshold values for each
biological variable were set. The point estimate of the
regression coefficient and its standard error, the p-value
of the Wilde statistic, the odds ratio/relative risks, and the
ROC index were also determined.

ROC curve analysis / AHanu3 ROC-KpuBbIx

The results of analyzing ROC curves and AUC (Table 2,
Fig. 1), showed a strong correlation between the disease
outcome and the following parameters such as vVWF:Ag,
ADAMTS-13:Ac, ADAMTS-13:Ag, MPO:Ag, D-dimer,
ferritin, PLT/LYM ratio, ADAMTS-13:Ac/VWF:Ag and
ADAMTS-13:Ag/VWF:Ac. The ROC curves for the variables
that were further used for multivariate analysis were also
calculated (Fig. 1).

A particular attention was addressed to altered
ADAMTS-13/vWF-axis as a potential prognostic factor for
ICU non-survivors. Analysis of the ROC curves showed
the best correlation between the disease outcome and von
Willebrand factor, ADAMTS-13 activity, and the ADAMTS-
13:Ac/VWF:Ag ratio (Fig. 1). The ADAMTS-13 inhibitor
ROC curve analysis showed no correlation between
ADAMTS-13:i levels and outcomes.

Among the all parameters evaluated, MPQ concentration
showed the highest correlation with lethal outcome in
patients with severe COVID-19, comparable to vVWF:Ag, in
contrast to other markers of inflammation (ferritin, CRP).
An inverse regression analysis revealed a statistically
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Table 1. Epidemiological data for 129 COVID-19 patients admitted to the intensive care unit.

Tabnuua 1. 3nnaeMnonornyeckne JaHHble rOCAMTANN3NPOBAHHbIX B OTAENEHNE peaHUMaLmmn 1 uHTeHcuBHOM Tepanui 129 COVID-19 nauneHTos.

Parameter Non-survivors Survivors
Mapametp HeBbiXuBLUKE BbixuBLune
(n=93) (n =36)
n (%) n (%)
Age / BospacT:
18-30 years / 18-30 net 2(2.2) 2 (5.6)
30-50 years / 30-50 net 11 (11.8) 8(22.2)
50-70 years / 50-70 net 47 (47.3) 17 (47.2)
>70years/>70 net 36 (38.7) 9 (25.0)
Females / XKeHckuii non 55 (59.1) 17 (47.2)
Males / Myxckoit non 38 (40.9) 19 (52.8)
Diabetes mellitus / CaxapHbiii gna6et 25 (26.9) 10 (27.8)
Arterial hypertension / ApTepuansHas runepTeHsus 51 (54.8) 16 (44.4)
Pulmonary hypertension / JleroqHas runepreHaus 35 (37.6) 6 (16.7)
Ischaemic heart disease / Vlluemunyeckas 601e3Hb cepaLa 52 (55.9) 19 (52.8)
Malignancies / 3noka4ecTBeHHble 3260/1€BaHMS 5(16.1) 2 (5.6)
Obesity / Oxupenne 3(14.0) 6 (16.7)
Venous thromboses / BeH03HbIe TPOMO03bI 9(9.7) 3(8.3)
Arterial thromboses / AptepuanbHble TPOMO03bI 0(10.8) 4(11.1)
Mental iliness / [Mcuxuarpuyeckue 3abonesaqus 2 (12.9) 5(13.9)
Autoimmune diseases / AyTouMMYyHHble 3a60/1eBaHus 0(10.8) 3(8.3)
Liver diseases / 3a60neBaHus neveHn 8 (8.6) 2 (5.6)
Renal diseases / 3a6oneBaHus noyek 9(9.7) 1(2.8)
Table 2. A summarized table with threshold values and all parameter data.
Tabnuua 2. CBoaHas TabnuLa ¢ NoporoBbIMM 3HAYEHUAMIA 1 pe3ynbTaTaMi NS BCEX NEePEMEHHbIX.
Parameter Total patient | Cut-off level Non- Cochran- Odds ratio | Relative risk | ROC index | Wald
number with survivors Mantel- test
optimal Haenszel
cut-off level test
Mapametp O6wee Mopor Cochran- | OtHowenue | OTHocutenb- | ROC-uHpeke | Yanba-
KON-BO Nauu- | OTCEYKM HeBbkuB- Mantel- LIAHCOB HbIN Tect
EHTOB C wue Haenszel puck
onTUManb- TecT
HbIM NOpo- p p
roM OTCEYKM
cut-off
vWF:Ag, U/ml
VWFAg. Eg/mn 91 >2,1 80 0,0000 13,986 5,4426 0,769 0,0000
ADAMTS-13:Ac, U/ml
ADAMTS-13-Ac. Eg/mn 98 > 0,31 66 0,0333 0,3056 0,3952 0,611 0,0718
ADAMTS-13:Ag, U/ml
ADAMTS-13:Ag. Eg/mn 85 > 0,273 56 0,0295 0,3653 0,4663 0,604 0,0649
ADAMTS-13:i, U/ml
ADAMTS-13+1. Eg/mn 49 >9,38 38 0,2813 1,5702 1,3920 0,512 0,8393
MPQ:Ag, ng/ml
MMO-Ar, Hr/Mn 33 >34 27 0,0002 7,0000 3,3478 0,809 0,0003
D-dimer, ng/ml
D-nuMep, Hr/mn 41 > 2260 38 0,0004 7,4643 5,0674 0,710 0,0415
C-reactive protein, mg/I
C-DeaKTUBHbIit GEnoK, MI/N 25 > 235 21 0,4078 1,6154 1,4706 0,534 0,4352
Ferritin, pg/l
DEppUTHH, MKT/N 57 > 950 51 0,0041 3,8387 2,9556 0,617 0,4261
PLT /LYM 73 > 268 62 0,0317 2,3209 1,9356 0,606 0,1500
ADAMTS-13:Ac/VWF:Ag 44 > 0,223 20 0,0000 0,1370 0,2588 0,740 0,0136
ADAMTS-13:Ag/VWF:Ac 88 >0,113 56 0,0018 0,1892 0,2683 0,717 0,0433
http://www.gynecology.su
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significant association between D-dimer levels and very
poor survival.

Patient vs. control group comparison / CpaBHeHue
C KOHTPONbHOWN rpynnoi

The most essential parameters ADAMTS-13:Ag,
ADAMTS-13:Ac, ADAMTS-13:i, vWF:Ag, and MPO:Ag
were compared with a control group by using univariate
ANOVA and rank-based univariate non-parametric
ANQVA Wilcoxon test for non-parametric mean analysis.
The constructed Boxplot charts (Fig. 2) compared
the parameter distribution on the baseline scale. The
rank scale in the control and patient groups showed a
significant difference in these values.

Kaplan-Meier survival curve analysis / AHanu3 KpuBbIX
BbixuBaemocTu Kannana-Meiiepa

Taking into consideration the splitting thresholds
obtained (Table 2), Kaplan—Meier survival curves were
constructed (Fig. 3).

The Kaplan-Meier survival curves demonstrate the
threshold-dependent nature of the correlation level for
parameters selected. An analysis of the Kaplan—-Meier
survival curve for vWF (Fig. 3) showed that the samples
with a threshold value > 2.1 (highlighted in red), the curve
is located much lower that significantly differed from
the samples with unmet threshold condition (VWF < 2.1,
highlighted in blue), which indicates that the survival
probability for at least day 20 of hospitalization in group 1
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(VWWF > 2.1) vs. group 2 is almost 3-fold lower. The higher
the VWF level, the higher the chance of lethal outcome.

Analysis of Kaplan-Meier survival curves for
ADAMTS-13 activity showed that at a threshold > 0.31
(highlighted in red, Fig. 3), the curve is located higher
that significantly differed from the sample with unmet
threshold level (highlighted in blue, Fig. 3). Thus, the
higher ADAMTS-13:Ac (> 0.31) level, the higher the
chances of survival.

At the same time, no relation between survival and
either discretized or continuous values of ADAMTS-13
antigen and ADAMTS-13 inhibitor level was found (Fig. 3).

An analysis of the Kaplan—Meier survival curves for
the ADAMTS-13:Ac/vWF:Ag ratio showed that at a cut-off
threshold of > 0.223 (highlighted in red), the curve is
located higher that significantly differed from the sample
with unmet threshold condition (highlighted in blue,
Fig. 3). Hence, the higher ADAMTS-13:Ac/VWF:Ag ratio
(> 0.223), the higher the chance of survival.

At splitting threshold of > 0.113 for the ADAMTS-
13:Ag/VWF:Ag parameter (highlighted in red), the curve
is observed higher that significantly differed from the
sample with unmet threshold condition (highlighted in
blue, Fig. 3). Therefore, the higher the ADAMTS-13:Ag/
VWF:Ag ratio (> 0.113), the higher the chance of survival.

At a splitting threshold of > 34 ng/mL for the MPO
antigen (highlighted in red), the curve is positioned much
lower that significantly differed from the sample with
unmet threshold condition (highlighted in blue, Fig. 3).
Therefore, the higher MPO (> 34 ng/ml) activity, the higher
the probability of lethal outcome.

Thus, MPO activity, vVWF:Ag, and ADAMTS:13:Ac/
vWEF:Ag ratio were both continuous and cut-off-dependent
predictors, whereas ADAMTS-13 inhibitor and CRP level
were insignificant at both cut-offs, as well as without
them. Other variables, such as D-dimer and ferritin, were
significant cut-off-dependent predictors and, at the same
time, were insignificant if they were treated as continuous
in the regression model (Table 2).

Simplified survival rate and survival estimate /
YnpoLyeHHbli NOKa3aTenb BbDKMBAEMOCTH U OLEHKa
BbDKMBAEMOCTH

After a univariate logistic regression analysis (Table 2),
from a variety of laboratory markers of hemostasis
activation and inflammation, several of them were selected
as potential predictors for in-hospital lethal outcome,
which were considered as significant risk factors for lethal
outcome. Subsequent multivariate analysis adjusted for
all variables with p < 0.20 in univariate analysis showed

that increased concentrations of parameters such as
vWF:Ag and MP0Q:Ag were conclusively and independently
associated with mortality. A "simplified mortality rate" was
calculated as follows: 1.212xvWF:Ag + 0.06xMPO:Ag.
The magnitude of this parameter was significantly higher
in ICU non-survivor vs. survivor patients (p < 0.0001)
(Table 3).

Subsequent concordant statistics method allowed to
assess the predictive power of the "simplified mortality
rate" for survival level: AUG comprised 0.851 (95 % Cl =
0.758-0.934), p < 0.0001 (Fig. 4). Using the Youden score,
the best discriminatory value was 4.46: its sensitivity for
predicting mortality was 0.800 (0.659-0.892), specificity

- 0.837 (0.696-0.921), PPV = 0.837, LR+ = 4.914, NPV
= 0.800, LR- = 0.239. This was in line with the mean
simplified mortality rate observed in patients.

Next, comparing patient survival between a "simplified
mortality rate" above its median value (high estimate value)
and a simplified mortality estimate value below the median
value (low estimate value) (Fig. 5) revealed that patients
with a mortality rate above 4.46 had a significantly lower
overall survival than patients with a simplified mortality
estimate below 4.46 (log-rank test: p < 0.0001), 50 % of
them died on day 13 post-hospitalization.

Discussion / O6cykeHue

From the beginning of the COVID-19 pandemic, the
medical publications have been literally flooded with
reports about COVID-19. Of these, more than 3,000
publications are related solely to issues of hemostasis
disorders and thrombosis. A substantial portion of
them is presented by reviews or described clinical
cases. Decompensated systemic inflammatory response
syndrome and thrombotic disorders (including micro
thrombosis and thrombotic microangiopathy) are now
recognized as underlying pathological processes in severe
COVID-19. The terms thromboinflammation, endothelial
dysfunction, and immunothrombosis have increasingly
mentioned in the literature concerning COVID-19 [9, 13,
14]. Therefore, the role of the ADAMTS-13/VWF axis and
various inflammatory markers in the pathogenesis of
SARS-CoV-2-infection is being actively studied. We found
more than 20 studies focusing on the role of the von
Willebrand factor and ADAMTS-13, and even fewer studies
examining multiple factors simultaneously, including
markers of netosis, with a limited number of patients
enrolled and often presenting controversial results [15-
17]. One of the central issues of the present investigation
was to study the pathogenetic role and prognostic value of
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Figure 3. Kaplan-Meier survival curve analysis. Comparing survival
function (with 95 % Cl) for patient groups (values above and below the
threshold are highlighted in red and blue, respectively): 3.1. according to
von Willebrand factor (vWF:Ag) level, at threshold 2.1 U/ml; 3.2. according
to ADAMTS-13:Ac activity-to-von Willebrand factor (ADAMTS-13:Ac/
vWF:Ag) ratio, at threshold 0.223; 3.3. according to myeloperoxidase
(MPO:Aqg) level, at threshold 34 ng/ml; 3.4. according to ADAMTS-13:Ag
antigen level, at threshold 0.273 U/ml; 3.5. according to ADAMTS-13:Ac
activity level, at threshold 0.31 U/ml; 3.6. according to ADAMTS-13:i
inhibitor level, at threshold 9.3 U/ml; 3.7. according to D-dimer level,

Log-rank p < 0.000

D-dimer / D-gumep < 2260

. . ll
at threshold 2260 ng/ml. D_ﬂamde'[)"irz/m =
PucyHok 3. AHanna KpusbIx BbXUBaemocTn KannaHa-Meliepa. 0.0+— T — : :
CpaBHeHwe (hyHKUWiA BbKMBaeMOCTH (€ 95 % [1) ans rpynn naumeHTo 0 20 o 40 60 80
C pa3/ieNeHunem o NoporoBoMy 3Ha4eHHo (60MbLLE NOPOra — KPACHBIN, 37 Days until discharge or death /
MeHbLLE — CUHWiA): 3.1. 10 YPOBHIO chakTopa o BunneGpanga (VWF:Ag) H1eno AHe A0 BLINWCKM UK CMEPTH
C pasaeneH1em o noporosomy sHadeHuio 2,1 Ea/mn; 3.2. no oTHoLeHW0  PasaeneHnem no noporosomy 3Hadenuio 0,273 Eg/mn; 3.5. no yposHto
aktueHocT ADAMTS-13:Ac k chakTopy o BunnebpaHga (ADAMTS- akTueHocTM ADAMTS-13:Ac ¢ pasgeneHnem no noporoBOMy 3Ha4YeHU0

13:Ac/VWF:Ag) ¢ paszenexnem no noporoBomy avasenmio 0,223: 3.3.no 0,31 Ea/mn; 3.6. no yposHio ukrunéutopa ADAMTS-13:i ¢ paspenenuem
ypoBHI0 Muenonepokciaassl (MMNO:Ag) ¢ pasaeneHiem no noporosomy N0 NoporoBomy 3Haderuto 9,3 Ef/mn; 3.7. no yposHio D-aumepa ¢
3Ha4eHnIo 34 Hr/mn; 3.4. no ypoBHIo aHTureHa ADAMTS-13:Ag ¢ pas/iesieHnem no NoporoBoMy 3HaveHuto 2260 Hr/mn.
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Figure 4. ROC curve for association between simplified mortality
score calculated as 1.212x(vWF:Ag, 1U/ml) + 0.06x(MPQ:Ag,
ng/ml) and in-hospital mortality rate.

Note: PPV — positive predictive value; NPV — negative predictive value;
AUC - area under curve, the black arrow points to the calculated Youden
coefficient (simplified mortality score): a score above 4.46 is associated
with poor survival.

PucyHok 4. ROC-kpuBas ans accoupnauni 3Ha4eHui ynpoLLeHHOIA
OLIEHKM CMEPTHOCTK, paccynTaHHon Kak 1,212x(VWF:Ag, ME/mn) +
0,06%(MIO:Ar, Hr/mMn), C BHYTPUOONbHNYHOI CMEPTHOCTBHO.

Tpumeyanne: PPV — T0YHOCTb MO0XNTESIbHOIO NIPOrHo3a
knaccngpnkauum, NPV — TOYHOCTb 0TpuULaTENIbHOO NPorHo3a
knaccucpnkaymm; AUC — nnowyase nog KpuBOI; 4epHast CTPESIKA ykasblBaeT
Ha paccYnTaHHbIii KOaghuumeHT f0geHa (ynpoLLeHHbIN nokKasaTesb
CMEPTHOCTN). 3HA4YEHNe M0Ka3aTesns Bbille 4,46 accoynnupyercs ¢ HU3Kou
BbIKMBAEMOCTbIO.

circulating blood markers linked to endothelial activation
and damage owing to recruitment and stimulation of
innate immunity cells particularly myeloid cells assessing
a role of vWF and ADAMTS-13 for endothelium as well as
MPO for circulating myeloid cells.

The results of our study show that laboratory parameters
suchasvWF:Ag, ADAMTS-13:Ac, ADAMTS-13:Ag, MPO:Ag,
D-dimer, ferritin, PLT/LYM ratio, ADAMTS-13:Ac/VWF:Ag
as well as ADAMTS-13:Ag/VWF:Ac ratios significantly
correlate with ICU hospitalized non-survivors during
severe COVID-19 that also reflects the pathogenetic role
of inflammation and hemostasis disorders particularly the
ADAMTS-13/vWF-axis and granulocyte activation with the
released enzymes including myeloperoxidase. Along with
neutrophil elastase (NE), MPO is also an important trigger
for NETs formation resulting in destruction of intracellular
proteins and the formation of reactive oxygen species as
well as free radicals damaging the host endothelium [18].

In the control group of healthy volunteers, the
magnitude for the selected laboratory parameters

significantly differed from those in the patient group and
exceeded no reference ranges (Fig. 2).

ADAMTS-13 deficiency and disorders of ADAMTS-13/
vWEF-axis during systemic inflammatory response include
the activation of endothelium-secreted vVWF multimers
due to pro-inflammatory cytokines and consumption of
ADAMTS-13 metalloproteinase, inhibition of ADAMTS-13
transcription, and its directly blocked activity. ADAMTS-13
deficiency has been shown to correlate with outcomes in
patients with sepsis and multiple organ failure [19].

Thrombotic thrombocytopenic purpura and thrombotic
microangiopathy in the absence of inflammation
may be due to congenital ADAMTS-13 deficiency or,
more commonly, ADAMTS-13 inhibitor (antibodies to
ADAMTS-13) deficiency. Despite profoundly altered
immunity and immunothrombosis typical to COVID-19,
our study revealed no correlation between ADAMTS-13
inhibitor level and patient survival (Fig. 2). As a laboratory
marker of inflammation, CRP also showed insignificant
correlation with survival.

Analysis of the Kaplan-Meier survival curves
demonstrates the threshold-dependent nature for the
correlation between the parameters selected in the one-
dimensional analysis (Fig. 3). Cut-off threshold exerted
no effect on significant relation between ADAMTS-13
inhibitor or CRP level and survival.

Currently, a predictive value for D-dimer level as an
unfavorable marker of survival is controversial. Our data
are partly consistent with the ISTH (International Society
on Thrombosis and Haemostasis) recommendations
[20], wherein a high D-dimer level is recognized as an

1 4
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Figure 5. A cumulative survival for COVID-19 patients with high (O)
and low (e) mortality score; N — number of survivors.
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Table 3. Multivariate analysis for comparing laboratory parameter-based survival predictors.

Ta6bnuua 3. Pe3ynbratbl MyNbTUBAPMAHTHOIO aHann3a NPeAnKTOPOB BbDKMBAHUS CPeAN N1abopaTopHbIX NapaMeTpoB.

Parameter M+ SD Adjusted OR (95 % CI)*

lMoka3zarenb B CkoppextupoBanHoe OLU (95 % JW)* p
vWF:Ag, IU/ml / vWF:Ag, ME/mn 1,212 + 0,391 3,360 (1,562-7,228) 0,0019
MPO:Ag, ng/ml / MINO:Ar, Hr/mn 0,060 + 0,018 1,062 (1,024-1,101) 0,0011

Note: OR - odds ratio; *adjusted for all laboratory parameters at p < 0.20 in univariate analysis.

lpumeyanne: OLL — 0THOLLEHME LLIAHCOB; * ¢ N0NPaBKOV Ha BCe 1ab0paTopHbIe nokasaream npu p < 0,20 npu 04HOGHAKTOPHOM aHAU3e.

unfavorable prognostic factor in COVID-19 patients.
According to our data, a threshold-dependent effect of
D-dimer (9-fold higher than normal reference range) on
the survival of ICU patients was found indeed, but this
marker is not an independent risk factor for lethal outcome.

One of the main objectives of our study was to find
independent prognostic markers for survival of patients
with severe COVID-19.

Fromthe entire spectrum of possible predictor candidates,
only MPO and vWF:Ag remained independent predictors of
lethal outcome in the multivariate survival model. Evaluation
of MPO concentration resulted in the disappearance of
markers associated with ADAMTS-13. Thus, it can be
concluded that in severe COVID-19, pathological activation
of myeloid cells with degranulation and release of enzymes
into the bloodstream (MPO, neutrophil elastase), NETs
formation, and severe damage to the endothelium are of
greater importance. An increase in von Willebrand factor
antigen level is the second independent predictor of lethal
outcome. At the same time, the role for ADAMTS-13 as an
independent predictor of adverse outcomes is eliminated,
because the intensity of the released high-molecular von
Willebrand factor in endothelial damage exceeds the
regulatory potential of ADAMTS-13 molecules (depletion
by the consumption of ADAMTS-13) and puts ADAMTS-13
into the category of dependent factors.

Study strength / CunbHble cTOPOHLI UCCNE0BaHUS
For the first time, it was discovered that:
—measuring serum MPO is of prognostic value in patients
with severe COVID-19 requiring mechanical ventilation;

— MPO and vWF:Ag concentrations are independent
predictors of lethal outcome in intubated patients with
severe COVID-19.

Study limitations / OrpaHuyenus uccnepgoBanus

The study was carried out as monocentric and
retrospective.

No role for vWF-related activities such as vVWF:RCo
and vWF high molecular weight multimers, which could
potentially serve as better predictors of clinical outcomes,
has been studied.

Prospects for further investigation / MepcnekTusbl
AanbHEALWnX uccefoBaHuil

Conducting a prospective, multicenter, blinded study
with a large number of participants.

The study of the role for pro-inflammatory cytokines
and assessment of their relationship with vWF and MPO.

Conclusion / 3akioueHne

Our study showed that high serum concentrations
of MPO:Ag and vWF:Ag were independent predictors of
poor survival in patients with severe COVID-19 admitted
to the ICU for mechanical ventilation. Further prospective
multicentre studies are necessary to confirm such findings.
In case our data might be confirmed in a multicenter
prospective study, it could open up new opportunities
for treating patients with severe COVID-19 with inhibitors
targeting von Willebrand factor activity, granulocytes,
and MPO.

m http://www.gynecology.su
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