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Abstract

After the vaccination campaign initiation in Europe and the UK, reports of rare cases of atypical thrombosis, including sinus vein
thrombosis and splanchnic venous thrombosis, began to appear in association with the use of AstraZeneca (ChAdOx1) and
J&J/Janssen adenovirus vector vaccines. The syndrome called VITT (vaccine-induced immune thrombotic thrombocytopenia) is
manifested as thrombosis simultaneously with decreased platelet count, significantly increased D-dimer levels and detected anti-
factor 4 platelet (PF4) antibodies. We present a detailed review on the epidemiology, pathogenesis, clinical picture, diagnostics and
treatment of VITT, which by its nature is an immune complication similar to the processes occurring in heparin-induced
thrombocytopenia (HIT). All international and national organizations and regulatory authorities, including experts in the field of
thrombosis and hemostasis and the VITT expert council recommend continuing the prompt mass vaccination against COVID-19
as the only method able to reduce the incidence of severe cases, stop the spread of COVID-19 infection and emergence of new
dangerous mutations in the viral genome. Failure to vaccinate poses an incomparably greater risk of fatal thrombotic and
inflammatory complications associated with infections, compared with the risks of extremely rare adverse events that can occur
after vaccination. It should be noted that information on VITT, described as a sporadic phenomenon of abnormal immune response
to some variants of vaccines against COVID-19, cannot be translated to other vaccines (including those registered in the Russian
Federation) and, moreover, cannot be a reason to refuse their administration.

Keywords: vaccine-induced immune thrombotic thrombocytopenia, VITT, thrombosis, coronavirus, SARS-CoV-2, COVID-19,
heparin-induced thrombocytopenia, HIT, vaccination
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Pestome

lMocne 3anycka MaccoBoil BaKLMHaLuy B EBpone 1 Bennko6bputaHum ctanu nosBAATLCA COOOLLEHNSA O PEAKUX Cryvasx TpOMOO-
30B aTMNUYHBIX IOKANM3aunil, BKKOYasa TPOMG03bI CUHYCOB FOSI0BHOr0 MO3ra 1 BUCLLEPATIbHbIX BEH, CBA3AHHbIX C NPUMEHEHEM
afleHOBMPYCHbIX BEKTOPHbIX BakKuuH AstraZeneca (ChAdOx1) u J&J/Janssen. Cunppom, koTopblit nony4un HassaHue VITT (aHrm.
vaccine induced immune thrombotic thrombocytopenia) — BakLUH-1HAYLMPOBAHHAA UMMYHHAA TPOMBOTUYECKas TPOMOOLNTO-
NeHNUs, CONPOBOXKAAETCA CHDKEHMEM KOMWUYeCTBA TPOMOOLMTOB, 3HAYNTESIbHbIM MOBbILLEHWEM YPOBHS [I-AumMepa W BblsBIe-
HUEM aHTUTEn K TpombouuTapHomy daktopy 4. B cratbe npefcTasnieH AeTanbHblil 0630p BONPOCOB 3NMAEMUONOrM, paccMo-
TPEeHbl KIMHWUYECKIE CUMMTOMbI, NaTOreHes, METOAbl AWArHoCTUKM W nedenus VITT, koTopas no CBOeW Npupone ABNSeTcs
VMMYHHbIM OCNOXHEHNEM, NOA06HbLIM renapuH-mHAyLupoBaHHon TpombouutoneHun (TAT). B HacTosLLee BpeMS BCe MexXayHa-
POLHbIE U HALMOHAIbHbIE PEryNATOPHbIE OPraHM3auni, COO6LLECTBA FreMaToNIoroB, BKIKYAs CreLnabHy IKCNEePTHYIO KOMUC-
cuio no VITT, pekoMeHAYHT NpOA0SIKeHe CKOpenLwern MaccoBOM BakumHauuu npotue COVID-19 kak eJMHCTBEHHOr0 METOAa,
KOTOPbI CNOCO6EH CHU3UTL 4aCTOTY TAXKENbIX CIy4aeB MH(DEKLMN, OCTAHOBUTbL €€ PACNPOCTPAHEHIE 1 NOSBIIEHME HOBbIX Onac-
HbIX MyTaLui B BUPYCHOM reHome. OTKas 0T BaKLMHALMYN FPO3UT HECPABHUMO BANbLIMM PUCKOM CMEPTENbHbIX TPOMBOTUYECKIX
11 BOCNAJIUTENbHbIX OCMOXHEHWIA, CBA3AHHBIX C MH(DEKLIMIA, MO CPABHEHUIO C PUCKAMU KPANHE PELKUX HEXeNaTenbHbIX SBIEHUNA,
KOTOPbIe MOTYT BO3HUKHYTb nocne BakuuHauuum. VHdopmauma no VITT, onucaHHON B Ka4ecTBe KpaHe pefko BO3HUKAKLLEro
(heHOMeHa aHOManbHO UMMYHHOI peakL Ha HEKOTOPbIe BapuaHTbl BakLnH npoTus COVID-19, He MOXeET TpaHCIMpoBaThCA Ha
Lpyrue BakLUnHbl (B 4aCTHOCTW, 0J006peHHbIe B Poccuiickoin defepaunn) n tem 601ee He MOXXET ObiTb MPUYUHON ANs 0TKa3a B
UX NCNONb30BAHMN.

KnioueBble cnoBa: BakLMH-MHAYLMPOBAHHAA TpOMBOTMYecKas Tpomboumtonenus, VITT, Tpom603, KopoHasupyc, SARS-CoV-2,
COVID-19, renapuH-uHayuupoBaHHas Tpomooumutonenus, MNT, BakumHaums
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What is already known about this subject?

» After the vaccination campaign initiation with AstraZeneca
(ChAdOx1) and J&J/Janssen adenovirus vector vaccines, the
reports on rare cases of thrombosis began to emerge that
attracted a strict attention of the regulatory authorities and
elicited a vigorous public response.

» The syndrome being fully clinically dissimilar to the “classic”
thrombosis was called VITT — a vaccine-induced immune
thrombotic thrombocytopenia.

» VITT manifests as atypically localized thrombosis, including
sinus vein thrombosis and splanchnic venous thrombosis
accompanied with decreased platelet count, markedly
increased D-dimer levels and detected anti-factor 4 platelet
antibodies.

What are the new findings?

» We present a detailed review on incidence rate for the VITT
after using diverse COVID-19 vaccines.

» We present a comprehensive review on clinical symptoms,
pathogenesis, diagnostics and treatment of the VITT.

» We outlined a current position of regulatory authorities and
medical professional communities on assessing benefit and
risk balance related to vaccination.

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

» Understanding the pathogenesis and clinical picture of VITT
will allow medical workers to be alert about this extremely rare
adverse event and provide prompt examinations and optimal
treatment for patients with suspected VITT.

» We believe that the most relevant information on VITT
presented here would become an additional argument in favor
of urgent vaccination clearly demonstrating that refusal to
vaccinate poses an incomparably greater risk of fatal
thrombotic  complications associated with  COVID-19,
compared with the risks of extremely rare adverse events that
may occur after vaccination.

Introduction / BBegenue

According to World Health Organization (WHO), at the
beginning of September 2021, more than 221 million
confirmed cases of COVID-19 including more than 4.5
million deaths were registered [1], whereas in Russia
there were reported more than 7 million cases and
more than 200 thousand deaths according to official
Russian statistics [2]. Despite the lock-downs and strict

OCHOBHbIE MOMEHTbI

Y10 yXe u3BecTHo 06 aToi Teme?

» [locne 3anycka MacCOBOW BakLMHAUWW aLeHOBWUPYCHBIMY
BEKTOPHbIMYU  BakuMHamu  AstraZeneca (ChAdOx1) u
J&J/Janssen cranum nosBNATLCA COOOLUEHWS O penkux
cnyyasx TpOM6030B, YTO NOTPE6OBAN0 NPUCTANILHOIO BHUMA-
HUA CO CTOPOHbI KOHTPONUPYIOLLMX OPraHoB W BbI3BANO
OYPHbIA 06LLECTBEHHbI PE30HAHC.

» CYHAPOM, KOTOpbIiA MO CBOWM KIMHUYECKUM MPOSIBEHUSM
A6COJIOTHO He MOX0X Ha «KNACCU4ecKUn» TpomM603, Mony4us
HassaHue VITT (aHrn. vaccine induced immune thrombotic
thrombocytopenia) — BakUMH-UHAYLMPOBAHHAA WUMMYHHast
TpOM60TMYECKAS TPOMOOLUTONEHNS.

» VITT nposBnserca TPOMO03aMu aTUMUYHBIX NOKanu3auui,
BK/t04as TPOM6O3bI CUHYCOB FONOBHOr0 MO3ra 1 BUCLiepab-
HbIX BEH, 1 CONPOBOX/AETCA TPOMOOLUTONEHMEN, 3HAYNTENb-
HbIM MOBbILLIEHNEM YPOBHA [-Aumepa W LMPKYNAUNER aHTu-
Ten K TpombouuTapHomy dhakTopy 4.

Y10 HOBOrO AaeT cTaThA?

» B cTatbe npejcTaBneH AeTanbHbI 0630p N0 YacTOTe BO3HMK-
HoBeHusa VITT npu MCnonb30BaHMN PasHbIX BakLWH NPOTUB
COVID-19.

» PaccMOTPEHbI KNUHUYECKUE CUMMTOMbI, NaTOreHe3, MeToAbl
JMarHocTukm n neveHns VITT.

» [lpencTaBneHa Mo3uLMS  KOHTPONMPYIOWNX OPraHoB K
npoeccuoHanbHbIX COOBLLECTB MO COOTHOLLEHNHO MONb3bI 1
prcKa BakKLMHALAN.

Kak 3aTto MOXeT NoBNMATb Ha KIIMHUYECKYH) NPAKTHKY
B 0603pumom byaywem?

» 3HaHWe natoreHesa U KNWHUYECKOW KapTuHbl VITT nossonut
MEAMLMHCKAM paboTHWKaM MpOSBUTb HACTOPOXXEHHOCTb B
OTHOLLIEHWN 3TOr0 04€Hb PEAKOr0 HEXEeNaTenbHOro SBMeHNs 1
00€ecneynTb TakMM MauMeHTam CKOPEMLUYt AWarHOCTUKY W
ONTUMAITbHYHO TaKTUKY JIEYEHNS.

» Mbl Hageemcs, 4TO npeAcTaBieHHas uHopmaums no VITT
SBNAETCA AOMOSHUTENbHBIM APryMEHTOM B MOMb3Yy CKOPeu-
LLeid BaKLMHALMM W HAMNAOHO [EMOHCTPUPYET, YTO 0TKa3 OT
BaKLMHALMA FPO3UT HECPaBHUMO 6GONbLUINM PUCKOM CMep-
TeNIbHbIX TPOMOOTUYECKNX 1 BOCMANUTESNIbHBIX OCNOXXHEHWNIA
M0 CPaBHEHWIO C puUCKamMu KpaiHe PeaKuX HeXXenaTesibHbIX
SIBNEHNI NOCNe BaKLMHALAN.

hygienic measures in different countries, the pandemic
continues to claim lives and spread economic, social
and psychological consequences. Vaccination is the
only way to limit viral transmission, reducing disease
severity and controlling the pandemic. According to the
WHO, 185 vaccines are currently being in the preclinical
phase, 114 vaccines in clinical trials, and 19 of them
undergoing the WHO Emergency Use Listing (EUL) and
prequalification process (PQ) that has been completed

m http://www.gynecology.su



Akinshina S.V., Bitsadze V.0., Khizroeva J.Kh., Grigorieva K.N., Slukhanchuk E.V., Tretyakova M.V.,
Tsibizova V.1., Elalamy 1., Gris J.-C., Brenner B., Grandone E., Ay C., Makatsariya A.D.

for 11 vaccines [3]. Currently, more than 5 billion doses
of vaccines have been injected worldwide [1].

After the vaccination campaign initiation in Europe
and the UK, the reports on rare cases of severe atypical
thrombosis, including cerebral sinus vein thrombosis,
splanchnic venous thrombosis and other severe immune
reactions, including immune thrombocytopenia and
thrombotic microangiopathy, began to emerge related
to the use of AstraZeneca (ChAdOx1) and J&J/Janssen
vector vaccines. The syndrome occurred 4-22 days after
thefirstdose ofthe vaccine wasinoculated and manifested
as thrombosis simultaneously with decreased platelet
count and markedly increased D-dimer levels [4]. To
describe this phenomenon, the acronyms VITT (vaccine-
induced immune thrombotic thrombocytopenia) or
TTS (thrombosis with thrombocytopenia syndrome) —
thrombosis syndrome with thrombocytopenia have been
proposed.

Since March 2021, the use of AstraZeneca vaccine
has been halted in some countries (Denmark, Norway,
Iceland, Germany). However, on April 7, 2021, the
EMA (European Medicines Agency) concluded that
the vaccine's benefits outweigh the risks and that the
vaccination campaign should be continued [5].

By August 25, 2021, after 24.8 million of the
first dose and 23.9 million of the second dose of the
AstraZeneca vaccine were administered, 415 cases
of thrombosis (including cerebral vein thrombosis
in 148 cases) with thrombocytopenia were recorded,
causing 72 deaths (17 %). Despite previous reports
about higher incidence of such complications in
women, they were distributed as follows: 209 cases
in women and 202 in men aged 18 to 93 years; with
6 deaths out of 72 cases were recorded after using the
second dose. The total VITT incidence was 15 cases per
million vaccine doses, with a slightly higher risk found in
young adults (20.5 cases per million doses for subjects
aged 18-49 compared to 10.9 cases per million doses
for subjects aged 50 years and older). After the second
dose, the overall incidence of VITT was 1.8 cases per
million vaccine doses, with a lower incidence in the
younger age group (0.9 cases per million doses aged
18 to 49 years versus 1.8 cases per million doses in age
50 and over). The data on the safety of using the second
dose, including young people, are encouraging. Based
on this information, the UK Medicines & Health care
products Regulatory Agency currently concludes that
the benefits from the AstraZeneca vaccine outweigh the
risks for most patients [6].

The frequency of VITT cases varies in different
geographic regions. For instance, the peak incidence of
complications was found in Norway: 1 case per 25,000
doses, whereas in Germany it was 1 per 100,000 as well
as total prevalence comprising 1 per 210,000 throughout
Europe, and 1 per 500,000 vaccine doses found in the
UK [7].

On May 7, 2021, the Joint Committee on Vaccination
and Immunization (JCVI) in the UK recommended that
people over 40 years of age had the benefits from using
the AstraZeneca vaccine that significantly outweighed
its risk, whereas for subjects under 40 and especially
under 30 years at low risk of complications from novel
coronavirus infection, it would be better to choose an
alternative vaccine only in case it would not lead to
a delay in vaccination [8]. It should be remembered
that young patients from risk groups (including patients
with cancer, cardiovascular disease, kidney disease,
obesity, diabetes mellitus, immunosuppression, etc.)
need to receive prompt protection against coronavirus
infection. The same may be applied to patients
with antiphospholipid syndrome and other patients
receiving long-term anticoagulant therapy, when novel
coronavirus infection may be associated with greater
risk of thrombosis [9].

As of August 25,2021, more than 14.2 million Johnson
& Johnson’s Janssen COVID-19 vaccine doses were
administered in the United States, with the CDC (Centers
for Disease Control and Prevention) and FDA (Food and
Drug Administration) identifying 44 confirmed cases of
thrombosis with thrombocytopenia. In most cases, the
syndrome developed in women younger than 50 years
(reaching 7 cases per 1 million doses at age under
49 years and 0.9 cases per million after 50 years old)
[10]. The CDC states that vaccination against COVID-19
is effective and safe, requiring to become vaccinated
immediately after an opportunity for this emerges [11].

Currently, VITT is considered as an extremely rare
complication that should be taken into account in the
context of COVID-19 as well as disproportionately
higher risks of complications associated with COVID-19
infection. The EMA and the WHO concluded that the
benefits from vaccination far outweigh the risks, and
the AstraZeneca and Johnson & Johnson’s Janssen
COVID-19 vaccines remain to be used without any
restrictions in many countries [12].

According to the CDC (last update 02.09.2021), mRNA
vaccines do not increase VITT risks. In particular, after
administering 346 million doses of Moderna vaccine,
only 2 cases of VITT have been confirmed in the United
States. As of August 25, 2021, there are the data on
17 cases of VITT after using the Pfizer/BioNTech vaccine
(registered in 6 women and 11 men aged 28 to 91 years,
with mortality rate 12 %) [3, 10]. Until now, no official
reports have been published on thrombotic risks and
cases of VITT associated with using the Russian vector
vaccine Sputnik V containing adenoviruses other than
those within the AstraZeneca and Johnson & Johnson’s
Janssen COVID-19 vaccines.

Attention should be paid to the risks of thrombosis
in the general population: on average, the annual
thrombosis incidence is 1-2 cases per 1,000 people,
and the incidence of cerebral vein thrombosis is
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1-2 cases per 100,000 population, whereas the
probability of thrombosis was as high as 1 per 4,600
subjects after at least the four-hour plane flight [13],
i. e. about 50-100 times higher than the risk of VITT
associated with vaccination [9].

An incredibly high risk of thrombosis accompanies
novel coronavirus infection: according to the systematic
review analyzing more than 8,000 subjects, the
overall incidence of thrombosis was 21 %, including
31 % recorded in the intensive care unit, whereas the
autopsy examination data showed that the deep vein
thrombosis and pulmonary embolism were detected
in 35 % and 22 % cases, respectively. Mortality rate
in patients with vs. without thrombosis was 23 % vs.
13 %, respectively. Thus, patients who developed
thromboembolic complications, had mortality rate
increased by 74 % [14].

Pathogenesis of vaccine-induced immune
thrombotic thrombocytopenia and
heparin-induced thrombocytopenia /
ITaTorenes BAKIHH-HHAYITHPOBAHHOM
HMMYHHOH TPOMOOTHYECKOM
TPOMOOINTONICHUH H I'eIIapUH-
HHIYIIHIPOBAHHOH TPOMOOIIUTOIICHUH

Thrombosis  with  thrombocytopenia emerging
due to COVID-19 adenovirus vaccines is an immune
complication in its nature, which pathogenesis
is similar to the processes occurring in heparin-
induced thrombocytopenia (HIT) and catastrophic
antiphospholipid syndrome (CAPS). Because patients
with VITT received no heparin preparations, it may imply
a so-called "spontaneous HIT" or autoimmune HIT. All
patients had a high level of antibodies against platelet
factor 4 (PF4) able to activate platelets in the control
group samples, but, unlike classical HIT, required no
heparin. However, similar to classical HIT, serum-bound
platelet activating ability from patients with VITT added
to control samples was neutralized by high heparin
concentrations, as well as by monoclonal antibodies
against surface platelet receptor FcyRlla (CD32a) [4].
The latter regulates transmembrane signaling, platelet
aggregation and secretion, thrombin generation, as
well as formation of platelet—neutrophil and platelet-
monocyte complexes. The emergence of VITT may be
associated with an excessive inflammatory response
to vector vaccines and a massive release of platelet-
derived PF4. In this case, an uncontrolled generation
of thrombin, consumption of platelets, damage to
the endothelium, and tissue factor (TF) release as
the main trigger for the key coagulation player called
thrombin take place. The inflammatory response leads
to the release of leukocyte DNA and formation of the
neutrophil extracellular traps (NETs) contributing to the
microthrombogenesis [9].

Attention should be also paid to controversial issues
related to the description of the VITT pathogenesis
due to vector vaccine-triggered immune response.
The signs of VITT were described to emerge from the
day 4 after applying the first vaccine dose, i. e., when
seroconversion with the formation of pathological
antibodies could not yet occur after vaccine inoculation.
In addition, antibodies to PF4/heparin can be detected
in 5-7 % of healthy donors [15]. If VITT is suspected,
special attention should be paid to exclude concomitant
COVID-19 infection and systemic autoimmune diseases
able to cause the complement cascade activation,
inflammation, and coagulation, including CAPS.

For understanding the pathogenetic mechanisms
behind VITT, it is necessary to discuss the more detailed
HIT molecular mechanisms. In particular, the heparin-
induced thrombocytopenia is a rare but severe antibody-
mediated complication coupled to heparin treatment,
which leads to catastrophic forms of venous/arterial
thrombosis [16]. The emergence of such condition
seems paradoxical, because heparin is used to prevent
thrombogenesis; however, thrombotic complications
and related highly complicated therapy may sometimes
occur after using anticoagulant agents.

In June 1, 1957, R.E. Weismann and his resident
R.W. Tobin at the V scientific meeting of the International
Society of Vascular Surgeons (ISVS) held in New York
presented the 3-year report on ten patients, six of
which died, who had thrombosis while using heparin
anticoagulant therapy. The first reported case was
femoral artery embolic occlusion observed in the heparin-
treated 62-year-old woman with a history of deep vein
thrombosis. Three days after successful embolectomy
and continued heparin therapy, the patient developed
aorta occlusion, requiring embolectomy and bilateral iliac
embolectomy [17]. Upon that, the clots were described
as “pale, unusually long, soft”, consisted primarily of
fibrin and platelets, which differed significantly from
the appearance and composition of heart clots. After
analyzing personal data, it was hypothesized that
peripheral arterial embolism occurred 7-15 days after
the onset of heparin treatment that later stopped after
the drug was discontinued. However, none of the ISVS
members supported such conclusions, because they
had no similar personal observations in clinical practice.
Several years later, B. Roberts and his colleagues also
noted the paradox of “unexplained arterial embolization”
that arose while receiving antithrombotic therapy.
Examining the pathogenesis of this condition, it was
concluded that taking into consideration the delayed
timeframe for such thromboembolic complications, an
antigen-antibody-based immune response took place
[18]. In 1973, G.R. Rhodes et al. for the first time
described the major clinical and laboratory signs of
HIT developed due to a link between thrombocytopenia,
heparin therapy, and thromboembolism. They also noted
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in their studies that the platelet count was restored after
the heparin therapy was discontinued [19].

Until 1982, no treatment for HIT other than surgical
intervention existed: thrombectomy as well as limb
amputation was performed in case of developing
gangrene. In 1982, J. Harenberg et al. for the first time
successfully used the experimental drug danaparoid™ to
treat a 48-year-old patient with a history of deep vein
thrombosis and pulmonary embolism, which resulted
in progression of venous thrombosis. Over the next six
years, this patient had successfully stopped episodes of
recurrent thrombosis due to the drug applied [20]. In
1989, the Platelet Immunobiology Workshop accepted
the HIT classification [21].

The early non-immune thrombocytopenia emerging
after heparin therapy was designated as HIT-1, whereas
immune thrombocytopenia with a relatively late onset
was referred to as HIT-2 (Table 1) [22].

HIT is a relatively rare complication of heparin therapy.
However, the close attention to this pathology is due
to extremely severe consequences: thrombocytopenia
concomitant with thrombosis developed in 35-70 % of
cases, 20 % of patients require amputation, whereas
lethal outcome was found in 30 % of cases [23].

The main paradox related to HIT is development of
thrombosis, rather than hemorrhage. HIT is a thrombo-
philic condition accompanied by thrombocytopenia along
with platelet activation and aggregation. It was shown
that 95 % of patients had platelet count lower than
150x10%L, but HIT cannot be diagnosed solely assessing
thrombocytopenia [24]. Due to the circulating antibodies,
patients with isolated thrombocytopenia remain at high
risk for thrombosis (20 % to 50 %). Thrombosis under-
lies developing HIT, but the reason of why thrombosis
emerges in some vessels still remains unclear. Today, it

may be noted that venous vs. arterial thrombosis is much
more common. Atypical manifestations such as bilater-
al adrenal hemorrhage, limb gangrene, and skin necro-
sis should motivate to conduct HIT diagnostics (Table 2)
[16]. It must be remembered that unusual HIT manifesta-
tions may occur even without thrombocytopenia.

T.E. Warkentin et al. proposed a scoring system for
assessing likelihood of developing HIT — a scale of four "T"
for helping clinicians in diagnostics (Table 3) [25].

The role of immunoglobulins in the pathogenesis
of HIT-2 was experimentally obtained as early as 1973
[18]. The pathogenesis of HIT is currently described as
follows: heparin, a large anionic polysaccharide, binds to
the cationic protein PF4 (platelet factor 4). PF4 exists in
the form of positively charged tetramers; however, when
interacting with the anionic molecule of heparin, the
tetramers merge, and their conformational changes occur
[26]. As a result, a neoepitope is formed, and B-cells of
the spleen marginal zone produced specific pathological
antibodies. Immune complexes consisting of antibody-
PF4/heparin bind to platelet receptors FcyRIl (CD32),
resulting in signal transduction followed by platelet
activation with further release of PF4 and microparticles
with high procoagulant activity. Both platelets and
endothelial cells are involved in the pathogenesis of HIT.
Surface of the endothelial cells bears proteoglycans with
side chain glycosaminoglycans, particularly heparan
sulfate, which recognizes heparin-dependent antibodies
in the presence of PF4. The latter is capable of binding
heparan sulfate, resulting in the heparan sulfate/PF4
complex [27]. Immune complexes can also activate
monocytes and endothelial cells, resulting in tissue factor
expression, activation of the external coagulation pathway,
and production of inflammatory cytokines [28]. Platelet
activation, further enhanced by damage to endothelial

Table 1. Comparative characteristics of heparin-induced thrombocytopenia type 1 (HIT-1) and type 2 (HIT-2) [22].

Ta6nuua 1. CpaBHuTENbHAA XapaKTePUCTNKA renapuH-uHAYLMPoBaHHON TpomoouutoneHun 1-ro (MAT-1) n 2-ro (TUT-2) Tuna [22].

Characteristic HIT-1 HIT-2
XapakrepucTtuka TnT-1 TUT-2
Mechanism Non-immune platelet aggregation Immune-mediated platelet aggregation
MexaH13m BO3HUKHOBEHUS HeummyHHas arperaums TpOMOOLMTOB IMMyHO06YCOBIEHHAA arperaums TpoM6oLNUTOB

Onset
Bpems BO3HUKHOBEHMS

First days/hours

[TepBble fHW/Yachkl

In 4-14 days
Ha 4-14 pexb

Platelet count
by 10-30 %
KonnyecTso TpOMOOLMTOB

"Mild" thrombocytopenia, platelet reduction

«Markas» TpOMOOLMTONEHNS, CHKEHIE
Tpom6ouuToB Ha 10-30 %

"Severe" thrombocytopenia, platelet
reduction by > 50 %
«TshKenas» TpOMOOLMTONEHNS, CHIKEHIE
TpomM60LUTOB Ha > 50 %

Absent
OTcyTCTBYHOT

Clinical manifestations
KnnHnyeckne nposiBneHns

"Catastrophic" thrombosis
«Karactpodmyeckuii» Tpom603

Therapy
Tepanus

Heparin withdrawal
OTmeHa renapuHa

Heparin withdrawal, other anticoagulants prescribed
OTmeHa renapuHa, HazHa4eHue
JPYruX aHTUKOArynsHToB

*Danaparoid is not registered in the Russian Federation.
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Table 2. Thrombotic manifestations of heparin-induced thrombocytopenia [adapted from 16].

Tabnuua 2. TpoM60TMYECKME NPOABAEHNS FeNapuH-UHAYLMPOBAHHON TPOMOOLUTONEHUM [aaanTpoBaHo 13 16].

Thrombotic manifestations of heparin-induced thrombocytopenia
Tpom6oTu4eckue NPosBIEHNUA renapuH-UHAYLUNPOBAHHOI TPOMOOLUTONEHUM

Venous thrombosis

BeHo3Hble TPOMGO3bI

- deep vein thrombosis of the lower extremities (50 %)
« pulmonary embolism (25 %)

« adrenal infarction (3 %)

- cerebral sinus thrombosis (< 3 %)

- mesenteric thrombosis (< 3 %)

* TPOMO03 FYOOKMX BEH HDKHUX KOHEYHOCTEl (50 %)
* TPOM603MO0INSA NIero4Ho apTepun (25 %)

* UH(APKTBI HAAMOYE4HNKOB (3 %)

* TPOMO603bI CUHYCOB FONI0BHOTO M0O3ra (< 3 %)

* Me3eHTepuanbHbIn TpoM603 (< 3 %)

Arterial thrombosis

ApTepunanbHble TPOM603bI

« thrombosis of the aorta, iliac and femoral arteries (5-10 %)

- myocardial infarction (5 %)

- thrombotic stroke (3-5 %)

« arterial thrombosis of other localizations (< 3 %)

 TPOM603 a0PThl, NOAB3AOLLHbIX, 6epeHHbIX apTepuit (5-10 %)
* UHapKT Muokappa (5 %)

* TPOMOOTNHECKNIA MHCYNBT (3-5 %)

* apTepuanbHble TPOMOO3bI APpYriX NoKanmsauni (< 3 %)

Skin lesions at the site of subcutaneous heparin injections
MopaxeHUs KOXN Ha MeCTe NOAKOXHbIX MHbEKLWIA renapuHa

« erythematous and necrotic lesions (510 %)
* 9PUTEMATO3HbIE U HEKPOTMYEeCKIe noBpexaeHuns (510 %)

"Pseudo-thromboembolic syndrome" 5-30 minutes after
heparin bolus

«[ceBaoTpPOMO603aMOONNYECKIA CUHAPOM> Yepe3 5-30 MUH
nocne CTPYHOro BBEJEHIS renapuHa

« inflammatory: fever, flushing, chills

- cardiorespiratory: tachycardia, tachypnea, dyspnea, hypertension

- neurological: headache

« gastrointestinal: diarrhea

* BOCMANNTENbHbIE: NINXOPaaKa, r1unepemusi, 03Ho0

* KAPANOPECNMPATOPHbIE: TAXMKAPANS, TAXMMHOI, ANCTHOI, TUNEPTEH3Us
* HEBPOJOrMYeCKIe: ronoBHas 601b

* FaCTPOMHTECTUHANbHbIE: Anapes

cells, increases thrombin synthesis, which influences
developing main clinical picture of this condition (Fig. 1).
Antibodies in HIT are not typical: unlike the classical
immune response, when IgM antibodies are initially
formed, in case of HIT IgG antibodies are usually formed
able to disappear few months later. Pharmaceutical drugs
capable of causing a syndrome mimicking HIT include
polyanions such as dextran sulfate, pentosan polysulfate,
and polysulfated chondroitin sulfate [29].

In 2008, the phenomenon of “spontaneous HIT” was
described in the absence of exposure to heparin or other
polyanionic drugs, which can develop in surgical patients
(mainly after orthopedic operations) and therapeutic
patients (mainly after infections) [30]. The development of
HIT can also be triggered by bacterial or viral agents, and
nucleic acids [28, 31]. This type of HIT is characterized
as “autoimmune” or arising in the presence of heparin-
independent antibodies that activate PF4. VITT appears to
be a variant of autoimmune HIT. Anti-PF4 antibodies have
been identified in VITT patients, which bind to the same
limited region of the PF4 molecule as heparin. These
antibodies are capable of forming platelet-activating
immune complexes involving no heparin. Platelet
activation in patients with VITT was completely blocked
by adding monoclonal antibodies against FcyRIl [32].

Heparin-induced thrombocytopenia in
COVID-19 / TemapuH-HHAYIHPOBAHHAA
TpoMOouTONeHus npu COVID-19

Data from China reported about impaired blood
coagulation parameters in patients with COVID-19.
The most common was an elevated level of D-dimer,
which correlated with the disease severity [33].
Hypercytokinemia,increasedmarkersoftheinflammatory
response — G-reactive protein, ferritin, interleukin-6 are
also considered as unfavorable predictors of developing
severe condition [33-36]. In addition, critically ill
patients have had severe thrombocytopenia [37, 38].
Low platelet count/thrombocytopenia is associated
with an increased risk of death in patients with
SARS-CoV-2, but the causes for this condition are not
fully understood [39]. HIT is prothrombotic disease,
which usually manifests as a thrombocytopenia, is one
of the most severe complications of heparin therapy.
However, HIT in some cases may develop regardless
using heparin preparations [40-42]. HIT is caused by
lg G-specific antibodies targeting PF4, forming immune
complexes, and inducing platelet activation via FcyRlI
receptor [43]. X. Liu et al. concluded that some patients
with laboratory-confirmed COVID-19 developed HIT
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Table 3. Scale of the probability of developing heparin-induced thrombocytopenia (HIT) [25].

Tabnuua 3. LLikana BeposTHOCTY pa3BUTIA renapuH-UHAYLMPOBaHHO TpomboumToneHun (TAT) [25].

Tpom6oumToneHns

CHmxeHne Tpom6oumMToB > 50 %
1N TPOMOOLUTI
>20x10%n

Sign 2 points 1 point 0 points
lMpu3Hak 2 6anna 1 6ann 0 6annos
Thrombocytopenia Decreased platelets Decrease in platelets Decreased platelets
>50 % or by 30-50 % or <30 % or
platelets > 20x10%L platelets 10-19x10%L platelets < 10x10%/L

CHmXeHne TPOMOOLMTOB Ha
30-50 % wnu TpOMGOLMTI
10-19x10%n

CHumKeHne TpoméoLmToB < 30 %
U TPOMGOLMTBI
<10x10%n

Time interval between starting
heparin use and developing
thrombocytopenia

BpemeHHO nHTEpBAN MexXay
Ha4asoM 1CMosb30BaHMA rena-
PUHA 1 pa3BUTUEM TPOMOOLUTO-
neHnn

After 5-14 days, or on day 1 (with
repeated heparin use for 30 days)

Yepes 5-14 gHelt unu B 1-e CyTKM
(Mpu NOBTOPHOM NPUMEHEHUN
renapuHa B Tevenue 30 gHen)

After more than 14 days or on
day 1 (with repeated heparin
use for 30-100 days)
bonee 4em yepes 14 gHei unu
B 1-€ CYTKW (Npu NOBTOPHOM
NPUMEHEHNI renapuHa B Te4eHUe
30-100 gHeit)

After < 4 days without prior
heparin use

Yepes < 4 fHeli 63 npefLlecTBy-
I0LLIEro NPUMeHeHUs renapuHa

Clinical manifestations New confirmed thrombosis; skin Progressive or recurrent Absent
necrosis at the sites of heparin thrombosis; erythematous
injections; acute systemic (non-necrotic) skin lesions;
reaction after intravenous heparin suspected thrombosis (not
injection; adrenal hemorrhage confirmed)
KnuHnyeckme nposieiieHns BHOBb BO3HMKLLMI NOATBEPXKAEH- | MTporpeccupyroLwnii nau peumnan- OTcyTCTBYHOT
HbIil TPOMO03; KOXKHbIE HEKPO3bl | BUPYHOLLMIA TPOMO03; 3pMTEMATO-
B MECTax UHbEKLWIA renapuHa; | 3Hble (He HEKPOTMYECKMe) nopa-
0CTpasi CUCTEMHAs peakLms XKEHNA KOXN; NOLO3PEHME Ha
nocne BHYTPUBEHHOrO BBELEHNS | TPOM603 (He NOLTBEPXKAEHHbIN)
renapuHa; KpoBOW3NUAHNE
B HAZNOYEYHUKN
Other causes of HeT 04eBUAHBIX NPUYKH Bo3moXHbI MpucyTcTaytoT
thrombocytopenia
[pyrue npuymHsbl No obvious reasons Possible Present

TPOMOOLMTONEHNN

Likelihood score for HIT 0-3 points: low
development (<5 %)
OLeHKa BeposITHOCTM 0-3 6anna: Hu3Kas
passutus MNT (<5 %)

4-5 points: middle 6-8 points: high
(>80 %)
6-8 6annos: BbiCOKas

(> 80 %)

4-5 6ann0B: CpeaHss

while receiving heparin preparations, which significantly
aggravated course of the disease. However, it was
also shown that HIT developed in association with a
novel coronavirus or secondary bacterial infection
in patients previously receiving no heparin therapy
[44]. The heparin-related adverse effects share much
similarity with the mechanisms of host anti-bacterial
defense. While binding to heparin, PF4 is able to
link to polyanions on bacterial surface, which leads
to formation of the PF4-bacterial immune complex.
R. Palankar et al. showed that anti-PF4/polyanionic IgG
opsonizes Gram-positive and Gram-negative bacteria
particularly killing Escherichia coli opsonized with PF4
[45]. B-lymphocytes from the splenic marginal zone
produce IgG antibodies, which can bind to PF4-heparin
complexes, forming primary immunocomplexes
[46]. Thus, the infection is capable of independently
causing "spontaneous HIT," which clinically resembles
heparin-induced thrombocytopenia but has a different
serological profile and develops without prior exposure
to heparin. Inreports of "spontaneous HIT" complications

an unexplained thrombocytopenia and/or thrombosis
are accompanied by laboratory data on high titers anti-
PF4/heparin antibodies [30, 47]. Although rare,
antibodies against PF4/heparin are also found in
healthy people (from 0.3 % to 0.5 %) [48], which
may be accounted for by effects of dominating
amount of microbial antigens. The so-called "primary
immunization" emerges, that can be described is
a misdirected, evolutionarily ancient antimicrobial
response [49].

Management of suspected vaccine-induced
immune thrombotic thrombocytopenia /
TakTHKa IPU NOJO3PEHUH HA BAKITUH-
HHIYIHPOBAHHYIO HMMYHHYIO
TPOMOOTHIECKYIO TPOMOOIIHTOIIEHUIO

The VITT expert council currently proposes the
following recommendations [9]:

1. Systemic flu-like events (such as muscle pain, fever,
headache, general weakness) usually resolve within 48—
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m/ Platelet alpha granules

Cationic
tetramers of PF4

Classic HIT

PF4-heparin complex &= /\/

Conformational changes
after the fusion of two
PF4 tetramers
Neoepitope formation

\NV 4
Antibodies — ML
to PF4-heparin complex
Activated
Q“Igﬁ G ForRll o loG
ML e

88“ r

Platelet activation, degranulation and aggregation
Platelet PF4 and microparticle release
Monocyte activation
Endothelial activation, tissue factor expression,
proinflammatory cytokine release

72 hours. Treatment is symptomatic — increased fluid
intake and paracetamol.

2. Symptoms that appear or aggravate 4 days or more
after vaccination should alert. Emergent medical attention
iS necessary in case of severe persistent headache,
dizziness, confusion, visual disturbances, seizures,
shortness of breath, chest pain, abdominal pain, back
pain, nausea, vomiting, unusual bruising and petechiae,
thrombophlebitis, sudden tachycardia.

3. Laboratory examination should include
a complete blood count with microscopy of a
blood smear (to exclude platelet aggregates and
pseudothrombocytopenia), measuring D-dimer level,
and coagulogram. Attention should be paid to decline in

Other polyanionic molecules:

« medicinal preparations

« bacterial wall components/
viruses/molecules/DNA/RNA

Platelet-activating antibodies to PF4

independent from heparin

« spontaneous HIT (after surgery,
infections, associated with COVID-19)

« vaccine-induced

Y4

@

\ Immune
=]

complex

o

Inactive FeyRII

Figure 1. Pathogenesis of heparin-
induced thrombocytopenia (HIT) and
vaccine-induced thrombocytopenia
[drawn by authors].

PucyHok 1. [TaToreHes renapumH-
MHAYLMPOBAHHO TPOMOOLMTONEHNI
(TWT) n BaKLMH-MHAYLMPOBAHHOIA
TPOMOOTUYECKOI TPOMOOLMTONEHIUN
[pucyHok aBTopoB].

platelet level ower than 120x10%L, D-dimer exceeding
more than 1000 ng/ml, and fibrinogen decreased lower
than 2 g/L.

4. Additionally, C-reactive protein can be assessed,
schizocytes serve as a sign of microangiopathy, lupus
anticoagulant, antiphospholipid antibodies (antibodies to
cardiolipin, to B,-glycoprotein 1), antinuclear antibodies,
ADAMTS-13 (a disintegrin and metalloproteinase with a
thrombospondin type 1 motif, member 13). Determine
antibodies against heparin-PF4 (a marker of HIT) by
ELISA at platelet count lower 120x10%/L.

5. Instrumental studies to exclude thrombosis —
Doppler ultrasound, MRI (magnetic resonance imaging),
CT angiography (computed tomographic angiography).

http://www.gynecology.su
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6. Start anticoagulant therapy depending on drug
availability and experience with fondaparinux, danaparoid,
or argatroban* followed by switching to direct oral
anticoagulants (dabigatran, rivaroxaban, or apixaban). Do
not prescribe any heparin preparations.

7. If thrombosis is detected, inject intravenous
immunoglobulin (IVIG) at a dose of 1 mg/kg for 48 hours in
combination with anticoagulant therapy. The mechanism
of IVIGactionis based on binding to and blockade of platelet
CD32 surface receptors that prevents them from binding
to pathological antibodies and inhibits platelet activation,
inflammatory and prothrombotic responses. IVIG used
more than for 2 days may be accompanied by increased
thrombotic risks [50]. Thrombosis has previously been
described in patients receiving IVIG. Therefore, it is
necessary to carefully monitor the IVIG therapy and
simultaneously prescribe anticoagulant therapy. It is also
possible to use steroids and plasmapheresis.

8. Platelet transfusion and acetylsalicylic acid use are
not recommended (as acetylsalicylic acid does not block
the effects of anti-PF4 antibodies but increases a risk of
hemorrhagic complications).

9. Low fibrinogen and thrombocytopenia in case of
VITT are not absolute contraindications to anticoagulant
therapy, especially with thrombocytopenia more than
20x10%L, positive dynamics in platelet count as well as
after onset of IVIG therapy.

10. The duration of anticoagulant therapy for VITT has
not been determined, but in case of thrombosis, most
likely it should last for at least 3 months, as in case of any
provoked thrombosis.

On August 12, 2021, the American Society of
Hematology (ASH) issued the TTS/VITT guidelines [51].

TTS is considered in case of concomitant all 5 criteria:

e vaccination against COVID-19 4-42 days before

symptoms develop;

- any venous or arterial thrombosis (often cerebral or

abdominal);

« thrombocytopenia (less than < 150x10%L) ;

« positive test result for HIT — antibodies against PF4

measured by ELISA;

« significantly increased D-dimer level (> 4-fold higher

than the upper limit of normal range).

Immediate initiation of IVIG and anticoagulant therapy
is recommended before receiving test results for anti-
PF4 antibodies in case of of thrombosis combined with
thrombocytopenia and/or markedly increased D-dimer.
In the case of normal platelet count and thrombosis, the
likelihood of delayed development of thrombocytopenia
and VITT should be considered, and anticoagulants other
than heparin should be preferably used.

At present, the expert council for VITT does not
recommend [9]:

« systematic use of antithrombotic drugs — low mole-

cular weight heparins (LMWH), direct oral
anticoagulants to "cover" vaccination;

- systematic  testing for thrombophilia  before
vaccination;

- systematic ultrasound screening for thrombosis
before and after vaccination;

- routine screening for PF4 antibodies after vaccination;

e routine analysis for D-dimer before and after
vaccination;

e refusal of vaccination in patients with former
thromboembolic ~ complications and  patients
with autoimmune diseases, including immune
thrombocytopenia;

- refusal to vaccinate patients with a history of allergic
reactions;

« patients with a history of HIT should be considered to
choose in favor of mRNA vaccines.

Currently, the risk factors for VITT remain unknown
and to what extent traditional risk factors of thrombosis,
such as pregnancy, combined hormonal contraceptive
use, obesity, acquired or congenital thrombophilia, affect
the risk of its development still has not been elucidated.
Hence, this is why no data to restrain vaccination in such
patients are currently available. Moreover, the vaccine
refusal in such patients may avoid them from being
protected against novel coronavirus infection, wherein
they could have profoundly higher risk of thromboembolic
complications and lethal outcome due to COVID-19
compared with the general population.

Current position regarding a balance
between vaccination-related benefits
and risks / CoBpeMeHHAas MO3HITHS

B OTHOIIICHHUH COOTHOIICHHUA I10/1b35bI
M PUCKOB BAKITHHAITUU

At present, all international and national organizations
and communities (WHO, CDC, Ministry of Health of the
Russian Federation), including experts in the field of
thrombosis and hemostasis, recommend continuing the
prompt mass vaccination against COVID-19 as the only
means able to reduce the incidence of severe disease
cases, stop spreading of COVID-19 infection and the
emergence of new dangerous mutations in the viral
genome. During repeated virus transmission in human
population, continuous mutations take place with the
selection of more contagious and deadly SARS-CoV-2
variants, as it occurred, e. g., with the Delta variant. Refusal
to vaccinate poses an incomparably greater risk of fatal
thrombotic and inflammatory complications associated
with COVID-19, compared with the risks of extremely rare
adverse events that can arising after vaccination.

[t should be noted that the data on VITT, described as a
sporadic phenomenon of extremely rare abnormal immune

*Danaparoid and argatroban are not registered in the Russian Federation.
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response to some variants of COVID-19 vaccines, cannot
be translated to other vaccines nor even be a reason to
refuse their application. Until now, no official reports
regarding thrombotic risks related to COVID-19 vaccines
registered in the Russian Federation are currently available.
Provided that potential adverse events associated
with vaccination have been objectively recorded, the
risk/benefit ratio for the Sputnik V vaccine appears to
be very encouraging, including it compared with foreign
adenovirus vaccines. In particular, according to the phase
Il study that enrolled 14,964 subjects inoculated with the
Sputnik V vaccine and 4,902 placebo-treated persons, the
vaccination efficiency against symptomatic and severe
COVID-19 was 91.6 % and 100.0 %, respectively. The
study results were published in one of the most respected
international journals, the Lancet [52]. The data obtained
afterusing the Sputnik V vaccine in real-life clinical practice
in Argentina suggest about its high efficacy and safety. It
was revealed that the first dose of the Sputnik V vaccine
was effective in preventing symptomatic COVID-19in more
than 78.0 % cases, hospitalization —in 87.6 %, and deaths
—in 87.4 % cases. Moreover, there were recorded as few
as 2 cases of immune thrombocytopenia per applied total
6,964,344 doses of the Sputnik V vaccine [53]. Among
the hospitalized patients diagnosed with COVID-19,
92.0 % were not vaccinated [54]. In connection with this,
the refusal to vaccinate based upon data on rare cases
of atypical thrombosis described for other vaccines at
present leaves patients without any chance for protection

against severe, potentially fatal complications related to
COVID-19, including thrombosis.

The risk of emerging potentially fatal complication HIT
comprises 0.1 % after using LMWH compared with up
to 7.0 % by using conventional, unfractionated heparin
in surgery [55]. However, taking into account potential
benefits of heparin preparations, not a single country in the
world abandons such drugs. Moreover, heparins remain
the most frequently prescribed drugs in medical practice
that, no doubt, does not exclude platelet monitoring
during heparin therapy in high-risk groups. All cases of
potentially dangerous vaccine-associated adverse events
should be carefully recorded and analyzed. Such an
analysis will help to understand which patients are at risk
for developing post-vaccination complications, propose
optimal diagnostic and treatment tactics, and bring it to
primary care specialists potentially first encountering
adverse events associated with vaccination. Medical
workers should be alert regarding potential development
of VITT after vaccination, whereas patients with suspected
VITT should be provided with prompt hospitalization,
hematologist consultation, as well as laboratory and
instrumental examinations. The only way providing better
insight into pathogenesis of such thrombosis and giving
a momentum to further development of efficient and safe
COVID-19 vaccines may result from objectively analyzed
thrombotic events related to the novel coronavirus
infection per se and vaccination within the framework of
clinical studies and real-life clinical settings.
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