Metabolism Open 11 (2021) 100101

Contents lists available at ScienceDirect

S
Metabolism Open e —

ELSEVIER journal homepage: www.sciencedirect.com/journal/metabolism-open

Check for

Vaccine induced thrombotic thrombocytopenia: The shady chapter of a e
success story

Dimitrios Tsilingiris ", Natalia G. Vallianou ", Irene Karampela “, Maria DalamagaCI

2 First Department of Propaedeutic Internal Medicine, School of Medicine, National and Kapodistrian University of Athens, Laiko General Hospital, 17 St Thomas Street,
11527, Athens, Greece

b First Department of Internal Medicine, Evangelismos General Hospital, 45-47 Ipsilantou Str, 10676, Athens, Greece

¢ Second Department of Critical Care, Attikon General University Hospital, Medical School, National and Kapodistrian University of Athens, 1 Rimini St, Haidari, 12462,
Athens, Greece

4 Department of Biological Chemistry, School of Medicine, National and Kapodistrian University of Athens, 75 Mikras Asias, 11527 Athens, Greece

ARTICLE INFO ABSTRACT

Keywords: The recognition of the rare but serious and potentially lethal complication of vaccine induced thrombotic
Adenoviral vector thrombocytopenia (VITT) raised concerns regarding the safety of COVID-19 vaccines and led to the reconsid-
Adenovirus

eration of vaccination strategies in many countries. Following the description of VITT among recipients of
adenoviral vector ChAdOx1 vaccine, a review of similar cases after Ad26.COV2-S vaccination gave rise to the
question whether this entity may constitute a potential class effect of all adenoviral vector vaccines. Most cases
are females, typically younger than 60 years who present shortly (range: 5-30 days) following vaccination with
thrombocytopenia and thrombotic manifestations, occasionally in multiple sites. Following initial incertitude,
concrete recommendations to guide the diagnosis (clinical suspicion, initial laboratory screening, PF4-polyanion-
antibody ELISA) and management of VITT (non-heparin anticoagulants, corticosteroids, intravenous immuno-
globulin) have been issued. The mechanisms behind this rare syndrome are currently a subject of active research
and include the following: 1) production of PF4-polyanion autoantibodies; 2) adenoviral vector entry in meg-
acaryocytes and subsequent expression of spike protein on platelet surface; 3) direct platelet and endothelial cell
binding and activation by the adenoviral vector; 4) activation of endothelial and inflammatory cells by the PF4-
polyanion autoantibodies; 5) the presence of an inflammatory co-signal; and 6) the abundance of circulating
soluble spike protein variants following vaccination. Apart from the analysis of potential underlying mecha-
nisms, this review aims to synopsize the clinical and epidemiologic features of VITT, to present the current
evidence-based recommendations on diagnostic and therapeutic work-up of VITT and to discuss new dilemmas
and perspectives that emerged after the description of this entity.

COVID-19

SARS-CoV-2

Vaccine induced thrombotic thrombocytopenia
Vaccine

1. Introduction rates for symptomatic and serious COVID-19, international drug regu-
lation agencies issued emergency use authorizations for several novel

The successful genome sequencing of SARS-CoV-2 already in the vaccines; between December 2020 and March 2021, four vaccine
early stages of the pandemic, initiated a frantic race towards the preparations were granted marketing authorization by the European
development of vaccines against COVID-19. Following the results of Medicines Agency (EMA). Within this timeframe, national vaccination
phase 3 clinical trials on vaccines demonstrating extremely high efficacy programs of unprecedented speed and thoroughness were worldwide

Abbreviations: aPTT, activated partial thromboplastin time; CAR, Coxsackie-adenovirus receptor; CDC, Centers for Disease Control and Prevention; COVID-19,
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thrombocytopenia; ICU, Intensive Care Unit; IVIG, Intravenous immunoglobulin; LMWH, low molecular weight heparin; PF4, Platelet factor 4; PLT, Platelet; PRAC,
Pharmacovigilance Risk Assessment Committee; PT, prothrombin time; SARS-Cov-2, severe acute respiratory syndrome coronavirus 2; SVT, splanchnic vein
thrombosis; TTS, thrombosis-thrombocytopenia-syndrome; VCAM-1, vascular cell adhesion molecule 1; VIPIT, vaccine-induced prothrombotic immune thrombo-
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implemented, resulting in vaccinations of several millions of individuals
from all age adult groups. The recognition of the rare but serious and
potentially lethal complication of vaccine induced thrombotic throm-
bocytopenia (VITT) brought concern regarding the safety of COVID-19
vaccines and led to the reconsideration of vaccination strategies in
many countries. Following the description of VITT among recipients of
adenoviral vector ChAdOx1 vaccine, a review of similar cases after
Ad26.COV2-S vaccination gave rise to the question whether this entity
may constitute a potential class effect of all adenoviral vector vaccines.
The aim of the present brief review is to analyze the proposed underlying
mechanisms of VITT, summarize the clinical and epidemiologic features
of VITT and to present the current evidence-based recommendations on
the diagnostic and therapeutic approach to VITT. Furthermore, the di-
lemmas and further perspectives that emerged after the description of
this entity are also discussed.

2. An account of early VITT-related events

In March 2021, EMA’s Pharmacovigilance Risk Assessment Com-
mittee (PRAC) began an assessment on signals of increased incidence of
thrombotic events, including splanchnic vein and cerebellar sinus
thrombosis (SVT and CVST, respectively) accompanied by thrombocy-
topenia, especially among females aged less than 60 years, within the 2
weeks following the 1st dose of adenoviral vector ChAdOx1 vaccine
Vaxzevria® (Oxford/AstraZeneca).

The clinical and laboratory features of 16 of 25 cases of this
complication which were reported in Germany and Austria were
described in two case series [1,2]. The presented cases of both reports
consisted of typically young patients (range: 22-49 years old/y. o.),
most commonly females (13 of 16, 81.25%) who presented shortly after
ChAdOx1-vaccination (median 8 days, range 5-16 days). In total 14
patients had CVST, 4 SVT, 3 pulmonary embolism, 4 other thrombotic
complications, with 9 of the presented 16 cases (56.3%) having a fatal
outcome. At presentation, elevated D-dimer levels, and variable degrees
of typically severe thrombocytopenia (median PLT count 19 x 10°/pl)
were most commonly noted. Patients showed detectable antibodies
against Platelet factor 4 (PF4)-Heparin complexes although none had
received heparin in the preceding days, while functional assays revealed
a stark platelet activation from patient’s serum, in the presence of buffer
in most, and in the presence of PF4 in virtually all cases [1,2]. Due to the
striking clinical and laboratory similarities of the syndrome to
heparin-induced thrombocytopenia, the term vaccine-induced immune
thrombotic thrombocytopenia — VITT was coined [2], later also referred
to as the more euphonic “vaccine-induced prothrombotic immune
thrombocytopenia”-VIPIT. These terms have been used interchangeably
with thrombosis-thrombocytopenia-syndrome (TTS). Furthermore, in-
dividuals with VITT often presented features of disseminated intravas-
cular coagulation apart from thrombopenia, namely greatly elevated
D-dimer levels (>10.0 mg/L), low fibrinogen concentration and variably
prolonged prothrombin and activated partial thromboplastin time (PT
and aPTT) [2].

On April 7, 2021, the committee concluded that a causal link be-
tween this rare side-effect and the vaccination could not be ruled out. Up
to that date, 169 CVST and 53 SVT cases had been reported among
around 34 million vaccinated individuals in the European Economic
Area and the United Kingdom [3]. Because of concerns regarding
ChAdOx1 safety, temporary halts of ChAdOx1 pending PRAC assessment
were followed by permanent stops of its administration by national drug
agencies in some countries (Norway, Denmark) or by restriction of its
usage to older age groups in others (e.g. Iceland, France, Germany).

In a similar course of events, on April 13, 2021 the Food and Drug
Administration (FDA) and the Centers for Disease Control and Preven-
tion (CDC) in the USA recommended a pause of the administration of
another adenovirus vector vaccine, Ad26.COV2-S (Johnson & Johnson/
Janssen) [4] pending further assessment of a case report of CVST/SVT
and thrombocytopenia in a 48-year female recipient [5], while a similar
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case occurred in a 25-year participant during the clinical trial testing
[4]. After review of 8 cases of thrombosis with thrombocytopenia, both
FDA/CDC and the EMA concluded that in total, Ad26.COV2-S outweigh
its risks, and accordingly advised in favor of resumption of vaccination
programs although noting that high-risk recipients (i.e. women under
the age of 50) should be aware of this rare complication, as well as of the
availability of other vaccines which do not seem to carry that risk [6,7].
A series of 12 Ad26.COV2-S - related VITT cases published shortly after
by See et al. [8], revealed features remarkably similar to that related
with ChAdOx1; all 12 cases were Caucasian females, 11 of 12 (91.7%)
were younger than 50 y. o. and all were younger than 60 years, the
median vaccination-symptom onset interval was 8 (range 6-15) days,
while all had CSVT, 8 had additional non-CSVT thrombotic manifesta-
tions while death had occur in 3 cases by the time of publication [8]. The
median (nadir) platelet count was 19 x 103/, pl and the D-dimer elevated
in all cases. Likewise, antibodies against PF4-heparin were positive in all
11 tested patients. However, in contrast to the Vaxzevria®-related cases,
functional platelet assays were mostly negative; although, as the authors
have stressed, standardization issues between different laboratories may
at least partly account for this phenomenon [8].

3. Potential mechanisms inducing VITT

Since this otherwise particularly infrequent complication has to date
not been observed among other vaccine types (although, cases of clini-
cally significant thrombocytopenia, likely of autoimmune mechanism,
have been described following mRNA-based vaccination [9]), the
question arose whether VITT/TTS observed across two independent
adenoviral vector vaccines may represent a side effect unique to this
vaccine category, and to what extent this may represent a class effect
affecting all agents of this family. Vaccines of this type use recombinant,
non-replicative adenoviruses which act as shells for the carriage of the
DNA strand that codes for the SARS-CoV-2 spike protein, which is
necessary for its pathogenicity. Upon intramuscular administration, re-
combinant viruses enter local cells expressing, among others, the
Coxsackie-adenovirus receptor (CAR) via clathrin-mediated endocytosis
[10], the carried episomal DNA enters the nucleus, is transcribed into
mRNA coding for viral spike protein and is the translated in the endo-
plasmic reticulum [11]. A number of mechanisms implicating adeno-
viral vectors and/or other vaccine ingredients as triggers of
prothrombotic states have been proposed:

1. The striking clinical and laboratory similarities between VITT/TTS
and HIT may imply that a similar autoimmune mechanism may
underly both conditions. In HIT, the pathogenic autoantibodies
target PF4 complexes with heparin, which is chemically a polyanion
itself. A syndrome similar to HIT without prior heparin therapy
(termed autoimmune HIT - aHIT) can follow the exposure to a va-
riety of other large polyanions such as hypersulfated chondroitin
sulfate, DNA or RNA and bacterial wall components [12]. In any
case, the PF4-polyanion-autoantibody complexes activates platelets
through their Fcy-receptors resulting in an increased risk of throm-
bosis. In the case of VITT/TTS, the adenoviral DNA content or other
currently unaccounted for polyanionic vaccine contents could bind
to PF4, and hence induce autoantibody production and subsequent
platelet activation, which would essentially render VITT/TTS a
subtype of aHIT. This mechanism was supported by Greinacher et al.
in one of the original case series of ChAdOx1 recipients [2]. In favor
of this mechanism is the universal demonstration of circulating
PF4/Polyanion autoantibodies as well as the predominance of young
females among cases, a population which is most susceptible to
autoimmunity.

2. Platelets also express CAR [13], so it can be hypothesized that
megakaryocytes, their nucleated precursors may be susceptible to
recombinant adenovirus infection. A subsequent SARS-CoV-2 spike
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protein expression could render platelets primary antibody targets or
enhance thromboxane A2 production [14].

3. Following intravenous administration, adenoviruses may bind to
circulating platelets in a von Willebrand Factor- and P-selectin
mediated fashion, causing their activation and sequestration in the
reticuloendothelial system [15,16]. Furthermore, injection through
this route induces endothelium activation as indexed by increased
VCAM-1 (vascular cell adhesion molecule 1) expression, which may
further contribute to the establishment of a prothrobotic milieu [15].
Although such phenomena are not expected after intramuscular
administration, an intravenous injection of a smaller or larger vol-
ume of the vaccine solution cannot be definitely excluded in some
cases, especially when administering the vaccines under immense
time pressure conditions as is often the case in vaccination centers.

4. Apart from platelets, anti-PF4 antibodies may also bind to and acti-
vate various other cell types, such as neutrophils [17], monocytes
(hence inducing the expression of tissue factor) [18,19], as well as
endothelial cells [20], therefore further promoting thrombotic
manifestations.

5. Greinacher et al. have proposed that the Ethylenediaminetetra-
acetic acid (EDTA) contained in the vaccine preparation may increase
local vascular permeability in the injection site and cause the systematic
dissemination of vaccine components which interact with preformed
natural antibody, inducing a serum sickness-like illness. This inflam-
matory state may act as a co-signal to augment the antibody production
of anti PF4-antibody-producing B-cells [21].

6. Finally, currently unpublished data from an in vitro study by
Kowarz E. et al., point towards the presence of alternative splicing
events following adenoviral vector vaccination, owing to the entry and
transcription of the delivered episomal DNA into the cell nucleus, rather
than the direct mRNA transcription in the endoplasmic reticulum as is
the case with mRNA vaccines. This may in turn lead to the production of
shorter spike protein variants deprived of their c-terminal membrane
anchor, which circulate in the bloodstream and bind to the ACE2 re-
ceptors on endothelial cells, thus triggering thrombotic events [11].

4. Is VITT observed in all marketed adenovirus-vector vaccines?

There are currently four marketed adenovirus-vector vaccines
against SARS-Cov-2 which utilize a different adenovirus vector (non-
replicating chimpanzee adenovirus in ChAdOx1, Ad5 in CanSino Bi-
ologicals Ad5-nCoV and first Sputnik V dose, Ad26 in Johnson &
Johnson/Janssen and in the booster Sputnik V dose). No corresponding
signals have emerged for Sputnik 5 or CanSino or even the since 2020
licensed adenoviral Vector vaccine Ad26. ZEBOV against Ebola virus
disease for that matter. However, there are no sufficient safety data
regarding other adenovirus-vector vaccines used in COVID-19 preven-
tion in light also of concerns of Ad-5 replication [22]. Furthermore,
there is lack of detailed information on the adverse events of Sputnik V
reported during the clinical trial [23].

Despite a considerable and growing cumulative number of vaccina-
tions, it would seem at first unlikely that the entity constitutes a class
effect for all adenoviral vector vaccines. Differences among vaccines
regarding the spike protein inserts and utilized adenoviral vector shells
may theoretically affect the risk of VITT/TTS manifestation [4].
Furthermore, different adenovirus strains may bind to variable cellular
receptors, and hence may infect a different spectrum of host cells [4].

5. Impact of VITT on COVID-19 vaccination strategies

However infrequent, the severity of this potentially fatal complica-
tion which essentially evaded detection during clinical testing worsened
preexisting public skepticism not only towards these vaccines but also
against COVID-19 vaccination in general. Primary care physicians and
immunology experts were overwhelmed by questions from patients and
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medical colleagues, regarding the safety of vaccination among those
with known or suspected prothrombotic medical conditions and/or
platelet abnormalities. Vaccination appointments were frequently
cancelled which, together with the vaccination pauses pending assess-
ment results from the responsible committees, newly implemented age
restrictions and the logistic difficulties of replenishing retracted batches
with vaccines from other manufacturers landed decisive blows on na-
tional vaccination programs, delaying the progress towards the estab-
lishment of herd immunity, possibly with a heavy cost of lives in a
particularly active stage of the pandemic course worldwide [24].

Recent reports have indicated that the incidence of VITT/TTS may be
in reality considerably higher than previously presumed [25], and this
may possibly further rise as awareness and understanding of the syn-
drome becomes more widespread among physicians. The estimated
incidence of VITT varies between reports from 1 for every roughly 25,
000 individuals vaccinated with ChAdOx1 [1] to 1 for every more than
500,000 Ad26.COV2-S vaccinations [26]. These estimates are by all
accounts lower than the mortality rates of SARS-Cov-2 infection,
essentially in all age groups [27], and undoubtedly less likely than the
rates of thromboses complicating actual SARS-CoV-2 infection, espe-
cially those with a severe disease course [28]. Based on one
meta-analysis, the rate of thrombosis (including fatal thrombosis) was
estimated at 8% in subjects hospitalized for COVID-19 and 23% in
subjects at the intensive care unit (ICU) [28,29]. The overall
risk-benefit-ratio of continued use of the vaccines implicated in
VITT/TTS or conversely, their restriction to specific age groups or
complete withdrawal is a close function of the status of viral shedding in
the community, and thus constitutes a dynamic, constantly varying
balance. Furthermore, a strategy of adenovirus vector vaccine with-
drawal and their replacement with mRNA-based ones, as was imple-
mented in certain European countries may be not easily feasible or even
completely unrealistic in other areas. It should be taken into account
that the costs of a full vaccination course per recipient for both ChAdOx1
and Ad26.COV2-S are substantially lower and their storage and trans-
port conditions considerably simpler than those of their
mRNA-counterparts [29]. For these reasons -among others-adenoviral
vector vaccines constitute the bulk of the vaccination program in
many countries globally. Furthermore, the single-dose Ad26.COV2-S has
provided a viable solution for the rapid achievement of adequate
coverage rates of geographically remote areas, as is the case in certain
islands of Greece.

Self-evidently, adequate information about the (remote, albeit
existing) possibility of VITT/TTS should be provided to adenoviral
vector vaccine recipients. The choice of an alternative agent (e.g. mRNA-
based) should be weighted for the high-risk groups, predominantly for
females of younger age, until further predisposing factors are recog-
nized. Individuals should be advised to immediately seek medical
attention in case that alarming clinical symptoms appear, especially
within the time frame that VITT/TTS would be expected to manifest
following vaccination. This should ideally occur in health care providing
services with access to expert hematology consultation and specialized
diagnostic laboratories.

6. Diagnostic and therapeutic considerations

In order for suspected cases to be systemically identified, interim
case definition criteria network for definite, probable or possible VITT/
TTS have been developed the Brighton Collaboration vaccine safety
research. The algorithms are updated on the basis of new knowledge and
as of May 19, 2021 the version 10.16.3 is available [30]. Furthermore,
numerous national and international societies have issued clinical
practice algorithms for the diagnostic approach and treatment of
VITT/TTS. A modified algorithm based on the recommendations of the
International Society on Thrombosis and Hemostasis is presented in
Fig. 1.

The presentation window after vaccination may span a broader time
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Approach to the diagnosis of vaccine-
induced thrombotic thrombopenia (VITT)

Clinical picture suggestive
of thromboembolism
(new onset)

* Severe headache + visual

disturbances

Unilateral calf swelling/pain

¢ Shortness of breath
* Chest/abdominal pain

e

ChAdOx1 OR
Ad26.COV2.S
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the preceding
4 — 28 days

+

Clinically oriented imaging
AND
Complete Blood Count (PLT),
fibrinogen, PT, aPTT
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Acute thrombosis
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Expert hematology
consultation

PF4-specific (n/2)

Immunoassay

+
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Treatas VITT

D-dimer

(markedly elevated)
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VITT Treatment

* Non-heparin anticoagulation (NOACs, Argatorban, Fondaparinux)
* IVIGO.5-1 g/kg for 2 days

* Steroidsif platelet count <50.000

* Plasmapheresis if platelet count <30.000 despite IVIG/Steroids

Fig. 1. A proposed diagnostic approach to suspected VITT/TTS. Modified from Ref. [35] Abbreviations: IVIG: intravenous immunoglobulin; n/a: not available;
NOACs: novel oral anticoagulants.
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range that reported in the original case series, especially when under-
lying thrombotic events lead to milder, less acute clinical manifestations
hence leading to delayed diagnosis. Furthermore, a non-specific, flu-like
illness may precede or accompany the syndrome at the time of presen-
tation [31]. A presumptive diagnosis of VITT is confirmed with the
demonstration of circulating PF4/polyanion antibodies (usually with
high optical density readings [1,2]) via enzyme-linked immunosorbent
assay (ELISA), in the absence of prior heparin exposure. Unfortunately,
the rapid immunoassays used for HIT screening (including
latex-enhanced, lateral flow and particle gel immunoassays) especially
in non-tertiary centers, do not appear to be sensitive for the detection of
PF4-polyanion-autoantibodies in VITT/TTS, and are therefore not useful
in the diagnostic workup outside specialized departments [32]. In that
case, readily available standard coagulation studies should be ordered
awaiting further testing. A reasonable clinical suspicion of VITT even
pending definite laboratory confirmation mandates the initiation of
anticoagulation therapy. While there is no evidence for the notion that
unfractionated or low molecular weight heparin (LMWH) may nega-
tively impact the course of the syndrome, due to its similarities with HIT,
most societies advise in favor of the use of non-heparin anticoagulants. A
short course of intravenous immunoglobulin (IVIG) in the acute phase of
the syndrome may hinder platelet activation and lower thrombosis risk
through the blockade of platelet surface Fcy-receptors [33].

7. Conclusion

Deciphering the pathogenetic process behind VITT/TTS would not
only help optimize therapeutic strategies but would also aid the iden-
tification of high-risk groups as well as the optimization and cost-
effectiveness of nation-wide vaccination strategies, especially during
pandemic peaks and/or vaccine shortage. Further issues to be addressed
include the safety of adenoviral vector vaccines among those with
known thrombophilia or risk factors for thrombosis or chronic throm-
bocyte disorders and whether diagnostic and/or therapeutic preventive
measures would be beneficial among such recipients. The vaccination
programs are likely to continue dominating the strategies against the
ongoing COVID-19 pandemic, especially since the efforts towards the
development of safe and effective therapies against SARS-Cov-2 infec-
tion have yet to yield concrete and clinically applicable results [34].
Besides, with the issue of the potential necessity of additional boosters or
even of repeat vaccinations on an annual basis still remaining open,
further reasons for debate on the subject of VITT/TTS management are
bound to emerge.
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