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Abstract

Background: Vaccine-induced immune thrombotic thrombocytopenia (VITT) is a rare
complication of the ChAdOx1 nCoV-19 and Ad26.COV2.S COVID-19 vaccines. It pre-
sents most commonly with severe thrombocytopenia and thrombotic complications
with extremely high D-dimer levels 5-30 days after vaccination. We report a patient
who presented with mild thrombocytopenia and minimally elevated D-dimer levels
without thrombosis, but who tested positive for antiplatelet factor 4 (PF4) platelet-
activating antibodies on a PF4-enhanced serotonin-release assay.

Key Clinical Question: Is immunomodulation necessary in patients who present with-
out thrombosis?

Clinical Approach and Conclusions: Treatment with rivaroxaban alone was followed
by platelet normalization despite persistence of anti-PF4 antibodies. This case pro-
vides support that vaccination for COVID-19 can induce a broad, heterogeneous
prothrombotic disorder characterized by anti-PF4 platelet-activating antibodies that
shares features with classical heparin-induced thrombocytopenia (HIT) and autoim-
mune HIT syndromes and that immunomodulation may not be required in those with-

out thrombosis.
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e Vaccine-induced prothrombotic immune thrombocytopenia (VIPIT) can occur without thrombosis.

o VIPIT without clot can occur with elevated D-dimer and platelet-activating anti-PF4 antibodies.

e VIPIT without thrombosis was treated successfully with non-heparin anticoagulant therapy alone.

e VIPIT can present as asymptomatic platelet activation to fulminant coagulopathy.
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1 | INTRODUCTION

Vaccine-induced immune thrombotic thrombocytopenia (VITT)
is a well-recognized but rare hypercoagulable condition follow-
ing administration of the ChAdOx1 nCoV-19 or Ad26.COV2.S vac-
cines.! Patients usually present 5-30 days after vaccination, with
moderate to severe thrombocytopenia, marked D-dimer elevation,
and venous and/or arterial thrombosis.»? Atypical cases have been
reported that present initially without thrombosis.>¢ These latter
presentations may be better described as vaccine-induced pro-
thrombotic immune thrombocytopenia (VIPIT), a broader term that
was first proposed to describe this novel syndrome and a term that
would include cases with thrombosis (i.e., VITT) and also those with-
out thrombosis.”® The recommended treatment for VIPIT/VITT is
anticoagulation with a nonheparin anticoagulant plus immunomodu-
lation with intravenous immunoglobulin (IVIG), with or without cor-
ticosteroid therapy.>??

Like in heparin-induced thrombocytopenia (HIT), the pathogno-
monic feature of VIPIT/VITT is the presence of platelet-activating
anti-platelet factor 4 (PF4) antibodies.”’® However, unlike HIT,
VIPIT/VITT antibodies occur in the absence of heparin exposure
and have a distinct epitope binding site on PF4.1' These features
make VIPIT/VITT more similar to autoimmune HIT, a spectrum of
disorders in which anti-PF4 antibodies are also capable of activating
platelets in the absence of heparin and can lead to fulminant co-
agulation activation through platelet microparticle release and neu-
trophil extracellular trap formation (NETosis).%*?'3 Furthermore, a
recommended treatment for VIPIT/VITT and autoimmune HIT, in-
cluding the rare instances of severe or refractory HIT, is IVIG, which
is not required in classical HIT.>*

Here, we report a case of serotonin-release assay (SRA)-
confirmed VIPIT without thrombosis who was treated successfully
with nonheparin anticoagulant therapy alone. This case further ex-
pands our understanding of VIPIT and the similarities and contrasts
with other anti-PF4 antibody syndromes.

2 | CASE DESCRIPTION

A male patient in his late 30s received a first dose of ChAdOx1 nCoV-
19 vaccine and developed mild symptoms that fully resolved within
24 h. On day 9 postvaccination, he was found to have incidental,
isolated thrombocytopenia with platelets of 82 x 10°/L and he was
clinically well. His previous platelet count was 192 x 10%/L in 2018.

Repeat blood work on day 17 showed worsening thrombo-
cytopenia with platelets of 69 x 10?/L and elevation of D-dimer
at 1156 ng fibrinogen equivalent units (FEU)/ml (reference range
<500 ng FEU/ml). He was directed to the emergency room for sus-
pected VIPIT. His vital signs were normal and his physical exam-
ination, including a neurological examination, was unremarkable.
Other blood work including peripheral blood film, renal and hepatic
function tests, prothrombin time, partial thromboplastin time, and
fibrinogen were normal. Computed tomography venography of

the head, computed tomography pulmonary angiography, and bi-
lateral lower limb Doppler ultrasonography showed no evidence
of thrombosis. Enzyme-linked immunosorbent assay (ELISA) for
anti-PF4 antibodies (Immucor PF4 IgG assay) was positive (op-
tical density [OD] 1.98) and the presence of platelet-activating
anti-PF4 antibodies was confirmed later with PF4-enhanced SRA
performed at a reference laboratory in Hamilton, Canada.’®> No
other cause for thrombocytopenia, including heparin or SARS-
CoV-2 exposure, was identified.

After a thorough discussion of the potential diagnosis of VIPIT
and the risks and benefits of treatment with the patient, he was
started empirically on therapeutic rivaroxaban on day 18. Neither
IVIG nor corticosteroid therapy was administered because he had
no thrombotic complications. Additionally, the SRA was not read-
ily available at our center and we questioned if the anti-PF4 ELISA
gave a false-positive result because his D-dimer level was only mildly
elevated. The thrombocytopenia slowly improved, and the platelet
count reached 149 x 10?/L on day 64, whereas his D-dimer level
normalized by day 24 (Figure 1). At 3 months, because anti-PF4 an-
tibodies were still detectable by anti-PF4 ELISA (OD 1.43), rivarox-
aban was continued but the dose was reduced to 10 mg daily. At
the last follow-up on day 230, he remained asymptomatic with a
negative PF4-enhanced SRA result. Rivaroxaban was discontinued.
Thrombosis or relapsed thrombocytopenia did not occur during ex-
tended follow-up.

3 | RESULTS AND DISCUSSION

We report a rare case of SRA-confirmed VIPIT treated with factor
Xa inhibition alone (without the use of immune modulatory therapy
such as IVIG or corticosteroids) with complete recovery without
thrombosis on long-term follow-up. Our case further highlights the
clinical and pathophysiological features shared by VIPIT/VITT, au-
toimmune HIT, and classical HIT, and raises the question whether
other VIPIT cases can be treated successfully with nonheparin an-
ticoagulant therapy alone in patients presenting initially without
thrombosis. 11

The molecular pathophysiology of VIPIT/VITT is now better
understood.™° Investigators have shown that analogous to HIT, in
which heparin binding to PF4 initiates anti-PF4 antibody production,
VIPIT/VITT is triggered by the binding of polyanionic adenoviral vac-
cine components to PF4.1° This immune complex generates the for-
mation of a neoepitope on PF4, which then initiates anti-PF4 VIPIT/
VITT antibody production. Experiments have further suggested that
viral proteins and small molecules in adenoviral COVID-19 vaccines
can act as “danger signals” to promote inflammation. Consequential
platelet, granulocyte, and monocyte activation by anti-PF4 VIPIT/
VITT antibodies via FcyRlla binding then causes platelet micropar-
ticle release and NETosis, culminating in fulminant activation of co-
agulation.10 Clinically, this manifests as VITT, with multiple sites of
venous and/or arterial thrombosis, severe thrombocytopenia from
consumption and extremely high levels of D-dimer.
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FIGURE 1 Laboratory findings of a patient with VIPIT without thrombosis. The patient was incidentally noted to have isolated
thrombocytopenia 9 days following vaccination with the ChAdOx1 nCoV-19 vaccine. Repeat testing 1 week later showed worsening
thrombocytopenia, elevated D-dimer, and positive anti-PF4 ELISA and SRA assays. At that time, therapeutic dose rivaroxaban was started
with subsequent normalization of D-dimer and improvement in platelet count, but with persistent anti-PF4 ELISA positivity. Abbreviations:
ELISA, enzyme-linked immunosorbent assay; NEG, negative; OD, optical density; PF4, platelet factor 4; POS, positive; SRA, serotonin-
release assay; VIPIT, vaccine-induced prothrombotic immune thrombocytopenia

We propose three hypotheses for the lack of thrombosis in
our patient. The first possibility is that detection occurred at an
early stage when circulating VIPIT antibodies were just starting to
induce platelet activation and consumption, and therapeutic anti-
coagulation prevented development of macrovascular thrombosis.
The normalization of the D-dimer level before platelet recovery
indicated that fibrin clot formation was effectively suppressed de-
spite ongoing platelet activation with consumption. Others have
reported such “pre-VITT” or “early VIPIT” cases but our case did
not progress to thrombosis despite withholding immunosuppres-
sive therapy.""s’6

Second, our patient may have had a subclinical phenotype of
VIPIT. Such a category has been described in the HIT iceberg model.'”
In this model, some patients have anti-PF4 antibodies capable of
activating platelets but are subclinical because they do not present
with thrombocytopenia and/or thrombosis. In our patient, thrombo-
cytopenia was identified initially at day 9 through blood work that
was done for an unrelated reason. The lack of progression to VITT by
day 17 may be due to inadequate “danger signals” related to the vac-
cine or host factors such as inflammation. According to Greinacher
and colleagues, this is an essential step in the development of VITT.X
Because we intervened with therapeutic anticoagulation, we do not
know if the patient would have developed symptoms or recovered
without intervention. The high anti-PF4 ELISA OD value (1.98), pos-
itive PF4-enhanced SRA, and the timing after ChAdOx nCoV-19

vaccination distinguishes our case from those with nonpathological
anti-PF4 antibodies following vaccination.'®*’

The third hypothesis is that our patient has a variant of VIPIT
antibody with different epitope-binding sites than those that lead
to VITT, and that such differences influence the severity of disease.
Indeed, it has been shown in HIT that five amino acids on PF4 are vital
to the binding of pathogenic anti-PF4 antibodies and that they are
not involved in nonpathogenic antibodies.?’ The same investigators
also demonstrated that in autoimmune or delayed HIT, anti-PF4 an-
tibodies are heparin-independent and the epitopes involve an addi-
tional set of amino acids at a separate conformational site.! Notably,
this separate site is very similar to the anti-PF4 antibody binding site
reported in VITT.} Given the more benign course experienced by
our patient, it is possible that his antibody binds to yet a different
site or with a lower avidity than VITT antibodies. Further molecular
studies are needed to test this hypothesis.

Our patient was treated with empiric therapeutic anticoagula-
tion, in line with guideline recommendations to administer therapeu-
tic anticoagulation in patients with HIT without thrombosis because
of their significant hypercoagulable state.r® His therapeutic response
with rapid D-dimer level normalization suggests that inhibition of
factor Xa alone was sufficient to suppress thrombin generation that
would have provided positive feedback on the coagulation cascade.
The gradual rise in his platelet count along with slow attenuation of
the anti-PF4 ELISA OD likely reflects the in vivo resolution of the
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anti-PF4 VITT antibody over a 2-month period. It is possible that
platelet recovery could have been accelerated with IVIG treatment.

This case highlights the clinical spectrum of anti-PF4 antibody
syndromes, including classic HIT, autoimmune HIT and VIPIT/VITT,
and challenges our understanding of their pathophysiological mech-
anisms. The role of anticoagulation without immunomodulation in

those presenting without thrombosis should be further explored.
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