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1 | INTRODUCTION

Vaccine-induced immune thrombotic thrombocytopenia or
vaccine-induced thrombocytopenia and thrombosis (VITT)
has been described as a rare adverse event mainly follow-
ing immunization with adenoviral vector-based vaccines
against SARS-CoV-2. After understanding the pathophysio-
logical mechanisms connected to the development of VITT
and with the availability of diagnostic assays, patients with
VITT manifestations have been increasingly recognized.!
Recently, VITT has been observed after human papilloma-
virus vaccination” and evidence indicates that VITT-like
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Vaccine-induced immune thrombotic thrombocytopenia (VITT) is a rare clinical
condition that has emerged during the mass immunization against SARS-CoV-2.
Reports indicate that VITT may also be induced by other vaccines, such as the
human papillomavirus vaccine, or occur independently of vaccination. Its recog-
nition requires a high index of suspicion, especially in patients presenting with
thrombocytopenia and thrombosis several days after vaccination with an adeno-
viral vector-based vaccine against SARS-CoV-2. Bleeding manifestations do not
exclude VITT, as initially assumed. It is of great importance to perform the appro-
priate diagnostic tests early in the course of the disease, as false-negative results
may occur and many aspects of VITT are not fully understood. These two cases
from Germany demonstrate unusual presentations of VITT.

COVID-19, SARS-CoV-2 vaccination, vaccine-induced immune thrombocytopenia and

anti-platelet antibodies may also appear independently of
vaccination. For example, recurrent thrombosis was de-
scribed in a patient with monoclonal gammopathy, as a
paraprotein bound to the same epitope as platelet factor 4
(PF4) and caused intravascular platelet activation.’ In ad-
dition, symptoms in patients with autoimmune heparin-
induced thrombocytopenia (aHIT) or spontaneous HIT-like
syndrome could resemble VITT-like autoantibodies and
technically simple functional testing is necessary to enable
rapid and accurate differential diagnosis.”*

The incidence of VITT is low with 15.5 per million
after first or unknown dose and 2.0 per million after
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second dose with an overall case fatality of 22%."* VITT
is caused by an anti-PF4 antibody-mediated platelet acti-
vation leading to thrombotic complications and thrombo-
cytopenia. Hallmarks of VITT are thrombosis at unusual
sites such as cerebral venous sinus (CVST) or splanchnic
vasculature, but deep vein thrombosis and/or pulmonary
embolism may also occur.”® Leading symptoms are per-
sistent and severe headache, focal neurological symp-
toms, seizures, blurred vision, shortness of breath, chest
or abdominal pain, swelling and redness in a limb, or pal-
lor and coldness in a limb.’ According to Pavord S et al.
VITT should be considered as a definite diagnosis when
all five criteria are fulfilled: onset of symptoms 5-30days
after vaccination against SARS-CoV-2 (or <42days in pa-
tients with isolated deep vein thrombosis or pulmonary
embolism), presence of thrombosis, thrombocytopenia
(platelet count< 150,000 per cubic millimeter), D-dimer
level >4000 FEU, and positive anti-PF4 antibodies on
ELISA.'

Bleeding symptoms, other than intracerebral bleeding
secondary to CVST, were previously considered to argue
against a diagnosis of VITT. The suspected diagnosis is
serologically confirmed by a positive anti-PF4/heparin-
IgG enzyme-linked immunosorbent assay (ELISA) and if
positive a functional test (HIPA, heparin-induced plate-
let activation assay or SRA, serotonin-release assay).’
Appropriate imaging should be obtained to support diag-
nosis and guide treatment.

We report two cases of confirmed VITT were clinical
features and laboratory results are unusual, indicating
that some aspects of VITT are not still fully understood .

2 | CASE PRESENTATION
2.1 | Case 1: cerebral venous sinus
thrombosis (CVST)

A 43-year-old male patient with uneventful medical his-
tory was admitted 23days after receiving a first dose of
ChAdOx1 nCoV-19 vaccine. Symptoms of headache, falls,
and unsteadiness began 7 days after vaccination. At admis-
sion, he presented with reduced vigilance, multiple blue,
or purple bruises in all extremities and left-sided hemipa-
resis. The bruises had the typical clinical characteristics of
hematomas after subcutaneous bleeding and were painful,
reflecting their extent, location, and size. Unfortunately,
no lesion biopsy was performed, in order to exclude dermal
vessel thrombosis, vasculitis, or necrotic changes.

Platelet count was 108x10°/L (norm: 150-400x10°/L),
slightly increased fibrinogen levels (441 mg/dl, norm: 180-
350) and massively increased D-dimers of 20.7 mg/L (norm:
<0.55) were present. The platelet count nadir was 97 x 10°/L.
A computed tomography (CT) angiography revealed atypi-
cal intracranial bleeding in the presence of massive pansi-
nus CVST and jugular venous thrombosis (Figures 1A-C).

FIGURE 1 (A-C)Cranial CT on
the day of admission to neurological
ICU showing pansinus thrombosis with
accompanying atypical intracranial
bleeding (white arrows). (D) Cranial

CT showing progression of intracranial
bleeding and midline shift despite
decompressive hemicraniectomy and
external ventricular drainage 7 days after
admission (white arrow).
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Initial treatment with heparin was changed to argatroban
upon suspicion of VITT.'® The patient received high-dose
intravenous immune globulin (IVIG; 1 g/kg body weight
on two consecutive days)'' which led to rapid normaliza-
tion of platelet counts. The anti-PF4/heparin IgG ELISA
was highly positive (optical density [OD]>3). The PF4-
dependent washed platelet activation assay, however, was
negative. Together with the bleeding symptoms, especially
the skin hematomas, this was considered evidence against
the diagnosis of VITT.

Heparin was restarted and platelet counts remained
stable. The patient's neurological status deteriorated due
to intracranial hemorrhage (Figure 1D) with signs of el-
evated intracranial pressure (ICP). Despite all rescuing
efforts, 31days after vaccination, brain death was con-
firmed and organ donation followed. The autopsy re-
vealed a widespread thrombosis of the superior sagittal
sinus, transverse sinus, and confluence of sinuses with
patchy hemorrhagic infarction and global cerebral edema,
leading to tonsillar herniation. Additionally, disseminated
thrombosis of small and medium-sized vessels was identi-
fied at autopsy. Further genetic screening and coagulation
diagnostics including vasculitis serology were all negative.
The patient's original serum was retested using repository
material and the washed platelet-activation assay revealed
platelet-activating anti-PF4 antibodies, confirming VITT.
The assay at first time has been obviously false negative.

2.2 | Case 2: pulmonary embolism,
pulmonary hemorrhage, portal vein
thrombosis, and deep vein thrombosis
of the left leg

A 34-year-old male patient with uneventful medical his-
tory was admitted with a 1-week history of shortness of
breath, hemoptysis, chills, headache, and a low platelet
count 12days after the first dose of ChAdOx1 nCoV-19
vaccine. The symptoms began 7days after vaccination.
His physical examination on admission showed no ab-
normalities except for a respiratory rate of 33 breaths per
minute. The initial laboratory analysis notably showed an
increase in D-dimer (34.4 mg/L, norm: <0.55), a reduced
platelet count (14X 10°/L, norm: 150-400), increased
inflammatory biomarkers such as C-reactive protein
(68 mg/L, norm: <5), and lactate dehydrogenase (349 U/L,
norm: 125-220) as well as elevated liver enzymes. The
SARS-CoV-2 PCR test was negative as well as the urine
dipstick and blood culture. The nadir of platelet count in
this patient was 7 x10°/L (norm: 150-400) 2days after
admission.

A chest CT scan revealed pulmonary embolism and
widespread ground-glass opacities. Abdominal CT scan
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showed complete portal and mesenteric vein thrombo-
sis (Figure 2A,B). Duplex Doppler sonography of the
leg vessels indicated deep vein thrombosis (Figure 2C).
Abdominal ultrasonography showed slight splenomeg-
aly but no further pathology. Magnetic resonance imag-
ing (MRI) angiography showed no pathology other than a
small cavernoma (Figure 2D).

Vaccine-induced immune thrombotic thrombocytope-
nia was suspected and confirmed by a strongly positive an-
ti-PF4/heparin IgG ELISA and a positive PF4-dependent
platelet activation assay. Anticoagulation with argatroban
(2 pg/kg/h) was initiated, and high-dose IVIG (1 g/kg on
two consecutive days) were administered. Intravenous
levofloxacin was started because of suspected community-
acquired pneumonia.

The patient's condition improved, and platelet counts
rapidly rose from a minimum of 7 x10°-147x10°/L
within 5days. At day 10 of admission the platelet count
decreased again to 66 X 10°/L, but responded well to a sec-
ond course of 1 g/kg immunoglobulin therapy on two con-
secutive days. After clinical stabilization, anticoagulation
was switched to apixaban. The patient was discharged
20days after admission.

Upon discharge, the patient was monitored with
weekly platelet counts by his general practitioner,
which showed a persistent mild thrombocytopenia
of 100x10° +20x10°/L. The follow-up of anti-PF4-
antibodies is shown in Graph 1. The patient received a
second and third vaccination with Comirnaty (BioNTech/
Pfizer), which was uneventful. Platelet-activating anti-
bodies persisted until week 13, the optical density of the
anti-PF4/heparin ELISA remained stable over the time.
Gastroscopy ruled out esophageal varices and other rele-
vant signs of portal hypertension. Nine months after VITT
the patient remains stable, but therapeutic anticoagula-
tion has not been discontinued yet.

3 | DISCUSSION

The two presented cases (compared in Table 1) highlight
the complexity and challenges in recognizing and treating
suspected VITT, especially demonstrating that bleeding
manifestations and false-negative anti-PF4-antibodies do
not exclude an underlying VITT. This knowledge is rel-
evant for clinicians, as VITT-like phenotype may occur
independently of a SARS-CoV-2 vaccination.

Both patients presented with bleeding symptoms.
Bleeding manifestations, other than secondary bleeding
due to CVST or pulmonary embolism, are considered to
be atypical in the setting of VITT. In the first case a mas-
sive subcutaneous bleeding occurred. This cannot be ex-
plained by the moderately decreased platelet count and
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FIGURE 2 (A, B) CT of the abdomen
showing complete portal venous
thrombosis and thrombosis of mesenteric
veins (white arrows). (C) Doppler and
duplex sonography showing a 3-level
deep vein thrombosis of the left leg

(white arrow). (D) Cranial MRI showing
a small cavernoma but no other relevant
pathology (white arrow).
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may even indicate the presence of additional antibodies
interfering with the platelet function. In the second case,
the patient presented with pulmonary embolism and he-
moptysis. It remains unclear if there was a primary pul-
monary bleeding or secondary by underlying pulmonary

Comirnaty GRAPH 1 Follow up of PAA status,
4 platelet count and OD anti-PF4/Heparin
3,5 IgG ELISA after discharge.

embolism. The very low platelet count with rapid re-
sponse to IVIG and steroids may indicate the co-incidence
of VITT and idiopathic thrombocytopenic purpura (ITP).
Nevertheless, the monoclonal antibody-specific immobili-
zation of platelet antigens (MAIPA) was negative against
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Casel Case 2
demographics, clinical features, and
laboratory data Sex Male Male
Age (years) 43 34
Time between vaccination and onset 7 7
of symptoms (days)

Time between vaccination and 23 12

admission to hospital (days)

Site(s) of thrombosis Cerebral venous sinuses Portal vein,
mesenteric
vein, deep
peripheral
veins

Site(s) of bleeding Subcutaneous hematomas, Pulmonary

intracranial bleeding bleeding

Nadir of platelet count (norm: 97x10°/L 7x10°/L

150-400% 10°/L)
Anti-PF4/heparin IgG ELISA Highly positive (optical Highly
density [OD] > 3) positive
(optical
density
[OD]>3)

PF4-dependent washed platelet- Positive Positive

activation assay

VITT probability according to Pavord ~ Definite Definite

etal!

Outcome Fatal Full recovery

Abbreviations: Anti-PF4, anti-platelet factor 4; ELISA, enzyme-linked immunosorbent assay; VITT,
vaccine-induced immune thrombotic thrombocytopenia.

glycoprotein-specific antiplatelet antibodies to glycopro-
teins IIbIlla, IbIX, V, or Ialla, which are the main target
glycoproteins in ITP.

We recently identified free anti-platelet antibodies in
about 25% of patients with VITT.'? The sensitivity of the
current anti-platelet antibody tests for free antibodies
is only 10%. It is, therefore, likely that the prevalence of
these plated autoantibodies was much higher than 25%.
Unfortunately, this information was not available when
the patients were originally diagnosed and we did not per-
form anti-platelet antibody tests using the patients’ own
platelets. We now have the rationale for assuming that
plated autoantibodies might have been involved.

While our clinical observation cannot prove the con-
tribution of several mechanisms to the clinical phenotype
of the two patients reported, such a coincidence should
be taken into account and bleeding manifestations should
not rule out an underlying VITT. The diagnostic workup
of our cases indicates that our current understanding of
VITT is still incomplete and more studies are needed to
elucidate possible concomitant effects of anti-PF4 and
other anti-platelet antibodies.

A second important observation is the false-negative
functional test in the first patient on admission. This

cannot be attributed to preceding treatment with IVIG, as
the blood sample was obtained before the administration
of IVIG. When we retested the patient's serum in the di-
lution of 1:4 it was consistently strongly positive. We now
know that the stoichiometric ratio of PF4 and antibodies
is highly important and in fact this case was one of the
driving forces to further modify the PIPA test."* This led
to restart heparin without consecutive decrease in platelet
count, which may provide some evidence that heparin can
be safely used as anticoagulant in VITT cases.'*

4 | CONCLUSION

Vaccine-induced immune thrombotic thrombocytope-
nia is now recognized as a rare adverse effect of vac-
cination against SARS-CoV-2 with adenoviral vector
DNA-based vaccines. Patients who develop an identical
syndrome independent of a SARS-CoV-2 vaccination
have been increasingly recognized. Presentation and
diagnosis of VITT might be delayed due to unspecific
signs and symptoms. The presented cases indicate that
bleeding symptoms do not exclude the diagnosis of an
underlying VITT.
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