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Laboratory confirmed vaccine-induced immune
thrombotic thrombocytopenia: Retrospective analysis
of reported cases after vaccination with ChAdOx-1
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Summary

Background Vaccine-induced immune thrombotic thrombocytopenia (VITT) is a severe adverse event of SARS-CoV-
2 vaccination. We describe the characteristics of patients reported in Germany based on the Brighton Collaboration
(BC) case definition criteria for Thrombosis and Thrombocytopenia Syndrome (TTS) and focus on patients with
complete anti-platelet factor 4 (PF4)-antibody laboratory work up.
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Methods The adverse drug reaction database of the Paul-Ehrlich Institute was queried for TTS cases following ChA- lanepe.2021.100270

dOx1 nCoV-19 vaccination from February 1, until May 21, 2021. Cases with reports from the Greifswald laboratory
were analysed in detail.

Findings PF4 antibody tests were available for 69 suspected TTS cases reported to the Paul-Ehrlich Institute, of whom 52
patients fulfilled the BC case definition; 37 (71%) women, 15 (29%) men, median age 46-o years (interquartile range 31-0-
6o-3 years). Cerebral venous sinus thrombosis was confirmed in 37 (71%), (additional) multiple thromboses in 19 (37%)
patients. Twelve patients died. Non-survivors showed lower platelet counts compared to survivors (median nadir 15,000/uL
Vs 49,000/uL; p<o-ooo1). Combined anti-PF4/heparin IgG ELISA and PF4-dependent platelet activation testing yielded
sensitivity of 96% (95% confidence interval 8;7-100%) and specificity of 77% (50-93%) for TTS. Four patients with throm-
bocytopenia but without thrombosis presented with severe headache or cerebral bleeding, explaining the lower specificity.

Interpretation VITT has high mortality and can present with isolated thrombocytopenia, severe headache, and
bleeding. Demonstration of platelet activating anti-PF4 IgG has high sensitivity for TTS and captures a wider spec-
trum of clinically relevant VITT than the current BC case definition.
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Research in context

Evidence before this study

Vaccine-induced immune thrombotic thrombocytope-
nia (VITT) was recognized from March 2021 after vacci-
nation with the adenoviral vector-based vaccines
ChAdOx1 nCoV-19, and Ad26nCoV.2S. Strongly reacting
anti-platelet factor 4 (PF4) IgG antibodies, which acti-
vate platelets in presence of PF4 are found in VITT
patients. Apart from VITT, the Thrombosis and Throm-
bocytopenia Syndrome (TTS) has been defined by the
Brighton Collaboration for secondary data analysis fol-
lowing vaccination. We identified all cases with TTS
reported in Germany to the federal agency Paul-Ehrlich
Institute and provide an analysis of clinical and labora-
tory features of patients with TTS and confirmed posi-
tive PF4-antibody ELISA and functional tests.

Added value of this study

Our nation-wide analysis represents one of the largest
cohorts of laboratory confirmed VITT patients. It consoli-
dates that VITT is associated with a high mortality espe-
cially at low platelet counts <30,000/uL. It adds the
information that a subgroup of patients with VITT
presents with isolated thrombocytopenia, severe head-
ache, and bleeding but no thrombosis.

Implications of all the available evidence

The Brighton Collaboration criteria of TTS do not cover
all patients with VITT. Combined anti-PF4 IgG ELISA and
PF4-enhanced functional testing results in high sensitiv-
ity and specificity for TTS and captures a wider spectrum
of VITT compared to the Brighton Collaboration case
definition.

Introduction
Pandemic coronavirus disease 2019 (Covid-19) is caused
by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). Vaccination against SARS-CoV-2 is key to
control this pandemic. Since end of February 2021,
venous thromboses at unusual sites including cerebral
venous sinus thrombosis (CVST) and/or splanchnic vein
thrombosis in combination with moderate to severe
thrombocytopenia were observed in individuals approxi-
mately 5 to 30 days after vaccination with ChAdOx1 nCoV-
19 COVID-19 Vaccine (Astra-Zeneca)’ ’ and with the
Covid-19 Vaccine Janssen (Ad26.COV2.S).*> We and
others identified immunoglobulin G class platelet-activat-
ing antibodies directed against the platelet chemokine,
platelet factor 4 (PF4; CXCLy), as the underlying cause.” >
This adverse reaction to SARS CoV-2 vaccines has
been named vaccine-induced immune thrombotic throm-
bocytopenia (VITT)*? as clinical definition for this syn-
drome, while US and European Union regulatory and
public health authorities as well as the Brighton

collaboration (BC) introduced the term - thrombosis with
thrombocytopenia syndrome - (TTS).” The BC developed
an interim case definition of TT'S for use in epidemiologi-
cal studies based on clinical criteria: i) presence of throm-
bocytopenia defined as a platelet count below 150,000 per
1L, and ii) new thrombosis. Depending on the methods
to confirm thrombosis, three levels (1-3) of evidence are
used. The case definition excludes patients with recent
heparin exposure to avoid confusion with heparin-
induced thrombocytopenia. Importantly, the combination
of thrombocytopenia and thrombosis can occur in a vari-
ety of other clinical situations apart from VITT, such as
pulmonary embolism which is unrelated to vaccination.”

The TTS definitions may miss patients with platelet
activating anti-PF4-antibodies with either thrombocyto-
penia before thrombosis develops, or with normal plate-
let counts and thrombosis. This may be highly relevant,
because VITT shows striking similarities with the other
diseases caused by anti-PF4 antibodies, namely heparin-
induced thrombocytopenia® and especially autoimmune
heparin-induced thrombocytopenia.® Those patients can
present with isolated heparin-induced thrombocytopenia
before onset of thrombosis, or with thrombosis and nor-
mal platelet counts.® Notably, VITT can be confirmed by
laboratory assays showing anti-PF4 IgG antibodies and
PF4-dependent, FcyRIla-receptor mediated platelet acti-
vation by sera of VITT patients.>' ™"

Here we present the characteristics of all patients with
clinical suspicion of VITT based on cases meeting the
TTS-criteria, which were reported to the Paul-Ehrlich-
Institute (PEI), the German regulatory body for vaccine
safety. We put a special focus on patients for whom
results of an anti-PF4/polyanion IgG ELISA and a func-
tional test for PF4-dependent platelet activating antibod-
ies from the Greifswald laboratory were available. We
provide evidence that the criteria for case definition of
TTS by the BC does not cover all patients with VITT and
that diagnosis of VITT is improved by applying a combi-
nation of an anti-PF4 IgG ELISA and a functional
washed platelet assay for PF4-dependent platelet activat-
ing antibodies, especially in patients not presenting with
the typical combined symptoms of thrombocytopenia
and thrombosis at unusual sites occurring 5-20 days after
vaccination against SARS-CoV-2.

Methods

Ethics

The laboratory study has been approved by the ethics com-
mittee of the Universititsmedizin Greifswald. Data protec-
tion was approved by the data protection officer of the PEI.

Data collection

Reports of patients with adverse reactions after vaccina-
tion were provided to the PEI by treating physicians as
required by the German Infection Protection Act. This
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included hospitalized and non-hospitalized patients. A
search strategy was applied to ensure identification of
all relevant individual case safety reports using the Stan-
dardized Medical Dictionary for Regulatory Activities
(MedDRA) using the Standardised MedDRA Queries™
(SMQs): Embolic and thrombotic events, vessel type
unspecified and mixed arterial and venous; Embolic
and thrombotic events, venous; Embolic and thrombotic
events; Embolic and thrombotic events, arterial; Throm-
bophlebitis; and Hematopoietic thrombocytopenia. The
search for thrombocytopenia included additional terms
not captured by the SMQ: heparin-induced thrombocy-
topenia type II, autoimmune thrombocytopenia, hepa-
rin-induced ~ thrombocytopenia  test,  idiopathic
thrombocytopenia, heparin-induced thrombocytopenia
NOS, heparin-induced thrombocytopenia, non-immune
heparin-associated  thrombocytopenia, spontaneous
heparin-induced thrombocytopenia syndrome, autoim-
mune heparin-induced thrombocytopenia, immune-
mediated thrombocytopenia, heparin-induced thrombo-
cytopenia mimicking thromboembolic disorders,
immune thrombocytopenia, primary immune thrombo-
cytopenia, secondary immune thrombocytopenia, and
persistent thrombocytopenia.

The PEI adverse drug reaction database was queried
for case reports from Germany from February 1, until
May 21, 2021. Results were manually reviewed by a phy-
sician for case reports of thrombosis with thrombocyto-
penia. Patients were assessed using the interim case
definition of the BC i) presence of thrombocytopenia
defined as a platelet count below 150,000 per L, and ii)
new thrombosis, with three levels of evidence depending
on the methods to confirm thrombosis (level 1: Imaging,
surgical, or pathology findings; Level 2: Clinical presenta-
tion with supporting imaging or laboratory findings (D-
dimer); Level 3: Clinical presentation consistent with
Thrombosis or Thromboembolism Event).

Serological testing

Independently, blood samples were sent to the labora-
tory of the Department of Transfusion Medicine, Uni-
versity Medicine Greifswald at the discretion of the
treating physicians for testing by anti-PF4/heparin IgG
ELISA. Results were given in optical density (OD) units
(reference range <o-50; weak reaction o-5 to <1-0 units;
strong reaction >1-0 units). Further, a functional
washed platelet assay to detect PF4-dependent, platelet
activating antibodies® in the presence of PF4 (toug/
mL)"® was performed. Pseudonymised results were for-
warded as follow up information to the PEI.

Statistical analysis

Descriptive data are presented as nominal values and
percentages; medians and interquartile ranges (IQR) as
indicated. The 95% confidence intervals were estimated
using the exact Clopper-Pearson method. For
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comparison of binary variables (sex, CVST, and multiple
thrombosis) between non-survivors and survivors, Fish-
er's exact test was applied (reporting the p-value as dou-
ble the exact one-tailed probability, alpha=0-05). For
comparison of continuous variables (age, time to onset,
platelet count, and D-Dimer) between non-survivors
and survivors, the non-parametric Wilcoxon Rank Sum
test was used (Exact; in case of age: normal approxima-
tion; two-sided, alpha=0-05).

Sensitivity and Specificity for the clinical diagnosis of
TTS according to the BC case definition were calculated
for the combined results of the anti-PF4/heparin IgG
ELISA and the washed platelet assay for PF4-dependent
platelet activating antibodies (either both positive or both
negative; a result of ELISA positive and PF4-dependent
platelet activating antibodies negative was considered
“negative”). A secondary analysis was performed in which
a strongly positive anti-PF4/heparin IgG ELISA (OD >
2-0) with PF4-dependent platelet activating antibodies
negative was considered “positive”, if it was known that
the sample was obtained post-intravenous immunoglobu-
lin administration. Sensitivity was calculated as the pro-
portion of TTS patients tested positive in the total group of
TTS patients (= 50/52 or 52/52, respectively). Specificity
was calculated as the proportion of non-TTS patients
tested negative in the group of all nonTTS (= 13/17;
Table 3). Statistical analyses were performed with SAS
® /STAT software, version 9-4, SAS System for Windows.

Role of the funding source

The funders provided the financial resources to perform
the experiments. Funders had no role in the study
design, data collection, data analysis, interpretation and
writing of the report.

Results

TTS cases reported to the PEI

Within the study period, 854 patients with thrombosis
and 224 patients with thrombocytopenia after vaccina-
tion with ChAdOx1 nCoV-19 COVID-19, were reported
(Figure 1). Among patients with thrombosis, 748 had
no documented thrombocytopenia; among patients
with thrombocytopenia 118 had no documented throm-
bosis. For 106 individuals thrombosis and thrombocyto-
penia were reported; fulfilling the BC case definition
criteria level 1 (n=73), 2 (n=7), and 3 (n=206)). Of these
106 patients, 73 were female (69%; median age 56-0
years; IQR 35-5-64-3) and 33 male (median age 54-0
years; IQR 33-0-63-0).

The most frequent type of thrombosis was CVST,
affecting 56/106 (53%) patients (42 women; 14 men).
Among them 27/56 (48%) developed mostly secondary
cerebral hemorrhage. Twenty-two (21%) patients pre-
sented with multiple thromboses; 24 (23%) with pulmo-
nary embolism; 11 (10%) with splanchnic vein
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thromboses. Fatality rate was 21/106 (20%; [women 13/
73 (18%); men 8/33 (24%)]) and in patients with CVST
14/56 (25%; [women 9/42 (21%); men 4/14 (29%)]).

TTS cohort with available anti PF4-IgG tests

Patient characteristics and clinical data. Of the
106 TTS cases identified by the PEI according to the BC
case definition, in 52 (49%) laboratory results from
Greifswald were available; 37 (71%) women, 15 (29%)
men, median age 46-0 years (IQR 31-0 to 6o-3 years).
Their characteristics and clinical data are summarized
in Tables 1 and 2. Fifty one out of 52 cases were classi-
fied as certain TTS (Level 1), one as likely TTS (Level 2;
BC case definition). All cases were characterized as life
threatening. CVST was confirmed in 37 (71%) patients,
and multiple concomitant thromboses at different loca-
tions in 19 (37%) patients. Twelve patients died (23%,
10/12 had CVST, 7/12 had multiple thromboses).
Patients with a fatal outcome showed lower platelet
counts compared to those who survived (median nadir
15,000 VS. 49,000; p <0.0001). D-dimer values ranged
between 25 - 54 mg/L (median 29-8 mg/L; reference

Data base search:
Thrombosis
n =854

range <o-5 mg/L) and did not differ significantly
between non-survivors and survivors (median 24-8 vs.
30-7 mg/L; p = 0-75). No significant differences were
seen for sex and the incidences of CVST and multiple
thrombosis between survivors and non-survivors in our
study. Mortality neither differed significantly between
CVST and non CVST-patients (27% vs 13%, p=0-50);
nor between patients with multiple thromboses and
those without (37% vs 15% p=o-15). Further, median
time between vaccination and first onset of symptoms
was 9-o days (IQR 7-5 —11-5 days) and comparable
between both groups (median 9-o vs.io-o days;
p = 0:86; Table 2)

In 13 (25%) patients, first symptoms occurred
between days four (n=2) and seven, in 33 (64%) in the
second, and in 6 (12%) in the third week after vaccina-
tion. The most frequent first symptoms in patients with
CVST were headache (25/37; 68%), nausea and vomit-
ing (8/37; 22%), and convulsions (5/37; 14%). Treat-
ment was heterogeneous. In addition to heparin, low
molecular weight heparin, non-heparin anticoagulants
and high dose intravenous immunoglobulins, patients
received various other medications such as corticoste-
roids, eculizumab (to inhibit complement activation),
and/or platelet transfusions. Twelve patients required

Data base search:
Thrombocytopenia
n=224

Thrombosis YES Thrombosis YES Thrombosis NO
Thrombocytopenia NO Thrombocytopenia YES Thrombocytopenia YES
n=748 n =106 n=118

Restriction to reports with PF4 I1gG antibody and platelet activation test results Greifswald laboratory

Thrombosis YES
Thrombocytopenia YES
with PF4-1gG and functional test
v n=>52 v

Thrombosis YES
Thrombocytopenia NO
with PF4-1gG and functional test
n=9

Thrombosis NO
Thrombocytopenia YES
with PF4-1gG and functional test
n=8

Figure 1. Notified cases of thrombosis, thrombocytopenia, and TTS in Germany (01.02. - 21.05.2021) after ChAdOx-1 nCoV-19 vacci-

nation.
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Female Male
Age Category [years] TTS (fatal)  CVST (fatal)  Multiple thromboses (fatal)  TTS (fatal)  CVST (fatal)  Multiple thromboses (fatal)
18-39 10 (1) 8(1) - 10 (3) 8(2) 5(2)
40-59 16 (4) 11 (3) 5(1) 2(0) 1(0) 1(0)
60+ 11(2) 7(2) 5(2) 3(2) 2(2) 3(2)
Total 37(7) 26 (6) 10 (3)* 15(5) 11(4) 9 (4)*
Median Age [years]IQR  4936-60 3629-48

* includes splanchnic thrombosis.

Table 1: Characteristics of 52 TTS patients with complete anti-PF4 antibody test results.
Abbr: TTS Thrombosis with thrombocytopenia; CVST cerebral venous sinus thrombosis; IQR interquartile range.
Definition of multiple thromboses: > 2 thromboses in one patient at different sites and not linked to each other;

craniectomy to reduce intracranial pressure (8 sur-
vived); in nine patients, catheter-assisted thrombectomy
was performed (in one craniotomy and thrombectomy).
One patient required splenectomy due to ruptured
spleen and haemorrhagic shock.

Of note, in a 63-year-old male patient VITT may have
persisted. Twelve days post vaccination (first dose) he
developed pulmonary embolism and thrombocytopenia
(26,000/ul). He was discharged from hospital at day 17
in stable condition, anticoagulated with therapeutic
dose Factor Xa inhibitor. At day 22 he presented with
headache and platelet count had increased to 82,000/
L. At that time, cranial computer tomography did not
reveal signs of CVST. At day 27, he developed extensive
CVST and cerebral haemorrhage (platelet count

71,000/ ul).

PF4-antibody test results. All 52 cases classified
as TTS according to the BC case definition tested posi-
tive for anti-PF4/heparin IgG. Forty-nine patients tested

strongly positive with ODs >1 and three tested weakly
positive in the ELISA (ODs between o-5-1-0). Fifty
patients tested also positive for PF4-dependent platelet
activating antibodies in the functional assay. The two
TTS cases who tested negative for PF4-dependent plate-
let activating antibodies had received body weight
adjusted intravenous immunoglobulins two days before
the blood sample was taken, which is known to inhibit
the assay.® In 13 (25%) patients, antibodies also acti-
vated platelets in the presence of heparin (and buffer).
For an additional 17 cases reported to the PEI with
suspected VITT, antibody tests were available. These
cases did not fulfill the criteria of the BC case definition
for TTS (thrombosis without thrombocytopenia, n=9;
thrombocytopenia without thrombosis, n=8) (Table 3).
Of the nine cases with thromboses without thrombocy-
topenia one patient tested weakly positive for anti-PF4/
polyanion IgG (OD < 1-0) but none tested positive for
either heparin- or PF4-dependent platelet activating
antibodies. Of the eight cases with isolated thrombocy-
topenia, four tested positive for anti-PF4/heparin IgG

Item Measure Non-survivors Survivors p-value
TTS Total number 12 40 -
Platelet Count, Nadir [platelets/ul] Median 15,000 49,000 <0-0001
IQR 10,000 - 18,000 27,000 - 64,000
D-Dimer Median 24-8 307 0-75
[mg/L] IQR 20-0 — 36-0 17.0 —35.0
number assessed 9 27
Age [years] Median 49.0 44.5 0-45
IQR 35:5-62-0 29-0 — 59-5
Sex [Female] number [%] 7 [58] 30[75] 0-44
CvsT number [%] 10[83] 27 [68] 0-50
Multiple thrombosis number [%] 7 (58] 12[30] 0-15
Time to onset [days] Median 9.0 10-0 0-86
IQR 7-5—-11.0 7-0—-12-0
Table 2: Clinical information of 52 TTS case reports with complete anti-PF4 antibody test results.
Abbr: TTS Thrombosis with thrombocytopenia; CVST cerebral venous sinus thrombosis; IQR interquartile range.
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anti-PF4/heparin IgG
ELISA (positive/tested)

heparin-dependent platelet
activation (positive/tested)

PF4 dependent platelet
activation (positive/tested)

TTS patients 52/52
(49 strongly, OD >1.0)
patients with thromboses 1/9

without thrombocytopenia (1 weakly, OD <1.0)
patients with thrombocytopenia 4/8

without thromboses (4 strongly, OD>1.0)

13/50 50/52*
0/9 0/9
1/8 4/8

Table 3: Results for anti-PF4/polyanion IgG and PF4-dependent platelet activating antibodies in the patient cohorts with thrombosis,
thrombocytopenia, or both (TTS) after vaccination with ChAdOx1 nCov-19 (n=69).
* Two patients with negative PF4 dependent platelet activation tests were pretreated with intravenous immunoglobulins (can inhibit the functional test).

and for PF4-dependent platelet activating antibodies. As
common features, these cases showed additional cere-
bral symptoms (2 had cerebral bleeding, 2 had severe
headache and 3 of 4 had elevated D-Dimer values (in
one case D-dimer values were not available due to sud-
den death).

The combination of a positive anti-PF4/polyanion
IgG ELISA together with a positive functional washed
platelet assay for PF4-dependent platelet activating anti-
bodies results in a sensitivity of 96% (95% confidence
interval: 87-100%) and a specificity of 77% (95% confi-
dence interval: 50-93%) for TTS according to the BC
case definition. If the patient was considered “positive”
with a strongly positive anti-PF4/heparin ELISA (OD
>2-0) despite a negative functional washed platelet
assay due to known prior intravenous immunoglobulin
administration, sensitivity increases to 100% (95% con-
fidence interval 93-100%) while specificity remains
unchanged.

Discussion

We report a large cohort of VITT-patients who meet the
TTS criteria in a temporal relationship with ChAdOxi1
nCoV-19 vaccination and for whom results of combined
anti-PF4 IgG and PF4-dependent platelet activating
antibody testing are available. Our cohort is representa-
tive including approximately half (49%) of all 106 TTS
patients reported in Germany from the beginning of
ChAdOx1 nCoV-19 vaccination in February until May
21, 2021. The young median age and strong female pre-
ponderance most likely reflect the vaccination recom-
mendations in Germany. Until beginning of April 2021
ChAdOx1 nCoV-19 was recommended for certain occu-
pational groups such as health care professionals and
for persons below the age of 65.

VITT is a life-threatening adverse complication.
Overall mortality was high in our cohort with 23%, and
with 27% in patients with CVST. The risk of mortality
was significantly increased when patients presented
with a platelet count below 30,000/uL. This is in line
with two recent reports showing 22% mortality in
patients with VITT" and 47% of patients with VITT
and CVST in the United Kingdom.”® Treatment of

patients had been very heterogeneous reflecting the
uncertainty how to handle this new disease at the begin-
ning. Importantly, we observed one patient with initial
pulmonary embolism and thrombocytopenia with a
potentially ongoing inflammatory process, leading to a
new CVST after initial pulmonary embolism and who
had discontinued anticoagulation. VITT patients with
persistent or new occurrence of severe headache may
require longer term monitoring of thrombocytopenia
and/or D-dimer levels.

The first reports on VITT highlighted the clinical
presentation of thrombosis and thrombocytopenia asso-
ciated with a positive anti-PF4/heparin IgG ELISA."™#
Already in the first case series, we observed that these
patients also present with PF4-dependent platelet acti-
vating antibodies.’ The finding of PF4-dependent plate-
let activating antibodies in a functional test is therefore
the definite prove of VITT in symptomatic patients (in
analogy to the laboratory diagnosis of heparin induced
thrombocytopenia). We evaluate here the combination
of clinical criteria, an anti-PF4/heparin IgG ELISA and
a functional test for PF4-dependent, platelet-activating
antibodies to diagnose VITT in a large series of patients.
Our search revealed additional seven TTS cases with
PF4/Heparin antibody results available from other
laboratories.””*° All showed a positive PF4/heparin
IgG ELISA, in one patient also a positive PF4-depen-
dent platelet activation test was reported. Due to differ-
ences in the methodology these cases were not
considered in our detailed evaluation.

We found a very high sensitivity for TTS of 96% for
the combination of a positive anti-PF4/polyanion IgG
ELISA and the presence of PF4-dependent, platelet acti-
vating antibodies. The two cases missed had been pre-
treated with high-dose intravenous immunoglobulin,
which is known to inhibit the functional assay. If these
post-intravenous immunoglobulin test results were con-
sidered “positive”, sensitivity would reach 100%. Labo-
ratories need to be aware about this risk of false
negative results and physicians should obtain blood
samples for laboratory testing before treatment with
intravenous immunoglobulin is started. Specificity of
the test combination was 78% (72%, if all post-intrave-
nous immunoglobulin test results were considered
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“positive”). The lower specificity was explained by four
additional patients with thrombocytopenia but no
thrombosis. Importantly, all four patients presented
with severe cerebral symptoms. Among them two
patients had cerebral bleeding; and elevated D-dimer
levels further indicate a pro-thrombotic state. We cannot
rule out that either sudden death or early anticoagula-
tion has masked or prevented the occurrence of throm-
boses in these patients.

However, our data indicate that the interim BC case
definition of TTS may not detect all patients with VITT.
We identified patients with thrombocytopenia in the
same range as observed in VITT patients and severe
headache and/or cerebral bleeding (without docu-
mented thrombosis) who had high-titer PF4-dependent,
platelet-activating anti-PF4 antibodies. While the
interim BC case definition might be suitable for second-
ary data analysis, our data suggest that the spectrum of
VITT may be expanded for primary data analysis includ-
ing patients with thrombocytopenia and persistent clini-
cal symptoms such as severe headache and/or sudden
onset of severe hemorrhage—if patients test positive in
a PF4/heparin ELISA and for PF4-dependent, platelet
activating antibodies.

The Centre for Disease Control acknowledges the
variety of clinical situations with TTS and suggests for
tier 2 TTS definition the inclusion of a positive PF4/pol-
yanion ELISA test®’ to cover VITT patients more pre-
cisely. Nevertheless, the PF4/polyanion ELISA alone
may not be specific enough for VITT. It had been posi-
tive in 5-8% of the vaccinated individuals without any
adverse symptoms.”* In fact, one out of nine patients
with thrombosis but no thrombocytopenia showed a
weakly positive PF4/polyanion ELISA, but a negative
functional test. On the other hand, thrombocytopenia is
a major criterion for the TTS case definition. In all cases
with a positive anti-PF4/heparin IgG ELISA and a posi-
tive PF4-dependent platelet activation test, thrombocyto-
penia was present. This underpins that VITT patients
typically present with thrombocytopenia. Given the
many similarities between heparin-induced thrombocy-
topenia and VITT, thrombotic events in VITT can also
occur in the absence of thrombocytopenia®? as it is well
established in heparin-induced thrombocytopenia
paltients.8

We propose to include the presence of anti-PF4/poly-
anion IgG and PF4-dependent platelet activating anti-
PF4 antibodies into the definition of TTS to better target
VITT patients for clinical diagnosis and research. This
strongly parallels the recommendations for the diagnosis
of the other clinically important disease caused by anti-
PF4 antibodies, heparin-induced thrombocytopenia.**
We acknowledge that the diagnosis of VITT can be made
without a functional assay, when patients present with
the typical symptoms of thrombocytopenia, high D-
dimer levels and thrombosis 5-20 days after vaccination
with an adenoviral vector-based vaccine. However, the
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functional test is especially relevant for unusual presenta-
tions like early onset of thrombosis after vaccination with
an adenoviral vector-based vaccine or suspected VITT
after vaccination with mRNA vaccines. This may avoid
misinterpretation of coincidental occurrence of thrombo-
sis in the first weeks after vaccination. More difficult,
washing of platelets requires expertise and skilled staff.
Recently we introduced a whole blood flow cytometry-
based assay, which seems to correlate reasonably with
our washed platelet assay and might be easier to be estab-
lished by routine laboratories."

The strength of our study is that we were able to
assess the complete cohort of patients with TTS in Ger-
many and to focus on laboratory confirmed VITT cases.
This excludes patients who developed TTS for other rea-
sons and allowed to assess sensitivity and specificity of
anti-PF4 testing. Our study is limited by the typical
reporting bias of a spontaneous reporting system,
because patients who may have had less severe VITT
with asymptomatic thrombocytopenia without thrombo-
sis are usually not detected. Along the same lines, the
presence of a CVST would result in a high likelihood of
inclusion whereas a less complex thrombotic event may
have been overlooked and not reported. Finally, the
specificity-analysis of our assays is limited because
asymptomatic individuals are typically not reported to
the national agency. To overcome this limitation, we
can refer to an analysis of 281 health care workers vacci-
nated against Covid-19 without symptoms of VITT.**
None of them showed a positive result in the functional
assay, including the 19 individuals with a positive anti-
PF4/heparin IgG ELISA which corroborates the high
specificity of our laboratory approach. It is possible,
albeit unlikely that minor thrombotic events were over-
seen in the patients presenting without thrombotic
event. Importantly, the presence of platelet activating
anti-PF4 IgG in patients with cerebral symptoms is suf-
ficient to establish the diagnosis of VITT (or “VITT with-
out thrombosis”) and to start anticoagulation to avoid
thrombotic complications, similar to what is recom-
mended in heparin induced thrombocytopenia without
thrombosis.**

The 106 TTS cases of our study were reported on the
background of 9 million vaccinations with ChAdOx1 in
Germany until the end of May 2021. The PEI database
revealed six cases of suspected TTS after BNT162b2
(Biontech/Pfizer) and none after Covid-19 Vaccine Mod-
erna (Moderna Biotech) in the same time period® on
the background of 42 million vaccinations with mRNA
vaccines. In contrast, Burn et al. report that safety pro-
files of BNT162b2 and ChAdOx1 were similar and that
no safety signals were seen for TTS in Spain.*® Further,
only 17 thrombotic events per 100 ooo participants
were detected in a study of health care workers vacci-
nated with the vector-based Ad26.COV2.S in South
Africa, and none of these cases was related to VITT.””
These various outcomes may reflect differences of the
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regional vaccination programs, between the vaccinated
populations and the different approaches to collect the
data. As VITT is a rare complication the investigated
cohorts may also still be too small to detect any differ-
ence between the vaccines.

An open question is, whether VITT is exclusively
seen after application of vector-based vaccines. Apart
from VITT, which is mediated by PF4 antibodies,
other forms of TTS may occur after vaccination with
mRNA-based vaccines and in Covid-19. No system-
atic study to date could show that persons vaccinated
with mRNA vaccines develop anti-PF4-IgG mediated
thrombotic thrombocytopenia, similar to what is
seen with vector-based vaccines. We found only a
low incidence of PF4-IgG antibodies in Covid-19
patients and these antibodies do not activate platelets
in a functional assay,”® which is in contrast to the
pattern seen in VITT. Hence, TTS seen after vaccina-
tion with mRNA-based vaccines or in Covid-19 may
have different pathomechanisms and involve antibod-
ies recognizing other epitopes.®® This must be
addressed by future studies.

Given risk of Covid-19 infection and its complica-
tions, the benefits of vaccination against Covid-19 by far
outweigh the risk of vaccine-related complications and
the risk of an ongoing pandemic in many parts of the
world. Our analysis characterizes a large cohort of labo-
ratory confirmed VITT and underscores that this condi-
tion requires immediate attention and action by
physicians. In this context, our analysis adds important
data contributing to the safety of the world-wide vaccina-
tion campaign and supports ongoing efforts to fight the
SARS-CoV-2 pandemic.

In conclusion, VITT is associated with a high mortal-
ity especially at platelet counts < 30,000/uL. A sub-
group of patients with VITT present with isolated
thrombocytopenia and severe headache. The case defini-
tion for TTS should be expanded accordingly. The pres-
ence of anti-PF4 IgG antibodies and PF4-dependent
platelet activating antibodies has a very high sensitivity
and specificity for VITT.
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