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We report 5 cases of prothrombotic immune thrombocytopenia after exposure to the

. . ChAdOx1 vaccine (AZD1222, Vaxzevria) against severe acute respiratory syndrome coro-
® Patients presented with

a broad spectrum of
unusual
thromboembolic
manifestations after
AZD1222 exposure.

navirus 2 (SARS-CoV-2). Patients presented 5 to 11 days after first vaccination. The spec-
trum of clinical manifestations included cerebral venous sinus thrombosis, splanchnic vein
thrombosis, arterial cerebral thromboembolism, and thrombotic microangiopathy. All
patients had thrombocytopenia and markedly elevated D-dimer. Autoantibodies against
platelet factor 4 (PF4) were detected in all patients, although they had never been
exposed to heparin. Immunoglobulin from patient sera bound to healthy donor platelets
in an AZD1222-dependent manner, suppressed by heparin. Aggregation of healthy donor
platelets by patient sera was demonstrated in the presence of buffer or AZD1222 and
was also suppressed by heparin. Anticoagulation alone or in combination with eculizumab
) or intravenous immunoglobulin (IVIG) resolved the pathology in 3 patients. Two patients
had thromboembolic events despite anticoagulation at a time when platelets were

@ A triad of
thromboembolic events,
thrombocytopenia, and
anti-PF4 autoantibodies
was characteristic of the
disease.

increasing after IVIG. In summary, an unexpected autoimmune prothrombotic disorder is described after vaccination
with AZD1222. It is characterized by thrombocytopenia and anti-PF4 antibodies binding to platelets in AZD1222-
dependent manner. Initial clinical experience suggests a risk of unusual and severe thromboembolic events.

thrombocytopenia within 2 weeks after vaccination with
AZD1222. Demographic and clinical characteristics are pre-
sented in Table 1. Detailed case descriptions are provided in
the supplemental Information provided on the Blood Web site.
Patients or representatives gave informed consent before publi-
cation. Anti-platelet factor 4 (PF4) autoantibodies were assessed
with enzyme-linked immunosorbent assay (ELISA) and chemilu-
minescent immunoassay (CLIA). Detailed methods including
flow cytometry and modified heparin-induced platelet aggrega-
tion assays are described in the supplemental Information.

Introduction

The Oxford-AstraZeneca vaccine AZD1222 is projected to play a
vital role in combating the COVID-19 pandemic.” The vaccine is
less expensive and easier to store than other vaccines against
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).2
Published interim results of 4 randomized controlled trials in the
United Kingdom, Brazil, and South Africa indicated a favorable
safety profile,? and the vaccine is now licensed in more than 100
countries. Since 15 March 2021, reports of an unexpected accu-
mulation of thrombotic events in association with thrombocyto-
penia have emerged and resulted in a temporary suspension of

220z AInr 21 uo 1sanb Aq ypd 8561 101.20ZPIGPO0Id/LEGS L 81/0SE//8E L/Pd-a1one/poo)q/Bio suoneoligndyse/:dyy woly papeojumoq

inoculation in several European countries.* We report our initial
experience in 5 cases, providing insight into disease pathology,
its broad spectrum of clinical manifestations, and response to
therapy.

Study design

This consecutive single-center cohort includes all patients pre-
senting to Hannover Medical School between 8 March and 4
April with known or suspected thromboembolic events and
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Results and discussion

Presenting characteristics

The patients were women between 41 and 67 years of age and
presented 5 to 11 days after their first vaccination with AZD1222
(2.5 X 10'° particles). Patient 1 had cerebral venous sinus throm-
bosis (CVST) and progressive signs of thrombotic microangiop-
athy (TMA) including Coombs-negative hemolytic anemia,
abundant schistocytes, and renal failure. Patient 2 had multiple
cortical emboli and aortic arch thrombi. Patient 3 presented with
headache and visual disturbance but had no abnormal imaging
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Table 1. Baseline characteristics, thromboembolic events, treatment overview, and outcome

admission

somnolence,
dysphasia, right-
sided hemiparesis,
and arterial
hypertension

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Age (y), sex 63, female 67, female 41, female 61, female 61, female

Day of vaccination 25 Feb 2021 15 Mar 2021 18 Mar 2021 15 Mar 2021 26 Mar 2021

Hospital admission 8 Mar 2021 23 Mar 2021 23 Mar 2021 24 Mar 2021 4 Apr 2021
(day after (11) (8) (5) 9) 9)
vaccination)

Thromboembolic CVST, TMA Arterial cerebral TIA SVT Arterial cerebral
events (day of (1) embolism (1) (6) thrombosis
hospital stay) M (M

Popliteal artery
thrombosis
8)
Symptoms on Headache, Headache Headache, diplopia Fatigue Headache, dysarthria,

left-sided hemiple-
gia, conjugated
gaze palsy

Imaging results

Left transverse and

Cortical infarctions

No pathology

No pathology on

Right internal carotid

sigmoid sinus and aortic arch admission. and middle
thrombosis thrombi SVT day 6 after cerebral artery
Left temporal admission (M1) thrombosis.
bleeding Right MCA territory
infarction with
hemorrhagic
transformation
Platelet count on 27 40 105 12 62
admission (/nlL)
D-dimer on >35.2 >35.2 22.4 >35.2 >35.2
admission (mg/L)
Treatment Heparin and Argatroban and IVIG | Argatroban Argatroban, IVIG, Argatroban and IVIG
eculizumab alteplase (day 6), an
eculizumab (day 7)
Outcome Recovering Recovered Recovered Recovering Recovering

Patient 4 was first admitted to a remote hospital and transferred to Hannover Medical School on day 7 after admission. Please refer to supplemental Table 1 for additional laboratory

parameters on admission and during follow-up.
TIA, transitory ischemic attack.

results. Patient 4 initially presented to a remote hospital without
signs of thrombosis but developed a thromboembolic event
during the first week. Patient 5 presented with cerebral artery
thrombosis.

Platelet counts were reduced, and D-dimer was markedly elevated
in all patients (comprehensive laboratory data presented in supple-
mental Table 1). None of the patients had previously been exposed
to heparin or previous COVID-19. On admission, all patients were
SARS-CoV-2 negative by polymerase chain reaction test.

Anti-PF4 antibodies

Because the clinical picture reminded of heparin-induced throm-
bocytopenia (HIT), patients were tested for anti-PF4 antibodies,
but CLIA results were negative. Samples were retested by ELISA
and proved strongly positive in all patients (Figure 1A). Reactivity
was inhibited by heparin in all samples. Sera induced aggre-
gation of normal donor platelets independent of heparin (sup-
plemental Figure 5). AZD1222 induced binding of patient
immunoglobulin to healthy donor platelets (Figure 1B).

THROMBOSIS AFTER COVID-19 VACCINE

Treatment and initial outcomes

All patients received anticoagulation with full-dose unfractio-
nated heparin (patient 1) or argatroban (patients 2-5). No further
treatment was given to patient 3, who recovered quickly.
Patients 1, 2, and 5 received a dexamethasone pulse for 4 days.

Intravenous immunoglobulin (IVIG; 1 g/kg on 2 consecutive
days) was given in patients 2, 4, and 5 according to ad hoc rec-
ommendations by the German, Austrian, and Swiss Society on
Thrombosis and Haemostasis (GTH).> Patient 2 had a favorable
outcome with no further events. Patient 4 developed extensive
splanchnic vein thrombosis (SVT), when platelets had recovered
to 115/nL on day 6. Patient 5 had a popliteal artery occlusion,
when platelets had recovered to 172/nL on day 8.

Eculizumab was given in patient 1 (900 mg weekly) because of
TMA and renal failure. Signs of TMA resolved, and platelets
recovered over the next week. Eculizumab was also given as a
salvage therapy in patient 4 because of a severe thromboem-
bolic event after IVIG and while on anticoagulation. She quickly
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Figure 1. Anti-PF4 autoantibodies were detected in all samples by ELISA but not CLIA. (A) ELISA reactivity was inhibited to optical density <0.3 by heparin in all
samples (2 U/mL, data not shown). (B) Binding of antibodies from patient sera to healthy donor platelets in the presence of AZD1222 was suppressed by heparin. Fluo-
rescent intensity ratio of AZD1222 (or AZD1222 + heparin 100 U/mL) to buffer is shown. (C) Schistocytes in blood smear high power field in patient 1, indicative of
TMA, on day 4. (D) Course of selected laboratory markers over time. X-axes show days of hospital stay. Y-axes on the left are for all panels.

improved and had no further events. Additional information on
treatment and outcome is provided in the supplemental Infor-
mation and Figure 1D.

Discussion

Reviewing our experience with this new kind of prothrombotic
complication after vaccination, it is strikingly similar to spontane-
ous autoimmune HIT. This is an ultrarare disorder occurring in
patients never exposed to heparin, and polyanionic substances
of bacterial origin have been implicated in its pathogenesis.®
Although it remains to be demonstrated how AZD1222 could
provoke anti-PF4 autoantibody formation, our observation of
vaccine-dependent binding of patient antibodies to healthy
donor platelets suggests its direct involvement.

Some of our observations may be important for clinical practice.
The triad of thromboembolic events, thrombocytopenia, and
anti-PF4 antibodies appears to be characteristic of the syndrome.
This triad was also reported in other cases registered by German
medical regulatory agencies.” The GTH expert committee cur-
rently suggests to screen for anti-PF4 antibodies if thromboem-
bolic events or thrombocytopenia occurred within 2 weeks after
vaccination.® Our experience indicates that such antibodies can
be detected by HIT immunoglobulin G (IgG) ELISA of at least 2
manufacturers but not by the HIT IgG CLIA that is often used for
screening by clinical laboratories.

The choice of anticoagulant requires careful consideration. Hep-
arin is strictly avoided in patients with classical HIT® but was
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apparently harmless in our first patient. In fact, we did not see
evidence of heparin-enhancing platelet aggregation in our
patients. However, caution is required because the polyanion
heparin could possibly increase the aggregation potential of
anti-PF4 antibodies in some patients, even if antibodies were
not caused by heparin itself. Argatroban appears to be a safe
and effective alternative.

The effect of IVIG is uncertain according to our initial experience.
It was suggested by the GTH expert panel because of its reported
efficacy in autoimmune HIT.>?'® Monomeric IgG in high concen-
trations can block Fc vy receptor 2A (FcyR2A), thereby inhibiting
platelet activation and aggregation by PF4/anti-PF4 immune com-
plexes."" Platelet counts improved, but 2 of 3 treated patients in
our series developed a new major thromboembolic event.

Eculizumab is perhaps an alternative but its effect is also uncer-
tain. FcyR2A-dependent platelet activation (addressed by IVIG)
may not be the only prothrombotic mechanism in this syn-
drome. PF4/anti-PF4 immune complexes activate the comple-
ment cascade.'” We saw the full picture of TMA in our first
patient, reminiscent of atypical hemolytic uremic syndrome
(AHUS). Eculizumab (but not anticoagulation alone or plasma
exchange) appeared to have reversed the pathology in this
patient, suggesting that it was caused by uncontrolled comple-
ment activation, just like in AHUS."™ Evidence of complement
consumption was noted in patient 4, who received eculizumab
because IVIG and anticoagulation had failed. A striking improve-
ment of SVT was noted after eculizumab in this patient.

TIEDE et al
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Our series indicates a broad spectrum of disease severity, similar
to classical HIT. The presenting symptoms ranged from very mild
to unusually severe. Awareness and early treatment can possibly
prevent complications as suggested by the example of patient 3,
who presented with mild symptoms already on day 5 and
improved without sequelae after anticoagulation. As the knowl-
edge about this syndrome continues to unfold, we suggest a
high level of suspicion and prompt testing in patients with throm-
bocytopenia or signs of thromboembolism after vaccination.

Despite the suggestive temporal relationship between vaccination
and the prothrombotic immune thrombocytopenia reported here,
caution is required when drawing conclusions about the safety of
AZD1222 in the general population. There is a high level of uncer-
tainty in estimating the incidence of this complication. EMA’s safety
committee PRAC had 62 and 24 cases of CVST and SVT, respec-
tively, reported to its drug safety database as of 22 March 2021.
Most cases were from the United Kingdom, where ~ 25 million
people received the vaccine at this time."* The risks of COVID-19,
including its own risk of thromboembolic complications, appear to
be greater than the unexpected thromboembolic risk of the vac-
cine suggested by this and other emerging reports.’"”
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