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Table 1. Characteristics of the Patients.*

Characteristic
Age —yr
Sex

Preexisting conditions

Medication on admission

Time from vaccination to admission
— days

Symptoms

Location of thrombosis

Platelet count nadir — per mm?

p-dimer peak — mg/liter
INR peak
aPTT peak — sec
Fibrinogen nadir — g/litery
SARS-CoV-2 antibody test results
Nucleocapsid protein
Spike protein
Anticoagulation treatment
No. of platelet units transfused

Other treatment

Outcome

Patient 1
37
Female
Pollen allergy

Contraceptive pill

Fever, headaches, visual
disturbances

Cortical veins, left trans-
verse sinus, and sig-
moid left sinus

22,000
>35
12
25
2.1

Negative
Positive
Initial low dose of LMWH
7

None

Fatal

Patient 2
42
Female
Pollen allergy

Contraceptive vaginal ring

10
Headaches, drowsiness

Cortical veins, left trans-
verse sinus, and left
sigmoid sinus

14,000
>35
1.0
31
0.8

Negative
Positive
Reduced dose of LMWH
19

Methylprednisolone (1
mg/kg), IVIG (1 g/kg)
Fatal

Patient 3
32
Male
Asthma

None

Back pain

Portal vein, left hepatic
vein, splenic vein,
azygos vein, hemiazy-
gos vein, and several
basivertebral veins

10,000
>35
1.1
25
23

Negative
Positive
Reduced dose of LMWH
2

Prednisolone {1 mg/kg),
IVIG (1 g/kg)

Full recovery

Patient 4
39
Female
None

None

10

Headaches, abdominal
pain

Inferior sagittal sinus,
vein of Galen, straight
sinus, right transverse
sinus, and right sig-
moid sinus

70,000
13
13
25
1.2

Negative
Positive
Reduced dose of LMWH
0

Prednisolone (1 mg/kg),
IVIG (1 g/kg)

Full recovery

Patient 5
54
Female
Hypertension

Hormone-replacement
therapy, antihyperten-
sive agents

7
Headaches, hemiparesis

Cortical veins, superior
sagittal sinus, both
transverse sinuses, and
left sigmoid sinus

19,000
>35
1.1
29
1.2

Negative
Positive
Heparin (5000 U)
2

Methylprednisolone (1 mg/
kg), IVIG (1 g/kg)
Fatal

* The abbreviation aPTT denotes activated partial thromboplastin time, INR international normalized ratio, IVIG intravenous immune globulin, LMWH low-molecular-weight heparin, and
SARS-CoV-2 severe acute respiratory syndrome coronavirus 2.
1 The reference range used for fibrinogen at Oslo University Hospital is 1.9 to 4.0 g per liter.
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discharged after 10 days, the symptoms had re-
solved. Her anticoagulation treatment was
changed from dalteparin to warfarin, and treat-
ment with prednisolone was continued in taper-
ing doses.

Patient 5, a 54-year-old woman with a history
of hypertension who was receiving hormone-
replacement therapy, presented to the emergency
department with stroke symptoms that had been
present when she woke up from sleep, including
hemiparesis on the left side of her body, 1 week
after vaccination with ChAdOx1 nCoV-19. The
platelet count was 19,000 per cubic millimeter,
and CT of the head showed a right frontal hem-
orrhage. She received a platelet transfusion be-
fore she was transferred to our hospital, where
treatment with methylprednisolone (1 mg per
kilogram per day) and intravenous immune
globulin (1 g per kilogram per day for 2 days)
was commenced. A CT scan with venography
showed a massive cerebral vein thrombosis with
global edema and growth of hematoma (Table 1,
and Fig. S1 in the Supplementary Appendix,
available with the full text of this article at
NEJM.org). Venous recanalization was achieved
4 hours after admission by endovascular inter-
vention with thrombectomy after administration
of 5000 IU of unfractionated heparin. During
the procedure, a fully dilated right pupil was
observed, and decompressive hemicraniectomy
was performed immediately. Two days later,
treatment was withdrawn because of an uncon-
trollable increase in intracranial pressure.

METHODS

ETHICAL CONSIDERATIONS

Written informed consent for publication was
obtained from all patients. In the event that the
patient was not able to provide consent, a rela-
tive of the patient provided written informed
consent. The authors vouch for the accuracy and
completeness of the data in this report.

IMMUNGASSAYS AND FUNCTIONAL AND SEROLOGIC
TESTING

Antibodies to platelet factor 4 (PF4) in complex
with poly(vinyl sulfonate) (heparin analogue) in
patient serum were tested with a LIFECODES
PF4 IgG enzyme-linked immunosorbent assay
(ELISA) (Immucor) in accordance with the manu-

N ENGLJ MED

URNAL of MEDICINE

facturer’s instructions (dilution, 1:50), including
a confirmatory inhibition test with heparin in
high concentration. Serial dilution of serum in
an ELISA was also performed.® Patient serum
was also evaluated in a functional test with the
use of heparin-induced multiple-electrode ag-
gregometry on a Multiplate analyzer (Dynabyte
Medical).** Here, the ability of serum to aggre-
gate platelets was measured in the presence of
saline buffer and in the presence of unfraction-
ated heparin at high concentration (96 IU per
milliliter) and low concentration (0.96 1U per
milliliter).

Serum antibodies to the spike and nucleocap-
sid proteins of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) were measured with
the Roche Elecsys platform and with an in-house
bead-based assay for IgG antibodies to full-
length recombinant proteins.®

RESULTS

LABORATORY TESTING
Levels of p-dimer were elevated at the time of
admission in all patients. The international nor-
malized ratio (INR) and activated partial throm-
boplastin time were within the normal range.
The fibrinogen level was lower than normal in
Patient 2 and was slightly lower than normal
in Patients 4 and 5 (Table 1). The C-reactive pro-
tein level was moderately elevated in Patients 1,
3, and 5. Screening for thrombophilia with pro-
teins C and S and antithrombin was negative.
Antiphospholipid antibodies were detected only
in Patient 3, who had a slightly elevated anticar-
diolipin 1gG antibody level of 43 IgG phospho-
lipid (GPL) units. Levels of complement proteins
(Clq, C4, and C3) and activation products (sC5b-9)
were within the normal range in all patients. No
patients had signs of hemolysis, and ADAMTS13
activity was normal in the one patient in whom
it was assessed.

PLATELET IMMUNOLOGIC TESTING

All five patients had high levels of IgG antibod-
ies to PF4—polyanion complexes, as indicated by
strikingly high optical density values — in the
range of 2.9 to 3.8 — measured by ELISA. The
reactivity was efficiently inhibited by heparin in
all samples (Fig. 2). Functional activity of serum
from a patient with typical heparin-induced
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testing, in patients who have unexpected symp-
toms after vaccination.

Although rare, VITT is a new phenomenon
with devastating effects for otherwise healthy
young adults and requires a thorough risk-bene-
fit analysis. The findings of our study indicate
that VITT may be more frequent than has been
found in previous studies in which the safety of

the ChAdOx1 nCoV-19 vaccine has been investi-

gated.!?

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.

We thank Siw Leiknes Ernstsen, M.D., of the Norwegian Na-
tional Unit for Platelet Immunology at University Hospital of
North Norway for important contributions to laboratory inves-
tigations of the cases.
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Thrombotic Thrombocytopenia
after ChAdOx1 nCov-19 Vaccination

Andreas Greinacher, M.D., Thomas Thiele, M.D., Theodore E. Warkentin, M.D.,
Karin Weisser, Ph.D., Paul A, Kyrle, M.D., and Sabine Eichinger, M.D.

ABSTRACT

BACKGROUND

Several cases of unusual thrombotic events and thrombocytopenia have developed  From Institut fir Immunologie und Trans-

after vaccination with the recombinant adenoviral vector encoding the spike pro- fusionsmedizin, Universititsmedizin Greifs-
. . £ . d . > wald, Greifswald (A.G., T.T.), and the Di-

tein antigen of severe acute respiratory syndrome coronavirus 2 (SARS—Cc?V- ) Vision of Safety of Medicinal Products

(ChAdOx1 nCov-19, AstraZeneca). More data were needed on the pathogenesis of and Medical Devices, Paul-Ehrlich-Insti-

this unusual clotting disorder. tut (Federal Institute for Vaccines and
Biomedicines), Langen (K.W.) — both in

Germany; the Departments of Pathology

METHODS [ X
.. . . and Molecular Medicine and of Medi-
We assessed the clinical and laboratory features of 11 patients in Germany and cine, McMaster University, Hamilton, ON,

Austria in whom thrombosis or thrombocytopenia had developed after vaccination ~Canada (T.EW); and the Department of
with ChAdOx1 nCov-19. We used a standard enzyme-linked immunosorbent assay Medicine I, Division of Hematology and
N . . N Hemostaseology, Medical University of

to detect platelet factor 4 (PF4)-heparin antibodies and a modified (PF4-enhanced) vienna, vienna (P.A K., S.E.). Address re-
platelet-activation test to detect platelet-activating antibodies under various reac- print requests to Dr. Greinacher at Insti-
tion conditions. Included in this testing were samples from patients who had ! fir Immunologie und Transfusions-
R R i A i . medizin, Abteilung Transfusionsmedizin,

blood samples referred for investigation of vaccine-associated thrombotic events, sauerbruchstrasse, 17487 Greifswald,

with 28 testing positive on a screening PF4—heparin immunoassay. Germany.

Drs. Greinacher and Thiele contributed

RESULTS equally to this article.

Of the 11 original patients, 9 were women, with a median age of 36 years (range,
22 to 49). Beginning 5 to 16 days after vaccination, the patients presented with
one or more thrombotic events, with the exception of 1 patient, who presented
with fatal intracranial hemorrhage. Of the patients with one or more thrombotic
events, 9 had cerebral venous thrombosis, 3 had splanchnic-vein thrombosis, 3 had
pulmenary embolism, and 4 had other thromboses; of these patients, 6 died. Five
patients had disseminated intravascular coagulation. None of the patients had
received heparin before symptom onset. All 28 patients who tested positive for
antibodies against PF4-heparin tested positive on the platelet-activation assay in
the presence of PF4 independent of heparin. Platelet activation was inhibited by
high levels of heparin, Fc receptor-blocking monoclonal antibody, and immune
globulin (10 mg per milliliter). Additional studies with PF4 or PF4-heparin affin-
ity purified antibodies in 2 patients confirmed PF4-dependent platelet activation.

This article was published on April 9,
2021, at NEJM.org.

BOR 101056/ NE Moa2104840
Copyright © 2021 Massachusetts Medical Society.

CONCLUSIONS

Vaccination with ChAdOx1 nCov-19 can result in the rare development of immune
thrombotic thrombocytopenia mediated by platelet-activating antibodies against
PF4, which clinically mimics autoimmune heparin-induced thrombocytopenia.
(Funded by the German Research Foundation.)
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THROMBOTIC THROMBOCYTOPENIA AFTER CHADOX1 NCOV-19

Table 1. Laboratory Characteristics of the Index Patient.*
Laboratory Analysis Reference Value Day 10 Day 11
8:00 a.m. 8:00 p.m. 3:00 a.m. 8:00 p.m.

Hemoglobin {g/dl) 12.0-16.0 12.3 113 10.9 9.1

Platelet count (per mm?) 150,000-350,000 18,000 37,000 25,000 13,000

Leukocytes (per mm3) 4000-10,000 6,600 7,100 10,900 15,500

Activated partial thrombo- <35 34 41.6 37.9 323
plastin time (sec)

International normalized 0.9-1.1 14 1.3 12 13
ratio

Thrombin time (sec) <21 NA 25.7 NA 23.7

Fibrinogen {mg/dl) 200-400 NA 101 126 78

o-dimer (mg/liter) <0.5 35 142 NA NA

Aspartate aminotransferase <35 33 88 160 98
{U/liter)

Alanine aminoctransferase <35 46 94 167 155
(U/liter)

y-Glutamyltransferase <40 141 110 103 78
(U/liter)

Lactate dehydrogenase <250 NA 337 NA 344
(U/liter)

C-reactive protein (mg/di) <0.5 8.8 7.6 8.7 6.8

Lactate {mmol/liter} <l.6 0.9 NA 1.7 3.6

* NA denotes not assessed.

Among these patients, the median age was 36
years (range, 22 to 49); 9 of 11 were women. All
the patients presented with concomitant throm-
bocytopenia (median nadir of platelet count,
approximately 20,000 per cubic millimeter; range,
9000 to 107,000). One patient had preexisting
von Willebrand disease, anticardiolipin antibod-
ies, and factor V Leiden. None of the patients
had received heparin before the onset of symp-
toms or the diagnosis of thrombosis. Given the
striking clinical resemblance of this disorder to
autoimmune heparin-induced thrombocytopenia
(a prothrombotic thrombocytopenic disorder that
can be triggered by heparin and certain other
anions and that features heparin-independent
platelet-activating properties), serum obtained
from 4 of the 11 patients was referred for im-
mediate investigation of platelet-activating anti-
bodies directed against platelet factor 4 (PE4)-
heparin. After characterizing the antibodies in
serum obtained from Patients 1 through 4, we
subsequently obtained serum from 5 of the 7 re-
maining patients. In addition, our reference
laboratory received further serum samples from

N ENGL ) MED

patients who were suspected of having prothrom-
botic thrombocytopenia related to ChAdOx1
nCov-19 vaccination. (No detailed clinical infor-
mation regarding these patients was available at
the time of this report.)

METHODS

We purified platelets from whole blood (ob-
tained from healthy volunteers) that had under-
gone anticoagulation with adenine citrate dex-
trose solution A. None of the volunteers had
been taking antiplatelet drugs or had been vac-
cinated in the previous 10 days. We prepared
platelets using methods that have been described
previously.> In a subgroup of experiments, plate-
lets were preincubated in buffer with ChAdOx1
nCov-19 (1:2000 dilution) and washed before
use. Washed platelets (75 microliters) were incu-
bated with either buffer, a low-molecular-weight
heparin (reviparin [Abbott]), or PF4 (Chromatec)
in either the presence or absence of the Fcylla
receptor-blocking antibody 1V.3. In some ex-
periments, unfractionated heparin (100 1U per
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Table 2. Clinical and Laboratory Summary of 11 Patients with Available Clinical Information.*

Variable Patient Number
1 2 3 4 5 6 7 3 9 10 11
Platelet nadir (per mm?) 13,000 107,000 60,000 9,000 23,000 75,000 29,000 16,000 13,000 §,000 NA because
of death
VT Yes No Yes Yes Yes Yes Yes Yes Yes Yes Pendingy
Splanchnic-vein throm- Yes No No No Yes No No No No Yes No
bosisi:
Pulmonary embolism Yes Yes No No Yes No No No No No No
Other thrombosis Aortoiliac No No No Right intra- No No Widespread Multiple No Cerebral hem-
ventricular, microvascular organ orrhaget
iliofemoral {brain, lungs, thrombif
vein, [VC kidneys)§
Symptom onset (no. 5 6 9 7 13 7 8 8 16 11 129
of days after vacci-
nation)
INR peak 1.40 1.12 NA 1.66 1.25 1.05 1.34 NA 1.70 NA NA
PTT peak (sec) 416 29.0 NA 46.6 64.8 23.0 45.0 NA 46.1 NA NA
o-dimer peak (mg/liter) 142.0 1.8 13.0 NA NA 2.6 >33.0 NA 21.0 >35.0 NA
Fibrinogen nadir (mg/dl) 78 568 NA NA 173 NA 210 NA 40 30 NA
PF4~heparin ELISA (opti- 3.16 3.08 3.50 3.40 1.20 NA NA 2.02 3.51 235 2.16
cal density)
PF4-dependent platelet- Pos Pos, Pos Pos Pos NA NA Pos Pos Pos Pos
activation assay
Heparin treatment Yes LMWH* Unknown Yes Yes Unknown Yes No No No No
Other medical condition No No No CND VWD-I; FVL No No No No No Unknown
ACL-Abs
Outcome Fatal Recovering Unknown Fatal Recovering Recovering  Recovering Fatal Fatal Fatal Fatal

KR

e e

Data are listed for the first four patients (including the index patient) who were assessed and who had detailed laboratory results and for another seven patients who had thrombo-
cytopenia, thrombosis, or fatal bleeding and for whom clinical information was available. One of the 11 patients was taking an oral contraceptive; two other patients had a hormonal
intrauterine device. ACL-Abs denotes anticardiolipin antibodies, CND chronic neurologic disorder, CVT cerebral venous (sinus) thrombosis (indicating the presence of cerebral-vein
thrombosis, sinus thrombosis, or both), ELISA enzyme-linked immunosorbent assay, FVL factor V Leiden, INR international normalized ratio, IUD intrauterine device, IVC inferior
vena cava, LMWH low-molecular-weight heparin, NA not available, PF4 platelet factor 4, Pos positive, PTT partial thromboplastin time, and VWD-I type 1 von Willebrand disease.
Brain neuropathological results were pending at time of this report; CVT had not been ruled out.

Splanchnic-vein thrombosis indicates thrombosis of the portal, mesenteric, splenic, or hepatic veins.

These were postmortem findings.

This is the day that the body of the deceased was found.

The sample that had an initial negative result on the PF4-enhanced platelet-activation assay was subsequently shown to test positive when tested against other platelet donors.

< Treatment with low-molecular-weight heparin was associated with clinical improvement and rising platelet counts (107,000 to 132,000 over a period of 3 days). The patient was then

switched to a direct oral anticoagulant when the ELISA showed positive results for antibodies against PF4-heparin, with further clinical and platelet-count recovery.
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milliliter) was added to inhibit PF4-dependent
reactions, or ChAdOx1 nCov-19 (1:50 dilution)
was added per well. Serum was coincubated with
PF4 and platelets in the presence of immune
globulin (Privigen IVIG [CSL Behring]) at a con-
centration of 10 mg per milliliter. After establish-
ing assay conditions using serum from the initial
four patients, we investigated another 24 serum
samples that tested positive on immunoassay to
validate our findings. We refer to this modified
platelet-activation test as the PF4-enhanced
platelet-activation test.

To measure direct antibody binding, we used
two immunoassays, a PF4-heparin enzyme-
linked immunosorbent assay (ELISA) and a PF4
ELISA, with antibody binding measured by a
secondary antihuman IgG, as described previ-
ously.* In addition, antibodies from two serum
samples were affinity purified by immobilized
PF4-heparin and immobilized PF4, and the puri-
fied antibodies were tested in the assays. (De-
tails about this method are provided in the Sup-
plementary Appendix, available with the full text
of this article at NEJM.org.)

We defined reactivity on ELISA according to
the optical-density units as strong (22.00), inter-
mediate (1.00 to 1.99), or wealk (0.50 to 0.99). On
the PF4-enhanced platelet-activation test, reac-
tivity was graded according to the time that had
elapsed until platelet aggregation,” with shorter
reaction times indicating stronger platelet acti-
vation (strong activation, 1 to 5 minutes; inter-
mediate activation, >5 to 15 minutes; and weak
activation, >15 to 30 minutes).

RESULTS

All 11 patients in the initial analysis had moder-
ate-to-severe thrombocytopenia and unusual
thrombosis, particularly cerebral venous thrombo-
sis and splanchnic-vein thrombosis (Table 2). We
also found evidence of disseminated intravascu-
lar coagulation in 5 of the patients on the basis
of the combination of greatly elevated p-dimer
levels (>10.0 mg per liter) and one or more ab-
normalities in the international normalized ratio,
partial thromboplastin time, or fibrinogen level.
(Of the 6 patients with available fibrinogen lev-
els, 4 had hypofibrinogenemia.)

Although evaluating the outcomes of differ-
ent management strategies was not the goal of
our study, we noted with interest the clinical

N ENGL ) MED

course of Patient 2, who presented with pulmo-
nary embolism and mild thrombocytopenia (plate-
let count, 107,000 per cubic millimeter), without
disseminated intravascular coagulation. This pa-
tient received therapeutic-dose low-molecular-
weight heparin for 3 days, with clinical improve-
ment and an increase in the platelet count to
132,000; at that time, a positive result on PF4—
heparin ELISA was obtained, and the patient was
switched to oral apixaban, with continued clini-
cal and laboratory recovery.

Table 2 also shows results of the PF4—heparin
ELISA, including for the first 4 patients in whom
detailed laboratory studies were performed. Se-
rum obtained from these patients showed strong
reactivity on PF4-heparin ELISA, with optical
densities of more than 3.00 units (reference value,
<0.50); all reactivity reactions were inhibited to
less than 0.50 units by the addition of heparin
(100 1U per milliliter). Figure 1 shows the sero-
logic profile of the 4 initial patients, as assessed
by means of the platelet-activation assay. Three
of the four serum samples showed weak-to-
moderate reactivity at buffer control, which was
inhibited by low-molecular-weight heparin. In
three of the samples, PF4 (10 ug per milliliter)
greatly enhanced reactivity; serum from Patient 2
subsequently showed strong platelet activation
in the presence of PF4 when retested along with
platelets from other volunteers. All reactions
were blocked by monoclonal antibody IV.3 and
immune globulin at a dose of 10 mg per millili-
ter, which indicated that platelet activation had
occurred through platelet Fcy receptors (Fig. 1A).
None of the controls showed platelet activation
(data not shown).

Platelet activation was enhanced when plate-
lets were pelleted from platelet-rich plasma, re-
suspended in washing buffer, preincubated
(1:2000) with ChAdOx1 nCov-19, centrifuged,
and resuspended in the final suspension buffer
or when they were coincubated in the suspen-
sion buffer with ChAdOx1 nCov-19 (1:50). The
monoclonal antibody V.3 blocked PF4-depen-
dent platelet activation in all 7 samples that were
tested.

Figure 1B shows the results of platelet activa-
tion in serum samples obtained from 24 patients
with clinically suspected vaccine-induced immune
thrombotic thrombocytopenia who tested posi-
tive on the screening PF4-heparin ELISA. Where-
as approximately half the serum samples (13 of
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DISCUSSION

The clinical picture of moderate-to-severe throm-
bocytopenia and thrombotic complications at un-
usual sites beginning approximately 1 to 2 weeks
after vaccination against SARS-CoV-2 with
ChAdOx1 nCov-19 suggests a disorder that clin-
ically resembles severe heparin-induced thrombo-
cytopenia, a well-known prothrombotic disorder
caused by platelet-activating antibodies that rec-
ognize multimolecular complexes between cat-
ionic PF4 and anionic heparin.® However, unlike
the usual situation in heparin-induced thrombo-
cytopenia, these vaccinated patients did not re-
ceive any heparin to explain the subsequent oc-
currence of thrombosis and thrombocytopenia.

In recent years, it has been recognized that
triggers other than heparin can cause a prothrom-
botic disorder that strongly resembles heparin-
induced thrombocytopenia on both clinical and
serologic grounds, including certain polyanionic
drugs (e.g., pentosan polysulfate,” antiangio-
genic agent PI-88,* and hypersulfated chondroitin
sulfate). Such a prothrombotic syndrome has
also been observed in the absence of preceding
exposure to any polyanionic medication, such as
after both viral and bacterial infections®'® and
knee-replacement surgery.''? These various clin-
ical scenarios with apparent nonpharmacologic
triggers have been classified under the term
autoimmune heparin-induced thrombocytope-
nia.® Unlike patients with classic heparin-induced
thrombocytopenia, patients with autoimmune
heparin-induced thrombocytopenia have unusu-
ally severe thrombocytopenia, an increased fre-
quency of disseminated intravascular coagula-
tion, and atypical thrombotic events. Serum from
these patients strongly activate platelets in the
presence of heparin (0.1 to 1.0 IU per milliliter)
but also in the absence of heparin (heparin-inde-
pendent platelet activation). When these unusual
antibodies are observed in patients who have
thrombocytopenia without preceding heparin ex-
posure, the term “spontaneous” heparin-induced
thrombocytopenia syndrome!*'* has been used.
Sometimes, patients in whom heparin-induced
thrombocytopenia develops after exposure to
heparin present with atypical clinical features,
such as an onset of thrombocytopenia beginning
several days after stopping heparin (delayed-onset
heparin-induced thrombocytopenia***®) or throm-

N ENGL ) MED

bocytopenia that persists for several weeks de-
spite the discontinuation of heparin (persisting
or refractory heparin-induced thrombocytope-
nia'”®). Serum from these patients also shows
the phenomenon of heparin-independent platelet-
activating properties.

These clinical features that resemble those of
autoimmune heparin-induced thrombocytopenia
were observed in the patients with vaccine-induced
immune thrombotic thrombocytopenia. The se-
rum usually showed strong reactivity on the
PF4-heparin ELISA. Moreover, serum showed
variable degrees of platelet activation in the pres-
ence of buffer that was in most cases greatly
enhanced in the presence of PF4 (Fig. 1A and
1B). More strikingly, most serum showed inhibi-
tion, rather than increased activation, in the
presence of low-dose low-molecular-weight hep-
arin (0.2 U per milliliter of anti—factor Xa). In
addition, antibodies from two patients, which
were affinity purified on either immobilized PF4
or immobilized PF4-heparin, strongly activated
platelets but only in the presence of PF4. En-
hancement of platelet activation by PF4 is also a
feature of heparin-induced thrombocytopenia™
and has been used to enhance detection of
platelet-activating antibodies in diagnostic test-
ing for this adverse drug reaction.” Whether
these antibodies are autoantibodies against PF4
induced by the strong inflammatory stimulus of
vaccination or antibodies induced by the vaccine
that cross-react with PF4 and platelets requires
further study.

Although we found enhanced reactivity of
patient serum with platelets in the presence of
ChAdOx1 nCov-19, this is likely to be an in vitro
artifact. It is well known that adenovirus binds
to platelets*? and causes platelet activation.***
Furthermore, the amount of adenovirus in a
500-microliter vaccine injection administered 1 or
2 weeks earlier would seem unlikely to contrib-
ute to subsequent platelet activation observed in
these patients. However, interactions between
the vaccine and platelets or between the vaccine
and PF4 could play a role in pathogenesis. One
possible trigger of these PF4-reactive antibodies
could be free DNA in the vaccine. We have pre-
viously shown that DNA and RNA form multi-
molecular complexes with PF4, which bind anti-
bodies from patients with heparin-induced
thrombocytopenia and also induce antibodies
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THROMBOTIC THROMBOCYTOPENIA AFTER CHADOX1 NCOV-19

bosis can develop at unusual sites such as the
brain or abdomen, which becomes clinically ap-
parent approximately 5 to 20 days after vaccina-
tion. If such a reaction is accompanied by
thrombocytopenia, it can represent an adverse
effect of the preceding Covid-19 vaccination. To
date, this reaction has been reported only with
the ChAdOx1 nCov-19 vaccine, which has been
used in approximately 25% of vaccine recipients
in Germany and in 30% of those in Austria.

Second, ELISA to detect PF4-heparin anti-
bodies in patients with heparin-induced throm-
bocytopenia is widely available and can be used
to investigate patients for potential postvaccina-
tion thrombocytopenia or thrombosis associated
with antibodies against PF4.** A strongly positive
ELISA result that is obtained in a patient who
has not been recently exposed to heparin would
be a striking abnormality.

Third, we have shown that these antibodies
recognize PF4 and that the addition of PF4
greatly enhances their detectability in a platelet-
activation assay. Since vaccination of millions of
persons will be complicated by a background of
thrombotic events unrelated to vaccination, a
PF4-dependent ELISA or a PF4-enhanced plate-
let-activation assay may be used to confirm the
diagnosis of vaccine-induced immune thrombotic
thrombocytopenia through this novel mecha-
nism of postvaccination formation of platelet-
activating antibodies against PF4. Although
treatment decisions such as administering intra-
venous immune globulin and starting anticoag-
ulation do not need to await laboratory diagno-
sis, detection of these unusual platelet-activating
antibodies will be highly relevant for case iden-
tification and future risk—benefit assessment of
this and other vaccines.

Figure 2 shows a potential diagnostic and
therapeutic strategy for managing this novel pro-
thrombotic thrombocytopenic disorder. One con-

sideration is to administer high-dose intravenous
immune globulin to inhibit Fcy receptor-medi-
ated platelet activation. This recommendation
parallels emerging experience in the treatment
of severe autoimmune heparin-induced thrombo-
cytopenia in which high-dose intravenous im-
mune globulin has resulted in rapid increases in
platelet count and de-escalation of hypercoagu-
lability.!»* We found that the addition of im-
mune globulin in doses that are readily achieved
clinically was effective in inhibiting platelet acti-
vation by patients’ antibodies. Clinician reluc-
tance to start anticoagulation may be tempered
by administering high-dose intravenous immune
globulin to raise the platelet count, especially
when a patient presents with severe thrombocy-
topenia and thrombosis, such as cerebral venous
thrombosis.

Given the parallels with autoimmune heparin-
induced thrombocytopenia, anticoagulant op-
tions should include nonheparin anticoagulants
used for the management of heparin-induced
thrombocytopenia,” unless a functional test has
excluded heparin-dependent enhancement of
platelet activation. Finally, we suggest naming
this novel entity vaccine-induced immune throm-
botic thrombocytopenia (VITT) to avoid confu-
sion with heparin-induced thrombocytopenia.
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VaST meeting notes - DRAFT
April 12, 2021
Confidential

Presentation slides were distributed; presentations are only briefly summarized in meeting notes. Chat
notes not answered verbally on the call are available but have not been incorporated into the minutes.

Participants

Expert consultant members: Beth Bell, Kathy Edwards, Mat Daley, Bob Hopkins (Co-Chair), Lisa Jackson,
Martin Kulldorf, Grace Lee (Co-Chair), Veronica McNally, Laura Riley, Rob Schechter, Keipp Talbot,
Patricia Whitley-Williams

Ex officio and liaison members: Tatiana Beresnev, Matthew Clark, Limone Collins, Karen Farizo,
Jeff Kelman, Judith Steinberg, Hui Lee Wong

CDC: Karen Broder, Denise Cardo, Tom Clark, Frank Destefano, Julianne Gee, Rita Helfand, Susan
Hiers, Megan Lindley, Lauri Markowitz (CDC Co-lead), Jessica MacNeil, Paige Marquez, Sarah Mbaeyi,
Michael McNeil, Jennifer Mullen, Tanya Myers, Sara Oliver, Eddie Shanley, David Shay, Tom
Shimabukuro, Mark Sotir, John Su, Eric Weintraub, Melinda Wharton (CDC Co-lead), Jared Woo

Technical SMEs: Steve Anderson, Fran Cunningham, Richard Forshee, Kwan Hur, Narayan Nair

DHA: Renata Engler, Bruce McClenathan, Jay Montgomery, Margaret Ryan

Agenda

¢ Announcements

e Emergingissues

s Defense Health Agency (DHA)
e VAERS

Administrative issues and announcements - Co-chairs and Co-leads

¢ Reminders about COI and confidentiality
e VaST meetings expectations and procedures overview
e Doses distributed: 237,796,105; Doses administered: 187,047,131 (last updated: April 11)

- Doses distributed: Pfizer-BioNTech: 118,670,955; Moderna: 102,932,700;
J&J/Janssen: 16,192,450
- Doses administered: Pfizer- BioNTech: 96,586,783; Moderna: 83,847,244;
J&J/Janssen: 6,453,740; Unknown: 159,364
- First doses: 119,242,902; Fully vaccinated: 72,630,892
- These data are posted on the CDC website and are updated regularly (| HY PERLINK
"https://covid.cdc.gov/covid-data-tracker/" \l "vaccinations).%E2%80%AF" \t " blank" ]

[ PAGE \* MERGEFORMAT ]

PSICOVID_00008934



Emerging issues — Dr. Tom Shimabukurc, CDC

Dr. Shimabukuro provided updates on planned publications of safety of mRNA vaccines during
pregnancy and the VSD RCA data. The pregnancy manuscript is expected to be published next week and
will report that there are no safety concerns thus far. The VSD RCA publication will include RCA to date
in mRNA vaccines using vaccine concurrent comparator and unvaccinated concurrent comparator.

Myocarditis Following mRNA SARS-CoV-2 Vaccines and Further Considerations — Drs. Jay Montgomery
and Renata Engler, DHA

Dr. Montgomery gave an overview of 14 cases of myocarditis in male service members following mRNA
vaccines and reviewed one case in detail as an example. The cases were hospitalized with acute chest
pain within 30 days of vaccination and all met the CDC case definition for probable myocarditis. In the
majority of patients, all clinical symptoms resolved within days to a few weeks. DHA feels there is a high
likelihood that cardiac symptoms following COVID-19 vaccination represent a hypersensitivity
eosinophilic myocarditis.

Dr. Engler presented additional clinical details on myocarditis cases and historical perspectives of
myocarditis/pericarditis following smallpox vaccination.

Questions and discussion

1. Wasthe impression that these were hypersensitivity eosinophils myocarditis based on cardiac
biopsy? Was other testing performed to make this diagnosis?

- With improvements in cMRI, many feel that diagnosis of myocarditis can be made without
biopsy. Their experience with Smallpox vaccine associated myocarditis including three
biopsies, supports hypersensitivity myocarditis of the eosinophilic type. None of the cases
had any suggestion of hypereosinophilic syndrome.

2. What about Echovirus? Enterovirus?
- Viral studies included Parvo, Coxsackie/enterovirus, CMV, HHV-6, HSV-1
3. Were these individuals exercising vigorously in relationship to the administration of their COVID
vaccines?

- The relationship between exercise and myocarditis is not causal, but rather exercise has
been associated with increase morbidity or mortality (Bethesda study); exercise can elevate
troponin levels but not to the degree seen in the post vaccine myocarditis patients (10-400
times upper limits of normal). However, at this time there is not sufficient information from
the cohort upon which to advance a hypothesis {9 unknowns, 4 yes, 1 no).

4. Was there atemporal pattern of symptoms after onset? Did chest pain increase over 12 hours after
onset, for example.

- In most cases there was an increase after symptom onset, with mild-moderate chest pain
initially. In a few patients, pain was sudden and more severe, but no pattern was seen.

5. Canyou provide an estimate of a denominator of vaccinated individuals? And can you remind us
denominators by age group?

- About 640k received 2" dose as of end of March. Stratifications by age group are not readily
available.

VAERS — Dr. John Su, CDC
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Dr. Su reviewed the case definitions of myocarditis, pericarditis, and cerebral venous sinus thrombosis
(CVST) and presented the associated VAERS data. The number of reported cases for myopericarditis
(N=97: Pfizer-BioNTech 43; Moderna 54; J&J 0) does not exceed the anticipated number of cases. The
estimated annual incidence of myopericarditis is 1-2 per 100,000.

Questions and discussion — Myopericarditis

1. Regarding the risk periods used in the slides, how were the 15.3% and 14.4% calculated?
- These correspond to 56 and 53 days; the midpoint of the time during which these vaccines
have been in use was selected as the risk period (so 112 days/2 = 56 days).
2. How do the VAERS myopericarditis numbers compare with reports after other vaccines in the same
age group, such as e.g. influenza. Was there a similar time distribution?
- The COVID-19 vaccine myopericarditis numbers have not been compared to the influenza
vaccine numbers yet.

Questions and discussion — CVST

1. Do you have the ability to chart reports to VAERS in relation to when the first stories appeared in
the news about blood clots? Whether causal or not causal, it seems that news reports could
promote reporting to VAERS.

- Yes, can look at this.
2. Did any of the cases have a workup for HIT?
- Yes, and CISA is looking into these cases.
3. How did the cases present?
- They presented with thrombocytopenia as well as headache, and CVST
- NEJM describing these cases post AZ vaccine are in an article, see below.
- EMA noted in their press conference that there was a numeric imbalance in the J&J RCT, so
thromboembolism was something they were keeping an eye out for.
- In Europe, to date, no specific risk factors have been identified. They are currently still
evaluating the situation.

4. Have hematologists been consulted?

- CDCis aware of publications from Germany. Currently, hematologists from Vanderbilt and
Johns Hopkins are begin consulted

- Treatment guidance is usually provided from professional groups, not CDC. That being said,
treatment guidance is avoidance of heparin and prompt therapy with IVIG and non-heparin
anticoagulants.

5. This appears to be a problem mainly for young women, but there is uncertainty.

- The cases in Europe for the AZ vaccine was ~2:1 females to males compared to what we
have seen with J&J vaccine.
- There have not been any pregnant patients as this time correct?
= None of the 6 reported patients were pregnant
- Inthe J&J COVID-19 vaccine RCT, there was one case of CVST with thrombocytopenia in a
25-year-old vaccinated male.

6. There was discussion about reaching out the manufacturer to obtain more information, including
about cases after J&J Ebola vaccine or other pre-licensure trials of adenovirus vector vaccines. It
was noted that J&J has been asked to provide information to EMA. VaST will work with the ACIP
COVID-19 vaccine work group and contact the manufacturer.

7. What is the age distribution of the CVST cases in Europe?
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- The age ranges from 22-54 for the AZ vaccine (NEJM reports)
- The age ranges from 18-48 (median 33) for the J&J vaccine cases in VAERS
8. What is the proposed mechanism since CVST has not been observed after the mRNA vaccines?
- Unclear; possibly due to differences between DNA and RNA vaccines?
9. The most striking and concerning finding to date is the disproportionate number of reports after J&J
vaccine compared with no cases of CVST with thrombocytopenia after the mRNA vaccines.

Questions and discussion — CVST communication

1. What are the next steps? How will the communication process proceed?

- FDAinterested to hear discussions on VaST today.

- There are multiple discussions planned between CDC and FDA on what actions to take and
how to proceed with dissemination of the information. A joint statement FDA-CDC will be
released.

2. VaST members were particularly concerned about appropriate treatment, which is not heparin, and
getting information out to providers.

- CDC has several avenues to get information to the public health community and the health
care providers.

3. The risk-benefit balance needs to be discussed with the ACIP COVID-19 Vaccine workgroup

- U of Cambridge's approach to benefit risk in a publication, see below.

4. There was discussion about the timing of further communications of fainting and vasovagal episodes
that led to closure of several vaccination sites last week and concern about confusion and mixed
messages. When further communications are made about those, it can be stressed that they are not
related to CVST. The presyncopal events can also be discussed in the context similar events after
other vaccinations.

Articles of interest

e Thrombotic Thrombocytopenia after ChAdOx1 nCov-19 Vaccination — [ HYPERLINK
"https://www.nejm.org/doi/full/10.1056/NEJMoa2104840?query=featured_home" ]

e Guidance produced from the Expert Haematology Panel (EHP) focused on Covid-19 Vaccine induced
Thrombosis and Thrombocytopenia (VITT} - [ HYPERLINK "https://b-s-
h.org.uk/media/19530/guidance-version-13-on-mngmt-of-thrombosis-with-thrombocytopenia-
occurring-after-c-19-vaccine_20210407.pdf" ]

e Communicating the potential benefits and harms of the Astra-Zeneca COVID-19 vaccine — [
HYPERLINK
"https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/fil
e/976877/CovidStats_07-04-21-final.pdf" ]
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Combined Systems Safety Monitoring Report
DRAFT
April 12, 2021
Confidential

COVID-19 Vaccine Safety Technical (VaST) Subgroup report from April 12, 2021 meeting

The VaST session included presentations on a series of myocarditis cases following COVID-19 vaccination
from the Defense Health Agency and a summary from the Vaccine Adverse Event Reporting System
(VAERS) on myopericarditis and cerebral sinus venous thrombosis (CSVT) cases. Other scheduled
presentations were postponed until next week to allow more time to discuss the emerging information
on CVST.

CDC provided a summary of cases of CSVT reported to VAERS through April 10, 2021. Three cases have
been reported following the Moderna mRNA vaccine (82.6M doses administered) and there have been
no cases reported following the Pfizer-BioNTech mRNA vaccine (94.7M doses administered); none of the
three cases following the Moderna vaccine were associated with thrombocytopenia. To date, six cases
have been reported among recipients of the Johnson & Johnson vaccine (5.9M doses administered) and
available clinical information suggests that most of the cases among recipients of the Johnson & Johnson
vaccine were associated thrombocytopenia and all occurred in persons younger than age 50 years.
These cases among recipients of the Johnson & Johnson vaccine are clinically similar to recently
reported cases from Europe following the AstraZeneca COVID-19 vaccine, a different adenoviral vector
COVID-19 vaccine that is not authorized for use in the United States (Schultz et al. DOI:
10.1056/NEJM0a2104882 and Greinacher et al. DOI: 10.1056/NEJM0a2104840).

e Given the availability of other vaccines for prevention of COVID-19 in the United States,
consideration of the risks and benefits for use of the Johnson & Johnson vaccine in specific
subgroups needs to be urgently addressed.

¢ Information about this potential life-threatening adverse event should be promptly provided to
clinicians to enhance early recognition and appropriate treatment of persons who develop
thrombosis with thrombocytopenia following vaccination.

e VaST recommends timely and transparent communication to the public about these findings, also

highlighting that global safety monitoring efforts and VAERS have enabled the CDC and FDA to
rapidly detect these adverse events.
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VSD RCA {Eric Weintraub, KPNC)

VA RCA (Fran Cunningham, VA)

FDA CMS RCA (Richard Forshee, FDA)
Myocarditis

Follow-up and plans (Tom Shimabukuro, COC)

The VaST call link information should be on your calendars.

Reminder - all VaST documents and communications are confidential.

Lauri Markowitz and Melinda Wharton

Lauri Markowitz, MD

VaST Co-Lead

Division of Viral Diseases

National Center for Immunization and Respiratory Diseases
Centers for Disease Control and Prevention
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VaST Agenda — April 19, 2021

Open session
1:30 - 3:00

Three general topics for agenda today:
e Thrombosis with thrombocytopenia syndrome (TTS) signal
e PE signal from CMS data
e Myocarditis

1:30-1:35 - Announcements
1:35-1:50 - VAERS — TTS (John Su, CDC)
1:50-1:55 - Discussion
1:55-2:00 - CISA brief update (Karen Broder, CDC)
2:00-2:10 - GACVS (Rita Helfand, CDC)
2:10-2:15 - Discussion
2:15-2:45 - Rapid Cycle Analyses (RCA)
VSD RCA (Eric Weintraub, KPNC)
VA RCA (Fran Cunningham, VA)
FDA CMS RCA (Richard Forshee, FDA)
2:45-2:55 - Discussion

2:55-3:00 - Myocarditis, general plans (Tom Shimabukuro, CDC)
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Reports of Thrombosis with Thrombocytopenia
Syndrome (TTS) after Janssen COVID-19 vaccine,

Mar 2 — Apr 16, 2021

April 19, 2021

John Su, MD, PhD, MPH
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Characteristics of patients with CVST and thrombocytopenia*
after Janssen COVID-19 vaccine, N=7

Median age 37 years (range 18-59)

Median time to symptom onset 9 days (range 6—15 days)

7 cases white; 1 case black (1 case without race/ethnicity data)
Current estrogen/progesterone use (n=1)

Pregnant or post-partum (n=0)

Pre-existing conditions
Obesity (n=3)
Hypothyroidism (n=1)

* Note: Thrombosis usually does not occur in the

Hypertension (n=2) presence of low platelets; these case presentations
are atypical and consistent with cases observed
- Asthma (n=1) after AstraZeneca COVID-19 vaccine

Coagulation disorders (none known) >
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Initial and late signs and symptoms among CVST patients*, n=7
(patients listed in no particular order)

Initial features Late features

Severe headache, left-sided

Headaches, leth .
Patient 1 eadaches, lethargy weakness, vomiting

Patient 2 Headaches Severe headache, aphasia

" Left arm weakness, right gaze
Headaches, vomiting, fever snt g

Patient 3 deviation, left neglect

Patient 4 Headaches, chills, myalgias = Severe abdominal pain and fever
Headache, chills, dyspnea, Bruising, unilateral leg swelling, loss

Patient 5 fever of consciousness

Patient 6 Back pain, bruising Headache, abdominal pain

Patient 7 Headaches, vomiting Neck pain, photophobia

*All were hospitalized and admitted to the intensive care unit 6
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Brief description of non-CVST patients*, n=2 (patients listed in no
particular order)

Brief description

37 y black female, *(+) OCP use. Developed
headache and L-sided paralysis 10 days after
vaccine. CT = carotid artery occlusion; plt = 121K,
Patient 8 dropping to 60K first day of admission

59 y white female. Developed L leg swelling and
bruising; confirmed as deep vein thrombosis. Next
day, identified bilateral iliac artery occlusion; plt =
Patient 9 15K.

*All were hospitalized and admitted to the intensive care unit /
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Hematology test results among TTS patients, N=9

Lowest platelet value PF4 HIT* antibody test

(per mm?3) result(s)
Patient 1 12,000 Not done
Patient 2 69,000 Positive
Patient 3 18,000 Positive
Patient 4 127,000 Positive
Patient 5 10,000 Positive
Patient 6 14,000 Positive
Patient 7 64,000 Positive
Patient 8 60,000 Positive
Patient 9 15,000 Pending

*Platelet factor 4 heparin induced thrombocytopenia 10
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Treatment and outcomes among TTS patients, N=9

“ Treatment
Heparin (n=6)
Nonheparin anticoagulants (n=8)*
Platelets (n=4)
Intravenous immunoglobulin (n=4)

#  Qutcomes
Death (n=1)
Remain hospitalized (n=5)
* Intensive care unit (n=3)

Discharged home (n=3)

* 7 of these patients received argatroban; 1 received bivalirudin 11
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Summary

The most recent draft Brighton Collaboration case definition for Thrombosis with
Thrombocytopenia Syndrome (TTS) includes CVST and other thrombi;
thrombocytopenia is the hallmark of this syndrome
Based upon this definition, 9 reports of TTS to VAERS as April 16, 2021

Median age = 37 years (range: 18-59 years)

Median time to symptom onset 9 days (range 6—15 days)

No obvious patterns of risk factors detected

Clinical features of Janssen cases are similar to those observed following the
AstraZeneca COVID-19 vaccine in Europe

Both Janssen and AstraZeneca vaccines contain replication-incompetent adenoviral
vectors (human [Ad26.COV2.S] for Janssen and chimpanzee [ChAdOx1] for AstraZeneca)

13
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Next steps

Continue enhanced monitoring in VAERS and other vaccine safety
systems (e.g., Vaccine Safety Datalink [VSD])

VSD: ~113K Janssen doses administered, O cases in risk interval(s)
Investigate potential cases through detailed clinical reviews/chart reviews

Examine potential approaches to better quantify risk
»  Can crudely estimate for CVST
»  QOther thrombi?...

» In combination with thrombocytopenia?

14
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Platelets and thrombocytopenia (low platelets)*

= Platelets (thrombocytes) are colorless blood cells that help blood clot;
normal platelet count is 150,000-450,000 per microliter

= Platelets stop bleeding by clumping and forming plugs in blood vessel
injuries

= Thrombocytopenia is a condition in which you have a low blood
platelet count (<150,000 per microliter)

= Dangerous internal bleeding can occur when your platelet count falls
below 10,000 platelets per microliter

= Though rare, severe thrombocytopenia can cause bleeding into the
brain, which can be fatal

* Source: hitps://www.mavoclinic.org/diseases-conditions/thrombocytopenia/symptoms-causes/syc-20378293 17
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CVST signs and symptoms

* More common presentations

- Isolated intracranial hypertension syndrome (headache with or without
vomiting, papilledema, and visual problems)

- Focal syndrome (focal deficits, seizures, or both)
- Encephalopathy (multifocal signs, mental status changes, stupor, or coma)

u  Rare presentations
-~ Cavernous sinus syndrome
-~ Subarachnoid hemorrhage

- Cranial nerve palsies

19
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Cerebral venous sinus thrombosis (CVST)

Background epidemiology!-3 Risk factors?

= Rare, 0.22-1.57 per 100,000, «  Prothrombotic conditions (genetic or acquired)
~0.5-1% of all strokes

< Median age 37 years

= Oral contraceptives

«  Pregnancy and the post-partum period

b 0 .
8% of patients >65 years . Malignancy

«  Female:male ratio of 3:1 .
« |Infection

«  Mechanical precipitants (lumbar puncture)

1 Cerebral vein and dural sinus thrombosis in Portugal: 1980-1998. Ferro JM, Correia M, Pontes C, Baptista MV, Pita F, Cerebral Venous Thrombosis Portuguese Collaborative Study Group (Venoport) Cerebrovasc Dis. 2001;11(3):177.
2 The incidence of cerebral venous thrombosis: a cross-sectional study. Coutinho JM, Zuurbier SM, Aramideh M, Stam J. Stroke. 2012 Dec;43(12):3375-7..

3 Cerebral Venous Sinus Thrombosis Incidence Is Higher Than Previously Thought: A Retrospective Population-Based Study. Devasagayam S, Wyatt B, Leyden J, Kleinig T. Stroke. 2016 Sep;47(9):2180-2.

4 Diagnosis and management of cerebral venous thrombosis: a statement for healthcare professionals from the American Heart Association/American Stroke Association. Saposnik G, et al. 2011;42(4):1158. 20
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Additional report of patient with non-CVST thromboses and
thrombocytopenia after Janssen COVID-19 vaccine®

50s y/o female
History coronary artery disease, hypertension, asthma, COPD

Developed bruising and leg swelling 11 days after vaccination with
Janssen vaccine

Hospitalized with hematologic event that is non-CVST
Left lower extremity deep venous thrombosis
Right superficial femoral artery and bilateral iliac artery thrombosis (non-CVST)

Thrombocytopenia of 15,000/mm3

*Assessment based only on VAERS report; investigation in-progress including obtaining and reviewing medical records 21
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Summary (cont.)

For public health

Encourage healthcare providers and the public to report all serious and life-threatening adverse
events and deaths following receipt of COVID-19 vaccines to VAERS as required under the EUAs
for COVID-19 vaccines.

Disseminate information to healthcare providers in your jurisdictions.

For the public

~ If you have received the Janssen COVID-19 vaccine and develop severe headache, abdominal
pain, leg pain, or shortness of breath within three weeks after vaccination, contact your
healthcare provider, or seek medical care.

Report adverse events following receipt of any COVID-19 vaccine to VAERS.

If you are scheduled to receive the Janssen vaccine, please contact your healthcare provider,
vaccination location, or clinic to learn about additional vaccine availability.

24
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UK- MHRA 7 April 2021

Through March 31: 79 reports of clots with low platelets:
44 CVST with thrombocytopenia; 35 in other major veins. 19 deaths (11 < 50 yrs)
51 women, 28 men, aged 18-79 yrs. More women have received AZ Vaccine
Benefits continue to outweigh risks

but careful consideration be given to people who are at higher risk of specific types of blood clots
because of medical conditions

Imposed no age restrictions (but their NITAG recommended those 18-29 yrs at low risk of
infections get other vaccines). Noted slightly higher incidence in younger adults

Continue to give second doses

Link to vaccine of extremely rare blood clots with lower platelets stronger but more work needed — about
4/million

not seeing evidence of thromboembolism without low platelets

7
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Updated WHO Statement 07 April

Causal relationship is plausible but not confirmed
Will continue to gather and review further data
Whilst concerning, these are rare events
balance against risk of deaths due to COVID-19
If severe symptoms (such as those listed in EMA statement), seek urgent medical care
Educate healthcare providers and persons being vaccinated
Need for harmonized case definitions

Need for active surveillance and further data

Full GACVS committee meeting 13 April
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GACVS Meeting 13 April 2021 -1

Rare new adverse event called Thrombosis with Thrombocytopenia Syndrome (TTS) with
Vaxzevria and Covishield. Brighton collaboration working on case definition

Not seen after mRNA vaccines to date
Biological mechanism being investigated

‘platform specific’ mechanism related to adenvovirus-vectored vaccines cannot be
excluded.

Risk is low: Estimates to date 1/250,000 in UK and 1/100,000 in EU

Countries need to perform benefit-risk analysis, accounting for local epidemiology (including
incidence and mortality from COVID-19 disease), age groups targeted for vaccination, and
availability of alternative vaccines

GACVS supports further research into understanding mechanisms, epidemiology, and clinical
syndromes, including risk factors, including age-related and gender-related risk
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GACVS Meeting 13 April 2021 - 2

Thrombosis in specific sites (such as brain and abdomen) appear to be a key feature of TTS

Clinicians should be alert to new, severe, persistent headache or other symptomes,
such as severe abdominal pain and shortness of breath, with onset between 4-20 days after
adenovirus-vectored COVID-190 vaccination

measure platelet levels, radiological imaging for thrombosis
alternate therapy (e.g., not heparin)
Communications regarding need to evaluate and report all potential cases
Continue safety monitoring of all vaccines
Need for open, transparent and evidence-based communications

11
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Some Observations

Learn from EU/UK
Unique clinical entity
thrombosis, not bleeding
Age/Gender still not resolved
Similarities with HIT but not identical — (e.g., very low platelets, higher PF4)

Implications for the world

12
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Thank you. Questions?

Rita Helfand and Shanthi Pal

14
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Kaiser Permanente Vaccine Study Center
Kaiser Permanente Northern California
Marshfield Clinic Research Institute
Vaccine Safety Datalink — Immunization Safety Office, CDC

i

Marshfield Clinic

Research Institute 1
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The specific aims:

* To monitor the safety of COVID-19 vaccines weekly using pre-
specified outcomes of interest among VSD members.

* To describe the uptake of COVID-19 vaccines over time among
eligible VSD members overall and in strata by age, site, and
race/ethnicity.

Project Period: Sept 2020 — August 2023 (3 years)

2
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Participating VSD Healthcare Organizations
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» Collaborative project between CDC and Nine Integrated Health Care Organizations
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@@mbmi Venous 3mu$ Thrombosis (CVS
Quick Chart F

Review Summ

NA vaccines

 All 9 (risk and comparison) cases have had a “informal, quick chart review”

« 5 of the 9 cases have been ruled-out
2 cases were history of CVST

« 2 cases had a head injury

» 1 case had Chronic Cavernous Sinus Syndrome

» 4 of the 9 cases are potentially CVST cases, all without thrombocytopenia

gg'ﬂ'ﬂ

35-39
65-69
80-84
80-84

Moderna

Pfizer
Moderna

Pfizer

2
1 (received Dose 2)
2
2

22 days post Dose 2
5 days post Dose 1
7 days post Dose 2
14 days post Dose 2

No
No
No
No
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=vents After Jansse

wWiew Sur

Ch:

* 16 VTE/PE cases (including 2 cases diagnosed with both VTE and PE) in 1-42 days following Janssen vaccine
* 5/16 have been quick reviewed so far, 2/16 are in progress, 9/16 to be reviewed
» Of those reviewed, 3/5 (60%) are potential VTE/PE cases with incidence following vaccination

o 1female, 2 males

o None with history of COVID-19 infection or thrombocytopenia noted at time of VTE/PE

Yes PE F 70-74 Janssen 16 days 16 days No, elevated No Yes Discharged
platelets

No PE F 75-79 Janssen NA NA NA No NA NA

Yes PE M 75-79 Janssen 27 days 24 days No No Yes Discharged

Yes VTE Y] 50-54 Janssen 2 days 0 days No No Yes Discharged

(confirmed post
vaccination)

No VTE M 60-64 Janssen NA NA NA No NA NA
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* No signals observed for all outcomes and all vaccines during the
21 days after vaccination.

* No CVST cases have been observed after the Janssen vaccine.

* There are 4 potential CVST cases after mMRNA vaccines, none
had thrombocytopenia.

29
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Complete chart review of all potential vaccinated CVST cases

We are exploring ways to identify thromboembolic events (e.g., VTE, stroke) with
thrombocytopenia (e.g., using platelets counts)

We will continue to explore and evaluate thrombotic related events for both mRNA and Janssen
vaccines

Historical Comparators
— General age comparable background rates
— Rates following well care visits among those that received influenza vaccine in the past 18 months

— Planning first analysis next week
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Kaiser Permanente Northern California:

» Nicky Klein, Laurie Aukes, Berwick Chan, Bruce Fireman, Kristin Goddard, Ned Lewis, Karen Nunley, Pat Ross,
Arnold Yee, Ousseny Zerbo

Marshfield Clinic Research Institute;

» Jim Donahue, Ed Belongia, Kayla Hanson, Burney Kieke, Dave McClure, Erica Scotty

CDC Immunization Safety Office:

» Eric Weintraub, Tat'Yana Kenigsberg, Mike McNeil, Jonathan Duffy, Frank Destefano, Tanya Myers, Tom
Shimabukuro

VSD Sites

HealthPartners Institute, Minneapolis, Minnesota

Kaiser Permanente Colorado, Denver, Colorado

Kaiser Permanente Northwest, Portland, Oregon

Kaiser Permanente Southern California, Los Angeles, California

Kaiser Permanente Washington, Seattle, Washington

Denver Health, Denver, Colorado -
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Automated cases identified on days 0-1

Age in years ranged from 20-79, with 41 of the cases between
Janssen H;EIP ages 25-54

Modernat | 27

erzer AR RRUARERRCHS -

oose 1 MR A R R R EHE
Dose 2 i’ﬁﬂiﬂiﬂi 12

rerate | {REHEREHADHATHATHATHA DHA DR DR CHEA H
Male H 2

Age Group
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hylaxis Chart Review

* Chart review completed for 40/66 cases™

« 21/40 (52%) cases confirmed as post-vaccination anaphylaxis

Age in years, median (range) 43 (24-65) 39 (30-67)
Female sex 13 (100%) 8 (100%)
Minutes to symptom onset, median (range) 10 (0-300) 13 (5-30)
Symptom onset within 15 minutes 7 (54%) 5 (62%)
Symptom onset within 30 minutes 10 (77%) 7 (87%)
Prior history of allergies 10 (77%) 4 (50%)
Prior history of anaphylaxis 7 (54%) 1 (13%)
Dose 1 13 (100%) 7 (87%)
Brighton Collaboration case definition level

1 4 (31%) 3 (38%)

2 9 (69%) 5 (62%)
No. confirmed cases (95% Cl) per million doses 5.5 (2.9-9.5) 3.7 (1.6-7.3)
No. confirmed cases (95% Cl) per million first doses 9.1 (4.8-15.6) 5.0 (2.0-10.3)
No. confirmed cases (95% Cl) per million female first doses  15.9 (8.5-27.2) 8.8 (3.5-18.1)

*Full review not completed until 30 days after the event 40
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GBS 9 4 1
« Chart review completed for 4 cases, only 1 was confirmed

« 3 cases not confirmed (1 history of GBS, 1 rule out, 1 miscode)

« Confirmed case classified as Brighton Level 2, 88 year-old male with onset of symptoms
1 day after Moderna dose 1; noted as recovered with neurologic sequelae as of last
follow-up visit and also received Moderna dose 2

« Chart review in progress for 5 cases

* Quick reviews completed that suggest incident cases of GBS following vaccination; full
review and adjudication are in progress
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ADEM 1 0 0
™ 1 1 0

« 1 automated case of TM was identified but not confirmed as incident by chart
review (symptom onset documented prior to COVID-19 vaccination)

« 1 automated case of ADEM identified, chart review in progress

» Quick review completed that suggest incident case of ADEM following vaccination; full
review and adjudication are in progress
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» Vaccinated concurrent comparators:

— Will continue this analysis as additional informative comparator follow-up becomes
available

 For each outcome

» Dose specific analyses
* Product specific analyses

* Analyses for 2 risk intervals — 1-21 & 1-42 days

* Historical Comparators
— General age comparable background rates

— Rates following well care visits among those that received influenza vaccine in the past
18 months

— Planning to start in latter half of March

.
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Primary

Concurrent
Vaccinated

Unvaccinated
concurrent

Supplemental

Self-Control

» Primary design will be vaccinated concurrent comparators

Not confounded by time-stable co-morbidities, propensities to use

health services, or demographics

Follow-up in the comparison interval is on the same calendar dates

as follow-up time in the risk interval

Avoids bias that can arise from day-to-day variation in health

services
Reduces bias that can arise from data lags

Well-adjusted for calendar time

Not confounded by time-stable co-morbidities, propensities to use
health services, or demographics as the same vaccinees are
contributing person time to both the risk and the comparison

intervals

Transient difficulty finding appropriate
comparators soon after a new risk group
becomes eligible for vaccine

Bias from comorbidities, demographics, and
propensities that may be associated with
both the outcome and vaccination status

Bias from differences between risk and
comparison intervals in calendar time
Analyses are less timely and can only
include vaccinees for whom the control
window is complete and for whom the data
have settled

 If vaccinated concurrent comparators are unavailable, the primary analyses will use Unvaccinated concurrent

comparators
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Total # of Events on Each Day
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Did the event occur in a risk or comparison interval?

650

# of AEs

" "
3 v
O 3
o
p\’\\

)
N\‘\/

"4
&
p\’\ﬁb

B AEs in risk window ® AL in comparison window

(31
-

PSICOVID_00009051






Did the event occur in a risk or comparison interval or Unvaccinated?
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Did the event occur in a risk interval or in the Unvaccinated?
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* Poisson regression will be used to model outcome incidence
observed during the risk interval in comparison with incidence
expected (under HO)

« Sequential Analysis is the Vaccinated Comparator
« Significant Threshold is a 1-Sided P-Value < 0.0048

* Models are adjusted for:
—Calendar day
—Age in categories
—Race
—Site
—Sex

PR
frin
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Poisson regression will be used to model outcome incidence observed
during the risk interval in comparison with incidence expected (under

Hy)
 Estimates of the rate ratio (RR) will be reported with nominal 95%
confidence intervals rather than confidence intervals that are
widened to correspond with the threshold of the sequential tests.

* Trends in outcome incidence over calendar time and time-since-
vaccination, and heterogeneity across subgroups will be tracked.

» Supplementary analyses will disaggregate the risk interval (days
1-7, days 8-15, etc.), comparing risk interval weeks with each
other and with the incidence expected (under H) from our primary
comparator. We'll also look at whether incidence varies across the

weeks of the comparison interval.
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For each outcome, the primary analysis each week will include a sequential test of the
one-sided null hypothesis that the vaccine does not increase risk in the risk interval.

The threshold for a signal is pre-specified by an alpha-spending plan that keeps the
overall chance of a Type 1 error below 0.05 for 2 years (104 weekly analyses).

— With a Pocock style plan, the 2-sided p-value required for a signal at a weekly analysis is
0.0096, amounting to a 1-sided p-value of 0.0048.

The criteria for signaling are not criteria for “stopping”.
— After a signal, weekly updates will continue as we add analyses to evaluate the signal.

The multiplicity of different hypotheses tested will be taken into consideration informally.

— Our sequential testing adjusts for the multiplicity of weekly looks at each hypothesis, but we will not
adjust formally for the multiplicity of hypotheses.

g a]
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Power (Aim 1)

Power of planned analyses comparing observed cutcomes vs
expected outcomes in a risk interval—where the expected is
based on vaccinees in a comparison interval.

« The magnitude of the rate ratio (RR) detectable with 80% power
will decrease as the number of outcomes expected in the risk
interval (under H,) increases.

 If our alpha-spending plan sets the threshold for a signal at 2-
sided p=0.0096 (amounting to 1-sided p=0.0048) then RR = 2.0
is detectable when 32 outcomes are expected in the risk
interval.

— RRs of §, 4, 3, and 1.5 are detectable when 4, 6, 11, and
110 AEs, respectively, are expected in risk interval.

 If E denotes the background rate (outcomes expected per
100,000 person-years under HO) then an RR of 2.0 is
detectable when the number of person-days in the risk interval
is:

32/E x 365,000

» For example, if the background rate is 32 per 100,000
person years, then an RR of 2 is detectable when 365,000
person days are in the risk interval, which we’'d have if 1.74
million vaccinees are each observed 21 days.

Least detectable RR

T T T T T T T T T T
0 16 32 42 &4 il 96 12 128 44

Number of events expected in risk interval under HO

Relative risk detectable with 80% power, comparing AEs in risk v.
comparison intervals of equal length, By the N of events
expected in risk interval under the HO that the vaccina is safe.
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« |f the criteria for a signal are met, we will already have the
supplemental comparators (i.e., Unvaccinated concurrent and self-
control) available for context and interpretation of results.

 Further analyses of the potential vaccine-outcome association may
be undertaken, such as:

—Chart review (especially of outcomes during the risk interval)

—Evaluate for clustering of outcomes if they appear during brief sub-intervals
within the risk interval
—Evaluate for clustering in subgroups defined by:
" age
" SeXx
= race/ethnicity
VSD site
prior COVID-19 disease
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« We will conduct routine chart review for selected rare outcomes
(e.g., GBS, ADEM, TM, anaphylaxis) shortly after a case is detected
and prior to analysis.

* If the criteria for a signal are met, further analyses of the potential
vaccine-outcome association may be undertaken through chart
review.

* In collaboration with MCRI and CDC, with feedback from
participating VSD sites, we will design, test, validate, and manage all
chart reviews across the participating sites.
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Aim 2: To describe the uptake of COVID-19 vaccines over time
among eligible VSD members overall, and in strata by age,
sex, race/ethnicity, and VSD site.

 After a COVID-19 vaccine becomes routinely available in the VSD, we
will monitor vaccine coverage overall, and in strata defined by age
group, sex, race/ethnicity, and VSD site.

 Surveillance of vaccine coverage will be updated weekly.

—For each week during the study period, we will tabulate the number of doses
delivered, the cumulative number of doses, and vaccine coverage.

—If different vaccines are in use in the VSD population, we will monitor vaccine

coverage separately for each type of vaccine, and for all COVID-19 vaccines
combined.
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* VSD consists of electronic health data from each participating site
—Demographic data: sex, age, race, and service area
—\Vaccine data: type of vaccine, vaccination date, and vaccination site

—Medical record: includes all healthcare utilization (outpatient, emergency
department, and hospitalizations)

* The total 2020 VSD population is ~12.4 million people (3.8% of
the total U.S. population).
—2,483,518 children (<18 YOA)
—9,916,888 adults (18+ YOA)
—2019 birth cohort was 105,586
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 Active surveillance: newly licensed vaccines

« Evaluate vaccine safety:
—of new recommendations for existing vaccines
—for vaccines in high-risk populations, particularly pregnant women (+ other groups)
—changes to the vaccine schedule

* Develop new methodologies for vaccine safety assessment

 Test hypotheses noted by signals from VAERS, clinical trials, and other
platforms
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» Rare adverse events may be impossible to detect in pre-licensure
studies

* Reports to passive surveillance systems (e.g., the Vaccine Adverse
Event Reporting System) often need rapid surveillance/follow-up

* Traditional cohort or case control studies are not well suited for
rapid signal detection

—Studies can take months to years using traditional approaches
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« Rapid Cycle Analysis (RCA) allows VSD to detect adverse events following
vaccination in near real-time so the public can be informed quickly of possible
risks.

* VSD has used RCA to monitor safety of many vaccines including:

— DTaP-IPV/Hib

— DTaP-IPV

— Human papillomavirus (4 valent and 9 valent)

— Influenza

— Rotavirus

— Meningococcal conjugate

— Measles, mumps, rubella, and varicella (MMRV)
— Tetanus, Diphtheria, Pertussis (Tdap)

— Recombinant zoster vaccine

77
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* Sites that participate in VSD produce weekly dynamic data files (DDF)
that capture information on demographics, immunizations, and ICD-coded

diagnoses assigned by health care providers in outpatlent emergency, or
hospital encounters.

« The DDF will be used as the primary data source for both Aims 1 and 2,

including identifying and following vaccine recipients for outcomes of
interest.
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» Selected covariates including age, sex, site, race/ethnicity and
calendar time will be considered a priori and will be used as
stratification variables.

 Additional covariates may be considered with CDC and the VSD
RCA working group as appropriate.
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 MFC will use historical comparators
» Most appropriate for infrequent or rare outcomes

» Using historical data accumulated over multiple years provides more stable
estimates and greater statistical power, which potentially leads to earlier
detection of a safety signal

* |deally, the historical period starts October 1, 2015 (the start of ICD-10
coding) and ends December 31, 2019 to avoid the influence of the
pandemic in the early part of 2020

 Limitation: Secular trends in disease or in diagnostic or coding practices
may lead to either false signaling or failure to identify a true signal
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Near real-time surveillance based on weekly aggregate data
Sequential analysis to detect signals, but maintaining a pre-defined type | error rate
Poisson-based MaxSPRT, developed by VSD researchers (Kulldorff, et al.)

Compare observed number of events to expected number based on the historical
background rates

» Expected counts based on the incidence rate expected during the risk window multiplied
by the number of vaccines administered

» Reject H, of no excess risk if log-likelihood ratio exceeds a critical value — statistical
signal

Critical values based on probability of a false positive (e.g. a=0.05) and planned
length of surveillance, defined in terms of expected counts under the null hypothesis

Use conditional MaxSPRT (CMaxSPRT) when the number of historical cases is small
and background rates are unstable
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General VSD population (age comparable)

» Used to estimate general background person-time rates

» Rates multiplied by vaccine counts to produce expected (prorated to length of post-vax window)

Other comparator group(s) defined by care-seeking behavior and/or comparator
vaccine visits*

» Well visits (e.g., ICD10: Z00.00, Z00.01)

» Non-COVID vaccination (e.g., Td, Tdap, pneumococcal, influenza)

» Compute number events in post-visit risk windows

Some combination of well visits and vaccination visits in the historical period?

» For example, well visit and a flu vaccine in the previous 18 months

Compare different groups to vaccinated group using baseline covariates s
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« 15 possible Adverse Events of Special Interest (AESI)
« By brand, by dose, by health insurance system, and by age

« Test at sequential cuts of data as data accrues for rapid signal
detection

For Internal Deliberation Only. Do Not Share.
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FDA Rapid Cycle Analysis of COVID-19 Vaccines : Working list of 15

possible adverse events of special interest (AESI)

ACUte i imca'{c’tion Bell’s Palsy
Anaphylaxis Encephalomyelitis

Ap})endicitis Guillain-Barléé syndrome

Disseminated intravascular Hemorrhagic Stroke
coagulatlon (DIC)

Deep Vein Thromb05|s MyocarditisZPericarditis
(DVT)

For Internal Deliberation Only. Do Not Share.

Nércolepsy
Non-hemorrhagic Stroke

Ptélmonary Embolism (PE)
Transverse Myelitis

Inémune thrombocytopenia
(ITP)

3
T
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= Compare the observed incidence rate (IR) of 15 AESIs among COVID-19
vaccinees versus the “Expected” IR

= “Expected” IRs

» Background rates had there been no COVID-19 vaccinations
» Annual IR in adults aged 65+ years during 2017-2019

» Selection: IRs for AESIs returned to historical rates (2017-2019) after a dip March-June
2020.

*  Background rates standardized to the distribution of COVID-19 vaccinees
for nursing home, age, sex, race

For Internal Deliberation Only. Do Not Share. 5
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e Acute Myocardial Infarction (Pfizer)
— Association met threshold for further QC and sensitivity analyses

— After seasonality adjustment, relative risk reduced from 1.25 to 1.12 and
the association was not statistically significant.

 Pulmonary Embolism (Pfizer)
— Association met threshold for further QC and sensitivity analyses
— After seasonality adjustment, relative risk reduced from 1.47 to 1.33 and
remained statistically significant.

*Data through observation week 16, 3/27/2021
For Internal Deliberation Only. Do Not Share. 7
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* Several analyses were performed to evaluate data quality, including:

— Seasonality through stratification

* PMaxSPRT sensitivity analysis using Jan-Mar background rates resulted in no association for AMI and
delayed observed association for PE post-Pfizer.

— Potential duplication of vaccines, persons, and AESIs

* No evidence of concern

— Discrepancies in dose assignment

* No evidence of concern

— Variability in claims accrual

* No evidence of concern
 Additional analyses are in progress:

— Assessing changes in payment, coding, and claims submission policies

For Internal Deliberation Only. Do Not Share. 10
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* Analyses were performed to verify findings from the RCA, including:

— Qutcome definitions

* Proportion of specific claims-based codes to identify AMI and PE events were lower in COVID-19 vaccinees
in RCA (‘observed’) than in historical period used to calculate background rates (‘expected’).

— Temporal scan statistics
* Temporal scan statistic did not identify significant clustering for AMI or PE post Pfizer first dose

— Patient claim profiles

* Majority of AMI cases were NSTEMI or Type 2 AMI, and approximately 25-40% were deemed unlikely to be
true cases. For PE, 40-50% of cases were considered unlikely to be true cases due to use of anticoagulants
or lack of diagnostic scans or treatment

— Prior COVID Diagnosis

* Proportion of AMI and PE cases post Pfizer vaccination that had a prior COVID diagnosis was 18% and 19%,
respectively

* Additional analyses are in progress
— Residual confounding

For Internal Deliberation Only. Do Not Share. i
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Study designs under consideration:

o Primary analyses: SCRI or SCCS using post-vaccination control interval after
Dose 2

o Secondary analyses: SCRI or Self-Controlled Case Series (SCCS) using pre-
vaccination control interval as comparator and only Dose 1

o Cohort analyses if a reference source for vaccine capture and quantitative
bias analyses for recalibration of RR is available

For Internal Deliberation Only. Do Not Share. 13
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e Rates are elevated but below RR > 1.5
* Continuing to run RCA on remaining outcomes
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ADMINISTRATION

Thank youl!

Questions?
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