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ABSTRACT

BACKGROUND
Several cases of unusual thrombotic events and thrombocytopenia have developed
after vaccination with the recombinant adenoviral vector encoding the spike pro-
tein antigen of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
(ChAdOx1 nCov-19, AstraZeneca). More data were needed on the pathogenesis of
this unusual clotting disorder.

METHODS

We assessed the clinical and laboratory features of 11 patients in Germany and
Austria in whom thrombosis or thrombocytopenia had developed after vaccination
with ChAdOx1 nCov-19. We used a standard enzyme-linked immunosorbent assay
to detect platelet factor 4 (PF4)—heparin antibodies and a modified (PF4-enhanced)
platelet-activation test to detect platelet-activating antibodies under various reac-
tion conditions. Included in this testing were samples from patients who had
blood samples referred for investigation of vaccine-associated thrombotic events,
with 28 testing positive on a screening PF4-heparin immunoassay.

RESULTS

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 pulmonary 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.

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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ACCINES AGAINST SEVERE ACUTE RESPI-

ratory syndrome coronavirus 2 (SARS-

CoV-2) are the most important counter-
measure to fight the coronavirus 2019 (Covid-19)
pandemic. From December 2020 through March
2021, the European Medicines Agency approved
four vaccines on the basis of randomized, blind-
ed, controlled trials: two messenger RNA-based
vaccines — BNT162b2 (Pfizer-BioNTech) and
mRNA-1273 (Moderna) — that encode the spike
protein antigen of SARS-CoV-2, encapsulated in
lipid nanoparticles; ChAdOx1 nCov-19 (Astra-
Zeneca), a recombinant chimpanzee adenoviral
vector encoding the spike glycoprotein of SARS-
CoV-2; and Ad26.COV2.S (Johnson & Johnson/
Janssen), a recombinant adenovirus type 26 vec-
tor encoding SARS-CoV-2 spike glycoprotein.

As of April 7, 2021, more than 82 million vac-
cine doses had been administered in the Euro-
pean Union; in Germany, approximately one
quarter of vaccine recipients had received the
ChAdOx1 nCov-19 vaccine.! Beginning in late
February 2021, several cases of unusual throm-
botic events in combination with thrombocyto-
penia were observed in patients after vaccination
with ChAdOx1 nCov-19.

INDEX CASE

A previously healthy 49-year-old health care work-
er received her first dose of ChAdOx1 nCov-19 in
mid-February 2021 (day 0). Over the next few
days, she reported having minor symptoms (fa-
tigue, myalgia, and headache). Beginning on day
5, she reported having chills, fever, nausea, and
epigastric discomfort; she was admitted to a lo-
cal hospital on day 10.

Laboratory results are shown in Table 1. The
platelet count was 18,000 per cubic millimeter,
and the p-dimer level was 35 mg per liter (refer-
ence value, <0.5). The results of other blood tests
were normal except for +y-glutamyltransferase
and C-reactive protein levels, which were elevated.
SARS-CoV-2 reverse-transcriptase—polymerase-
chain-reaction assay of a nasopharyngeal swab
was negative.

Computed tomography (CT) showed portal-
vein thrombosis and peripheral pulmonary em-
boli. The patient received a platelet concentrate
and was transferred to a tertiary hospital. On
arrival, she had epigastric discomfort and nau-

N ENGL J MED 384,22

sea but was otherwise in good condition (blood
pressure, 125/88 mm Hg; heart rate, 65 beats per
minute; temperature, 36.5°C). The physical ex-
amination was unremarkable except for moder-
ate epigastric pain on palpation. She received
intravenous antibiotics, analgesia, and one 4000-
unit dose of low-molecular-weight heparin
(enoxaparin), given subcutaneously.

The following day, the platelet count and fi-
brinogen level remained low, and the p-dimer
and aminotransferase levels increased. The ab-
dominal pain worsened, and repeat CT imaging
showed progression of portal-vein thrombosis to
include the splenic and upper mesenteric veins;
in addition, small thrombi were visualized in the
infrarenal aorta and both iliac arteries. Low-
dose intravenous unfractionated heparin (500 U
per hour) was initiated but was stopped shortly
thereafter because of a sudden onset of tachycar-
dia and concern for gastrointestinal bleeding.
The lactate level was 3.7 mmol per liter, and the
patient was transferred to the intensive care
unit. Repeat CT imaging revealed diffuse gastro-
intestinal bleeding with reduced perfusion of the
intestinal wall and pancreas by splanchnic-vein
thrombosis, along with ascites. She received red-
cell and platelet transfusions, prothrombin com-
plex concentrates, and recombinant factor VIla
but died on day 11. In addition to the diagnosed
medical findings, autopsy revealed cerebral ve-
nous thrombosis.

CASE SERIES

By March 15, 2021, an additional 10 patients for
whom clinical data were available were found to
have one or more thrombotic complications be-
ginning 5 to 16 days after vaccination with
ChAdOx1 nCov-19. Characteristics of all 11 pa-
tients (including the index case) are presented in
Table 2. Thrombotic events included cerebral
venous thrombosis (in 9 patients), splanchnic-
vein thrombosis (in 3 patients), pulmonary em-
bolism (in 3 patients), and other types of
thrombi (in 4 patients); 5 of 10 patients had
more than one thrombotic event. Included in
this analysis is one patient (Patient 11) who pre-
sented with fatal cerebral hemorrhage. The re-
sults of brain neuropathological analysis were
pending at the time of this report, and cerebral
venous thrombosis had not been ruled out; post-
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Table 1. Laboratory Characteristics of the Index Patient.*
Laboratory Analysis Reference Value Day 10 Day 11
8:00 a.m. 8:00 p.m. 8:00 a.m. 8:00 p.m.

Hemoglobin (g/dl) 12.0-16.0 12.3 11.3 10.9 9.1

Platelet count (per mm3) 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 1.4 1.3 1.2 1.3
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 aminotransferase <35 46 94 167 155
(U/liter)

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

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

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

Lactate (mmol/liter) <1.6 0.9 NA 1.7 3.6

* NA denotes not assessed.

mortem serum was available for testing for
platelet-activating antibodies.

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 (PF4)—
heparin. After characterizing the antibodies in
serum obtained from Patients 1 through 4, we
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subsequently obtained serum from 5 of the 7 re-
maining patients. In addition, our reference
laboratory received further serum samples from
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
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heparin (reviparin [Abbott]), or PF4 (Chromatec)
in either the presence or absence of the Fcylla
receptor-blocking antibody IV.3. In some ex-
periments, unfractionated heparin (100 IU per
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 (>2.00), inter-
mediate (1.00 to 1.99), or weak (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.

N ENGL ) MED 384,22

(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
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 IU 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 pg 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 IV.3 blocked PF4-depen-
dent platelet activation in all 7 samples that were
tested.
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Figure 1. Reactivity of Patient Serum on Platelet-Activation
Assays and Immunoassays.

Panel A shows the results of platelet-activation assays
in serum samples obtained from the first 4 patients
with vaccine-induced immune thrombotic thrombocy-
topenia (VITT) who were assessed in the study. The
four colors in each experiment indicate the results ob-
tained in the four samples; values are expressed as
means, with I bars indicating standard errors. The
platelet-activation assay is performed by adding 20 pl
of patient serum to 75 pl of washed platelets per well
of a microtiter plate that contains the other reagents
as indicated. Reactivity is expressed semiquantitatively
as reaction time, with a shorter reaction time indicat-
ing stronger platelet-activating levels. A reaction time
of more than 30 minutes indicates background or clini-
cally insignificant reactivity. The asterisk indicates the
reactivity of the outlier serum, which was strongly pos-
itive on subsequent retesting along with platelets of
other volunteers in the presence of platelet factor 4
(PF4). Panel B shows the results of platelet-activation
assays in serum samples obtained from an additional
24 patients with clinical VITT. The reactivity pattern re-
sembles that observed in the 4 patients who were ini-
tially investigated. The serum caused variable platelet
activation in the presence of buffer, which for most
samples was inhibited in the presence of low-molecu-
lar-weight heparin but was strongly enhanced in the
presence of PF4; in contrast, high levels of unfraction-
ated heparin inhibited the reaction in all but one se-
rum sample. Panel C shows the results of PF4—heparin
and PF4 immunoassays of serum obtained from pa-
tients with VITT (including all 28 samples represented
in Panels A and B) that showed PF4-dependent plate-
let activation. The results, which were obtained with
the use of a microplate reader with a 450-nm filter, in-
clude all 28 PF4—heparin enzyme-linked immunosor-
bent assay (ELISA) experiments (with the addition of
100 IU per milliliter of heparin in 19 experiments) and
the results of 10 PF4 ELISA experiments. The cutoff for
a negative result is 0.50 optical-density units. LMWH
denotes low-molecular-weight heparin, UFH unfraction-
ated heparin, and IVIG intravenous immune globulin.

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
24) showed platelet activation at buffer control,
most samples (19 of 24) were inhibited by low-
molecular-weight heparin; almost all samples
(22 of 24) showed platelet activation by the addi-
tion of PF4. All but one serum sample was inhib-
ited by a high dose of heparin.

N ENGL J MED 384,22
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Figure 1C shows strong reactivity of the se-
rum samples obtained from all 28 patients
(including Patients 1, 2, 3, 4, 5, 8, 9, 10, and 11)
in results on both PF4-heparin and PF4 ELISA,
with inhibition by high heparin doses. Anti-
bodies that were affinity purified with the use
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of either immobilized PF4 or immobilized PF4—
heparin showed the same reactivity pattern as the
original serum — in other words, they strong-
ly activated platelets in the presence of 10 ug
per milliliter of PF4, an effect that was com-
pletely inhibited by a high concentration of
heparin.

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
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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-
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
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Vaccination with ChAdOx1 nCov-19;
no heparin exposure

Patient has thrombocytopenia, thrombosis,
or both 5-20 days after vaccination

Immunoassay screening: PF4—heparin ELISA
DIC testing: INR, PTT, o-dimer, fibrinogen

— Negative —» Heparin treatment possible

I
Positive

l

Refer patient serum to laboratory that performs
platelet-activation tests
Serum added to platelets under various conditions:
Buffer
Heparin (low and high concentrations)
PF4 (if available)

Variable platelet activation with buffer
Variable effect of low-dose heparin
Strong platelet activation with PF4
Inhibition by high-dose heparin

I— Negative —» Heparin treatment possible

T
Positive

l

Diagnosis of vaccine-induced thrombotic
thrombocytopenia

Treatment Options

High-dose intravenous immune globulin
(1 g per kg for 2 days)

Anticoagulants often used to treat heparin-induced

thrombocytopenia

Platelet transfusions

Vitamin K antagonist

Comment

Raises platelet count and decreases hypercoagulability (by analogy
with autoimmune HIT); inhibits platelet activation by platelet-
activating anti-PF4 antibodies (platelet Fcy receptors)

Direct oral Xa inhibitors (apixaban, rivaroxaban)

Direct thrombin inhibitors (argatroban, bivalirudin)

Indirect (antithrombin-dependent) Xa inhibitors: danaparoid
(not available in U.S.), fondaparinux

Avoid unless presence of bleeding (theoretical prothrombotic risk)
Contraindicated during acute thrombocytopenia and disseminated

intravascular coagulation (microthrombosis associated with
protein C depletion)

Figure 2. Potential Diagnostic and Therapeutic Strategies for Management of Suspected Vaccine-Induced Immune

Thrombotic Thrombocytopenia.

Shown is a decision tree for the evaluation and treatment of patients who have symptoms of thrombocytopenia or
thrombosis within 20 days after receiving the ChAdOx1 nCov-19 vaccine and who have had no heparin exposure.
The diagnostic and therapeutic strategies in such patients differ from those in patients with autoimmune heparin-
induced thrombocytopenia (HIT)."2 DIC denotes disseminated intravascular coagulation, INR international normal-
ized ratio, PF4 platelet factor 4, and PTT partial thromboplastin time.
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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
against PF4-heparin in a murine model.?* Unfor-
tunately, other Covid-19 vaccines were not avail-
able to us for testing.

Our findings have several important clinical
implications. First, clinicians should be aware
that in some patients, venous or arterial throm-
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-
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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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