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Thrombocytopenia and thrombosis have been reported fol-
lowing vaccination with the ChAdOx1 nCoV-19 (AstraZe-
neca) vaccine, an adenoviral vector COVID-19 (coronavirus
disease 2019) vaccine.1–5 Previous cases of vaccine-induced
immune thrombotic thrombocytopenia (VITT) have been
reported with symptom onset between 5 to 30 days post-
vaccination, typicallywith severe thrombocytopenia, unusu-
al thromboses, high mortality, and platelet-activating
antibodies against platelet factor 4 (PF4) despite no previous
exposure to heparin.1–3 Here we report two patients with
VITT presenting as lower limb venous thrombosis (one with
concurrent pulmonary embolism) andmild thrombocytope-
nia. One had a late presentation 31 days postvaccination.
Both patients were shown to have platelet-activating anti-
bodies in a PF4-dependent serotonin-release assay (SRA).

Case 1

A 68-year-old male received his first dose of ChAdOx1
nCoV-19 vaccine (day 0). On day 31, he noted left leg swelling
and erythema. Two days later he presented to an urgent care
center with clinical evidence of left lower limb deep-vein
thrombosis (DVT). The D-dimer was >20mg/L (reference

range: <0.5mg/L); the platelet count was 116�109/L (refer-
ence range: 150–400�109/L); the patient’s usual platelet
count was 200�109/L (►Fig. 1A). He was started on apix-
aban 10mg twice-daily as an outpatient; the next day,
Doppler ultrasound demonstrated extensive left lower
limb DVT involving the mid-superficial femoral vein and
extending into the popliteal vein and its trifurcation. He
continued apixaban at home, with no bleeding. At follow-up
outpatient assessment (day 37), his left leg swelling was
reduced; theD-dimerhaddecreased to 6.1mg/L. At this time,
the polyspecific PF4/polyanion enzyme immunoassay (EIA;
Immucor, Dartmouth, Canada) was positive (1.020 optical
density [OD] units; reference range: <0.400), as were two
immunoglobulin G (IgG)-specific EIAs (PF4/heparin [PF4/H]6

and PF4 alone [see the figure legend for the method]), with
>50% inhibition with high heparin (100 IU/mL); patient
serum induced serotonin release in the presence of PF4
(►Fig. 1A, inset). On day 39, leg swelling had further im-
proved; the D-dimer was 5.6mg/L and the platelet count was
160�109/L. Given the persistent relative thrombocytopenia
and positive VITT serology, he received 85 g of intravenous
immune globulin (IVIG) (1 g/kg dose [weight: 85 kg; height:
191 cm]), with a second dose 24hours later. His platelet
count rose (peak: 234�109/L) and theD-dimer progressively
decreased. At last assessment on day 147, he remained well,� These authors contributed equally to this work.
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Fig. 1 Clinical course of two patients with vaccine-induced immune thrombotic thrombocytopenia (VITT) with venous thromboembolism and
mild thrombocytopenia. For both patients, the baseline (“pre”) platelet count represents the mean value of three (patient 1) or two (patient 2)
previous platelet count values. “Day 0” indicates the date of vaccination. The inset shows the detailed results of testing for VITT antibodies.
Three EIAs are shown: polyspecific (IgGAM) EIA with PF4/polyvinyl sulfonate as the target antigen, as well as two “in-house” IgG-specific EIAs with
PF4/heparin (PF4/H) and PF4 alone as target antigens. The IgG-specific EIA used to detect antibodies specific to PF4 alone was modified from a
published method,6 whereby PF4 alone (60 µg/mL), rather than PF4/heparin complexes, was coated onto the plates, prior to addition of patient
sample. þHigh heparin indicates EIA performed with 100 IU/mL heparin. For both patients, EIA reactivity remained positive post-IVIG, whereas
the platelet activation assays became negative. (A) Patient 1: treatment with high-dose intravenous IVIG was associated with a transient increase
in the platelet count (peak, 5 days post-initiation). The patient had no recurrence of thrombosis (last follow-up, day 147). (B) Patient 2: treatment
with high-dose IVIG was associated with a transient increase in the platelet count (peak platelet count, 9 days after initiating IVIG). The patient
had no recurrence of thrombosis (last follow-up, day 138). IV.3 is the name of the Fc receptor-blocking monoclonal antibody used to
demonstrate Fc receptor-dependent platelet activation. DVT, deep-vein thrombosis; EIA, enzyme immunoassay; IgG, immunoglobulin G; IU,
international units; IVIG, immune globulin; OD, optical density; PF4, platelet factor 4; PF4/H, platelet factor 4/heparin; PVS, polyvinyl sulfonate;
VITT, vaccine-induced immune thrombotic thrombocytopenia; VTE, venous thromboembolism.
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without signs or symptoms of pulmonary embolism or
cerebral venous thrombosis (CVT); however, he continues
to have mild thrombocytopenia and elevated D-dimer levels
despite having received a third dose of IVIG on day 72.

Case 2

A 55-year-old male received his ChAdOx1 nCoV-19 vaccine
(day 0). Fromday8 to day11, he experienced an intermittent,
bitemporal headache (7/10 severity) that was pulsatile in
nature, without focal neurologic deficits. On day 11, he
experienced dyspnea on exertion and cough; his respiratory
symptoms worsened over the next few days. On day 15, he
experienced small-volume hemoptysis (without other
bleeding) and attended the emergency department. The
platelet count was 103�109/L; the patient’s usual platelet
count was 265�109/L (►Fig. 1B). His D-dimer was
>20mg/L. Contrast tomography (CT) imaging of his chest
demonstrated bilateral pulmonary emboli with evidence of
saddle embolism. There were no echocardiographic findings
of right heart strain and he was hemodynamically stable.
Doppler ultrasound showed a left lower limb DVT, with
partially occlusive thrombus in the distal superficial femoral
vein extending into the popliteal vein. CT venography of his
brain did not show CVT. He was admitted to a hospital and
initiated on rivaroxaban 15mg twice-daily on day 16. Fol-
lowing the first two doses of anticoagulation, IVIG was
started empirically given the clinical suspicion for VITT. He
received 100 g IVIG (1 g/kg dose [weight: 100 kg; height:
179 cm]) daily for 2 days, on days 17 and 18. The screening
polyspecific PF4/polyanion EIAwas positive (2.554 OD units)
as were two IgG-specific EIAs (PF4/H and PF4 alone), with
>50% inhibition with high heparin; patient serum induced
serotonin release in the presence of PF4 (►Fig. 1B, inset).
After two doses of IVIG, his platelet count rose quickly (peak:
488�109/L). He was discharged home on rivaroxaban. Serial
D-dimer measurements showed progressive decline and he
remained clinically well (last follow up, day 138).

For both patients, repeat serological testing post-IVIG
showed persistent reactivity in all three EIAs, but negative
platelet activation assays (►Fig. 1A, B, insets).

Discussion

We present two patients with confirmed VITTwho had mild
thrombocytopenia, demonstrating that VITT can occur on a
spectrum of severity. For the first patient, the onset of
symptoms began 31 days post-ChAdOx1 nCoV-19 vaccina-
tion, which is later than most other reports.1–5 The patient
clinically improved with initial treatment with direct oral
anticoagulant (DOAC) alone. This case illustrates that VITT
should be considered—and can present clinically—more than
30 days following ChAdOx1 nCoV-19 vaccination. Current
guidelines7,8 suggest considering VITT when thrombosis
occurs up to day 28 postvaccination; however, delayed
symptom onset occurred in our case. The second patient
presented within the typically cited window postvaccina-
tion, and also responded well to DOAC with additional

IVIG. Although the ultimate outcome was favorable, he
presented with pulmonary embolism, a potentially fatal
thrombotic event. Despite both patients having marked
elevations in D-dimer (>20mg/L), they had only mild
thrombocytopenia.

Similar to heparin-induced thrombocytopenia (HIT), VITT
can present with a range of thrombocytopenia, and should
still be considered even if the platelet count is above
100�109/L. Our patients’ platelet count falls were �40%
(patient 1) and �60% (patient 2) from their usual baseline
values. Approximately 10 to 20% of patients with HIT have
platelet count nadirs that are >100�109/L,9 and VITT cases
with mild thrombocytopenia have been reported.1,3,10 Al-
though there have been several reports of patients with
severe VITT, we observed two patients, presenting within
a few days of one another at one hospital, both with lower
limb venous thrombosis and mild thrombocytopenia, both
with overall good outcomes. Although we administered
high-dose IVIG to both patients, we acknowledge that favor-
able outcomes may have occurred even without this treat-
ment. However, the natural history of VITT remains
undefined, and given the life-threatening nature of this novel
prothrombotic disorder, de-escalation of platelet and coag-
ulation activation by high-dose IVIG is an important treat-
ment consideration.11 High-dose IVIG has demonstrated
clinical benefit1–4,11,12 in the management of VITT and is
considered in current guidelines and expert consensus to be
an important up-front treatment.7,13,14 Both patients’ post-
IVIG serum reverted to a negative PF4-enhanced SRA despite
persisting EIA reactivity (►Fig. 1A, B, insets). These data
support a recent report11 indicating that the mechanism of
action of IVIG is competitive inhibition of VITT antibody-
mediated platelet activation at the level of the platelet Fc
receptors, without affecting binding of VITT antibodies to the
(recently identified15) PF4 antigen target. Our cases thus
further support the efficacy of IVIG in correcting thrombo-
cytopenia and reducing hypercoagulability in VITT.
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