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Abstract

Background: In December 2020 the Israeli Health Ministry began a mass vaccina-
tion campaign with the BNT162b2 vaccine. This was an important step in overcom-
ing the severe acute respiratory syndrome corona virus 2 (SARS-CoV-2) pandemic.
Autoimmune phenomenon have been described after receiving vaccinations.
Patients/Methods: Here we describe a case series of patients who developed ac-
quired Thrombotic Thrombocytopenic Purpura, a rare autoimmune disease, within
several days of receiving the BNT162b2 vaccine.

Conclusions: A disintegrin and metalloproteinase with a thrombospondin type 1
motif, member 13 (ADAMTS13) activity should be evaluated in patients with history
of aT TP before and after any vaccination, especially the SARS-CoV-2 vaccination, and
immunosuppression treatment should be considered before vaccination in cases of
low ADAMTS13 activity. Patients should be closely monitored after the vaccine for
clinical situation and laboratory data. Post vaccination thrombocytopenia assessment

should include immune thrombocytopenic purpura, vaccine-induced immune throm-
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by the severe acute
respiratory syndrome corona virus 2 (SARS-CoV-2), is a highly conta-
gious illness that can cause severe morbidity and mortality especially
in older adults and those with co-existing medical conditions.! It was
declared a global pandemic in March 2020, and resulted in devas-
tating medical, economic, and social consequences.! This challenge
posed the need for a safe and effective vaccine against SARS-CoV-2.
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botic thrombocytopenia and acquired thrombotic thrombocytopenic purpura.

ADAMTS-13, acquired thrombotic thrombocytopenic purpura, autoimmunity, BNT162b2

In December 2020, results of the phase 2/3 part of the global
trial evaluating the safety, immunogenicity, and efficacy of the
BNT162b2 vaccine in adults 16 years and older were published.!
BNT162b2 was shown to be 95% effective in preventing COVID-19
compared to placebo, with low incidence of serious adverse events.!

These data resulted in emergency approval of the BNT162b2
vaccine in several Western countries. Israel initiated a mass vacci-
nation campaign in December 2020 and nearly five million people
received the BNT162b2 vaccine.?

Acquired thrombotic thrombocytopenic purpura (aTTP) is a rare,
rapidly fatal disorder if not diagnosed and treated promptly.® aTTP

is caused by development of auto-antibodies to the von Willebrand
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cleaving protein, A Disintegrin and Metalloproteinase with a
ThromboSpondin type 1 motif, member 13 (ADAMTS-13).% This
causes development of von-Willebrand factor-platelet aggregates
and microvascular thrombosis due to endothelial injury.®

Several cases of COVID-19-related aTTP were reported re-
cently.* Here we present a case series of aTTP developing up to
28 days following the BNT162b2 vaccination. The study was ap-

proved by the local institutional review board committees.

2 | PATIENTS AND METHODS

Four patients from two academic medical centers were identified
from mid-February to mid-March 2021. Presumed diagnosis of aTTP
was made using the PLASMIC score® and prompt treatment was initi-
ated. Diagnosis was confirmed in all cases showing low ADAMTS-13
activity and high antibody levels.

Case 1 was a 40-year-old healthy female of Filipino origin pre-
senting 8 days after the second BNT162b2 vaccine complaining on
somnolence, low-grade fever, and macroscopic hematuria. On pre-
sentation she was alert and oriented. Physical examination was re-
markable for petechia and ecchymosis on the lower limbs.

Treatment included six sessions of plasma exchange (PEX), high-
dose steroids, and caplacizumab. The patient is in complete remis-
sion (CR).

Case 2 was a 28-year-old healthy male with morbid obesity
(body mass index 50) presenting with an episode of dysarthria that
lasted 15 minutes. Mild non-specific chest pain was noted several
days prior to this episode. Physical exam including neurologic exam
was normal, as was a computed tomography scan of the brain. He
received the second dose of BNT162b2 vaccine 28 days prior to
admission.

Treatment with five sessions of PEX, caplacizamab, high-dose
steroids, and rituximab was initiated with rapid neurologic improve-
ment and chest pain disappearance. The patient is in CR.°

Case 3 was a 31-year-old female with history of recurrent aTTP
(2004-2015) last examined in January 2020, in excellent clinical
and laboratory remission but 0% ADAMTS-13 activity and high an-
tibodies titer (64 U/ml). Treatment with rituximab was offered but
declined by the patient because of the pandemic. She presented
with vaginal bleeding and purpura 13 days after receiving the first
BNT162b2 vaccine.

Treatment with four sessions of PEX, steroids, rituximab, and
caplacizumab was initiated, with clinical and laboratory improve-
ment but ADAMTS-13 activity remained 0% with high antibodies
titer (121 U/ml). Ten weeks after treatment ADAMTS-13 activity
is 0%, ADAMTS-13 antibodies are low, and the patient continues
caplacizumab.

Case 4 was a 30-year-old male with history of a single episode
of aTTP in 2013, lost to follow-up. He presented with purpura on his
limbs 8 days following the second dose of the BNT162b2 vaccine.
Treatment with five sessions PEX, steroids, rituximab, and caplaci-
zumab was initiated resulting in clinical and laboratory improvement
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Essentials

e Acute/relapsed acquired thrombotic thrombocytopenic
purpura (@TTP) may be associated with BNT162b2
vaccine.

e Patients with aTTP should be evaluated for A Disintegrin
and Metalloproteinase with a ThromboSpondin type 1
motif, member 13 (ADAMTS-13) activity before and
after vaccination.

e Immunosuppression should be considered before vac-
cination in cases of low ADAMTS-13 activity.

e One should consider the possibility of aTTP when evalu-

ating post-vaccination thrombocytopenia.

at 1 week, and normal ADAMTS-13 activity and antibodies 5 weeks
post PEX. The patient is in CR.®

ADAMTS-13 activity and antibody levels were determined by
chromogenic ELISA (Technoclone). Serology for S and N antigens
was done using the LIAISON® SARS-CoV-2 S1/S2 IgG (DiaSorin)
and Elecsys Anti -Sars-cOv-2(Cobas, Roche Germany), respectively.

3 | RESULTS AND DISCUSSION

Patient demographic and laboratory data are summarized in Table 1.
Mean age at presentation was 33 years, with first aTTP episode in
two and relapse following long periods of remission in two cases.
Patients presented at a mean of 14 days following BNT162b2 vac-
cination. All were negative for COVID-19 infection by PCR analysis,
while serology was positive for the S antigen and negative for the
N antigen in the two patients tested (one and two). All patients re-
ceived PEX, corticosteroids, and caplacizumab, whereas rituximab
was given to three.

Patients rapidly responded to treatment (defined as plate-
lets>150 k/ul and lactic acid dehydrogenase <1.5xULN) with mean
4 days following presentation. At the time of this report, all patients
areinclinical and laboratory response. Normalization of ADAMTS-13
activity was confirmed in three cases.

The prevalence of aTTP in Western countries is estimated as 2-6
cases per 10° per year.” This is roughly two to three cases per year
in any Israeli hospital. We report on four cases of aTTP presenting
within 4 weeks after BNT162b2 vaccination. This raised the suspi-
cion of a shared precipitating event, and a presumptive association
with the BNT162b2 vaccine.

aTTP is more prevalent in women,® with risk factors includ-
ing pregnancy’ and hormone-based treatments. Here, 50% of our
small cohort were female and none of them were pregnant or on
hormonal therapy.

The addition of caplacizumab to PEX and steroids resulted in
rapid response® similar to that reported in the HERCULES study.'®
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TABLE 1 Demographic and laboratory parameters of aTTP patients

1
Gender Female
Age (y) 40
aT TP episode First
Vaccination dose Second
Days following vaccination (N) 8
Baseline laboratory
Hemoglobin gr/dl (N:11.7-15.7) 9.9
Platelets K/ul (N:140-450) 12
Creatinine mg/dl (N:0.5-1.0) 0.92
LDH U/I (N: 240-480) 7129
Schistocytes % [¢)
Troponin ng/ml (N <0.03) 0.01
PEX sessions (N) 6
Time to response?, days 3
ADAMTS-13 activity IU/ml (N: 0.4-1.3) (%)
Baseline 0
At 5 weeks 0.52 (40)
ADAMTS-13 antibodies U/ml (N: 0-15)
Baseline 51
At 5 weeks 1.9

2 3 4 Mean
Male Female Male

28 31 30 32
First Relapse Relapse

Second First Second

28 13 8 14
9.1 7.7 10.8 9.4
38 15 11 19
1.5 1.2 1.44 1.26
3063 4000 1544 3169
6 10 6 7
0.12 NA NA

5 4 5

4 5 4

0 0 0 0
0.77 (60) 0 0.6 (46) 0.47 (37)
113 64 21 62
8.9 10 10 7.7

Abbreviations: aTTP, acquired thrombotic thrombocytopenic purpura; ADAMTS-13, A Disintegrin and Metalloproteinase with a ThromboSpondin
type 1 motif, member 13; LDH, lactic acid dehydrogenase; NA, not applicable; PEX, plasma exchange.

“Defined as platelets>150 k/ul and LDH <1.5xULN.

Vaccine-associated autoimmunity is a well-known phenome-
non attributed to either cross-reactivity between antigens or the
adjuvant,! that is, systemic lupus erythematosus after the Human
papilloma virus vaccine or Guillain Barre syndrome after the HIN1
vaccine.*?

Moreover, case reports on aT TP following the HIN1 vaccine,*®
pneumococcal vaccine,** and others®® were described.

Additional contributing factors to the possible association be-
tween the COVID-19 BNT162b2 vaccine and autoimmunity are the
novel nucleic acid formulation and the accelerated development
process imposed by the emergency pandemic situation.*

This report is to our knowledge the first observation of a cluster
of aTTP patients associated with the BNT162b2 vaccine. Patients
and physicians should be aware of aTTP occurrence or relapse fol-
lowing vaccination. It is recommended to test patients with history
of aTTP for ADAMTS-13 activity before any vaccination and if low,
vaccination should be delayed and immunosuppression (mainly ste-
roids, as rituximab could jeopardize the immune response to vacci-
nation) initiated.

In cases of relapsed aTTP, it is crucial to know the
ADAMTS-13 level before vaccination in order to determine whether
vaccination caused the development of new anti-ADAMTS-13 an-
tibodies or was the second hit triggering the aTTP bout where
ADAMTS-13 was already low.

Close clinical and laboratory monitoring, including ADAMTS-13
activity and platelet counts, is recommended for patients with previ-
ous aT TP following BNT162b2 vaccination. This will allow early rec-
ognition of ADAMST-13 deficiency, prior to a clinical bout, and can
result in treatment only with caplacizumab (with no or low-dose im-
munosuppression), until ADAMTS-13 recovery. Finally, as both im-
mune thrombocytopenia and vaccine-induced immune thrombotic
thrombocytopenia (VITT) were described after SARS-CoV-2 vacci-

16,17

nation, one should also consider the possibility of aTTP when

evaluating post-vaccination thrombocytopenia.
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