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1  |  INTRODUC TION

Thrombotic thrombocytopenic purpura (TTP) is a rare but poten-
tially life-threatening thrombotic microangiopathy characterized by 
disseminated thrombus formation in the microvasculature, leading 
to microangiopathic hemolytic anemia, profound thrombocytope-
nia, and organ failure.1 It is caused by a severe deficiency (activity 
level ≤ 10%) of the von Willebrand factor (VWF)-cleaving protease 
ADAMTS13. In the more rare congenital TTP, ADAMTS13 defi-
ciency is the result of homozygous or compound heterozygous mu-
tations in the ADAMTS13 gene.2,3 Predominantly, TTP is the result 
of immune-mediated inhibition and/or clearance of ADAMTS13 

(immune-mediated TTP/iTTP), leading to excessive levels of ultra-
large VWF multimers, which are responsible for binding and removal 
of platelets, and ultimately for microthrombosis and thrombocyto-
penia.4,5 Because of diffuse tissue ischemia and organ dysfunction, 
through scattered microthrombi, particularly affecting brain, heart, 
and kidneys, iTTP has a mortality rate up to 90% if left untreated. 
With plasma exchange (PEX) and immunosuppressive strategies 
as the standard of care, the survival rate improved to ≥80%.2,6 
Immune-mediated TTP mainly affects otherwise young and healthy 
adults and is characterized by a female-to-male ratio of 2:1 to 3.5:1 
with peak incidences in the third to fifth decades of life. The re-
ported annual incidence is between 1.5 and 6.0 cases per million 
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Abstract
Thrombotic thrombocytopenic purpura (TTP) is a rare but potentially life-threatening 
thrombotic microangiopathy, characterized by disseminated thrombus formation in 
the microvasculature, causing severe organ failure. Immune-mediated TTP (iTTP) is 
occasionally described after vaccination, especially against viral agents. We report a 
case of a 38-year-old woman with a de novo iTTP after exposure to the mRNA-based 
anti-coronavirus disease 2019 (COVID-19) vaccine produced by Pfizer-BioNTech. 
She presented with increased bruising and petechiae starting 2 weeks after receiv-
ing the first dose of the anti-COVID-19 vaccine. Laboratory data revealed a severe 
ADAMTS13-deficiency in combination with a very high autoantibody titer against 
ADAMTS13. She was successfully treated with plasma exchange, corticosteroids, 
rituximab, and caplacizumab. To our knowledge, this is the first case report of iTTP 
after mRNA-based COVID-19 vaccination in a previously TTP-naïve patient.
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and an average annual prevalence of 10 cases per million in Europe, 
accounting for more than 95% of all TTP cases.6,7

Several events, including malignancies, pregnancy, medication, 
viral infections, and vaccinations, can trigger production of anti-
ADAMTS13 antibodies. To the best of our knowledge, we describe 
here the first case report of a de novo iTTP associated with an mRNA-
based anti-coronavirus disease 2019 (COVID-19) vaccination.

2  |  C A SE REPORT

A 38-year-old Caucasian female, without significant medical his-
tory or medication, was referred to the Hematology department 
because of progressive thrombocytopenia for 1 week, and spon-
taneous bruising and petechiae for several weeks. Further anam-
nesis revealed blurred vision in the left eye for 2 weeks. As a care 
worker, she had already received both doses of the nucleoside modi-
fied mRNA BNT162b2 anti-COVID-19 vaccine (Pfizer-BioNTech, 
[Comirnaty]), respectively, 6 and 3 weeks earlier. The first bruises 
had been noticed 2  weeks after the first dose of the vaccination, 
but these had been ascribed to minor traumas from working in the 
operating theater, and no further action was taken. However, be-
cause of increased bruising after the second dose, blood sampling 
was done, showing a thrombocytopenia of 57 × 109/L. The throm-
bocytopenia deepened over the following week and the patient was 
referred to the Antwerp University Hospital. On referral, apart from 
diffuse ecchymosis, physical examination was normal. However, 
ophthalmological examination showed signs of central serous cho-
rioretinopathy, caused by platelet-rich microthrombus formation in 
the choroid vasculature, as an ocular manifestation related to TTP.8 
Initial blood results were also indicative of TTP, with a PLASMIC 
score of six .

More extensive workup revealed a severe ADAMTS13 defi-
ciency with undetectable levels of ADAMTS13 enzyme activity 
(Technozym ADAMTS13 activity ELISA kit; Technoclone), confirm-
ing the TTP diagnosis. A very high titer of autoantibodies (106 BU) 
was measured by a functional Bethesda method and confirmed by 
a general ADAMT13 inhibitor ELISA (Technozym ADAMTS13 INH 
ELISA kit; Technoclone) showing an antibody titer of >1000 AU/ml. 
Epitope mapping revealed a “classical” iTTP immunoprofile with only 
antibodies against the cysteine/spacer (CS) domains of ADAMTS13.9 
Further analysis revealed an open ADAMTS13 conformation (con-
formation index [CI] > 0.5), both spontaneously (CI 2.94) and after 
addition of activating anti-CUB1 17G2 antibodies (CI 3.08), which is 
a hallmark of acute iTTP.10,11 Antibodies to platelet factor 4-heparin 
complex were negative, using heparin-induced thrombocytopenia 
(HIT) testing (HemosIL AcuStar HIT IgG assay, Werfen and Zymutest 
HIA IgG, Hyphen Biomed), ruling out vaccine-induced prothrom-
botic immune thrombocytopenia (VIPIT/VITT).

Although the polymerase chain reaction on a nasopharyngeal 
swab and serum antibodies targeting the nucleocapsid domain 
(Elecsys Anti-severe acute respiratory syndrome coronavirus 2 
[SARS-CoV-2] assay, Roche) of SARS-CoV-2 were negative at hospital 

admission, IgG antibodies targeting the S1 receptor binding domain 
of SARS-CoV-2 (titer 93.8  U/ml; Atellica IM SARS-CoV-2 S assay, 
Siemens) were remarkably increased. To summarize, the patient had 
not experienced an active COVID-19 infection, but showed a very 
high antibody level owing to the recent COVID-19 vaccination.

The patient was urgently admitted for treatment with daily 
PEX using fresh frozen plasma (1.5  ×  total plasma volume) in 
combination with methylprednisolone 1000 mg daily for 3 con-
secutive days. This resulted in prompt normalization of the bio-
chemical parameters, and on day 2 low-dose acetylsalicylic acid 
was started. Methylprednisolone was stopped on day 3, and on 
day 5 the daily PEX sessions were reduced to every other day 
because there were no signs of hemolysis or clinical deteriora-
tion and the platelet count was above 150 × 109/L for 2 consec-
utive days (Figure 1). Unfortunately, on day 8, the platelet count 
dropped significantly with raised lactate dehydrogenase values, 
leading to a restart of methylprednisolone 1000 mg daily for 3 
consecutive days followed by a corticosteroid tapering schedule, 
and intensification of PEX therapy (daily) in association with rit-
uximab (375 mg/m2) once a week for a total of 4 weeks. This re-
sulted in high and stable thrombocyte levels (> 400 × 109/L) but 
persistently undetectable ADAMTS13 activity. The beneficial 
effect of PEX was ascribed to removal of ultra-large VWF mul-
timers, rather than to administration of ADAMTS13 in the fresh 
frozen plasma. PEX was reduced to every other day on day 12 
and discontinued on day 25. Given the persistent low ADAMTS13 
activity level after 17 PEX sessions, caplacizumab 10  mg was 
started once daily on day 18, and low-dose acetylsalicylic acid 
discontinued. On day 20, her titer of autoantibodies had already 
fallen sharply but still remained high (22 BU). On day 29, after 
12 consecutive days of caplacizumab therapy, the patient was 
discharged from the hospital. Currently, the patient is monitored 
on an outpatient basis with periodic blood cell counts and is clin-
ically well. However, ADAMTS13  remains undetectable with a 
high antibody titer (42 BU; Table 1).

3  |  DISCUSSION

Lately, disturbing hematological phenomena of unusual throm-
boembolic events and concomitant thrombocytopenia, termed 
VIPIT/VITT, have been observed after vaccination with the 
viral vector-based COVID-19 vaccines ChAdOx1 nCoV-19 
(AstraZeneca) and Ad26.COV2.S (Johnson & Johnson). This is 

Essentials

•	 Potentially fatal iTTP can occur after vaccination with 
mRNA Covid-19 vaccination.

•	 VIPIT and iTTP have to be considered in cases of throm-
bocytopenia and thrombosis after Covid-19 vaccination.
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mediated by platelet-activating antibodies against platelet factor 
4, clinically resembling autoimmune HIT.12-15 So far, VITT has not 
been reported after exposure to the mRNA-based vaccines.

We now describe the first published case of a de novo iTTP 
after exposure to the mRNA-based vaccine produced by Pfizer-
BioNTech (BNT162b2). Interestingly, Sissa et al. earlier published 

F I G U R E  1 Evolution platelet count (×109/L), LDH level (U/L), ADAMTS13 inhibitor level (BU), and ADAMTS13 enzyme activity (IU/
ml) starting from day of vaccination and throughout the hospitalization period (d1 = day of admission).

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0

100

200

300

400

500

600

700

AD
AM

TS
13

 e
nz

ym
e 

ac
�v

ity
 (I

U
/m

L)

)
UB( level rotibihni 31ST

MADA dna ,)L/
U( level 

HDL ,)L/9E01x( tnuoc teletalP

Time

ADAMTS13 inhibitor (BU; NV < 0.4) Platelet count (x10E9/L; NV 166-396) LDH (U/L; NV 120-146) ADAMTS13 enzyme ac�vity (IU/mL; NV 0.4-1.3)

Start cor�costeroids rituximab
Start Caplacizumab PEX

COVID-19 vaccine 1 and 2

TA B L E  1 Overview of the most important laboratory results arranged chronologically (D1 = day of admission, normal values between 
brackets)

Laboratory test Day 1
Day 
2

Day 
3

Day 
8

Day 
9

Day 
10

Day 
20

Day 
21

Day 
22

Day 
34

Hemoglobin level (g/dl; NV 11.6–14.4) 10.5 9.1 8.9 11.7 12.9 11.3 11.1 10.8 10.8 13.7

Platelet count (×10E9/L; NV 166–396) 46 90 138 93 118 146 438 427 419 403

Leukocyte count (×10E9/L; NV 4.2–10.3) 12.2 18.1 27 20.4 33.4 20.3 22.4 20.9 20.7 18.5

Lymphocyte count (×10E9/L; NV 4.2–10.3) 2.03 1.3 1.89 1.53 1.2 1.4 1.9 2.11 0.59

Reticulocyte count (×10E9/L; NV 24–102) 263 217 220 283 292 223 111 108 117

Direct antiglobulin test (DAT/direct Coombs) Negative

Schistocyte count (%; NV < 1) 3 3 3 1 1 0.6 0.5 0.6

D-dimers (µg/ml; NV < 0.48) 1.7 1.4 1.9 2.6 1.3 0.6 0.6 0.2

Haptoglobin level (g/L; NV 0.40–2.80) <0.01 0.8 0.68 0.55 0.77 1.01

Creatinine level (mg/dl; NV 0.5–0.8) 0.95 0.8 0.82 0.75 0.72 0.78 0.67 0.71 0.66 0.82

LDH (U/L; NV 120–146) 631 267 232 384 352 272 254 265 420

Indirect bilirubin (mg/dl; NV 0.1–1.2) 0.63 0.44 0.23 0.29 0.29 0.22 0.22 0.21 0.24

CRP (mg/L; NV < 10.0) 13.9 4.8 <4.0 9.7 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0

ADAMTS13 (IU/ml; NV 0.4–1.3) 0 0 0 0 0 0 0.01 0 0.02

ADAMTS13 inhibitor (NV negative or <0.4 BU) 106.8 22 42

Abbreviations: CRP, C-reactive protein; LDH, lactate dehydrogenase; NV, normal value.
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a case of a relapse of iTTP, 6 days after the second dose of the 
anti-COVID-19 vaccine BNT162b2.16 Moreover, the UK COVID-19 
mRNA Pfizer-BioNTech Vaccine Analysis survey contains five 
cases of iTTP over a 4-month period, and only one case for the 
AstraZeneca vaccine, after a combined total of more than 40 mil-
lion vaccine doses given. Furthermore, the Vaccine Adverse Event 
Reporting system in the United States comanaged by the Food 
and Drug Administration and Centers for Disease Control and 
Prevention, contains six cases of vaccine-related TTP (two fatal) 
as of the first of January 2021, all after the anti-COVID-19 vaccine 
produced by Pfizer-BioNTech. Eventually, a case of an iTTP epi-
sode 37 days after receiving the Ad26.COV2-S COVID-19 vaccine 
has recently been published.17

The pathophysiology of vaccine-related thrombotic microan-
giopathies is not entirely clear. Already in 1960, Frick et al. reported 
a TTP episode 24  h after typhoid vaccination, suggesting vacci-
nation as triggering factor.18 Since then, some rare iTTP episodes 
have been documented after vaccination, particularly against viral 
agents.19-25 The causal association was mainly suggested by the fact 
that no other underlying precipitating causes were present and be-
cause of a clear time correlation. The time from vaccination to onset 
of TTP was between 5 and 14 days in cases of TTP after influenza 
vaccination20,23-25 and 15 days after administration of a rabies vac-
cine and a 23-valent pneumococcal polysaccharide vaccine.21,22 In 
the latter, the authors suggest that polysaccharide antigens pres-
ent in the pneumococcal vaccine or adjuvants may have contrib-
uted to the formation of the inhibitor against ADAMTS13 through 
cross-reactivity.22

In the current case, petechiae/bruising gradually occurred 2 
weeks after the first dose of the Pfizer-BioNTech mRNA anti-
COVID-19 vaccine. Full diagnosis of iTTP was confirmed 3 weeks 
after second vaccine by the presence of anti-ADAMTS13 anti-
bodies accompanied by the diagnosis of central serous chorio-
retinopathy. Epitope mapping only showed presence of anti-CS 
antibodies, and an immunoprofile not different to “classical” 
iTTP. To our knowledge, this is the first published case report 
of iTTP post mRNA-based COVID-19 vaccination in a previously 
TTP-naïve patient. The lack of other possible causes, the chrono-
logical sequence, and the very high autoantibody titer against 
ADAMTS13 in combination with the remarkably increased level of 
anti-SARS-CoV-2 IgG antibodies, suggests that the anti-COVID-19 
vaccine BNT162b2 is almost certainly the triggering factor in the 
development of iTTP in this patient. Currently, we are waiting for 
the results regarding possible cross-reactivity of the anti-CS anti-
bodies and the COVID-19 spike protein.
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