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Coronavirus disease 2019 (Covid-19), caused by the severe acute respiratory syndrome corona virus 2 

(SARS-CoV-2), a highly contagious illness which can cause severe morbidity and mortality especially in older 

adults and with co-existing medical conditions .

It was declared a global pandemic in March 2020, and resulted in devastating medical, economic and social 

consequences .

This challenge posed the need for a safe and effective vaccine against SARS-CoV-2. 

Introduction

Polack FP et al.  Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N Engl J Med. 2020;383(27):2603–2615. 



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 vaccination campaign in December 2020 and 

nearly five million people received the BNT162b2 vaccine. 

Dagan N et al. BNT162b2 mRNA Covid-19 Vaccine in a Nationwide Mass Vaccination Setting. N Engl J Med. 2021; 384:1412-1423.

Introduction



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 cleaving protein, a disintegrin

and metalloproteinase with a thrombospondin type 1 motif, member 13 (ADAMTS13). 

This causes development of von-Willebrand factor-platelet aggregates and microvascular thrombosis due 

to endothelial injury. 

Introduction

Scully M et al.British Committee for Standards in Haematology. Guidelines on the diagnosis and management of thrombotic 
thrombocytopenic purpura and other thrombotic microangiopathies. Br J Haematol. 2012 ;158(3):323-335.

https://en.wikipedia.org/wiki/Endothelial


Here we present a case series of aTTP developing up to 28 days following the BNT162b2 

vaccination. 

The study was approved by the local IRB committees.

Introduction



Patients and Methods

Five patients from three academic medical centers were identified in Isreal from mid-February to 

mid-March 2021. 

Data were collected for four patients from two academic medical centers  (Shamir Medical Center,

Tel Aviv Sourasky Medical Center)

Presumed diagnosis of aTTP was made using the PLASMIC score and prompt treatment was initiated. 

Diagnosis was confirmed in all cases showing low ADAMTS13 activity and high antibody levels.  



Li A et al. External validation of the PLASMIC score: a clinical prediction tool for thrombotic thrombocytopenic purpura diagnosis and treatment. J 
Thromb Haemost. 2018; 16(1):164-169.



Chromogenic ELISA for the determination of ADAMTS13 activity(Technoclone)



Cuker A et al. Redefining outcomes in immune TTP: an international working group consensus report. Blood. 2021;137(14):1855-1861

Revised outcome definitions for iTTP and their clinical implications 



Case 1. 

A 40 years old healthy female of Filipino origin presented 8 days after the second BNT162b2 vaccine 

complaining on somnolence, low-grade fever and macroscopic hematuria. 

On presentation she was alert and oriented. 

Physical examination was remarkable for petechia and ecchymosis on the lower limbs.

Treatment included 6 sessions of plasma exchange (PEX), high dose steroids and caplacizumab. 

The patient is in complete remission (CR)- clinical and laboratory+ADAMTS13 activity for 6 months.



Case 2. 

A 28 years old healthy male with morbid obesity (BMI-50) presented 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 CT scan of the brain.

He received the second dose of BNT162b2 vaccine 28 days prior to admission. 

Treatment with 5 PEX, caplacizamab, high dose steroids and rituximab was initiated with rapid 

neurologic improvement and chest pain disappearance. 

The patient was in clinical and laboratory remission for 3 months. 



Case 3. 

A 31 years old female with history of recurrent aTTP (2004-2015) was last examined in 

January 2020, in excellent clinical and laboratory remission but 0% ADAMTS13 activity  and 

high antibodies 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 4 PEX, steroids, rituximab and caplacizumab was initiated, with clinical and 

laboratory improvement but ADAMTS13 activity remained 0% with high antibodies titer 

(121 U/ml). 

Ten weeks after treatment ADAMTS13 activity is 0%, ADAMTS13 antibodies are low, and the 

patient continued caplacizumab (clinical remission).



Case 4.

30 years old male with history of a single episode of aTTP in 2013, was lost to follow-up. He presented 

with purpura on his limbs 8 days following the second dose of the BNT162b2 vaccine.

Treatment with 5 PEX, steroids, rituximab and caplacizumab was initiated resulting in clinical and 

laboratory improvement at 1 week, and normal ADAMTS13 activity and antibodies 5 weeks post PEX. 

The patient is in CR- clinical and laboratory+ADAMTS13 activity 



ADAMTS13 activity and antibody levels were determined by chromogenic ELISA 

(Technoclone, Austria).



Serology for S and N antigens was done using the LIAISON® SARS-CoV-2 S1/S2 IgG 

(DiaSorin, Italy) and Elecsys Anti -Sars-cOv-2(Cobas, Roche Germany), respectively.



Mean age at presentation was 33 years.

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 vaccination. 

All were negative for COVID19 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). 

Results



All patients received PEX, corticosteroids and caplacizumab.

Rituximab was given to three. 

Patients rapidly responded to treatment (defined as platelets>150 k/µl and LDH<1.5xULN) with mean 4 

days following presentation.  

At the time of this report, all patients are in clinical and laboratory response. 

Normalization of ADAMTS13 activity was confirmed in three cases.

Results



*platelets>150 k/µl 
and LDH <1.5xULN



The prevalence of aTTP in western countries is estimated as 2-6 cases per 106 per year. 

This is roughly two-three cases per year in any Israeli hospital. 

We report on four cases of aTTP presenting within four weeks after BNT162b2 vaccination.  

This raised the suspicion of a shared precipitating event, and a presumptive association with the 

BNT162b2 vaccine. 

Page EE et al. Thrombotic thrombocytopenic purpura: diagnostic criteria, clinical features, and long-term outcomes from 1995 
through 2015. Blood Adv. 2017 6;1(10):590-600

Discussion



The main interest of these four cases stays with 

the fact that autoimmune TTP occurred afresh 

within two-four weeks from the first/second  dose 

of an anti-COVID-19 vaccine. 

Its administration within this short time window as 

well as no evidence for other causes are consistent 

for causality according to the WHO criteria for 

post-vaccination adverse events.



TTP is more common in women with a 2:1 female to male predominance

aTTP is more prevalent in women with risk factors including pregnancy and hormone-based treatments.

Here, 50% of our small cohort were female and none of them were pregnant or on hormonal therapy.

Joly BS, Coppo P, Veyradier A. Thrombotic thrombocytopenic purpura. Blood. 2017; 129(21):2836-46.

Scully M, Thomas M, Underwood M et al collaborators of the UK TTP Registry. Thrombotic thrombocytopenic purpura and pregnancy: presentation, 

management, and subsequent pregnancy outcomes. Blood. 2014;124(2): 211-219.

Swart L et al. Thrombotic thrombocytopenic purpura: A 5-year tertiary care center experience. J Clin Apher. 2019;34(1):44-50.



The addition of caplacizumab to PEX and steroids resulted in rapid response* similar to that reported in 

the HERCULES study.

Knoebl P et al.Efficacy and safety of open-label caplacizumab in patients with exacerbations of acquired thrombotic thrombocytopenic purpura in the 
HERCULES study. J Thromb Haemost. 2020;18(2):479-484.

HERCULES study

Our report

*Defined as platelets>150 k/µl



Vaccine-associated autoimmunity is a well-known phenomenon attributed to either cross-reactivity 

between antigens or the adjuvant ,i.e. SLE after the Human papilloma virus vaccine or Guillian Barre 

Syndrome after the H1N1 vaccine .

Moreover, case reports on aTTP following the H1N1, pneumococcal, influenza vaccines  and others 

were described.  

Talotta R. Do COVID-19 RNA-based vaccines put at risk of immune-mediated diseases? In reply to "potential antigenic cross-reactivity between SARS-CoV-

2 and human tissue with a possible link to an increase in autoimmune diseases". Clin Immunol. 2021;224:108665.

Segal Y, Shoenfeld Y. Vaccine-induced autoimmunity: the role of molecular mimicry and immune cross reaction. Cell Mol Immunol. 2018;15(6):586-594. 

Dias PJ, Gopal S. Refractory thrombotic thrombocytopenic purpura following influenza vaccination. Anaesthesia. 2009;64(4):444-446.

Kojima Y, Ohashi H, Nakamura T et al. Acute thrombotic thrombocytopenic purpura after pneumococcal vaccination. Blood Coagul Fibrinolysis. 

2014;25(5):512-514.



Additional contributing factors to the possible association between the COVID-19 BNT162b2

vaccine and autoimmunity are the novel nucleic acid formulation and the accelerated 

development process imposed by the emergency pandemic situation .

Talotta R. Do COVID-19 RNA-based vaccines put at risk of immune-mediated diseases? In reply to "potential antigenic cross-reactivity between SARS-

CoV-2 and human tissue with a possible link to an increase in autoimmune diseases". Clin Immunol. 2021;224:108665.

There is no evidence that the innovative technologies recently developed for anti-COVID 

vaccine production had a peculiar role in the dysregulation of the immune system that led to 

the production of antibodies other than those towards the spike SARS-CoV-2 protein, because 

autoimmune diseases did occur after all types of vaccines, spanning from those traditionally 

based upon inactivated virions to those newly employing viral DNA vectors or mRNA 

technology.



An array of innate or adaptive immunological mechanisms may be responsible for these adverse 

events, but vaccine-induced danger signals accompanied by inflammation, as well as 

antigenic mimicry with activation of quiescent autoreacting B and T cells, are the 

most plausible. 

It is unlikely that adjuvants, frequently employed in some vaccines in order to boost antibody 

production towards the target antigen, played a pathogenic role, because the currently licensed 

anti-COVID vaccines do not need nor contain such typical adjuvants as squalene and aluminum, 

owing to the fact that their RNA and DNA components offer intrinsic adjuvanticity.



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 following vaccination. 

It is recommended to test patients with history of aTTP for ADAMTS13 activity before any vaccination 

and if low, vaccination should be delayed and immunosuppression (mainly steroids, as rituximab could 

jeopardize the immune response to vaccination) initiated.



In cases of relapsed aTTP, it is crucial to know the ADAMTS13 level before vaccination in order to 

determine whether vaccination caused the development of new anti-ADAMTS13 antibodies, or was the 

second hit triggering the aTTP bout where ADAMTS13 was already low. 

Close clinical and laboratory monitoring, including ADAMTS13 activity and platelet counts, is 

recommended for patients with previous aTTP following BNT162b2 vaccination.

This will allow early recognition of ADAMST13 deficiency, prior to a clinical bout, and can result in 

treatment only with caplacizumab (with no or low dose immunosuppression), until ADAMTS13 

recovery.



Finally, as both ITP and vaccine-induced immune thrombotic thrombocytopenia (VITT) 

were described after SARS-CoV-2 vaccination ,one should also consider the possibility of 

aTTP when evaluating post vaccination thrombocytopenia.

Lee EJ et al. Thrombocytopenia following Pfizer and Moderna SARS‐CoV‐2 vaccination. Am J Hematol. 2021;96:534-537.

Greinacher A, Thiele T, Warkentin TE et al. Thrombotic Thrombocytopenia after ChAdOx1 nCov-19 Vaccination. N Engl J Med. 2021.DOI: 

10.1056/NEJMoa2104840 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lee,+Eun-Ju


Several cases of Covid-19 vaccines related aTTP were reported recently:

de Bruijn S et al. First report of a de novo iTTP episode associated with an mRNA-based anti-COVID-19 vaccination. J Thromb Haemost. 
2021;19:2014–2018.  

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.

Ruje J et al. Acquired thrombotic thrombocytopenic purpura after frst vaccination dose of BNT162b2 mRNA COVID-19 vaccine.Annals of 
Hematology https://doi.org/10.1007/s00277-021-04584-y.

An 84-year-old female patient …Sixteen days before admission, the patient received the fIrst
vaccination dose of BNT162b2 (Comirnaty®; Biontech/Pfizer) against COVID-19

an 83-year-old female patient ..First dose of Pfizer-BioNTech COVID-19 vaccine was administered 
fourteen days prior to admission…

Giuffrida G et al. Immune-mediated thrombotic thrombocytopenic purpura following Pfizer-BioNTech COVID-19 vaccine . Haematologica 2021



Cinzia Sissa et al. Relapse of thrombotic thrombocytopenic purpura after COVID-19 vaccine. Transfusion and Apheresis science 2021;60:1031.

… a 48-year-old white female patient with a history of relapsing thrombotic thrombocytopenic 
purpura (TTP) (2015)… Six days before the TTP relapse (March 6, 2021), the patient had received 
the second dose of the anti-COVID-19 vaccine produced by Pfizer-BioNTech…

Several cases of Covid-19 vaccines related aTTP were reported recently:

…first case of a 25-year old female who developed thrombotic thrombocytopenic purpura after 
receiving the COVID-19 vaccination with Spikevax (COVID-19 Vaccine Moderna)
Hasselbach L , Voß. A Thrombotic Thrombocytopenic Purpura after COVID-19 Vaccination: A Case Report. Arch Clin Biomed Res 2021; 5 (5): 737-741

A patient with a history of idiopathic thrombocytopenic purpura and thrombotic 
thrombocytopenic purpura, who developed a recurrence of TTP 5 days after his first dose of 
the mRNA Coronavirus disease 2019 (COVID-19) vaccine (mRNA-1273 vaccine Moderna)
Karabulut K et al.Recurrence of Thrombotic Thrombocytopenic Purpura after mRNA-1273 COVID-19 Vaccine Administered Shortly 
after COVID-19.Case Reports in Hematology,2021

https://www.hindawi.com/journals/crihem/
https://www.hindawi.com/journals/crihem/contents/year/2021/


Take Home Message

• Acute/relapsed aTTP may be associated with BNT162b2 vaccine.

• Patients with aTTP should be evaluated for ADAMTS13 activity before and after vaccination.

• Immunosuppression should be considered before vaccination in cases of low ADAMTS13 activity. 

• One should consider the possibility of aTTP when evaluating post vaccination thrombocytopenia.

• These exceptional cases of immune mediated hematological diseases that occurred in the current 

frame of global vaccination of millions of people should not put in doubt nor jeopardize, in general 

and in the specific instance of COVID-19, the effectiveness of vaccines, that are the only weapon 

currently available to control this pandemic.
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