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Immune-mediated thrombotic thrombocytopenic purpura (iTTP) is a rare and life-threatening disease. Vaccination has
been reported to be a trigger of onset and relapse of autoimmune diseases. We evaluated after mRNA COVID-19 vaccination
32 adult patients previously diagnosed with iTTP by means of weekly monitoring of complete blood count and ADAMTS13
testing. Thirty of 32 patients received at least one dose of Pfizer-BioNTech, the remaining two received Moderna. A total
of five patients, all vaccinated with Pfizer-BioNTech, had a biochemical relapse at a median post-vaccination time of 15
days following the second or third vaccine dose, presenting without measurable ADAMTS13 activity and a median anti-
ADAMTS13 autoantibody value of 34 U/mL. Four of five cases had concomitant clinical relapse and were treated with cor-
ticosteroids alone or daily sessions of plasma exchange and caplacizumab, while one patient was closely monitored with
ADAMTS13 with no onset of anemia and thrombocytopenia. Although the benefits of vaccination exceed its potential risks,
clinicians should be aware that iTTP relapse might follow COVID-19 vaccination. Therefore, laboratory and clinical moni-
toring of iTTP patients should be done in the first post-vaccination month, in order to promptly diagnose and treat any

relapse.

Introduction

Immune-mediated thrombotic thrombocytopenic purpura
(iTTP), a rare and life-threatening disease with an annual
incidence of roughly 1.5 new cases/million, is characterized
by microangiopathic hemolytic anemia, thrombocytopenia
and ischemic end organ injury due to microvascular pla-
telet-rich thrombi.! The formation of microvascular thrombi
is caused by the deficiency of the von Willebrand factor-
cleaving protease ADAMTS13, due to the presence of anti-
ADAMTS13 autoantibodies.? A major challenge in iTTP is the
risk of relapse after remission.® Although the predictors of
relapse remain unsettled, a multi-center study by Sun and
colleagues showed that a history of prior relapse, age
younger than 25 years and non-0 blood group were associ-
ated with an increased risk.* ADAMTS13 activity monitoring
during follow-up has shown that patients without measur-

able levels of ADAMTS13 and/or high levels of anti-
ADAMTS13 during clinical remission have a three-fold
greater likelihood of relapse.® A pre-emptive therapy with
the anti-CD20 monoclonal antibody rituximab has been
shown to prevent clinical relapses in most patients by
maintaining in them measurable ADAMTS13 activity.®” How-
ever, not all patients with persistently low levels of
ADAMTS13 have clinical relapse, suggesting the need for
such additional hits as infection and/or inflammation.®

Disease onset or relapse of iTPP was described following
different vaccines, including pneumococcal, influenza and
rabies.®™® Given the current massive vaccination due to the
SARS-CoV-2 pandemic, new onset iTTP has been docu-
mented following a vector based Ad26.COV2-S vaccine™ and
we recently described two new onset cases following the
first dose of the Pfizer-BioNTech COVID-19 vaccine.®® Here
we describe our real-life single center experience of iTTP
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monitoring following mRNA COVID-19 vaccination in order
to early detect any disease relapse.

Methods

Patients’ selection

In our center 42 adult patients had a prior diagnosis of iTTP.
Diagnosis had been made on the presence of Coombs-
negative microangiopathic hemolytic anemia, acute throm-
bocytopenia in the absence of any identifiable cause
accompanied by the severe acquired deficiency of
ADAMTS13 activity (<10%) and the presence of anti-
ADAMTS13 antibodies.

Clinical relapse of iTTP was defined as the reappearance
after a clinical remission (defined as a sustained clinical re-
sponse for at least 30 days after the last PEX/caplacizumab)
of a platelet count <150x10°/L with other causes of throm-
bocytopenia ruled out, with or without clinical evidence of
new ischemic organ injury.” A clinical relapse must be con-
firmed by documentation of severe ADAMTS13 deficiency.
Biochemical relapse of iTTP was defined as ADAMTS13
plasma levels <20% after ADAMTS13 remission was
achieved, i.e., at least a partial remission with ADAMTS13
level >20% but in the absence of clinical symptoms, micro-
angiopathic hemolytic anemia and thrombocytopenia. Bio-
chemical remission was defined as ADAMTS13 level >40%,
while patients with ADAMTS13 level between 20% and 40%
were defined to have partial biochemical responses.”

A total of 32 of 42 iTTP patients received a COVID-19 mRNA

42 iTTP patients

\ 4

32 iTTP patients with at least one
mRNA COVID-19 dose
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vaccination (Pfizer-BioNTech or Moderna) between February
2021 and January 2022 (Figure 1). They were characterized
according to age, sex, presence of biochemical relapse prior
to vaccination, type of COVID-19 vaccine, number of vaccine
doses, prevaccination ADAMTS13 activity and anti-
ADAMTS13 autoantibodies and development of clinical or
biochemical signs of disease relapse (Table 1). The study
was conducted in accordance with International Confer-
ence on Harmonization Guidelines on Good Clinical Practice
and the principles of the Declaration of Helsinki. All patients
provided written informed consent.

Laboratory methods

Complete blood count (CBC), ADAMTS13 activity and anti-
ADAMTS13 antibodies were employed for weekly monitoring
during the month following each vaccine dose. Measure-
ment of both ADAMTS13 activity was performed in plasma,
prior to incubation by using TECHNOZYM® ADAMTS13 ELISA
(Alifax™ Spa), a chromogenic enzyme-linked immunosor-
bant assay (ELISA) for the measurement of ADAMTS13 ac-
tivity in human plasma. Severe ADAMTS13 deficiency was
defined as activity less than 10%, moderate ADAMTS13 defi-
ciency between 10% and 40%, normal ADAMTS13 between
40-130%. Anti-ADAMTS13 antibodies were measured by
using the same chromogenic ELISA kit (TECHNOZYM®
ADAMTS13 INH-Alifax™ Spa) quantified by the spectropho-
tometer and the threshold for the positivity was 212 U/mL.
ADAMTS13 measurement was done prior to vaccine admin-
istration and subsequently either as prescheduled follow-
up controls or in case of suspected disease relapse.

Figure 1. Flow chart of immune-mediated thrombotic throm-
bocytopenic purpura patients and subsequent relapses, both
clinical and biochemical, following mRNA COVID-19 vaccina-
tion. iTTP: immune-mediated thrombotic thrombocytopenic
purpura.
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Results

Characteristics of the immune-mediated thrombotic
thrombocytopenic purpura cohort following vaccination

A total of 32 iTTP cases (median age 47 years) were vacci-
nated with at least one dose of either Pfizer-BioNTech (30
cases) or Moderna (2 cases) COVID-19 mRNA vaccines (Fig-
ure 1). After a median follow-up of 71 months (range, 6-389
months) from the original iTTP disease diagnosis, these pa-
tients were re-evaluated prior to vaccination with CBC, that
was within the normal range in all cases. Moreover, median
ADAMTS13 activity was 48.5% and the titer of anti-
ADAMTS13 was 5 U/mL, but seven patients were in bio-
chemical relapse prior to COVID-19 vaccination (Table 1),
while three additional patients had a partial biochemical re-
sponse. Within a median follow-up period of 8 months fol-
lowing the first vaccine dose (range, 1-11 months), five
patients (13%) had a clinical or biochemical relapse, all fol-
lowing the second or third Pfizer-BioNTech vaccine dose, at
a median time interval of 15 days (range, 7-25 days) from
vaccination, presenting without measurable ADAMTS13 ac-
tivity and a median anti-ADAMTS13 value of 34 U/mL (range,

Table 1. Clinical and laboratory characteristics of 32 immune-
mediated thrombotic thrombocytopenic purpura patients
who received mRNA COVID-19 vaccination.

Age prior to vaccination

Median in years (range) 47 (19-73)
<50 years, N (%) 18 (56)
>50 years, N (%) 14 (44)

Biochemical relapse prior to vaccination
Yes, N (%) 7 (22)
No, N (%) 25 (78)

ADAMTS13 prior to vaccination
ADAMTS13 activity, % (range) 48.5 (0-100)

ADAMTS13 autoantibodies, U/mL (range) 5 (1-92)
COVID-19 vaccine type

Pfizer-BioNTech, N (%) 30 (94)
Moderna, N (%) 2 (6)
N of vaccination doses
One, N (%) 3(9)
Two,N (%) 20 (63)
Three, N (%) 9 (28)
iTTP relapse post-vaccination
Clinical relapse, N (%) 4 (13)
Biochemical relapse, N (%) 1(3)
Relapse outcome (4 patients)
Clinical remission, N (%) 3 (75)
Early relapse, N (%) 1 (25)
Recurrent TTP Patients
(at least 2 previous relapse)
Yes, N (%) 6 (18)
No, N (%) 26 (82)

iTTP: immune-mediated thrombotic thrombocytopenic purpura.
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17-70 U/mL). Four of five cases concomitantly suffered from
clinical relapse, while one patient had no signs of anemia
and thrombocytopenia. None of the two patients with Mod-
erna vaccination relapsed. In case of severe thrombo-
cytopenia (less than 20.000/mmc) and the presence of
hemolytic anemia patients were treated with steroids +
plasma exchange (PEX) + caplacizumab, while others were
started on steroids alone and in case of lack of response
switched to steroids + PEX + caplacizumab.

Case description of immune-mediated thrombotic
thrombocytopenic purpura relapses following
vaccination

A summary description of the five iTTP cases who had a
post-vaccination relapse is shown in Table 2, and more
details are listed below.

A 44-year-old A-positive woman with a diagnosis of iTTP
made in 2017 and in complete remission since then, re-
ceived two doses of the Pfizer-BioNTech COVID-19 vaccine
between May and September 2021. Before vaccination,
ADAMTS13 activity was 20% and ADAMTS13 antibodies 3.2
U/mL. Three weeks after the second vaccine dose, com-
plete blood count (CBC) showed the appearance of ane-
mia (Hb 8.1 g/dL), thrombocytopenia (42.000/mmc) along
with positive hemolysis markers. ADAMTS13 activity was
not measurable (<10%), with a markedly increased anti-
ADAMTS13 (34 U/mL, normal values [n.v.] 12-15 U/mL). The
patient was admitted to hospital and treated with intra-
venous methylprednisolone at a daily dosage of 1 mg/kg,
achieving clinical response after 7 days of treatment with
normalization of both hemoglobin and platelet count,
subsequent steroid tapering and stopping. However, there
was no biochemical remission with persistently not
measurable ADAMTS activity and a high titer of anti-
ADAMTS13 (36 U/mL) at the last check-up 3 months fol-
lowing clinical relapse.

A 53-year-old O-positive woman with a iTTP diagnosis
made in 2017 and a single clinical relapse in 2020, was in
complete clinical and biochemical remission prior to
COVID-19 vaccination, with 30% ADAMTS13 activity and
antibody level of 5.5 U/mL. Two doses of the Pfizer-BioN-
Tech vaccine were administered in the period between
May and June 2021. Three weeks after the second dose
she developed a clinical relapse, with the presence of a
low platelet count (68.000/mmc), positive hemolysis
markers and schistocytes in the blood smear. ADAMTS13
testing confirmed biochemically the clinical relapse,
showing not measurable activity (<10%) and high titer
anti-ADAMTS13 (44 U/mL). Treated in the outpatient set-
ting with oral prednisone at the dosage of 1 mg/kg, clinical
and biochemical responses were both obtained 8 days
after treatment initiation, with 70% ADAMTS13 activity at
her last check-up seven months from last disease re-
lapse.
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Table 2. Summary of the immune-mediated thrombotic thrombocytopenic purpura relapses following mRNA COVID-19

vaccination (all after the Pfizer-BioNTech vaccine).

ADAMTS13

Patient N doses
level before Relapse type
age/sex . . before relapse
vaccination
44 y/F 20% Two Clinical
53 y/F 30% Two Clinical
32 y/F 58% Two Clinical
44 y/M <10% Three Clinical
55 y/M 42% Two Biochemical

Time from last

vaccination to ADAMTS13 Anti-ADAMTS13 Treatment

relapse

20 days <10% 34 U/mL Steroids only

25 days <10% 44 U/mL Steroids only

15 days <10% 70U/mL T EXssteroids+
caplacizumab

15 days <10% UL | FPOSEEsT
caplacizumab

7 days <10% 16 U/mL None

ITTP: immune-mediated thrombotic thrombocytopenic purpura; N: number; y: years; F: female; M: male; PEX: plasma exchange.

A 32-year-old O-positive woman had had a diagnosis of
iTTP in 2007 and subsequently experienced two clinical
relapses in 2015 and 2018, both during gestation with
complete remission after parturition. Complete clinical
and biochemical remission was confirmed prior to
COVID-19 vaccination, with 58% ADAMTS13 activity and
low antibody level (4.6 U/mL). She received a two-dose
Pfizer-BioNTech vaccine between September and October
2021 within an interval of 4 weeks. Two weeks after the
second dose she experienced intense headache with fa-
tigue and was admitted to the hospital emergency room.
CBC revealed anemia (Hb 9,5 gr/d) with schistocytes, se-
vere thrombocytopenia (14.000/mmc) and positive
hemolysis markers. ADAMTS13 activity was not measur-
able (<10%) with a high anti-ADAMTS13 (70 U/mL). She
was treated with seven daily sessions of PEX, intravenous
steroids (1 mg/kg) and a standard caplacizumab dosage
(10 mg intravenously before the first PEX and 10 mg sub-
cutaneously daily until day 30 from the last PEX). After an
initial clinical response to the treatment with normaliza-
tion of both hemoglobin and platelet count but with per-
sistently not measurable ADAMTS13 activity, she had a
clinical relapse 50 days after treatment initiation (20 days
after the end of caplacizumab) at the time of steroid ta-
pering. The platelet count was low again (46.000/mmc),
with anemia (Hb 10.4 g/dL) and a high titer of anti-
ADAMTS13 (93 U/mL), so she was restarted on the same
initial therapy with steroids, PEX and caplacizumab, ob-
taining again a clinical response after 5 days. This patient
completed weekly immunotherapy with rituximab at the
standard dosage of 375 mg/m? for a total of four weekly
doses, with still not measurable ADAMTS13 activity fol-
lowing the last rituximab dose at the end of January
2022.

A 44-year-old O-positive man had a diagnosis of iTTP in
2018 and experienced three clinical relapses since then.

ADAMTS13 testing prior to vaccination revealed a biochemi-
cal relapse (activity of 10%, with 16 U/mL anti-ADAMT13) in
the absence of anemia and thrombocytopenia. He received
two doses of Pfizer-BioNTech in March and April 2021, with
no signs of thrombocytopenia in the frame of weekly CBC
controls. However, 2 weeks after the third booster dose at
the end of December, a CBC control revealed severe throm-
bocytopenia (23.000/mmc) but no anemia (Hb 15,9 g/dL),
therefore he was treated in the outpatient setting with oral
prednisone at the dosage of 1 mg/kg. Two days later mod-
erate anemia (Hb 111 g/dL) with the presence of schisto-
cytes in the blood smear as well as severe
thrombocytopenia (5.000/mmc) were found, along with
blood chemistry markers of hemolysis. ADAMTS13 testing
showed no measurable activity (<10%) and high anti-
ADAMTS13 antibodies (17.3 U/mL). The patient was hospi-
talized and treated with daily sessions of PEX, intravenous
steroids and caplacizumab (10 mg intravenously before the
first PEX and 10 mg subcutaneously until 30 days from the
last PEX), with an initial platelet response after 6 days of
PEX and a biochemical response 14 days after treatment
initiation, with 20% of ADAMTS13 and low anti-ADAMTS13
values (1.4 U/mL).

A 55-year-old B-negative man was diagnosed with iTTP in
2013 and subsequently experienced five biochemical re-
lapses, three of them being also clinical relapses. Seven
days after receiving the second Pfizer-BioNTech vaccine
dose in June 2021 ADAMTS13 activity decreased from 42%
to <10% with an increase in the antibody level (from 8 to
16 U/mL) but no CBC change. The patient was regularly
monitored with CBC in the following few months without
any treatment and in December 2021 received a third
booster vaccine dose with a subsequent increase in anti-
ADAMTS13 values (29 U/mL) without measurable
ADAMTS13 activity and without signs of hemolytic anemia
and thrombocytopenia.
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Discussion

Onset of autoimmune diseases following vaccination is a
known phenomenon, caused by the vaccine through mol-
ecular mimicry, epitope spreading and polyclonal activa-
tion® Vaccine adjuvants are an alternative possible cause
of autoimmunity, and the autoimmune/inflammatory syn-
drome induced by adjuvants (ASIA) has been described as
a hyperactive immune response to adjuvants.® Given the
autoimmune-origin of acquired TTP, it is not surprising that
vaccination may be a trigger for disease relapse.®™

Given the global COVID-19 pandemic with a high number of
hospitalized patients, our opinion was that the benefits of
vaccination outweighed the possible relapse risk even in
iTTP patients with a risk of relapse. Thus, in order to early
detect relapses, we chose to monitor our patients with iTTP
in clinical remission with weekly CBC, ADAMTS13 and anti-
ADAMTS13 testing following each mRNA vaccination for
COVID-19. Serial biological monitoring was not considered
because that there was no indication for treatment in pa-
tients suffering from biochemical relapse alone, and pa-
tients were therefore monitored at prescheduled controls
every 3 months. This strategy allowed us to detect five
cases of relapse (clinical or biochemical) following at least
two doses of Pfizer-BioNTech. Interestingly, three of the
eleven patients with ADAMTS13 <40% suffered from clinical
relapse following the second or third vaccine dose, whereas
only 9% of the patients with ADAMTS13 >40% had clinical
and/or biochemical relapses (Figure 1). Two patients were
treated early and successfully with steroids alone at a time
when thrombocytopenia was not severe (platelet count >
20.000/mmc) and in the absence of hemolytic anemia. Of
the two patients who received PEX and caplacizumab to-
gether with steroids, one had an early relapse and was re-
treated with the same regimen, followed by weekly
rituximab for a total of four doses. Furthermore, there was
a case who had only a biochemical relapse with normal he-
moglobin and platelet count following the second vaccina-
tion dose. Of note, three of four patients who had a clinical
relapse are recurrent TTP patients (with at least one prior
relapse in their clinical history) and one of them had low
prevaccination ADAMTS13 activity (<10%). Thus, we ac-
knowledge that these patients were at high risk of relapse
irrespective of vaccination, although the temporal relation-
ship between the two events suggests that vaccination was
the trigger of the event, but not necessarily the cause.?°
Since the beginning of the global COVID-19 vaccination vari-
ous cases of autoimmune activations, both as new-onset
and disease flares, were reported.® Watad and colleagues
described 27 subjects with different autoimmune reactions
that occurred on average 4 days following SARS-CoV-2 vac-
cination, including 17 flares and 10 new onsets. Twenty-
three of 27 cases had received Pfizer-BioNTech, while
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Moderna and ChAdOx1 vaccines were received in two cases
each.® Furthermore, the development of venous thrombosis
at unusual sites was described in association with the vac-
cine-induced immune thrombotic thrombocytopenia (VITT)
syndrome caused by adenovirus-based COVID-19 vaccines
such as ChAdOx1 and INN-Ad26.COV2-S.?" Cases of new
onset of both immune thrombocytopenic purpura (ITP) and
iTTP following COVID-19 vaccination have been also de-
scribed, including our experience of three cases of the
former and two of the latters?

In the case of VITT syndrome and newly diagnosed ITP and
iTTP seen at our center, disease onset was detected follow-
ing the first vaccine dose in the majority of instances, at
variance with our experience in the relapse setting. Unlike
the two cases described in the literature following the first
vaccine dose, in the present study all relapsed patients had
received at least two doses of Pfizer-BioNTech and the as-
sociation between vaccination and clinical relapse is sup-
ported by the short latency period between COVID-19
vaccine dose and changes of both hemoglobin and pla-
telets.

Although the benefits of vaccination outweigh potential
risks, clinicians should be aware that iTTP relapse might fol-
low COVID-19 vaccination. Considering the important mor-
bidity and mortality of iTTP, the importance of an early
diagnosis of clinical relapse and prompt treatment initiation
with weekly CBC controls following vaccination can be of
aid both for patient outcome and the burden on the health
system in the period of COVID-19 pandemic.
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