Relapse of immune thrombotic thrombocytopenic
purpura (iTTP) possibly triggered by COVID-19
vaccination and/or concurrent COVID-19 infection
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SUMMARY

Thrombotic thrombocytopenic purpura (TTP) is a
life-threatening disease that may be triggered by
inflammation, including infection or vaccination. Since
the start of the COVID-19 pandemic, several case reports
were published on de novo or relapsed immune TTP
(iTTP) in COVID-19-infected patients. Case reports of
iTTP episodes following vaccination against COVID-19
are also emerging. We report a case of relapsed iTTP in a
patient who received Moderna mRNA-1273 SARS-CoV-2
vaccine and developed concurrent severe COVID-19
infection. The patient’s iTTP was successfully managed
with caplacizumab, therapeutic plasma exchange and
high-dose steroids. We summarise published cases of
iTTP associated with COVID-19 infection or vaccination.

BACKGROUND

Immune thrombotic thrombocytopenic purpura
(iTTP) is a rare, life-threatening disorder caused
by severe ADAMTS13 deficiency due to autoanti-
bodies and resulting in the accumulation of ultra-
large von Willebrand factor (vWF) multimers and
microvascular thrombi.! Management includes
therapeutic plasma exchange (TPE), immunosup-
pression and anti-vWF therapy.'

The role of ADAMTS13 and vWF in COVID-19
pathophysiology is not completely understood.
Recent studies demonstrated an increased vWFAg/
ADAMTS13 ratio, possibly driven by endothe-
lial injury and excess ADAMTS13 consump-
tion due to elevated vWFE.? This disruption of
the ADAMTS13—vWF axis was associated with
increased mortality in patients with COVID-19
in one study.” However, another study found no
pathological role for ADAMTS13 in COVID-19.*
Several cases of COVID-19-associated iTTP were
reported,”™ yet causation has not been demon-
strated. iTTP following vaccination has been
previously reported’' and cases of COVID-19
vaccine-associated iTTP are also emerging.”*>
We present a complicated case of relapsed iTTP
following concurrent COVID-19 vaccination and
infection.

CASE PRESENTATION

A man in his 70s with a history of stroke, left
ventricular aneurysm thrombosis (on chronic anti-
coagulation) and chronic kidney disease (baseline
creatinine 130 pmol/L) presented with iTTP relapse.
iTTP was first diagnosed 7 years ago, had no identi-
fiable trigger and was complicated by refractoriness
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and severe acute kidney injury (AKI). He recovered
following TPE, steroids and rituximab. He subse-
quently had three relapses, which were success-
fully treated with TPE and immunosuppression.
He was well for the past 4 years and his remission
ADAMTS13 activity was normal (71%).

The patient became unwell 7days after his
first dose of Moderna COVID-19 vaccine and
3—4 days after exposure to an individual infected
with COVID-19. On admission to the hospital,
the patient was febrile and dyspnoeic, with a chest
X-ray (CXR) suggestive of left lower lobe pneu-
monia. Blood work (see table 1) revealed microan-
giopathic haemolytic anaemia, thrombocytopenia,
AKI and elevated troponin. There were no neuro-
logical symptoms and CT of the head showed no
acute abnormalities. On admission day 3, his oxygen
requirements increased, necessitating transfer to the
critical care for non-invasive respiratory support.
On day 6, CXR revealed bilateral pneumonia (see
figure 1) and the patient was intubated for severe
respiratory failure.

DIFFERENTIAL DIAGNOSIS

On admission, COVID-19 infection was suspected
and the patient was placed in isolation. The initial
COVID-19 nasopharyngeal swab was negative
(Altona RealStar SARS-CoV-2 RT-PCR Kit 1.0).
COVID-19 swab was repeated on day 6 and was
positive. iTTP relapse was confirmed by undetect-
able ADAMTS13 activity and positive ADAMTS13
inhibitor (see table 1).

TREATMENT

Corticosteroids (1 mg/kg/day (day 1-20) followed
by 10mg/week taper) and TPE (1.0-1.5 plasma
volume exchange with solvent detergent-treated
plasma daily for 8days) were started on presen-
tation empirically. After confirmation of iTTP
diagnosis, caplacizumab (anti-vWF nanobody)
11 mg once daily was added, while rituximab was
deferred. The patient was also started on haemo-
dialysis. Following confirmation of COVID-19
infection on day 6, he was switched to dexameth-
asone for a few days and then resumed on high-
dose prednisone. Warfarin was held on admission;
prophylactic dose low molecular weight heparin
was started once platelets were above 30000 and
switched to therapeutic dose following platelet
normalisation. The patient was subsequently
resumed on warfarin. Fifteen doses of caplacizumab
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Case report

Table 1 Laboratory presentation on admission

Laboratory parameter Value

Haemoglobin (g/L) 107

Platelet (10%/L) 1

Lactate dehydrogenase (U/L) 2776 (upper limit of normal 195 U/L)
Indirect bilirubin (pmol/L) 32

Haptoglobin (g/L) Undetectable (lower limit of normal 0.3 g/L)
Reticulocyte count (x10°%/L) 20

Blood film Moderate red blood cell fragments
INR (on warfarin) 2.25

aPTT (s) 41.9

Fibrinogen (g/L) 2.32

ADAMTS13 activity (U/mL) <0.01 (less than 1%)

ADAMTS13 inhibitor (U/mL) >15
Creatinine (pmol/L) 732 (upper limit of normal 112 pmol/L)
High-sensitivity troponin (ng/L) 323 (upper limit of normal <18ng/L)

aPTT, activated partial thromboplastin time; INR, international normalised ratio.

were given; caplacizumab was discontinued once clinical remis-
sion and ADAMTS13 activity over 10% were reached.

OUTCOME AND FOLLOW-UP

Treatment with TPE, corticosteroids, and caplacizumab induced
a rapid and sustained clinical remission. No bleeding was noted
with caplacizumab use. The patient developed deep vein throm-
bosis and several infections, including pulmonary aspergillosis.
He underwent tracheostomy on day 24, was decannulated on
day 47 and finally weaned off oxygen by day 58. Treatment of
iTTP with rituximab (anti-CD20 antibody) was deferred due
to concerns about exacerbating infections. The patient eventu-
ally recovered and was discharged from the hospital on day 74.
Haemodialysis was discontinued and renal function returned to
baseline by discharge. A few months later, he received rituximab
(375 mg/m” weekly for 4 weeks) for persistent severe ADAMTS13
deficiency (less than 10%) and his activity improved (34%).
He eventually received the second dose of COVID-19 vaccine
(Pfizer-BioNTech) without complications.

Figure 1

Chest X-ray on day 6 of admission.

DISCUSSION

iTTP is a life-threatening blood disease that may be trig-
gered by immune response to infections, vaccinations and
tissue injury.”® It is treated with TPE, immunosuppression
and anti-vWF therapy.! We described an iTTP relapse in a
patient with recent COVID-19 vaccination and concurrent
COVID-19 infection. The patient responded well to iTTP
treatment, however, suffered significant complications of
COVID-19. There were several unique features in this case.
The patient presented with severe AKI during two of his iTTP
episodes. Severe renal dysfunction necessitating renal replace-
ment therapy is uncommon in iTTP! Following treatment, he
returned to baseline kidney function both times. When added
to TPE and immunosuppression, caplacizumab leads to faster
platelet count response (HR, 1.65; p<0.001) and decreased
refractoriness and mortality in iTTP?” However, there are no
studies on the safety of caplacizumab in patients on haemo-
dialysis. Our patient received caplacizumab and tolerated
it without any complications. Further studies on the safety
of caplacizumab in patients with severe renal dysfunction
are needed. Due to severe concurrent COVID-19 infection,
rituximab was not administered. Rituximab is highly effec-
tive in treatment of antibody-mediated diseases such as iTTP!
It causes rapid and sustained depletion of B cells, impairing
humoral response to COVID-19 infection, and can potentially
place patients at risk of reactivation or reinfection.”® Among
reported cases of iTTP in patients with COVID-19,°*° 8 of
19 patients were treated with rituximab (see online supple-
mental table 2). Of these eight patients, three died; two of
the deaths were due to COVID-19-related severe lung disease
and multiorgan failure. It remains unclear whether immuno-
suppressive effect of rituximab could result in more severe
COVID-19 and hence should be avoided during acute infec-
tion. Our team opted to delay rituximab and monitor for
iTTP exacerbation. Considering the ongoing pandemic and
the patient’s immunosuppressed state, we offered a second
dose of COVID-19 vaccine. We debated the timing of the
second dose, as well as using a different vaccine. However,
the patient was worried about the vaccine triggering iTTP
relapse and initially opted to defer the second dose.

In our case, iTTP relapse occurred within 7days of
COVID-19 vaccination and 3-4 days post-COVID-19 expo-
sure, after 4 years of remission. Timing of vaccination and
exposure in this case, as well as pathophysiology of iTTPR,
suggest that both events may have contributed to this relapse.
Previous publications reported imbalance of the vWF/
ADAMTS13 axis in patients with COVID-19% and remarked
that ADAMTS13 activity ranged from normal to significantly
reduced.”* However, ADAMTS13 deficiency alone may not
be sufficient to cause TTP!' On the other hand, association
between iTTP and infections is well described; it could be
a result of inflammation-mediated increase in ADAMTS13
autoantibodies, complement activation and reduced cleavage
of vWF by ADAMTS13.%° Hence, it is conceivable that
COVID-19 infection could trigger iTTP. Similarly, there
may be a causative link between vaccination and iTTP. Case
reports of iTTP associated with influenza, pneumococcal
and rabies vaccination were published previously.*' iTTP
following different types of COVID-19 vaccines has also
been reported.*>”* The time between vaccination and iTTP
relapse was consistent at 5-7days in most cases, whereas
the time between vaccination and de novo iTTP was vari-
able at 5-37 days (see online supplemental table 3). Ongoing
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Patient’s perspective

Being in the ICU with COVID were the darkest days of my life, |
feel lucky to have recovered.

Learning points

» COVID-19 infection or vaccination-associated immune
thrombotic thrombocytopenic purpura (iTTP) is very rare.

» Post-vaccination monitoring for relapse may be warranted in
patients with iTTP.

» Risk of anti-CD20 therapy in patients with iTTP and COVID-19
infection is unclear.
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