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Introduction

Paroxysmal nocturnal haemoglobinuria (PNH) is a rare,
acquired clonal haematological disease caused by a somatic
mutation of the pig-A gene (Xp22.1) in a clone of a bone
marrow stem cell. The result is a defective synthesis of
glycosylphosphatidylinositol (GPI)-anchored complement
regulatory proteins expressed on erythrocytes. Consequent-
ly, PNH erythrocytes are highly susceptible to complement-
mediated intravascular haemolysis. In addition to haemol-
ysis, PNH is characterized by bone marrow failure and
venous thrombosis; arterial thrombosis is far less fre-
quent.1,2 Thrombosis is the leading cause of death in PNH
patients. Major risk factors for thrombosis in PNH seem to be
PNH clone size and degree of intravascular haemolysis.3

However, the basis for thrombosis in PNH is poorly under-
stood. The development of eculizumab, a humanized mono-
clonal antibody directed against the terminal complement
protein C5, resulted in a dramatic improvement of survival
and a reduction in complications.

Optimal treatment and management of infection by se-
vere acute respiratory distress syndrome corona virus 2
(SARS-CoV-2) disease 2019 (COVID-19) in patients affected
by PNH may be challenging, given the rapid spread of the
pandemic and limited literature so far. Specifically, COVID-
19 is associatedwith relatively high incidence of both venous
and arterial thrombotic events in patients hospitalized for
pneumonia.4 Median prevalence of venous thromboembo-
lism (VTE) in those patients is approximately 30%5with deep
venous thrombosis (DVT) prevalence of nearly 20% even on
prophylactic doses of anticoagulation.5,6 However, DVT as
the first sign of COVID-19 is a rare event.7–11

Weherein describe a case of awell-controlled PNHpatient
on eculizumab and warfarin for more than 5 years, who
presented with DVT as the first sign of COVID-19.

Case Description

Our patient is a non-smoker with no comorbidities. In the
first quarter of 2009, he had experienced his first episode of
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Abstract Paroxysmal nocturnal haemoglobinuria (PNH) is a rare, acquired clonal haematological
disease characterized by complement-mediated haemolysis, bone marrow failure and
venous thrombosis. Anticomplement therapy eculizumab improves survival and
reduces complications. Severe acute respiratory distress syndrome corona virus 2
(SARS-CoV-2) disease 2019 (COVID-19) is associated with high incidence of both
venous and arterial thrombosis in hospitalized patients with pneumonia. Deep venous
thrombosis (DVT) as the presenting symptom of COVID-19 is a rare event. We describe
a well-controlled PNH patient on eculizumab for more than 5 years who presented with
DVT, while on warfarin, as the first sign of COVID-19. To our knowledge, this is the first
described case of DVT in a PNH patient with COVID-19.
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Coombs-negative haemolytic anaemia with thrombosis of
superior sagittal sinus, treated with anticoagulants for
2 years. At the end of 2013, six months before the presenta-
tion that led to diagnosis, he had noticed reddish urine.
Midway through 2014, he presented with haemolysis and
splenic vein thrombosis with spleen infarction and throm-
bosis in the superior and inferior mesenteric veins, with the
size of the PNH clone at 82%, when the diagnosis of PNH was
established. Anticoagulation was initiated at diagnosis, first
with low-molecular-weight heparin (LMWH), and then with
warfarin. Eculizumab, in standard dose regimen, was initiat-
ed for the first time early on in 2015 together with warfarin.
With the earlier-described therapy, haemolysis was well
controlled—haemoglobin ranged from 107 to 155 g/L with
three compensated haemolytic crises during drug shortages
with no subsequent thrombotic events (international nor-
malized ratio [INR] was in the range of 2–3 more than 80% of
the time; D-dimer was constant at <0.5mg/L).

Now 33 years old, our patient presented in the second
quarter of 2020 with swelling and pain in left leg and lower
back pain followed by episode of subfebrility (37 °C) 10 days
after the last dose of eculizumab. Co-amoxiclav and cipro-
floxacin were started. Colour-duplex scan of lower limbs
revealed proximal thrombosis of left popliteal vein. Nadro-
parin in full therapeutic dose was introduced (85.5 anti-Xa
IU/kg SC BID). Laboratory tests showed decreased white
blood cells (3.4�109/L; with absolute neutrophil count
1.4�109/L and absolute lymphocyte count 1.4�109/L),
mild thrombocytopaenia (140�109/L), mild haemolytic
anaemia with haemoglobin (113 g/L), absolute reticulocyte
count (265.5�109/L; normal: 50–100�109/L), lactate dehy-
drogenase (1,020 U/L); normal<460), and absent haptoglo-
bin. C-reactive protein was elevated at 36.4mg/L (normal
<10), as well as D-dimer at 4.3mg/L (normal<0.5); active
partial thromboplastin time was prolonged (43.7 seconds;
normal range: 25.1–36.5), while fibrinogen was in normal
range at 5.12 g/L (normal: 2.5–5.5). His INR value at the time
of thrombosis occurrence was 2, while earlier values were in
the range of 2 to 3. The next dose of eculizumab was given
5 days after thrombosis occurrence according to regular
schedule. Nasopharyngeal swab RNA PCR showed SARS-
CoV-2 positivity. The patient was afebrile and without
respiratory symptoms throughout the period of thrombosis
and follow-up. After 3 weeks, nadroparin was substituted
with warfarin, with no recurrence of thrombosis in the
subsequent 11 months.

Discussion

Wepresent a patient withwell-controlled PNHon eculizumab
who developed DVT, while on warfarin, as the initial presen-
tation of COVID-19. Meta-analysis of 1,988 hospitalized
COVID-19 patients showed that prevalence of DVT was
19.8% (95% confidence interval [CI]: 10.5–34%). However,
while including only studies of patients on antithrombotic
prophylaxis,DVTprevalencewas8% (95%CI: 2.3–2.4%).5While
the majority of thrombotic cases were registered in hospital-
ized patients with COVID-19 pneumonia, up to this date only

few cases of VTE as the presenting symptom of COVID-19 in
non-PNH patients were reported.7–11 Putative risk factors for
COVID-19 thrombosis are as follows: hyperinflammatory
state, D-dimer greater than 1.5mg/L, hypoxia, need for inva-
sive mechanical ventilation, immobilisation, advanced age,
increased body mass index, and male sex.12–16 Besides male
sex, in our patient, PNHas aprothrombotic statemustbe taken
into account, with cumulative thrombotic incidence of 23 to
30% in pre-eculizumab era.17 However, initiation of eculizu-
mab reduced thrombotic events in PNH by 81.8%, with 0.62
events per 100patient-years.17,18Although rare, complement-
activating events such as viral infection can provoke haemol-
ysis and thrombotic events in PNH patients despite eculizu-
mab therapy.19 Moreover, virus-induced complement
activation and production of prothrombotic antibodies via a
complement-dependent pathway20 could be a potential
mechanism by which SARS-CoV-2 leads to immunothrombo-
sis in patients susceptible to complement activation, as in PNH
patients. Occasional reports of PNH patients with COVID-19
show that patients on anticomplement therapy did not devel-
op pneumonia, while others (treatment naive) did, suggesting
protective properties of anticomplement drugs in COVID-
19.19,21,22 Also, none of the reported PNH patients developed
VTE.19,21,22 In light of this, several ongoing studies are evalu-
ating eculizumab and other anticomplement therapies in
severe COVID-19 patients with initial promising results.23–27

Consistent with previous results, our patient did not develop
pneumonia. Given that our patient had long periodwith stable
PNH disease, without thrombosis on eculizumab, and that
anticoagulation was mainly in therapeutic range, we propose
that SARS-CoV-2 infection outweighed the protective effects
of anticomplement and anticoagulant therapy. To the best of
our knowledge, this is the first case describing DVT in a PNH
COVID-19 patient. This reveals an open debate on several
issues. In well-anticoagulated patients, should the develop-
mentofVTE, during theCOVID-19epidemic, raise a redflag for
SARS-CoV-2 testing? Also, considering hypercoagulable effect
of SARS-CoV-2, inpatientswithVTErisk factors, is there aneed
for more intensified anticoagulation? Given the variability of
INR in patients on warfarin, is it preferable to use LMWH or
even direct-acting anticoagulants which are not registered in
this setting?
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