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SARS-CoV-2 vaccination
induces breakthrough
hemolysis in paroxysmal
nocturnal hemoglobinuria on
complement inhibitor

To the Editor:

The SARS-CoV-2 infection and vaccination have raised concerns in
complement mediated hemolytic anemias (i.e., paroxysmal nocturnal
hemoglobinuria, PNH, and cold agglutinin disease, CAD), particularly if
on treatment with complement inhibitors.x~> Among complement
amplifying triggers (infections, traumas, and surgery*°) an emerging
causative agent may be represented by SARS-CoV-2 vaccines. In PNH
patients on complement inhibitors, pharmacodynamic breakthrough
hemolysis (BTH) has been defined as hemolysis reactivation with
hemoglobin drop due to increased complement activity.® In CAD,
where complement inhibitors are in clinical trials, a true BTH has not
been defined yet, although hemolytic flares have been described
under treatment.” Gerber et al.’ recently reported six PNH patients,
either untreated or on complement inhibitors, who experienced
abrupt hemolytic crisis following SARS-CoV-2 vaccination (four
Pfizer-BioNTech and two Moderna vaccine). Five patients were on

intravenous ravulizumab and developed BTH after either the first
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(N = 1), the second (N = 2), or after both doses (N = 2) of vaccine.
Two patients were also receiving oral factor D inhibitor danicopan,
and one experienced BTH only after the second dose, after interrup-
tion of danicopan (two missed doses) due to concerns about interac-
tion with vaccine efficacy. Pérez-Lamas et al. described a hemolytic
crisis occurring 2 days after the first dose of an mRNA Covid-19 vac-
cination in a CAD patient not under complement inhibition.2 Here we
describe a classic hemolytic PNH patient on C5 inhibitor, who devel-
oped severe BTH one day after the second dose of Moderna SARS-
CoV-2 vaccine. This patient belongs to a cohort of 16 patients
(13 PNH and three CAD) who received mRNA SARS-CoV-2 vaccine
from March 2021. All of them were actively treated with complement
inhibitors (five eculizumab, three intravenous ravulizumab, four subcu-
taneous ravulizumab, one factor B inhibitor iptacopan, and three C1s
inhibitor sutimlimab) at our Hematology unit in Milan, Italy. The study
was conducted in accordance with Helsinki Declaration and patients
gave informed consent.

A 45-year-old lady suffering from PNH presented to the emergency
room on April 21 the day after receiving the second dose of Moderna
mMRNA SARS-CoV-2 vaccine. The patient had a diagnosis of classic hemo-
lytic PNH since 1996, and was on C5 complement inhibition from 2016
with suboptimal response and complete control of intravascular hemolysis
(average Hb 9.5 g/dL with normal LDH, inadequate reticulocytosis). Since
2019 she has been enrolled in a clinical trial with subcutaneous rav-
ulizumab, administered weekly. The patient had had no side effects fol-
lowing her first dose of the Moderna vaccine (March, 24). At
presentation, she complained of hyperpyrexia (38.8°C) and several epi-
sodes of vomiting, abdominal pain and dark urine. Vital signs were normal
and blood counts (Figure S1) displayed severe anemia with significant
intravascular hemolysis (LDH 2.3 x ULN), consistent with BTH. Moderate
neutropenia (0.83 x 10?/L), and mild thrombocytopenia (100 x 10°/L)
were also noted, along with slightly increased C reactive protein
(3.6 mg/dL), prolonged prothrombin time ratio (1.46), and increased D
dimer (895 g/L). Molecular testing on nasopharyngeal swab for SARS-
CoV-2 was negative, as well as chest X-ray, blood and urine cultures. The
patient was started on intravenous antibiotics, hydration, and paracetamol
with progressive amelioration of symptoms, and admitted to the hematol-
ogy ward. BTH persisted, and low molecular weight heparin was started.
On day+4 from presentation, Hb dropped to 6.7 g/dL with suboptimal
reticulocyte counts (106 x 10°/L). Recombinant human erythropoietin
(rhEPO, epoetin alpha 40 000 IU subcutaneously) was administered with
hematological improvement and repeated on day+14. Of note, subcuta-
neous ravulizumab was regularly continued along admission.

The occurrence of post-vaccine BTH in PNH patients should not
discourage vaccination of this population. In fact, whilst Covid-19 may
be fatal and difficult to handle,"?> BTH is more known and seems
manageable with supportive care, as in the case reported. In our
patient, neutropenia deserved hospital admission, and recombinant
erythropoietin was helpful to improve anemia avoiding transfusions.
Moreover, the prompt recognition of BTH is pivotal, since, besides
anemia, active intravascular hemolysis puts patients at higher risk of
thrombosis, through various mechanisms including free Hb release

and nitric oxide depletion with consequent endothelial dysfunction.®
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Of note, increased thrombotic risk is also reported in CAD, although
its management has not been clearly established. Thrombotic risk may
be even higher during Covid-19, and after certain SARS-CoV-2 vac-
cines that may mimic autoimmune heparin-induced thrombocytope-
nia.? In our patient, prophylaxis with LMWH was therefore instituted
and no thrombosis occurred.

Regarding the mechanisms of post-vaccine BTH, it has been
described that SARS-CoV-2 spike protein may bind on nucleated cells
and amplify complement alternative pathway by interfering with
factor H.1° However, the addition of spike protein subunit 1 did not
increase lysis of PNH erythrocytes ex vivo,” and did not appear to
bind red cells, weakening the hypothesis of a direct vaccine effect on
erythrocytes. On the contrary, complement amplification triggered by
the inflammatory/immune response following vaccine seems promi-
nent. In our patient, no BTH was reported after the first vaccine
administration, suggesting a pivotal role of higher immune response
following the “booster” dose. In keeping with this hypothesis, phar-
macodynamic BTH has been observed even after ravulizumab that
has a half-life four times longer than eculizumab, and is associated
with reduced pharmacokinetic BTH events.'! On the other hand, a
protective effect of proximal complement inhibitors (i.e. C1 inhibitors,
C3 inhibitors, factor D and factor B inhibitors) may be hypothesized,
although definite data are not available. Consistently, no hemolytic events
occurred after either vaccine doses in the three CAD patients on the Cls
inhibitor sutimlimab at our center.

Concerning timing of administration, in the experience by Gerber
etal.,’ all patients had received ravulizumab 24 weeks before vaccine,
suggesting that administration of SARS-CoV-2 vaccination may be
safer within 4 weeks from the last ravulizumab. However, our patient
had received weekly subcutaneous ravulizumab the day immediately
before both vaccine doses. It is therefore difficult to advise a proper
timing of vaccine administrations, and close monitoring and patient
education remain the only mandatory procedures.

In conclusion, this report shows that hemolytic flares may occur after
SARS-CoV-2 vaccines and should be promptly recognized and managed
through medical suspicion, patient education, and clinical monitoring.
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Vaccine-induced thrombotic
thrombocytopenia following
Ad26.COV2.S vaccine in a
man presenting as acute
venous thromboembolism

To the Editor:

The emergent need to combat the coronavirus disease 2019 (COVID-19)
pandemic led to the development of several highly effective vaccines at
unprecedented speeds, using highly advanced technology and scientific
research. The initial trials demonstrated the safety of these vaccines, and
the risk of serious adverse effects remains significantly low even after the
vaccination of more than 1.5 billion people worldwide to date. The Ad26.
COV2.S (Johnson & Johnson/Janssen) vaccine, a recombinant replication-
incompetent adenovirus type 26 vector COVID-19 vaccine, was issued
Emergency Use Authorization by the US Food and Drug Administration
(FDA) on February 27, 2021, and has been administered to more than
10 million individuals as of June 1st, 2021.

In March 2021, a rare, life-threatening syndrome was first
described by the European Medicines Agency as thrombotic throm-
bocytopenic syndrome (TTS) following ChAdOx1 nCoV-19 vaccina-
tion (AstraZeneca), a recombinant replication-deficient chimpanzee
adenovirus vector.! The syndrome, now recognized as vaccine-
induced thrombotic thrombocytopenia (VITT), results in pathologic
anti-platelet factor 4 (PF4) antibodies leading to thrombocytopenia
and thrombosis in the absence of heparin exposure, a mechanism
similar to “autoimmune” heparin-induced thrombocytopenia (HIT).%®

On April 13th, 2021, six cases of VITT were reported in the
United States following vaccination by the Ad26.COV2.S vaccine,
all of whom were women who developed cerebral venous sinus
thrombosis (CVST).* This led to an 11-day pause in the administra-
tion of the vaccine, during which a thorough investigation led to
its resumption by the Centers for Disease Control (CDC) and FDA,
but revised to include a warning about this rare side effect. By
April 27th, 2021, the number of VITT cases following Ad26.COV2.
S vaccination reported in the US had risen to 15, all of whom
were women of ages 20 to 50 years, and included 12 incidences
of CVST.>® To date, the only report of suspected VITT in a male
Ad26.COV2.S vaccine recipient in the medical literature comes
from the initial Johnson & Johnson phase 3 trials. One of the male
trial participants who developed CVST, thrombocytopenia, and
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