Letters to the Editors
Macrophage activation
syndrome after BNT162b2
mRNA vaccination successfully
treated with corticosteroids

Table I. The results of the cytokine multiplex array: Our patient’s data and those of 98 healthy
individuals.

Sirs,
Two messenger RNA-based vaccines,
BNT162b2 (Pfizer-BioNTech) and mRNA1273 (Moderna), and two adenoviral vector
vaccines (ChAdOx1 nCov-19 (AstraZeneca) and Ad26.COV2.S (Johnson & Johnson/
Janssen) have been approved in many countries worldwide. However, these vaccines
were rapidly approved in short periods due
to the societal need to control the pandemic.
Therefore, clinicians need to be very careful
about the unexpected adverse effects. Here,
we report the first case of macrophage activation syndrome (MAS) with thrombocytopenia after BNT162b2 vaccination, successfully treated by corticosteroid.
A previously healthy 51-year-old woman
developed high fever, headache, and atypical genital bleeding on the following day
after second shot of BNT162b2 vaccine.
She presented to the hospital 5 days after
the vaccination without history of contact
with COVID-19 patients. On admission,
laboratory tests revealed thrombocytopenia
(7.3 × 104 /μL), elevated fibrin degradation
products (86.5 μg/mL), D-dimer (39.28 μg/
mL), lactate dehydrogenase (LDH) (812
U/L), and ferritin (7644 ng/mL) levels. No
thrombosis, infarction, hemorrhage or abnormal opacity of lung field was observed
with image analysis. A SARS-CoV-2 polymerase chain reaction, blood cultures, antinuclear antibody, rheumatoid factor, and
cardiolipin antibodies were all negative.
Argatroban and intravenous immunoglobulin were initiated considering the possibility
of thrombotic thrombocytopenia which has
been reported after the ChAdOx1 nCov-19
vaccine (1). Consequently, the anti-platelet
factor 4 antibody was negative. However,
her general condition and her laboratory test
results such as LDH, ferritin, and transaminase levels deteriorated. Therefore, we initiated steroid pulse therapy (methylprednisolone 1g daily for 3 days) followed by oral
prednisolone for the diagnosis of MAS triggered by SARS-CoV-2 vaccination. After
the corticosteroid treatment, her symptoms
and laboratory data improved dramatically
without relapse. MAS-related cytokines,
such as granulocyte-macrophage colonystimulating factor, interleukin (IL)-6, IL-18,
and interferon-gamma (IFN-γ) showed high
serum concentrations on the day of admission; The IL-18 titre was particularly high.
The levels of these cytokines had decreased
by the day of discharge (hospital day 14)
(Table I). We also confirmed that no pathological variants of genes associated with
hereditary autoinflammatory diseases were
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The 95% confidence interval (CI) of the serum cytokine levels of healthy individuals (n=98) are shown for comparison purposes.
GM-CSF: granulocyte-macrophage colony-stimulating factor; IL: interleukin; IFN-γ: interferon-gamma.

detected. The schema of the clinical course
and the methods for performing the cytokine multiplex arrays and genetic analysis
are shown in the online Supplementary file.
Severe COVID-19 is often associated with
hypercytokinaemia (2) and the lung pathology in severe COVID-19 cases shows
marked microvascular thrombosis and
haemorrhage with severe inflammation that
shares features with MAS (3). In patients
with severe COVID-19, serum IL-18 and
IL-6 levels tend to be significantly higher
than those in patients with influenza virus
infection (4), and these cytokines play pivotal roles in the development of MAS (5). In
addition, IL-18 is reported to be a prognostic
biomarker of severe COVID-19 and is correlated with haematologic/coagulation parameters (6). Aberrant IL-18 production by
activated macrophages induces inadequate
IFN-γ production, resulting in further activation of T helper 1 and natural killer cells,
and M1 macrophages (7). In our case, the
marked elevation of IL-18 in the patient’s
serum might reflect the macrophage activation induced by the SARS-CoV-2 spike protein produced by mRNA vaccination, and it
also seemed to mimic the biopathology of
severe COVID-19. Elevated levels of IL-18
and a hyperactive coagulation system leading to elevated D-dimer and ferritin levels
are detected in patients with COVID-19 and
MAS (8). Corticosteroids are currently the
only confirmed therapeutic agents for improving the survival of COVID-19 patients.
They were also effective at treating this case
of MAS.
There is no known association between
SARS-CoV-2 mRNA vaccines and MAS;
however, our case suggests that MAS should
be taken into consideration in patients who
have a severe inflammatory reaction and
disseminated intravascular coagulation after
receiving SARS-CoV-2 mRNA vaccines.
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