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Abstract

Several vaccines have been approved worldwide for the prevention of morbidity and mortality against severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2). However, the development of these vaccines has raised concerns regarding
their adverse effects. Herein, we report the first case of intracerebral hemorrhage (ICH) due to vasculitis after the first dose
of mRNA vaccine (BNT162b2, Pfizer/BioN-Tech). Although this case cannot demonstrate a direct relationship between
COVID-19 vaccination and vasculitis, the clinical and histological features of this patient are highly consistent with the

adverse effects of COVID-19 vaccine.
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Introduction

The coronavirus disease (COVID-19) pandemic has nega-
tively affected people with acute cerebrovascular diseases
including stroke [9]. Several vaccines have been approved
worldwide for the prevention of morbidity and mortality
against severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) [3, 11, 15]. However, the development of
these vaccines has raised concerns regarding their adverse
effects. For example, studies have reported cases of stroke
due to thromboembolism in the central nervous system
(CNS) [7, 17]. Herein, we report the first case of intracer-
ebral hemorrhage (ICH) due to vasculitis after the first dose
of mRNA vaccine (BNT162b2, Pfizer/BioN-Tech).
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Case report

A 48-year-old woman with no significant previous medi-
cal history, including allergy, vasculitis, or autoimmune
disorders, received the first dose of the mRNA COVID-
19 vaccine (BNT162b2, Pfizer/BioNTech). She noticed a
gradually progressing left hemiparesis and was transferred
to our hospital because of worsening consciousness and
anisocoria from another hospital 2 days after vaccination.
Her systolic blood pressure was 119. Head computed
tomography (CT) showed ICH of up to 5.6 cm and edema
surrounding it in the right temporal lobe (Fig. 1). CT angi-
ography showed no abnormal vascular lesions, including
vascular malformations or cerebral venous thrombosis
(CVT). No rash was observed on her body and a PCR test
for SARS-CoV-2 was negative. Laboratory tests, including
complete blood count, were normal except for a hemo-
globin concentration of 9.6 g/dL. Moreover, coagulation
tests of PT and APTT and serum levels of ANCA and
CRP were normal. We performed a right frontotemporal
craniotomy to evacuate the ICH. The clot was removed
successfully. No abnormal bleeding was found, except for
mild oozing from the hematoma wall. Pathological find-
ings from the hematoma wall and cerebral tissue revealed
neutrophilic infiltrates in small vessels with disruption of
vascular architecture, few cell debris, erythrocyte leak-
age, and endothelial nuclear enlargement (Figs. 2 and
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Fig.1 Computed tomography
revealed intracerebral hemor-
rhage and edema surrounding it
in the right temporal lobe

3). Congo red staining revealed no amyloid deposition
in the vessel walls. No granuloma or fibrinoid necrosis
was observed in the vessels. The background cerebral
tissue showed no necrosis and no suppurative inflamma-
tory findings suggestive of infection. Elastica van Gieson
staining, Masson trichrome staining, desmin immunostain-
ing, and CD31 immunostaining showed that the affected
blood vessel walls contained only thin collagen fibers and
endothelial cells, with no elastic fibers or smooth mus-
cle, suggesting that it was neutrophilic vasculitis at the
level of capillary to postcapillary venules. Postopera-
tive additional blood examination revealed unremarkable
prothrombotic and autoimmune findings. Enhanced MRI
revealed no abnormal lesions except for the hematoma.
Rest of the clinical course was favorable, and the patient
was discharged 4 weeks after onset.
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Discussion

During the COVID-19 pandemic, several vaccines against
SARS-CoV-2 have been approved after the demonstration
of safety and efficacy [3, 11, 15]. However, several adverse
effects have also been reported. Typical reactogenic-
ity included mild-to-moderate pain at the injection site,
fatigue, headache, and fever. In addition, some rare cases
of vaccine-induced CNS diseases have been reported. Par-
ticularly, stroke due to thromboembolism after COVID-19
vaccination is a major concern [7, 17]. The mechanism of
vaccine-induced thromboembolism is usually the same as
that of SARS-CoV-2, which is a hypercoagulable state.
However, some rare cases of thrombotic thrombocytope-
nia as the cause of stroke have also been demonstrated
[4]. In these cases, venous thrombosis may appear more
frequently than arterial thrombosis [2]. Our study is the
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Fig.2 Histology of the hematoma wall and cerebral tissue. a H&E
stain shows scattered petechial hemorrhages and perivascular hema-
toma (arrows) in the cerebral cortex. b Typical angiocentric neutro-
philic infiltration with few cell fragments and mild extravasation of
red blood cells. There is no necrosis in the surrounding brain tissue.
¢ Masson Trichrome stain shows that the small blood vessel in the

first to report a case of ICH due to vasculitis following
COVID-19 vaccination.

Vasculitis after COVID-19 vaccination has been
reported in different dermatological areas [5, 6]. A recent
study demonstrated that the frequencies of vasculitis
within approximately two weeks after the first dose of
Pfizer (New York, NY, USA)-BioNTech (Mainz, Ger-
many) (BNT162b2) and Moderna (mRNA-1273) vac-
cine were 2.9% and 0.7%, respectively [8]. Pathological
findings include small vasculitis, characterized by fibrin
deposits, fibrinoid necrosis associated with neutrophil
infiltration of the vessel walls, and leukocyte destruc-
tion. The pathogenesis of vasculitis following vaccina-
tion remains unclear, although an autoimmune mecha-
nism mediated by vaccine proteins has been proposed [1].

hemorrhage area (arrow) is disrupted and has collagen fiber tears and
extravasation of red blood cells compared to the open, uninvolved
small blood vessel (arrowhead). d High power view of the arrow area
in Fig. 2c. CD31 immunostaining shows that the nuclei of vascular
endothelial cells are enlarged and disorganized. Scale bars are 50 pm

Therefore, similar to influenza vaccination, the COVID-19
vaccination may result in vasculitis in several organs [16].

Clinicopathological differential diagnoses include
hypertensive cerebral hemorrhage, amyloid angiopathy,
angiitis of the central nervous system (ACNS), secondary
vasculitis, and an adverse effect of the COVID-19 vaccine.
The patient’s blood pressure was within normal limits, and
there was no history of hypertension. Amyloid angiopathy
is associated with aging, and amyloid deposits are found
mainly in the small arteries and arterioles. Although amy-
loid deposition may be accompanied by granulomatous
vasculitis, there was no amyloid deposition or granu-
loma in the vessel wall in the present case [12]. In typi-
cal ACNS, small- to medium-sized arteries are involved
that present with histological findings of granulomatous

@ Springer



546

Acta Neurochirurgica (2022) 164:543-547

Fig.3 Histological features of vasculitis. a Middle power view of
the perivascular hematoma. b High power view of the arrow area in
Fig. 3a. The small blood vessel is compressed and occluded by the
perivascular hematoma. Neutrophilic infiltration is observed in the
vessel wall, and endothelial cell enlargement and fibrin deposition

vasculitis, necrotizing polyarteritis, and lymphoplasma-
cytic vasculitis [13]. However, the histological findings
observed in this case were different. Lastly, secondary vas-
culitis is an incidental histological finding in any organ
and is usually associated with necrosis or viral/bacterial
infection, including in COVID-19. Indeed, SARS-CoV-2
itself induces a hyperinflammatory response in endothelial
cells, which causes vasculitis in the kidneys, heart, lungs,
and small bowel [14]. However, no necrosis or pyogenic
inflammation was observed in the cerebral tissue of this
patient [10]. Although there is no direct proof that vascu-
litis was caused by the vaccination, the clinical and his-
tologic features of this patient are highly consistent with
an adverse effect of the COVID-19 vaccine. Thus, further
studies are necessary to ensure the safety of COVID-19
vaccination.
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are shown. ¢ Same area as in Fig. 3b. Masson Trichrome stain shows
tearing and obscuration of collagen fibers in the wall of the small ves-
sel. d Same area as in Fig. 3b. Elastica van Gieson staining shows
elastic fibers and smooth muscle are absent in the vessel wall. Scale
bars are 50 pm

Conclusions

This is the first report of ICH possibly due to COVID-
19 vaccine-induced vasculitis. Histological assessment
is required for the definitive diagnosis of ICH associated
with COVID-19 vaccine-induced vasculitis.
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