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ABSTRACT

Childhood primary angiitis of the central nervous system (cPACNS) is a vasculitis of unknown etiology
that is confined to the central nervous system (CNS) and can lead to repeated cerebral infarctions if
left untreated. Several cases of cPACNS after COVID-19 have been reported. Herein, we present a case
of post-vaccination cPACNS. A 9-year-old healthy boy presented with persistent headache and fever
after receiving the second COVID-19 vaccine (BNT162b2/Pfizer-BioNtech) dose. Brain magnetic reso-
nance angiography (MRA) performed on the sixth day of symptom onset after vaccination revealed
stenosis of the left middle cerebral artery; the patient was referred to our department on the
12th day of symptom onset. Blood tests indicated only minimal evidence of inflammation, whereas
cerebrospinal fluid examination indicated pleocytosis. Brain magnetic resonance imaging (MRI)
revealed vascular wall thickening and contrast enhancement of the artery with worsened stenosis.
We diagnosed the patient as having cPACNS and treated him with three courses of methylpredniso-
lone pulse therapy. The headaches and fever disappeared with improvement of vascular stenosis. The
patient has been in remission for more than 1year since cPACNS onset. This is the first report of
a case of cPACNS after mRNA vaccination for COVID-19. Most previous cases of COVID-19-associated
cPACNS presented with ischemic stroke. However, the present case could be treated for vasculitis
prior to stroke and thus had a favorable prognosis. The mRNA vaccine for COVID-19 differs from other
existing vaccines, and further accumulation of data of cases is required to determine adverse CNS
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reactions.

Introduction

Childhood primary angiitis of the central nervous system
(cPACNY) is a rare condition that can cause neurological
sequelae or even death. Diagnosis and treatment of cPACNS
is challenging because of its variable presentation, limited
awareness, and the absence of widely accepted diagnostic and
therapeutic standards.'

cPACNS can develop into pediatric acute ischemic stroke
(AIS). The estimated incidence rate of pediatric AIS varied from
0.9 to 7.9 per 100,000 person-years until October, 2021.2
However, no data on the incidence rates on cPACNS are avail-
able. AIS has emerged as a complication of infection with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
causative pathogen of coronavirus disease 2019 (COVID-19).?
Although the pathogenesis of AIS associated with COVID-19
remains uncertain, its unique presentation, including involve-
ment of otherwise uncommonly affected vessels, has been
described.” Moreover, several cases of cPACNS after COVID-
19 have been reported, and advances in imaging technology
have made it possible to recognize vascular wall lesions.
However, there have been no previous reports of post-vaccine
cPACNS. Here, we report a case of cPACNS that presented
the day after the second vaccination with a favorable prognosis.

There is no mention of any specific vaccine (in this case,
BNT162b2/Pfizer-BioNtech).

Patient presentation

A previously healthy 9-year-old boy developed a left-sided
headache and fever 1 day after receiving the second dose of
mRNA BNT162b2 COVID-19 vaccine (Pfizer-BioNtech) and
21 days after the first dose. Six days after the onset of fever,
brain MRI findings revealed stenosis at the beginning of the
left middle cerebral artery. On admission (day 12 after symp-
tom onset), the patient was alert, but he was sometimes irri-
table due to headaches. His temperature was 38.8°C, pulse rate
was 134/min, and respiratory rate was 24/min. Percutaneous
oxygen saturation and blood pressure were normal. On exam-
ination, meningeal irritations were noted, deep tendon reflexes
were normal, and there were no pathological reflexes or symp-
toms of extremity paralysis. Laboratory findings showed no
abnormalities in the blood examination other than an
increased erythrocyte sedimentation rate (ESR). Serum cyto-
kine analysis indicated minimal evidence of inflammation:
interleukin (IL)-6, 10.9 pg/mL (normal range, <9.5 pg/mL);
IL-10, 4.2 pg/mL (<6.8); and interferon (IFN)-y, <7.1 pg/mL
(<21.1). Cerebrospinal fluid (CSF) examination revealed an
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elevated initial pressure of 35 cmH,O, mononuclear cell count
of 212/uL (96.2%), and increased cytokine levels: IL-6, 1684.2
pg/mL (<6.2); IL-10, 42.0 pg/mL (<2.8); and IFN-y, 233.4 pg/
mL (<7.1). His immunoglobulin G index was normal.
Polymerase chain reaction (PCR) results for herpes simplex
virus (HSV) DNA, varicella zoster virus (VZV) DNA, and
oligoclonal bands were all negative. The PCR test result for
SARS-CoV-2 in nasopharyngeal swab and CSF was also nega-
tive. Electroencephalography results were normal during both
the waking and sleep stages. Brain MRI findings (Figure 1)
revealed hyperintense areas in the cortex of left cerebral hemi-
spheres on diffusion-weighted images and fluid-attenuated
inversion recovery. MRA further showed stenosis in the left
internal carotid and left middle cerebral arteries, and periph-
eral delineation was slightly poor on the affected side.
Contrast-enhanced imaging revealed thickening and con-
centric enhancement of vessel walls. Comparison with images
obtained before admission revealed that the disease had pro-
gressed. Various tests were negative for secondary central
nervous system (CNS) vasculitis, and we confirmed that the
patient developed cPACNS after COVID-19 vaccination.
Three courses of methylprednisolone pulse therapy and antic-
oagulation therapies were administered. The patient’s head-
ache and fever improved after the second course, and we
switched to oral prednisolone (1.0 mg/kg/day) after the third
course. Since then, the patient has been maintained low-dose
oral prednisolone (0.1 mg/kg/day) and has been in remission
for 1 year since the onset of cPACNS.

Fluid-attenuated inversion recovery Diffusion weighted image
(FLAIR)

(DWI)

Discussion

This is the first report of a case with cPACNS after mRNA
vaccination for COVID-19. The criteria for cPACNS diagnosis
are as follows: 1) neurological and psychiatric symptoms that
cannot be explained by other diseases; 2) angiographic or
pathological findings of vasculitis in the CNS; 3) systemic
vasculitis and similar diseases that cannot be explained by
other pathologies.* Although a brain biopsy was not per-
formed in this case, there was minimal evidence of systemic
inflammation, and contrast-enhancing cerebral vessel walls of
brain MRI revealed CSF pleocytosis and elevated cytokine
levels, indicative of inflammation in the CNS.

There are currently no evidence-based guidelines for the
treatment of cPACNS; however, based on previous reports,
combined therapies with immunosuppressive and anticoagu-
lant agents have been used. The initial therapy comprises
corticosteroids, followed by cyclophosphamide, depending
on the course of therapy; intravenous immunoglobulin has
also been reported to be effective.” In the present case,
methylprednisolone pulse therapy was initiated in the early
phase because of progressive vascular stenosis on brain ima-
ging, and the patient responded well to treatment.

There have been no reports of cPACNS due to COVID-19
vaccine; however, there have been eight reported cases of
pediatric CNS vasculitis after COVID-19, including four
male and four female patients aged between 1 and 16 years
(Table 1).°7!* CNS vasculitis after COVID-19 occurred from 8

Post-contrast TIW1 MR angiography

Figure 1. Imaging findings. (a - ¢): on the 6th day after symptom onset, MRA of the head revealed narrowing of the left middle cerebral artery (c, arrow). Diffusion-
weighted images (DWI) and fluid-attenuated inversion recovery (FLAIR) show no lesions. (d,e): on the 15th day after symptom onset, DWI and FLAIR show cortical high-
intensity areas in the left cerebral hemisphere (arrow). (f,g): contrast-enhanced effects can be observed in the vessel walls of the left middle cerebral arteries, some of
which are nodule-like or concentric (arrow). (h): MRA shows stenosis in the left internal carotid artery and left middle cerebral artery (arrow), and peripheral delineation
is slightly poor on the affected side. (i — m): on the 157th day, after symptom onset abnormal findings are noted to have improved.
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days to 2 months after SARS-CoV-2 infection. Evidence of
either positive CSF PCR or antibody for SARS-CoV-2 was
seen in two of these patients (patient 4 and 2,
respectively).®'® Separately, in four cases (patient 3, 6-8),”'>"?
systemic inflammation, inconsistent with multisystem inflam-
matory syndrome in children, was suspected as a coexisting or
underlying condition, and the remaining patients were con-
sidered vasculitis confined to the cerebral vessels.
Furthermore, focal stenosis of the cerebral artery was con-
firmed using MRI in six patients, and vasculitis was confirmed
in five patients based on vessel wall thickening and/or
enhancement in vessel wall imaging analysis (patient 3, 5,
and 6)>'"'? or histological methods (patient 2 and 8).>"’
Unlike in the present case, CSF pleocytosis has not been
described, except for one case with comorbidity of bacterial
meningitis. The prognosis is variable - complete recovery,
neurological sequelae, or death - despite the induction of
immunomodulatory therapy.

In the present case, marked CNS inflammation character-
ized by elevated IFN-y was observed. Although CSF cytokine
analyses in CNS vasculitis have been reported,” IFN-y profiles
have not yet been described. Elevated CSF IL-6 level indicates
underlying conditions of CNS inflammation, which are typi-
cally observed in infectious or noninfectious autoimmune
CNS diseases. CSF IFN-y levels are often elevated in cases of
CNS infection, including viral and bacterial invasion.
A previous in vivo study demonstrated that SARS-CoV-2
induced co-localization of viral spike protein with angiotensin-
converting enzyme 2 (ACE2) in the cerebrovascular wall in
human ACE2 transgenic mice.”'* VZV is known to be detect-
able in a certain population of patients with unilateral cerebral
vasculitis."” The relationship between VZV reactivation and
the trigeminal nerve may likely explain unilateral vasculitis.'®
The presence of pathogens in CSF or the latent period of
infection provides evidence for both the infectious and auto-
immune origin hypotheses for COVID-19-associated cPACNS
(Table 1). However, viruses, including VZV and SARS-CoV-2,
were not detected in the present case, although it is difficult to
completely rule out a potential role of CNS co-infections. At
present, there is insufficient evidence to draw any solid con-
clusions. In addition, the elevation in ESR is questionable,
since in PACNS inflammatory markers are commonly normal.
In general, ESR is not elevated in patients of cPACNS, but in
Patients 2 and 4 in this paper (Table 1), ESR is elevated,
although CRP is not increased. It is possible that the ESR is
elevated due to a common effect of COVID-19 and vaccines. It
is very important to screen for autoimmune and infectious
diseases.

Although stroke did not occur at the onset of cPACNS in
the present case, other common clinical symptoms were
observed. Fever (7%) and headache (28%) are the most fre-
quently reported adverse reactions to COVID-19 vaccine.'”
When these symptoms persist after COVID-19 vaccination,
a brain MRI scan is recommended to exclude cPACNS. The
COVID-19 vaccine is different from existing vaccines in that it
uses a modified uridine mRNA. In this system, non-replicating
mRNA is taken up by host cells, which subsequently transi-
ently express the encoded SARS-CoV-2 spike protein.'® We
speculate that the mRNA vaccine may have caused a response
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similar to COVID-19-associated vasculitis. It is unclear
whether early treatment was successful and no sequelae were
observed or whether vasculitis after COVID-19 vaccination
was less severe than cPACNS caused after COVID-19. From
a neurologic perspective, nRNA vaccines are extremely safe."”
Further case studies are needed to determine whether cPACNS
after COVID-19 vaccination has a unique mechanism and
a better prognosis.
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