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Abstract

Although mRNA vaccine responses following previous coronavirus disease 2019 (COVID-19)
infection have not been assessed in trials, it has been shown that serological evidence of
previous COVID-19 generates strong humoral and cellular responses to one dose of mRNA
vaccine. We describe a patient with prior COVID-19 infection who developed acute transient
encephalopathy with elevated inflammatory markers within 24 h of her first injection of Mod-
erna COVID-19 vaccine. A 69-year-old cognitively normal woman presented with intermittent
inattention, disorientation, left/right confusion, weakness, gait instability, and decreased
speech. Head CT, brain MRI and MRA, complete blood count, liver enzymes, hepatitis B serol-
ogy, ammonia, thyroid function, vitamin B12, and pulse oximetry were normal. Electroenceph-
alography performed 48 h after symptom onset showed diffuse triphasic waves, diffuse
theta and delta slowing, and no posterior dominant rhythm. Severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) IgG was positive and inflammatory markers were elevated.
On day 5 post-vaccine, she returned to her baseline, without neurological sequelae. The re-
ported patient likely developed a transient inflammatory encephalopathy associated with an
abnormal immunologic reaction to one dose of COVID-19 vaccine, in the setting of remote
COVID-19 infection (1 year prior), SARS-CoV-2 IgG-positivity, and multiple comorbidities. Phy-
sicians should be alert to possible postvaccination reactogenicity in individuals with SARS-
CoV-2 IgG-positivity, including risk of neuro-inflammation.
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Introduction

Recentstudiesreportthatindividuals with previous coronavirusdisease 2019 (COVID-19)
infection and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) IgG-positivity
have higher antibody titer responses to one dose of mRNA vaccine than those not previously
infected [1]. As serological evidence of previous COVID-19 generates strong humoral and
cellular responses to one dose of mRNA vaccine, it is therefore feasible that a mutated/
abnormal immunological reaction could cause unexpected and rare adverse events following
vaccination (AEFV) [2]. We describe a patient with prior COVID-19 infection and SARS-CoV-2
IgG-positivity, who developed acute transient encephalopathy with elevated inflammatory
markers after her first Moderna (Cambridge, MA) COVID-19 vaccine injection.

Case Report/Case Presentation

A 69-year-old cognitively normal woman developed confusion, weakness, gait instability,
and decreased speech within 24 h of her first Moderna COVID-19 vaccine injection. Comor-
bidities included well-controlled hypertension, end-stage renal disease on hemodialysis,
diabetes, atrial fibrillation, and COVID-19 infection (March 2020, 12 months before the
vaccine injection). She presented to the emergency room on day 3 post-vaccine for persisting
symptoms and skipped dialysis. Examination showed fluctuating attention, disorientation to
time and space, left/right confusion, and intermittently followed one-step commands. Naming,
reading, repetition were intact; however, she was nonfluent and intermittently incoherent.
Neurological examination was otherwise nonfocal. At admission, head CT, complete blood
count, liver enzymes, hepatitis B serology, ammonia, thyroid function, vitamin B12, and pulse
oximetry were normal, SARS-CoV-2 RNA negative. Renal function was at her baseline
(Table 1). Home medications, including anticoagulation, statin, insulin, and phosphate binder,
were continued, and patient underwent hemodialysis. Electroencephalography showed
diffuse triphasic waves, diffuse theta and delta slowing, and no posterior dominant rhythm.

On day 4 post-vaccine (day 2 of hospitalization), her temperature increased to 100.6 F
(baseline 97.8-98.2); infectious evaluation (complete blood count, chest X-ray, blood, sputum
and Legionella cultures, and SARS-CoV-2 RNA) was negative. SARS-CoV-2 IgG was positive,
and inflammatory markers were elevated and up-trending (C-reactive protein from 82 to 207
[normal 0-8 mg/L], erythrocyte sedimentation rate from 12 to 110 [normal 0-30 mm/h]).
Given the isolated febrile episode and the strict temporal correlation between symptom onset
and the Moderna COVID-19 vaccine injection, a joint decision with infectious disease team
was made to defer central nervous system (CNS) antibiotic and antiviral coverage after
performing a lumbar puncture and an MRI of the brain.

On day 5 post-vaccine (day 3 of hospitalization), patient’s symptoms suddenly and
completely resolved, brain MRI and MRA showed no acute findings, and lumbar puncture
procedure was cancelled. She was monitored for another day in the hospital and discharged
at her baseline.

Discussion/Conclusion
We report a patient who developed intermittent inattention, disorientation to time and
space, left/right confusion, decreased fluency, generalized weakness, and gait instability

within 24 h of her first Moderna COVID-19 vaccine injection. The presentation was highly
suspicious for toxic-metabolic encephalopathy or delirium, given the presence of inattention
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Table 1. Daily laboratory tests during admission

Blood tests Hospital day 1 Hospital day 2* Hospital day 3 Hospital day 4 Hospital day 5
(normal range) post-vaccine post-vaccine post-vaccine post-vaccine post-vaccine
day 3¢ day 4 day 5* day 6% day 7
WBC (3.5-10 K/pL) 6.02 5.50 6.5 4.88 4.06
Hb (12-16 g/dL) 13.3 13.6 12.5 13.1 129
PLT (130-400 K/pL) 108 115 120 124 153
Glucose (70-99 mg/dL) 120 151 128 111 152
BUN (7-25 mg/dL) 47 33 42 35 38
Creatinine (0.6-1.3 mg/dL) 7.8 6.4 6.9 6.9 5.1
GFR_AA (260 mL/min/1.73 min) 6 8 7 7 10
Albumin (3.5-5.7 g/dL) 3.8 - 3.5 3.5 3.4
ALP (34-104 U/L) 127 - 107 102 98
AST (13-39 U/L) 14 - 17 14 11
ALT (7-52 U/L) 9 - 9 12 10
Ammonia (18-72 pmol/L) - - 24 - -
Calcium (8.2-10 mg/dL) - 9.2 8.7 9.3 8.8
Magnesium (1.9-2.7 mg/dL) - 2.1 2.1 2.3 -
Phosphorus (2.5-5 mg/dL) - 4.3 4.5 4.9 -
Sodium (136-145 mmol/L) 134 136 135 142 137
Potassium (3.5-5.1 mmol/L) 5.4 4.4 4.6 4.9 33
TSH (0.38-4.7 pIlU/mL) 091 091 - - -
ESR (0-30 mm/h) - - 12 110 -
CRP (0-8 mg/dL) - - 82 108 -
Blood culture - - 2 sets no growth - -
Sputum culture - - Negative - -
SARS-CoV-2 RNA Negative - Negative - -

WBC, white blood count; Hb, hemoglobin; PLT, platelets; BUN, blood urea nitrogen; GFR_AA, glomerular filtration rate, African American;
ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine transaminase; TSH, thyroid stimulating hormone; ESR, eryth-
rocyte sedimentation rate; CRP, C-reactive protein; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

%Hemodialysis performed in the afternoon.

*After febrile episode.

and fluctuating symptoms. Extensive work-up was performed and metabolic disturbances,
new onset of medical conditions, substance intoxication or withdrawal were ruled out. MRI
brain did not show any acute ischemic stroke; the absence of focality and the sudden return
at baseline on day 5 post-vaccine (day 3 of hospitalization) made the possibility of a DWI-
negative stroke unlikely. Our patient's symptomatology was highly suspicious for CNS
infection, and a CSF study would have been ideal to rule out bacterial meningitis or viral
encephalitis. However, given the isolated febrile episode, the sudden and complete resolution
of patient’s symptoms on day 5 post-vaccine without any treatment, and a negative systemic
infectious work-up (including 2 sets of blood cultures, sputum analysis, and 2 SARS-CoV-2
RNA [at admission and after the febrile episode]), we felt confident that a CNS infectious
process was highly unlikely, even in the absence of CSF analysis. Given the very strict temporal
correlation between symptom onset and the Moderna COVID-19 vaccine injection, and the
extensive negative work-up, we suggest that an exaggerated immune response to mRNA
vaccine in the setting of remote COVID-19 infection (1 year prior) is the most likely cause of
the transient inflammatory encephalopathy. This abnormal response might have been
amplified by our patient’s systemic persistent inflammation, a common feature of end-stage
kidney disease and hemodialysis [3]. Positive SARS-CoV-2 IgG antibodies show persistent

1
Karger <

233



Case Reports in
Neurology

Case Rep Neurol 2022;14:231-236

DOI: 10.1159/000523769 © 2022 The Author(s). Published by S. Karger AG, Basel
www.karger.com/crn

Rosso et al.: Acute Encephalopathy after Moderna COVID-19 Vaccine

SELECTED SYMPTOMS and NUMBER OF AE
10013395 (DISORIENTATION]: N=378

10014581 [ENCEPHALITIS): Y E]
10072378 (ENCEPHALITIS AUTOIMMUNE): N=003
10014625 (ENCEPHALOPATHY): N= 034
10027175 (MEMORY IMPAIRMENT): N= 195
10068357 (NEUROLOGICAL DECOMPENSATION): N= 001

SELECTED VACCINE CHARACTERISTICS
Vaccine Manufacturer: MODERNA
Vaccine Dose: 1 DOSE
Vaccine Administered By: ALL ENTITIES
Vaccine Purchased By: ALL ENTITIES

SELECTED EVENT CHARACTERISTICS
Event Category: ALL (Recovered + Serious)
Onset Interval: ALL DAYS
Days In Hospital: ALL DAYS

- TOTAL AE REPORTED N=624

L AE after duplicates removed
N=604

TOTAL ENCEPHALOPATHY-LIKE AE N=23

10013395 (DISORIENTATION):

10014581 (ENCEPHALITIS):

10072378 (ENCEPHALITIS AUTOIMMUNE):
10014625 (ENCEPHALOPATHY):

10027175 (MEMORY IMPAIRMENT):
10068357 (NEUROLOGICAL DECOMPENSATIO)

Fig. 1. VAERS data. VAERS data concerning “encephalopathy-like” AE after a first injection of Moderna CO-
VID-19 vaccine: from a total of 604 cases retrieved, 23 possible “encephalopathy-like” AE after one dose of
Moderna COVID-19 vaccine have been identified. Search strategy, inclusion, and exclusion criteria used for
VAERS database search are detailed in the Discussion/Conclusion session.

immune response after COVID-19 infection. Although mRNA vaccine responses following
previous COVID-19 infection have not been assessed in trials, serological evidence of previous
COVID-19 generates strong humoral and cellular responses to one dose of mRNA vaccine [2].
While it is unclear if prior COVID-19 infection played a role in our patient’s transient inflam-
matory encephalopathy, we believe that the known exaggerated immune response to mRNA
vaccine in patients with a prior COVID-19 infection could be the culprit of her neuro-inflam-
mation. The abbreviated development timeline of COVID-19 vaccines provided little oppor-
tunity to identify AEFV [4].

The Vaccine Adverse Events Reporting System (VAERS), part of the US post-marketing
vaccine safety surveillance program that monitors vaccine safety and detects rare adverse
events (AE) [5], received our patient’s report on 3/8/21 (VAERS ID 1082364, E-Report
Number 3412289). VAERS raw data of reported AE are publicly available. The VAERS
database was searched by the following: vaccine characteristic (COVID-19 Moderna),
vaccine manufacturer (Moderna), vaccine dose (first dose), location (all), age (all), sex (all),
event category (all events), vaccine administered by (all entities), date report received
(from July 1990 to October 2021), symptoms (disorientation, encephalitis, encephalitis
autoimmune, encephalopathy, memory impairment, neurological decompensation). The
inclusion criteria used were as follows: first dose of Moderna COVID-19 vaccine, encepha-
lopathic symptoms, symptoms lasting more than 24 h, complete description of symptoms,
duration of symptoms, outcome. The exclusion criteria used were as follows: severe pain,
allergic reactions, flu-like symptoms, gastrointestinal symptoms, hypertensive emergency/
urgency, electrolytes abnormalities or metabolic derangement, confirmed acute neuro-
logical conditions (ischemic stroke, hemorrhagic stroke, meningitis). Cases were screened
by author MR for inclusion. As of October 7th, 2021, from a total of 604 cases retrieved, 23
possible “encephalopathy-like” AEFV after one dose of Moderna COVID-19 vaccine have
been identified (Fig. 1). VAERS’ data have inconsistent quality and completeness (based on
spontaneous reporting) and numerous cases presented as encephalopathy were lacking
complete data and did not satisfy our inclusion criteria. A report to VAERS only confirms
that the reported event occurred sometime after vaccine was given and causality between
vaccine and AEFV cannot be assessed [6].
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Possible encephalopathy from the adenoviral vector-based antigen dsDNA Oxford-Astra-
zeneca Covishield COVID-19 vaccine was reported by mass media [7] as early as December
2020. With the beginning of the global COVID-19 vaccination campaign, a few cases of unex-
plained encephalopathy following COVID-19 vaccine injections have been reported in liter-
ature [8-11]. The onset of acute encephalopathic symptoms was in all cases within a few days
of a COVID-19 vaccine administration, as in our patient, and an extensive metabolic, toxic,
infectious, autoimmune work-up was negative. Diffuse electroencephalography slowing was
detected in ours and 2 other cases [8, 11]; nonconvulsive status epilepticus was also reported
[10]. In prior studies, CSF analysis was unremarkable or showing pleocytosis; one study
reported a significant increase of the blood-brain barrier permeability and of cytokines levels
in the CSF (interleukin 6 and 8) associated with increased C-reactive protein and interleukin
6 in serum [9]. All patients had an almost complete recovery within a few days of symptom
onset. A role for high-dose steroids has been suggested in positive outcome; however, since
all patients recovered very rapidly with only 1-2 doses of treatment, it is unclear if the clinical
improvement was secondary to steroid use or spontaneous resolution of neuro-inflammation.
Here, we report a patient who developed a transient post-COVID-19 vaccine inflammatory
encephalopathy in the setting of remote COVID-19 infection (1 year prior), positive SARS-
CoV-2 IgG, and elevated inflammatory markers and had a complete and spontaneous reso-
lution of the neurological symptoms on day 5 post-vaccine (day 3 of hospitalization), achieved
with no medical treatment.

A rationale for serology-based (IgG-positivity) vaccine dosing and timing has been
proposed to maximize population coverage, given the worldwide vaccine shortages [12].
Physicians should be alert to possible postvaccination reactogenicity in individuals with
SARS-CoV-2 IgG-positivity, including risk of neuro-inflammation.
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