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Abstract
The spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has triggered a
global effort to rapidly develop and deploy effective and safe coronavirus disease 2019
(COVID-19) vaccinations. Vaccination has been one of the most effective medical interven-
tions in human history, although potential safety risks of novel vaccines must be monitored,
identified, and quantified. Adverse events must be carefully assessed to define whether they are
causally associated with vaccination or coincidence. Neurologic adverse events following im-
munizations are overall rare but with significant morbidity andmortality when they occur. Here,
we review neurologic conditions seen in the context of prior vaccinations and the current data
to date on select COVID-19 vaccines including mRNA vaccines and the adenovirus-vector
COVID-19 vaccines, ChAdOx1 nCOV-19 (AstraZeneca) and Ad26.COV2.S Johnson &
Johnson (Janssen/J&J).

Introduction
The spread of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has trig-
gered a massive global effort in vaccine development. Over 200 vaccines have entered pre-
clinical development since the beginning of the pandemic, of which at least 40 have entered
clinical trials.1 Two mRNA vaccines and the Ad26.COV2.S Johnson & Johnson (Janssen/J&J)
vaccine are now approved by the US Food and Drug Administration (FDA) in the United
States, with several others in the pipeline. The need to rapidly develop vaccines for SARS-CoV-
2 comes at a time when scientific innovation and technology is enabling a new era of rapid
vaccine development, shortening a process that previously stretched over 10–15 years to several
months.

Vaccination has been one of the most effective public health and medical interventions in
human history. An essential part of developing any vaccine is to ensure safety risks are mon-
itored, identified rapidly, and quantified. Causality between suspected adverse events (AEs) and
vaccines are first evaluated during phase 2 and 3 randomized controlled trials to determine
whether the vaccine group has a higher incidence of AEs than the placebo group. After the
vaccine is released, phase 4 observational studies are continually performed to evaluate whether
rare AEs are due to the vaccine or would have occurred in the absence of the vaccine. Sur-
veillance systems are utilized in postmarketing safety monitoring as well. When any suspected
AEs are reported, a causal relationship must be assessed through temporal association, bi-
ological plausibility, and experimental evidence.2 Neurologic AEs following immunizations are
overall rare, though with significant morbidity and mortality when they occur3 (Table).

Here, we review past neurologic events in the context of prior vaccine programs. Current trial
safety data with regards to neurologic events with approved coronavirus disease 2019 (COVID-
19) vaccines in the United States are also discussed.
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Historical Aspects of Vaccine Safety:
Neurologic Conditions
Vaccinations have been the most successful tool against in-
fectious diseases, although overall vaccine hesitancy and
perception of risk have limited the success of some disease
eradication measures. While the advent of national vaccine
campaigns coincided with a fall in the percentage of childhood
deaths from infection, from 61.6% in 1900 to 2% in 1998,4

there was much public skepticism with traditional whole or
partial organism-based vaccines. For example, vaccine-
associated paralytic poliomyelitis (VAPP) is a known side
effect of the oral polio vaccine (OPV), occurring in about 1 in
2.4 million doses.5 Newer platforms of subunit, recombinant
polysaccharide, and conjugate vaccines are believed to be
much safer. Most recently, novel nucleic acid–based vaccines,
including mRNA vaccines used against COVID-19,6 have
emerged using targeted mechanisms that often do not even
require use of adjuvants.7,8 Vaccine safety remains a primary
concern to the general public during the COVID-19 vacci-
nations campaigns now occurring worldwide. Evaluating
whether there may be a causal association between vaccina-
tions and neurologic conditions, rather than isolated temporal
events, is critical to addressing public perception of vaccine
risk.

Influenza Vaccinations
Influenza vaccination is crucial for controlling seasonal in-
fluenza spread and preventing possible pandemics. The first
inactivated influenza vaccine was developed in 1940 by Dr.
Thomas Francis, Jr. and Dr. Jonas Salk as a monovalent vac-
cine, containing inactivated influenza A virus.9 The vaccine
has continued to evolve with the discovery of additional in-
fluenza viruses, resulting in the current inactivated vaccine, a
quadrivalent formulation containing 4 inactivated strains of
influenza.9

Guillain-Barré syndrome (GBS) was first reported as an ad-
verse effect of the influenza vaccine in 1976 during a rapid mass
vaccination effort in the United States in response to the novel
A/NJ/76 (Hsw1N1) influenza virus emergence at a military
base in New Jersey.10 Approximately 43 million people were
vaccinated in a 3-month period through the National Influenza
Immunization Program until the program’s suspension in

December 1976. Several cases of GBS were identified through
Centers for Disease Control and Prevention (CDC) vaccine
safety surveillance.10,11 Nationwide surveillance identified GBS
in approximately 1 in 100,000 vaccine recipients and found that
the risk of GBS among vaccinated individuals was 7.3 times the
risk of that in nonvaccinated individuals.12,13 The baseline in-
cidence of GBS is estimated to be approximately 1.7/100,0000
individuals. The period of 5 weeks after vaccination was iden-
tified as a period of increased risk, though cases of GBS were
reported rarely up to 9–10 weeks after vaccination.12 Since this
time, multiple studies internationally have sought to identify an
association between the seasonal influenza vaccine and GBS,
with conflicting evidence. Some studies have shown higher
GBS incidence with pandemic rather than seasonal vaccines,
while others have found no association, citing multiple con-
founding variables.13,14 A prospective study in Quebec with the
influenza A (H1N1) vaccine found a relative risk of 3.02 of all
confirmed cases and of 2.33 for cases, with the number of cases
attributed to vaccination being approximately 2 per 1,000,000
doses.15 A 2015 systematic review and meta-analysis of 39
studies between 1981 and 2014 reported the overall relative
risk ofGBS from any influenza vaccine was 1.41, with pandemic
vaccines having a higher relative risk of 1.84 as compared to
seasonal vaccines with risk of 1.22, ultimately concluding there
was an association between GBS and influenza vaccine.16 The
pathogenesis for the development of GBS after influenza vac-
cination is thought to be due to antigenic cross-activity that
triggers antibody production against human neuronal cells.14

Most importantly perhaps is the evidence frommultiple studies
that influenza infection has a stronger association with GBS
than vaccines.17,18

Narcolepsy was reported in association with the European
H1N1 influenza vaccination campaign in 2009–2010.19

Pandemrix was the most widely distributed of the 8 in-
fluenza vaccines, with over 30.5 million doses adminis-
tered.20 Surveillance of vaccine-related AEs was notable for
an increase in narcolepsy predominantly reported in chil-
dren and adolescents a few months after initiation of Pan-
demrix vaccination.19,20 The Swedish vaccine safety agency
reported 87 verified cases of narcolepsy with cataplexy in
patients age 19 and younger and found the relative risk of
narcolepsy after vaccination with Pandemrix was 6.6 com-
pared to that of unvaccinated individuals.21 In 2012, The
Finnish vaccine safety agency investigated 71 new diagnoses
of narcolepsy in patients ages 4–19 and found a 12.7-fold

Glossary
ADEM = acute disseminated encephalomyelitis;AE = adverse event; aHIT = autoimmune heparin-induced thrombocytopenia;
CDC = Centers for Disease Control and Prevention; COVID-19 = coronavirus disease 2019; cVDPV = circulating vaccine-
derived poliovirus; CVT = cerebral venous thrombosis; FDA = Food and Drug Administration; GBS = Guillain-Barré
syndrome;HPV = human papillomavirus;MMR =measles, mumps, rubella;MS =multiple sclerosis;OPV = oral polio vaccine;
PF4 = platelet factor 4; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2; VAPP = vaccine-associated paralytic
poliomyelitis; YEL-AND = yellow fever vaccine-associated neurotropic disease.
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increased risk of narcolepsy within 8 months after receiving
the Pandemrix vaccine as compared to unvaccinated indi-
viduals of the same age.20 A 2017 systematic review and
meta-analysis further examined the association between
Pandemrix and narcolepsy in all age groups and determined
that the relative risk of narcolepsy was 5- to 14-fold higher in
children and adolescents, with an absolute risk of about 3
cases of narcolepsy in 100,000 vaccinated adolescents/
children.22 The proposed mechanism of the effect was a
higher prevalence of haplotype HLA-DQB1*0602 in
Northern European countries, which is associated with
narcolepsy. In patients with this haplotype and thus pre-
disposition for narcolepsy, antibodies from the vaccine
cross-reacted with both influenza nucleoprotein and hypo-
cretin receptor 2, associated with wakefulness.23,24 Multicountry
population-based cohort studies have since explored the risk of

narcolepsy associated with other H1N1 pandemic influenza
vaccines as well as seasonal influenza vaccines and have found no
evidence of association.25,26

Poliomyelitis Vaccinations
Poliomyelitis cases have been successfully reduced >99.9%
worldwide, with only 1 serotype remaining in 2 countries.27

This has been accomplished through the introduction of the
inactivated vaccine by Salk in 1955, the live, attenuated oral
vaccine by Sabin in 1961, and the formation of the Global
Polio Eradication Initiative in 1988.28 Not including a tech-
nical failure to completely inactivate the Salk vaccine in 1955
at Cutter Laboratories, no neurologic adverse reactions have
been conclusively and solely linked to the inactivated polio
vaccine.28 There have been individual case reports of acute

Table Neurologic Adverse Events Following Immunizations

Organism Years/vaccine
Vaccine
mechanism Neurologic adverse event

Incidence
with vaccine
(doses)

Incidence
with
pathogen

Background annual
incidence

Influenza 1976–1977: H1N1
“swine flu” vaccine

Trivalent
inactivated

GBS 1:100,000e44,a 1.72:100,000
influenza-
related
health care
encounters17

0.2–2.7:100,000e45,e46

Polio 1961–1963: Sabin
vaccine

Live
attenuated

VAPP 0.3–0.5:
1,000,000e47,e48

0.5–5.0:
1,000e47,e48

NA

Measles, mumps,
rubella

1971: MMR
vaccine

Live
attenuated

Febrile seizures, acute
postinfectious measles
encephalomyelitis/measles-
induced ADEM, primary
measles encephalitis

3.5:10,000e57;
1–2:
1,000,000e50;
insufficient
evidence

NA; 1:
1,000e50; 1–3:
1,000e51

NA; 0.8:100,000 (ADEM)e53; NA

Rabies 1885–1991: Sabin
vaccine

Inactivated
nerve tissue

Neuroinflammatory events 0.14:1,000–1:
12052, 55

NA: Fatal 0.8:100,000 (ADEM)e53

Yellow fever 1982 Live
attenuated

YEL-AND 0.8:100,000e52 NA NA

Hepatitis B 1986 Recombinant
protein
subunit

Multiple sclerosis 4.4:100,000e54 NA 2.1:100,000e55

Human papilloma
virus

2006 Recombinant
protein
subunit

GBS, dysautonomia, chronic
fatigue, complex regional pain
syndrome

Insufficient
evidence

NA 0.2–2.7:100,000e45,e46; NA

COVID-19 2021: Johnson &
Johnson vaccine

Viral vector Cerebral venous thrombosis 0.8:
1,000,000e56

39:
1,000,000e57

1–1.5:100,000, 000e58

Tetanus 2005: Tdap Toxoid GBS, meningoencephalitis,
headache

Insufficient
evidence

Insufficient
evidence

0.2–2.7:100,000e45,e46; NA

Varicella-zoster
virus

1995: Varicella Live
attenuated

Vaccine-strain viral
reactivation with subsequent
infection resulting in
meningitis or encephalitis

Insufficient
evidence

2: 100,000e59

(encephalitis)
13.8:100,000 (meningitis);
5:100,000 (encephalitis)e61,b

Varicella-zoster
virus

2017: Shingrix
vaccine

Recombinant
protein
subunit

Optic neuritis, GBS Insufficient
evidence

Insufficient
evidence

3.9: 100,000e60; 0.2–2.7:
100,000e45,e46

Abbreviations: ADEM = acute disseminated encephalomyelitis; COVID-19 = coronavirus disease 2019; GBS = Guillain-Barré syndrome; MMR = measles,
mumps, rubella; VAPP = vaccine-associated paralytic poliomyelitis; YEL-AND = yellow fever vaccine-associated neurotropic disease.
a Attributable risk.
b Incidence in the United States.
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disseminated encephalomyelitis (ADEM), encephalopathy,
anti-NMDA receptor encephalitis, and optic neuritis follow-
ing the inactivated polio vaccine, but these cases have involved
combination vaccines and while temporally associated with
their administration, case reports are considered the lowest
level of evidence-based medicine.28-33

A well-documented risk of the OPV is the development of
VAPP.28 VAPP results from the oral vaccine strain returning to a
neurovirulent strain as it replicates in the intestinal tract.34 This
risk is highest in adults and immunocompromised individuals,
particularly those with B-cell disorders.35 Those in close contact
with individuals who receive the OPV can also be at risk for
contracting VAPP as the virus is excreted through stool for up to
6 weeks, when it can revert to its infective form.36 It then has the
potential to cause community outbreaks as a neurovirulent
circulating vaccine-derived poliovirus (cVDPV).28,34 cVDPVs
are similar to wild-type poliovirus, most common in regions
with low immunity, and have the potential to cause paralytic
polio.37 The United States has exclusively used the inactive
polio vaccine since 2000 and the only known cases of cVDPVs
have been nonparalytic and associated with an undervaccinated
community exposed to an immunodeficient individual who had
received the OPV outside the United States.38,39 Some indi-
viduals with B-cell disorders can become chronically infected
and develop immunodeficiency-associated vaccine-derived
polioviruses, which can be paralytic or lead to meningoen-
cephalitis.40 In 1994, a causal relationship between theOPV and
GBS was hypothesized, but not established, by the Institute of
Medicine of the National Academy of Sciences in Washington,
DC, due to biologic plausibility.2

Measles, Mumps, Rubella Vaccine
The live attenuated measles, mumps, rubella (MMR) vaccine
has been previously and incorrectly linked to autism in a now
widely debunked 1998 report.39,41 Case-control, cohort, and
meta-analyses of epidemiologic studies have consistently
shown that there is no association between the MMR vaccine
and autism, leading the Institute of Medicine to conclude in
2004, and again in 2011, that no link exists.41-43 Despite this
evidence, speculation and fear about an association between
MMR vaccination and autism persists.

Aseptic meningitis had historically been reported following
MMR vaccination.44 Retrospective studies and systematic
reviews have supported an association between Leningrad 3
and Urabe strain–containing MMR and aseptic meningitis,
but not with the Jeryl Lynn mumps strain, which is now
commonly used and the only available strain in the United
States.44,45

Systematic reviews have supported a likely association
between the MMR vaccine and febrile seizures, often self-
limiting events, in children the first few weeks after vaccina-
tion.45 This risk appears limited to children younger than 2

years following their first MMR vaccination.46 Notably, there
is no association between the MMR vaccine and the de-
velopment of epilepsy.47

There was a case report of an immunocompromised child
who developed measles inclusion body encephalitis following
MMR vaccination.48 RT-PCR and sequencing revealed the
measles strain isolated in the brain was identical to the
vaccine strain. There have been concerns regarding an as-
sociation between the MMR vaccine and encephalitis or
encephalopathy, but further evaluation and studies show no
evidence of such a link.44 This has led the Institute of
Medicine to conclude in 2011 that there is inadequate ev-
idence of a causal relationship between the MMR vaccine
and encephalitis or encephalopathy.43 Neither MMR nor
other vaccines have been linked to late development of
AEs, akin to the encephalitis that may develop following a
natural measles infection.

Rabies Vaccination
Rabies is a preventable disease with a fatality rate of almost
100%.49 The development of an inactivated vaccine for pre-
exposure prophylaxis in high-risk individuals including vet-
erinarians and postexposure prophylaxis in individuals with
possible exposure has significantly reduced the incidence of
rabies and associated mortality in humans.50 Multiple prepa-
rations of the vaccine exist with varying safety profiles: (1)
nerve tissue vaccines; (2) embryonated egg-based vaccines;
and (3) cell culture vaccines.

The first rabies vaccine contained crude preparations of ani-
mal nerve tissue, developed in 1885 by Dr. Louis Pasteur and
later modified by Dr. David Semple in 1911.51 In 1889, a case
of postvaccine nerve paralysis was reported, followed by a
high volume of case reports of postvaccination meningoen-
cephalomyelitis, mononeuritis multiplex affecting multiple
cranial nerves, dorsolumbar transverse myelitis, and GBS.52-54

The reported incidence of neurologic complications following
these nerve tissue vaccines reported in the literature varies
significantly, from 0.14 per 1,000 cases to 1 per 120 cases per
treatment.52,54,55 A center in Thailand published multiple
retrospective cohort studies of patients admitted with neu-
rologic AEs after receiving the Semple vaccine to better
characterize these events and mechanisms.52,56 One study
published in 1987 reviewed 61 patients who experienced
complications after receiving the Semple vaccine from 1984 to
1985: 25 only had minor AEs such as headache, while the
other 36 had major AEs within 6–14 days of the first injection,
including 6 patients with meningoencephalomyelitis, 2 pa-
tients with meningoencephalitis, 7 patients with myelitis, 13
patients with meningitis, and 4 patients with GBS.52 All 36
with major AEs were found to have elevated levels of both
serum and CSF antibody to myelin basic protein compared to
the 25 patients with minor AEs and 39 other patients with no
complications after immunization, though the study lacked
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appropriate controls.52,56 This study and others clarified that
the mechanism of neurologic injury observed after the Semple
vaccine is most likely mediated by antibodies such as anti–
myelin basic protein that form in response to exogenous nerve
tissue.

In the 1950s, new vaccine strains were introduced containing
purified duck and chick embryos, and a further paradigm shift
occurred in the 1970s with the development of cell culture
rabies vaccines derived from human diploid cell cultures.49,57

These newer vaccines had favorable safety and efficacy, with
incidence of reported neurologic complications following
these vaccines respectively of 0.03 per 1,000 for embryonic
egg-based vaccines and 0.01 per 1,000 for cell culture
vaccines.52,58,59 In 1984, the WHO recommended replacing
all nerve tissue vaccines with embryonated egg-based and cell
culture vaccines.51 High-income countries quickly dis-
continued production of nerve tissue vaccines, but several
low-income countries throughout Africa and Asia continued
to use nerve tissue vaccines due to availability and relative ease
of production. In 2004, the WHO Expert Consultation issued
a statement that all nerve tissue vaccine production must be
discontinued, and by 2015 all countries phased out the nerve
tissue vaccine.60

Yellow Fever
The live attenuated yellow fever vaccine is highly effective and
systematic reviews suggest the vaccine provides lifelong
immunity.e1 However, some cases may call for booster doses
of the vaccine to be administered. This includes those who
were pregnant when first immunized, those who have re-
ceived a stem cell transplant in the interim, and individuals
traveling to high-risk settings who received the vaccine more
than 10 years ago. Historically, the French neurotropic yellow
fever vaccine strain was reportedly associated with encepha-
litis after a temporal association was seen with an increase in
cases in children following a mass vaccination campaign in
Nigeria in the 1950s.e2,e3 A more recently reported neurologic
AE is the development of yellow fever vaccine-associated
neurotropic disease (YEL-AND), for which older age is a risk
factor.e4 YEL-AND includes GBS, ADEM, or meningoen-
cephalitis that occurs within a month of vaccination with
yellow fever virus or antibodies found in the CSF.e5,e7-e10

Incidence is reported at 0.4–0.8 per 100,000 vaccinations and
it is more common inmen, individuals younger than 6months
or older than 60 years, and people with an underlying im-
munocompromised state.e1,e6

Other Vaccines
The hepatitis B vaccine has been under scrutiny for possible
association with multiple sclerosis (MS) since 1998, but most
reported cases occurred in a population genetically predis-
posed to MS and the number of reported cases (1,100/
25,000,000) does not exceed the prevalence of MS in the

unvaccinated population (about 5/100,000).e11 Thus, current
epidemiologic data do not support this proposed association.
Though the human papillomavirus (HPV) vaccine has been
linked to GBS, dysautonomia, chronic fatigue, and complex
regional pain syndrome cases, in 2018 the American Auto-
nomic Society conducted a detailed literature review in-
cluding safety surveillance data and released a statement
reporting no causal relationship between HPV vaccination
and these conditions.e12 The Shingrix herpes zoster vaccine
has had a few case reports of postvaccination optic neuritis
and GBS, but lack of robust data precludes the ability to
determine a causal relationship.e13

Overview of Current COVID-19
Vaccine Candidates
The main SARS-CoV-2 vaccine delivery systems include
mRNA-based vaccines, DNA-based vaccines, viral vector
vaccines, and protein subunit vaccines. There are currently 9
vaccines in phase III or IV trials. Most COVID-19 vaccines
being developed contain copies of the spike surface protein, a
unique feature of the SARS-CoV-2 virus.e14

mRNA-Based Vaccines
Moderna/National Institute for Allergy and Infectious Dis-
eases developed a candidate vaccine mRNA-1273 that en-
codes the SARS-CoV-2 spike glycoprotein.e15 The phase 3,
randomized placebo-controlled trial published in December
2020 enrolled 30,420 volunteers. Exclusion categories rele-
vant to patients with underlying neurologic conditions in-
cluded those in an “immunosuppressive or immunodeficient
state, those who had received systemic immunosuppressants
or immune-modifying drugs for >14 days in total within 6
months prior to screening (for corticosteroids ≥20 milligram
[mg]/day of prednisone equivalent), or those who had re-
ceived systemic immunoglobulins or blood products within 3
months prior to the day of screening.” Exclusion of these
participants likely relates to concern with efficacy of the vac-
cine and monitoring, rather than a safety concern with this
and other nonlive vaccine candidates. The study population
consisted of 24.8% who were 65 years of age or older. There
are no published data on underlying neurologic conditions in
the cohort. The most common treatment-related AEs (those
reported in at least 1% of participants) in the placebo group
and the mRNA-1273 group included headache (0.9% and
1.4%). Bell palsy was reported in the vaccine group (3 par-
ticipants [<0.1%]) and the placebo group (1 participant
[<0.1%]) during the observation period of the trial (through
day 759).e15 Of note, the baseline incidence of Bell palsy is
;2.3/10,000, so these events do not exceed what we would
expect in the population.

BioNTech together with Pfizer developed an mRNA-based
vaccine candidate, BNT162b2, which includes a modified
mRNA and a t2 fibritin-derived trimerization domain to en-
hance immune response.e16 In the phase 2/3 multinational
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trial, individuals over 16 years of age were randomly assigned
to receive 2 doses, 21 days apart, of either placebo or the
BNT162b2 vaccine candidate (30 μg per dose). Key exclusion
criteria included under 16 years of age, a medical history of
COVID-19, treatment with immunosuppressive therapy
(prior to trial or planned receipt during the trial, “including
cytotoxic agents or systemic corticosteroids, e.g., for cancer or
an autoimmune disease”), receipt of immunoglobulin 60 days
prior to or planned receipt during the study, or diagnosis with
an immunocompromising condition (including HIV or any
“known or suspected immunodeficiency as determined by
history, labs/physical exam”).e17 Between July 27, 2020, and
November 14, 2020, 43,448 participants were randomized,
with 21,720 receiving BNT162b2 and 21,728 receiving pla-
cebo. The median age was 52 years, 42% of participants were
older than 55 years, and overall, 21% of the cohort had at least
1 coexisting condition. Underlying neurologic conditions
noted included dementia (7 in experimental arm, 11 in pla-
cebo arm), cerebrovascular disease (195 participants in ex-
perimental arm, 166 in placebo arm), and “hemiplegia or
paraplegia” (13 in experimental arm, 21 in placebo arm). In
terms of reactogenicity, the most commonly reported sys-
temic events included headache (52% among younger vaccine
recipients, 39% among older recipients after the second dose).
Bell palsy was reported by 4 participants in the vaccine group
and none in the placebo group, occurring at days 3, 9, 37, and
48 after vaccination. Rates were consistent with the expected
background rate in the general population. Of the 4 related
serious AEs reported among BNT162b2 recipients, 1 had
reported neurologic symptoms of “right leg paresthesias,” but
no further information on evaluation and etiology of pares-
thesias is given in the study.

Nonreplicating Viral Vector Vaccines
Oxford-AstraZeneca’s vaccine ChAdOx1 nCoV-19 is an ad-
enovirus vector vaccine containing the gene for the spike
protein.e18 Efficacy and safety were compared to a control of
either meningococcal vaccine or saline.e18,e19 Phase III in-
terim results were initially published in early December 2020
and included participants 18 years and older.e20 An interim
analysis of the ChAdOx1 nCoV-19 vaccine included data
from 4 ongoing randomized trials in the United Kingdom,
South Africa, and Brazil. A total of 23,848 participants were
enrolled at the time of the interim report. Primary efficacy was
assessed in participants who received 2 doses of the vaccine.
All 4 studies included participants who received 2 doses. Key
exclusion criteria relevant to individuals with neurologic
conditions included “administration of immunoglobulins
and/or any blood products within the 3 months preceding the
planned administration of the vaccine candidate, confirmed or
suspected immunosuppressive or immunodeficient state and
use of immunosuppressant medication within the past 6
months, except topical steroids or short-term oral steroids
(course lasting <14 days), any autoimmune conditions not
requiring immunosuppressive or immunomodulatory ther-
apy, and chronic neurologic illness excluding migraine.”e18

Safety data were based on 74,341 person-months. Serious

neurologic side effects were noted in 2 participants: (1)
transverse myelitis occurring 14 days after booster dose and
(2) transverse myelitis occurring 10 days after initial dose in a
participant who was later assessed and diagnosed with MS. A
third case of transverse myelitis occurred in a participant in
the control group who had received meningococcal vaccine
68 days previously. There were 6 cases of facial paralysis
noted: 3 in the vaccine arm and 3 in the control arm. Several
other nervous system AEs were reported in both the experi-
mental and control arm (n = 64, 0.5% in the experimental
arm; n = 79, 0.7% in the control arm); those only reported in
the experimental arm or reported at a higher rate than in the
control arm (all <0.1%). There was no evidence of causality
from the vaccine and timing of the AEs was not available. The
neurologic events reported only in the control arm are not
included here. Public health surveillance has identified cases
of thromboses, including cerebral venous thrombosis (CVT),
after the ChAdOx1 nCoV-19 vaccine.e21 Thrombotic events
have been associated with low platelet counts with events
resembling autoimmune heparin-induced thrombocytopenia
(aHIT). Many individuals have been positive for anti–platelet
factor 4 (PF4) antibodies, as in aHIT.e22 Recent updates have
reported 309 cases of thrombosis in Europe, with approxi-
mately 40% of cases having evidence of CVT.e23-e25 The
majority of cases reported were in women younger than 60
years, which led some countries to restrict the age range for
administration of the ChAdOx1 nCoV-19 vaccine.e24 Overall
risk is thought to be very rare, especially in the context of the
significant risk of thrombotic events in the context of acute
COVID-19 itself.

Ad26.COV2.S Johnson &
Johnson (Janssen/J&J)
The Ad26.COV2.S vaccine is a human adenovirus vector
vaccine encoding the SARS-CoV-2 spike protein.e26-e28 In the
interim analysis of the phase 3 data, 19,630 participants re-
ceived Ad26.COV2.S and 19,691 received placebo.
Ad26.COV2.S protected against moderate to severe critical
COVID-19 “with onset at least 14 days after administration
(116 cases in the vaccine group vs 348 in the placebo group;
efficacy, 66.9%; adjusted 95% CI, 59.0–73.4) and at least 28
days after administration (66 vs 193 cases; efficacy, 66.1%;
adjusted 95% CI, 55.0–74.8).”e26 In the vaccine group, the
most common systemic reactions were headache (in 38.9%),
fatigue (in 38.2%), and myalgia (in 33.2%). Venous throm-
boembolic events (11 in the vaccine group vs 3 in the placebo
group), seizure (which occurred in 4 participants in the vac-
cine group vs 1 in the placebo group), and tinnitus (in 6 vs 0)
were among the serious AEs thought to be related to vacci-
nation. There was 1 participant who developed GBS in the
active vaccine arm and 1 participant developing GBS in the
placebo arm.e29,e30 In postmarketing surveillance, additional
GBS cases were identified by FDA medical officers’ daily re-
view of incoming serious AE reports and automated query of
the Vaccine Adverse Event Reporting System (VAERS) for
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AE terms for GBS. As of June 30, 2021, preliminary data from
the US CDC identified 100 GBS cases, with 95 patients
hospitalized, 10 patients intubated, and 1 death.e31 Sixty-one
(61%) were male, mean age 53.6 years (12.46), with median
time of onset 13 days (range 0–75 days) after vaccination,
with 98 cases in a 42-day window after vaccination. With 98
cases of GBS in a 42-day risk window from 12,235,978 vaccine
doses given, the risk ratio of GBS based on these preliminary
reports is 5.010 (95% confidence interval 4.07, 6.11). Twenty-
four reports described bilateral facial palsy, 12 unilateral Bell
palsy, and 6 mentioned a recent illness including generalized
rash, upper respiratory infection, or flu-like symptoms 1–2
weeks before GBS. On July 12, 2021, authorized emergency
use authorization fact sheets by the FDA were updated to
include new information about GBS.e32 Ongoing analysis of
cases is being conducted as well as further surveillance to
define possible causal association with vaccination. The an-
nual incidence of GBS prior to the COVID-19 pandemic is
estimated to be 1.7/100,000.e33

In the clinical trials, there was also 1 patient with a venous
thrombotic event who also had a CVT event, in a 25-year-old
man with transverse sinus thrombosis. The clinical trial as-
sessment was that the CVT “most likely resulted from mul-
tiple pre-disposing factors including preexisting cerebral
sigmoid sinus stenosis and an infection with an unknown
organism that started 8 days following vaccination, triggering
inflammation and a hypercoagulable state.” Importantly,
thrombocytopenia was also observed and subsequent testing
identified anti-PF4 antibodies at the time of the event. In
postmarketing surveillance, further cases of thromboses with
thrombocytopenia have been identified. In mid-April, the
CDC recommended a pause in the use of the vaccine, in the
context of 6 reports of CVT.e34,e35 The pause was later lifted
after thorough safety review. As of May 7, the CDC reported a
total of 19 or 28 thrombosis with thrombocytopenia syn-
drome cases with CVT. Among the 28 cases of thrombosis
with thrombocytopenia syndrome, median age was 40 years
(range 18–59 years) and 22 (79%) cases were in women.e36

Many individuals have multiple sites of thromboses.e37 The
cases closely resembled those described after ChAdOx1
nCOV-19 vaccination with presence of thrombocytopenia
and positive anti-PF4 antibodies.

Other viral vector vaccines utilizing adenoviruses include the
Ad5-nCoV vaccine (sponsored by CanSino Biologics)e38 and
rAd26 and rAd5 vector-based Gam-COVID-Vac (sponsored
by Sputnik V).e39,e40 No current reports exist with regards to
venous thromboses including CVT with these other adeno-
virus vector vaccinations though surveillance systems are re-
gionally variable. Vector-based vaccines utilizing inactivated
SARS-CoV-2 are also in trial, including Coronovac (spon-
sored by Sinovac Biotech),e41 which uses an aluminum hy-
droxide adjuvant, and inactivated COVID-19 (sponsored by
Sinopharm).e42 A vector-based trial is underway utilizing
TICE Bacille Calmette-Guérin (Merck), which contains live
attenuated Mycobacterium bovis.e43

Discussion
In addition to clinical trial data, monitoring of AEs following
COVID-19 immunizations in the postmarketing period is an es-
sential strategy for ensuring safety. Historical examples of neuro-
logic conditions in the context of vaccines emphasize the critical
need for ongoing and robust pharmacovigilance for investigating
possible AEs following immunization. Reports of possible AEs
often serve as a major influence on public opinion on vaccine
safety, and thus, it is a scientific obligation to perform thorough
investigations. The CDC has expanded safety surveillance in the
United States on COVID-19 vaccines through a multipronged
approach including passive and enhanced-passive surveillance
methodologies, new systems including v-safe, and additional in-
formation sources, and scaling up existing safety monitoring sys-
tems. The importance of monitoring for possible neurologic
events in thosewith andwithout underlying neurologic conditions
is essential, with collection of detailed epidemiologic and clinical
data to define whether a causal relationship is plausible.
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