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Abstract

The coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has
precipitated a global health crisis of unprecedented propor-
tions. Due to its severe impact, multiple COVID-19 vaccines
are being developed, approved, and manufactured rapidly.
However, some serious adverse events (AEs) were reported
after the application of them, significantly increasing con-
cerns about the safety and efficacy of the vaccines and
doubts about the necessity of vaccination. Particularly, pre-
vious vaccination campaigns have shown us that partial vac-
cination can induce neurologic AEs. Herein, we discuss in
depth the involvement of the nervous system during SARS-
CoV-2 infection or after vaccination. On the one hand, CO-
VID-19 could pose an enormous threat to human neurologi-
cal health through directinfection and indirect neurotoxicity
effects. On the other hand, our review indicated that only a
few serious neurological AEs following vaccination occurred
and among which headache was the most common. More-
over, some neurological AEs do not seem to be related to
vaccination. Of course, the causal relationships between sev-
eral vaccines and AEs are considered plausible, and it is not

doubtful that these AEs should be taken seriously by clini-
cians in assessing the potential risks and benefits of vaccina-
tions in special populations. Nevertheless, in the case of the
rapid spread of COVID-19, the potential side effects of vac-
cination on the nervous system should be compared with
adverse COVID-19 outcomes rather than being considered
alone. Thus, it is obviously a wise option to be vaccinated
instead of suffering from serious adverse symptoms of virus

infection. ©2022 S. Karger AG, Basel

Introduction

The novel coronavirus pandemic, which began in
2019, has exerted a devastating effect on society, econom-
ics, and public health around the world. In addition, mu-
tations in the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) genome make the control of the
epidemic more complicated. Currently, the coronavirus
disease 2019 (COVID-19) has caused more than 400 mil-
lion confirmed cases, including more than 5 million
deaths [1]. As a countermeasure, the speed of COVID-19
vaccine development is unprecedented. According to
World Health Organization (WHO), more than 143 vac-
cine candidates are currently in clinical trials, and 9 of
them (AstraZeneca/Oxford Vaccine, Johnson and John-
son, Moderna, Pfizer/BioNTech, Sinopharm, Sinovac,
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Table 1. List of neurological AEs associated

with vaccination Neurological AE

Vaccine against Reference

™

GBS

PTS
Narcolepsy
ADEM

MS
Neuromyelitis optica

[8-11]
[12]
[13]
[14]
[15]

Influenza, polio, rabies, rubella

Influenza

HBV

Influenza

Rabies, DTP, smallpox, measles, mumps, rubella,
JBE, pertussis, influenza, HBV, hog

Influenza, HBV

HPV

[16,17]
[18]

TM, transverse myelitis; HBV, hepatitis B virus; HPV, human papillomavirus; DTP,
diphtheria-tetanus-polio; JBE, Japanese B encephalitis; GBS, Guillain-Barré syndrome; PTS,
Parsonage-Turner syndrome; ADEM, acute disseminated encephalomyelitis; MS, multiple

sclerosis.

Bharat Biotech BBV152 COVAXIN, Covovax, and Nu-
vaxovid) have been granted emergency use authorization.
However, during the past few months, serious adverse ef-
fects such as cerebral venous sinus thrombosis (CVST),
splanchnic vein thrombosis, and thrombocytopenia were
reported after vaccinations, and some cases have even
proved fatal [2]. Immediately, some countries suspended
the inoculation of several vaccines. These events sparked
an intense societal and scientific debate on whether the
benefits of existing vaccines outweigh the potential risk of
unknown adverse events (AEs). It should be noted that
the situation is bound to cause hesitation about vaccina-
tion, or more extreme anti-vaccine sentiment, which will
become an obstacle to achieving adequate vaccination
coverage.

As is well known, nervous system complications are a
significant determinant of COVID-19 severity. The earli-
est reports from Wuhan found that 36.4% of patients
showed a certain extent of neurological involvement, and
which included central nervous system (CNS) manifesta-
tions (dizziness, headache, impaired consciousness, acute
cerebrovascular disease, and epilepsy), peripheral ner-
vous system (PNS) manifestations (anosmia, hypogeusia,
visual impairment, and neuralgia), and skeletal muscular
damage [3]. In a cohort study of 3,744 patients with clin-
ically diagnosed or laboratory-confirmed COVID-19 at
28 centers, neurological manifestations were found in ap-
proximately 80% of patients; the most common self-re-
ported symptoms included headache (37%) and anosmia
or ageusia (26%), whereas the most common neurologi-
cal signs and/or syndromes were acute encephalopathy
(49%), coma (17%), and stroke (6%) [4]. More seriously,
some of the above symptoms still bothered many survi-
vors at 1 year after discharge from hospitals, 10.4% of
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them suffered from anxiety, 2.3% from headache, 1.4%
from taste change, and 1.3% from impaired sense of smell
[5]. Recently, by searching literature relative to thyroid
dysfunction in patients with COVID-19, Scappaticcio et
al. [6] have suggested that the entire hypothalamic-pitu-
itary-thyroid axis could be the target of damage by CO-
VID-19. Specifically, it could manifest as thyrotoxicosis,
hypothyroidism, as well as nonthyroidal illness syndrome
[6]. Moreover, the level of serum adrenocorticotropic
hormone was significantly increased in COVID-19 pa-
tients compared to normal controls, but was dramatically
decreased in critical cases compared to noncritical pa-
tients [7]. Therefore, it is essential to pay attention to the
health of the nervous system and neuroendocrine func-
tion during the COVID-19 pandemic. Based on the re-
sults of previous mass vaccination campaigns [8-18], we
made a comprehensive summary table (Table 1) that con-
tains the neurological AEs following vaccinations. A part
of these events is considered to be associated with vac-
cine-specific immune responses, which may derive from
the stimulation of vaccine itself or adjuvant. Generally, in
comparison with nonadjuvanted vaccines, adjuvanted
vaccines can cause more local reactions (e.g., swelling,
redness, and injection site pain) and more systemic reac-
tions (e.g., chills, fever, and body aches). Of note, in order
to accelerate the development of COVID-19 vaccines,
many new platforms previously not widely used such as
protein subunit, nRNA, DNA, and virus-like particle are
applied, which may further increase the possibility of un-
known neurological AEs after vaccination. Due to the un-
precedented mass vaccination, an insignificant increase
in the incidence of the side effects will also have a major
impact on public health. Therefore, there is an urgent
need to review the limited data and theoretical consider-
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ations for informing clinical guidelines and our under-
standing regarding the various effects of COVID-19 and
vaccines on nervous system.

Neurological Involvement of COVID-19: From
Neuroinvasion to Neuroimmune Crosstalk

An ultrastructural autopsy performed within 3 h of
death from COVID-19 demonstrated severe and wide-
spread damage in the olfactory nerve, gyrus rectus, and
medulla oblongata [19]. Moreover, Remmelink et al. [20]
found 8 cases with cerebral hemorrhage or hemorrhagic
suffusion, three with focal ischemic necrosis, five with
edema and/or vascular congestion, and 10 with diffuse or
focal spongiosis in 17 adult patients with COVID-19. It is
worth noting that they also detected SARS-CoV-2 RNA
in 9 of the 11 cerebral samples [20]. Similarly, according
to a statistical analysis of 25 papers [21], the positive result
was also obtained in cerebrospinal fluid from 6.4%
(30/468) patients, among which 21 presented symptoms
that localized in the CNS and 3 had PNS symptoms such
as Guillain-Barré syndrome (GBS). Based on the detec-
tion of SARS-CoV-2 in the olfactory mucosa/nerve/bulb
and clinical-neurological signs related to alterations in
smell and taste perception, it was assumed that SARS-
CoV-2 enters the CNS through the olfactory pathway.
However, most studies reporting an infection of olfactory
neurons only displayed a few images showing isolated ol-
factory neurons possibly co-located with the virus, and
semiquantitative analyses showed that the SARS-CoV-2
was mainly located in Bowman’s gland cells and susten-
tacular cells [22, 23], while olfactory neurons did not con-
tain virus or contain very few [22, 24-26]. The only quan-
tification was made in human angiotensin-converting
enzyme 2 mice, and the authors found only a small popu-
lation of immature olfactory sensory neurons (1.28%)
and mature olfactory sensory neurons (0.03%) were in-
fected by SARS-CoV-2 [27]. Moreover, virus-infected ol-
factory epithelium has been shown to contain dying neu-
rons [28], which can be phagocytosed by sustentacular
cells [26, 29]. Thus, the viral protein of the infected sus-
tentacular cell may generate false positives. Taken togeth-
er, the brain infection in COVID-19 is unlikely to be
through the olfactory nerve, but through other routes
such as the hematopoietic pathway via the blood-brain
barrier, retrograde axonal transport through the other
cranial nerves, and so on.

Notably, among the 13 cases of classic GBS that associ-
ated with SARS-CoV-2 infection, pulmonary involve-
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ments were very mild and the results of SARS-CoV-2 test
in cerebrospinal fluid were negative [30]. Thus, not all
neurological symptoms require direct infection of the
nervous system. Indirect neurotoxicity can be secondary
to immune-mediated pathogenesis [3, 31]. In SARS pa-
tients, it has been reported that autoantibodies binding to
endothelial cells and epithelial cells could induce some of
these cell lyses [32]. Similarly, in COVID-19 patients, an-
tibodies against the virus may also attack antigens of en-
dothelial cells in cerebral vessels. In addition, gastrointes-
tinal infection poses another threat to the nervous system,
as it may increase the transport of aberrant proteins like
a-synuclein which are associated with neurodegenerative
diseases [33]. More importantly, nerve injury leads to ab-
normal intestinal blood flow and intestinal dysmotility,
which could further promote bacterial components and
metabolites” entry into the blood and brain parenchyma,
aggravating brain damage [34]. By the way, the therapeu-
tic potential of multiple drugs used for other diseases
leads to the off-label use for COVID-19, such as cortico-
steroids, antiretroviral drugs (remdesivir, lopinavir-rito-
navir, and darunavir), biological treatments (tocilizum-
ab), and antibiotics (azithromycin), but some of which
have been shown to induce neurologic and psychiatric
symptoms. As mentioned in our previous paper, periph-
eral administration of dexamethasone could induce bi-
phasic effects on anxiety-related behaviors and cerebral
edema [35]. Recently, gastrointestinal hemorrhage and
psychosis are deemed to be related with dexamethasone
treatment in the RECOVERY trial [36]. Apart from this,
lopinavir could cause disruption of astrocytic glutamate
homeostasis and was associated with neurobehavioral
deficits and gliosis in mice exposed to oral doses [37].
Likewise, suramin treatment (which is at least 20-fold
more potent than remdesivir in inhibiting SARS-CoV-2
RNA-dependent RNA polymerase activity) could lead to
Ca2+ dyshomeostasis in dorsal root ganglia neurons and
subsequently a predominantly sensory axonal-demyelin-
ating neuropathy [38].

Systemic and Neurological AEs following
Vaccinations

To obtain the literature of COVID-19 vaccine trials,
we used the WHO COVID-19 vaccine tracker and land-
scape. Meanwhile, the PubMed database and Google
Scholar were searched from database inception to Febru-
ary 2022 for all articles in any language using “COVID-19
vaccine,” “safety,” “efficacy,” “randomized,” “clinical tri-
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al,” and clinical trial number (including NCT, ChiCTR,
PACTR, ISRCTN, CTRI, EUCTR, NL, jRCT, RPCEC,
IRCT, ACTRN, and PER) as keywords. We excluded re-
views, letters, editorials, study protocols, animal studies,
case reports, and meeting abstracts. Then, the literature
was screened by the following criteria: (1) healthy par-
ticipants older than 16 years; (2) a sample size of at least
100 participants; (3) randomized controlled design; and
(4) the most recent study phase. A total of 33 studies met
the inclusion criteria [39-71], and we extracted the vac-
cine platform, name, location, age, study phase, sample
size, and safety data (especially the neurological AEs)
from the included clinical trials (Table 2). Moreover, it
must be noted that vaccine-unrelated AEs as specified in
the articles have been excluded.

From Table 2, we can see that serious AEs occurred at
a higher frequency in RNA groups, especially mRNA-
1273. Pain, fever, and headache are the most commonly
reported grade III and IV AEs after vaccine administra-
tion. Among them, the headache following COVID-19
vaccination is not similar to the headache after other pre-
vious vaccinations. The constellation of accompanying
symptoms along with the temporal and spatial headache
characteristics delimits its unique phenotype [72]. In
terms of other neurological AEs, they presented more of-
ten among nonreplicating viral vector vaccine and RNA
vaccine recipients in the clinical trial phase, and of note,
more types were identified in mass vaccination cam-
paigns (Table 3) [73-84]. It is considered reasonable be-
cause some diseases are too rare for such events to be ob-
served in hundreds to tens of thousands of subjects.
Moreover, clinical development programs are designed
to explore the benefits of vaccines, with demonstration of
efficacy being the primary goal of standard vaccine trials.
Vaccine safety assessment is generally considered as a
secondary objective, and pivotal randomized clinical tri-
als are not powered to enable statistical analyses of end-
points of specific AEs. Only after vaccination is adminis-
tered in large populations after licensure is it possible to
observe several uncommon AEs. Further, some AEs
could be more complex and difficult to identify, especial-
ly those of COVID-19 vaccines produced utilizing new
technologies.

Nonreplicating Viral Vector Vaccine
According to Table 1, GBS could be triggered by influ-

enza vaccination. Similarly, although seeing only 1 case
among numerous Ad26.COV?2.S recipients (Table 2), Sa-
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doff et al. [43] considered it was associated with vaccina-
tion. During the mass vaccination campaigns, the Food
and Drug Administration has issued a statement that
Ad26.COV2.S might trigger a rare neurological condi-
tion in a small number of people, and the European Med-
icines Agency’s Pharmacovigilance Risk Assessment
Committee recommended adding a warning about GBS
to the label of the vaccine to inform health care providers.
It is easy to understand because the secreted IgG might
cross-react with surface epitope in the PNS similar to
SARS-CoV-2 spike glycoprotein or aberrant splice vari-
ants [85], thereby activating the complement system and
leading to nerve cell membrane damage and destruction.
In addition, vaccination results in T cell activation and
differentiation into a T helper cell type 1 or Th2 pheno-
type. Once inside the PNS, the T helper cell type 1 would
recruit and activate macrophages, which could initiate
damage to PNS by producing and secreting nitric oxide
and matrix metalloproteinases. Most importantly, most
adults have been infected by multiple adenovirus types.
When injected with the adenovirus vector vaccine, the
anti-adenoviral effector memory T cells will be reactivat-
ed. By the way, in cases of GBS after AZD1222 vaccina-
tion, there were marked differences in clinical patterns
and sex ratio across countries. Most patients were male in
the UK, with most developing distal dysesthesia and a few
of them having quadriplegia. In contrast, all patients de-
veloped quadriplegia and the majority of them were fe-
male in India [73]. Thus, it is necessary to further inves-
tigate the effect of nonreplicating viral vector vaccination
on the development of GBS in people with various ge-
netic backgrounds and whether specific subpopulations
have a higher risk.

A new type of AEs called thrombosis with thrombocy-
topenia syndrome (TTS) has been detected in a small
number of individuals who received the Ad26.COV?2.S or
AZD1222 vaccine. According to WHO, the causal rela-
tionship between these vaccines and TTS is considered
plausible. In 72% of initial TTS reports, CVST was noted
and may be associated with special blood flow condition
in this area. This result is not difficult to understand, since
the study by Kowarz et al. [86] has shown that the splice
reactions in adenovirus-based vaccines could result in
spike protein variants that lack the transmembrane an-
chor and thus may become secreted due to the nature of
the secretory pathway. Moreover, the nonunidirectional
blood flow in the venous vessels of CNS sinuses could
prolong the residence time of variants, thereby increasing
the probability of binding to endothelial cells expressing
ACE2. Notably, Ad26.COV2.S appears to carry fewer

Chen/Cao/Liu/Cai



(1) eisayysaled 63] b1 pue

‘(1) erwyiAydie JendLIuaA jewsAxoled
‘(1) AyredouspeydwA| A1e|jixe yb1l
‘(1) Kanfuisapinoys ‘(dNQ) Buljiams
"(dNQ) ssaupal ‘(dNQ) uted ‘(dNQ)
eayLeIp ‘(dNQ) buniwona ‘(dNQ)

Sn pue
‘Aoxjan| ‘Auewnsan ‘edLyy

[S¥] (dNQ) @ydepesy SIY2 ‘(dNQ) @nbiey ‘(dNQ) J9As4  (080°2T SA §80°CT) S9L'vh €/C  9I< y1nos ‘|izeig ‘eunuabiy ¢qeolINg
(161)
S|y pue ‘(zz) easneu ‘(z/) eibjelyiie
(1) adooufs pue ‘(1)  ‘(Lze'l) eibjeAw ‘(ggy’L) anbney (917)
1USpPIDIE. JR[NJSRA0IGDIDD 19A94 /(89) Buljjams Aiejjixe ‘(§57)
vl '(999) aydepesy Buljiams ‘(£87) ewaYIkId (909) Uled  (90T'SL 'SA60T'SL) SLE'0€ € 8I< SN €LT1-VNYJW VNY
(1) uonsabuod [eseu pue ‘(|)
eipJedAyoe} ‘(1) SWOoIpUAS uolreudden
-350d ‘(1) siupaeduad ‘(1) Japiosip
uopual ‘(1) AMwa.1xa ur ured ‘(1)
() @yoepeay pue AuAnisuasiadAy a11s uoneurddea (1)
‘(1) smnaipel |eryoeiq ‘() eibjeAw ‘(1) buniwon ‘(1) eisdadsAp SN pue ‘ed1yy yinos
As|ed s,||9g ‘(1) @doduAs (1) ‘(1) eayelp ‘() BASNeuU ‘(1) eixalAd ‘niad ‘0dIXal ‘elquiojod)
[ev] SwoipuAs puieg-ute||in ‘(1) dstejew ‘(1) s|y> ‘(z) anbney  (888'LT 'SA 568'17) €8L'EY € 8I< 31y ‘|izeig ‘eunnusbuy
(1) e1bjeAw pue (1)
uo1d34UI PaZI|ed0] (1) SIHISNUIS 93Nde
‘(1) BWY3AID 3}IS Uol3RUIDIRA /(1)
anbiyey} (z) easneu ‘(1) J9xjewW SISOIddU
|elpJedoAw paseasdul (1) duiddeA 0y SN pue ‘yn ‘uteds
(1) sisased  ABuajje ‘(1) obiaA ‘(1) siipieduad (1) ‘ed14y Yyinos ‘ssurddijiyd
|eey pue ‘(1) ayoepeay ‘(L)  wstjoqua Areuownd ‘(1) siskidoway 9y ‘Auewan) ‘aduel4
[cyl  uspiddedendserolqeia) ‘(1) eixauAd ‘(1) Buljlems aus uondafu]  (Z6S'SL 'SA 80L'SL) 00E'LE € 8lT ‘elqwojoD ’|izelg ‘wnibjag STAOD'9ZPY
[L¥] SUON SUON (9£4¥'G SN LOS'OL) £LL61T € 8I< elssny A>jiuinds
(6t) uted pue ‘(€) buijjams ‘() ssoupal
‘(59) sayde 9psnw pazijelsausb
‘(1) Buniwon ‘(£) eayutelp ‘(1) eIssny pue ‘ueisiyed auddeA 61-dINOD
[ov] (S8) @yoepeay easneu (99) ssaUISMOIpP ‘(£7) 49Aed  (PSE'8L "SA €9€'8L) L1L'9€ € 8I< ‘0DIX3a ‘3|1yD ‘eunudbly pa10139A-GpY
(dNQ) 3ydepeay
pue ‘(1) eisayisaodAy ‘(1)
Ayyedounauojnoipelfjod (dNQ) @nbirej pue ‘(dNQ)
BuneulpAwap SSaUI9PUD) ‘(dNQ) dslejew ‘(dNQ) JOID3A |RIIA
l6€] A1ojewwepurdiuolyd  uted RSN ‘(dNQ) SIIIY (ANQ) 49424 (9L8'0L 'SA SE9'LT) LSH'TE € 8I= niad pue ‘s3j1yd ‘sn zziazy buneoydaiuon
(u ‘sased) sy |ed1bojoinau (u ‘sased) sy |eaibojoinau  (dnoub ogadeld 'san dnoib  aseyd wioped
ERICIEIEN] Al pue ||| 9pein 1daoxa s3y Al pue ||| opelD aupdeA) azis ajdwes  Apnis  aby uol3ed07 QuIDdeA auPdeA

S|el [e21Ul}D 15918] AY) Ul SUIIEA 6L-AIAOD JO SV Al PUE ||| 9peID *Z 3]qeL

Neuroendocrinology

Impact of COVID-19 and Vaccine on the

Human Nervous System

DOI: 10.1159/000524234



[£8] 9UON SUON (001 'sA 867) 86€ 7/l 09-8l eissny JBAINOD
[94] 9UON SUON (GE'sAs/L)0LT ¢/l 658l puejieyy S-dXH-AAN
[g4] 9UON SUON (001 "sA 00%) 00S ¢ 658l eulyd DVANODM
[¥S] dNd dNQ (668l 'SA668'CL) 86L'ST € 86-8l elpu] ¢SLAgg
[e€q] 9UON SUON (009 "sA 00%°2) 000°€ € 8I< Ad oUI-pIn0DZED
(S1192 0J3A) BUIPIRA
[es] SUON SUON (051 'SA 009) 05 ¢ 658l eulyd C-N\OD-SHVS
(61) @nbney pue
(1) ‘smyunad “(9) eaudsAp ‘(z) eibjeiyye
‘(8) eIBbjeAW ‘(1) BASNERU ‘(£) BUIMWOA
‘(1) eibeydsAp ‘(1) uonednsuod
'(8) eayuiep “(€7) 19134 (1)
[Ls] (€1) @yoepesH Buiyoy ‘(1) ysed ‘(1) ured ‘(L) sissw3  (LLP'EL 'SAOLY'EL) L¥6'9T € 8I< ulelyeg pue 3yN ¢0dH
(11) @nbney pue
‘(1) S3l3jewIoUqe [BSOdNW pUE UlyS
‘() snanad ‘() eaudsAp ‘(¢) eibjeiyue
‘(6) e1bjeAw ‘(€) Buniwon ‘(1)
uonediisuod ‘(z|) eaylielp (87) 19n3y
[Lg] (1) ®YyoepesH ‘(1) Buijems ‘(1) uoneinput ‘(9) uted  (LLY'EL "SAOLY'EL) L¥6'9T € 8I< uleiyeg pue 3yn 7OAIM
[0g] SUON SUON (¥9L 'SA0LT) YEY € 8I< 9lIYyd
(37| 3UON (1) uonseal d1613||e d1WdISAS (895'€ "SA 059'9) 8LT'0L € 65-81 Aaxuny
[8¥] SUON SUON (£0T'9 SN L0T'9) 80¥'CL € 8I< |izeig Je/\euOoIO0D paieAnoeu|
[£¥] 9UON () 1onay pue (1) uted dus uondafu (0Z'sA00L) 0Tl l 65-8L eulyd NODYY
(1) siin|[@d pue ‘(1) sndipuadde
‘(1) e1paedAydey JendLIuIA
‘(1) so]03sAseiIxa Jenduuaeidns
‘(1) 3s341e dRIpIRd ‘(1) UoHIE||IqLY [B1YR nJad pue ‘eweued ‘0dIXa\
‘(1) uordIRUI |eIPIRDOAW D3N ‘() 1jgnday ‘uedjuiwog
eayJIeIp (9) BISNRU “(£9) J19A3} (0F) ‘elqwio]o) ‘euuabiy
(1) 21nz13s eibjesyue ‘(Se L) S|y ‘(66) etbjeAw ‘uleds ‘spuepayiaN
[9v] pue (gv71) ayoepesH ‘(9£1) anbriey ‘(1) Bulams ‘(OL) uted  (1£8'61 "SA 9¥8'61) 089'6€ €/C  8I< 3y ‘Auewnssn ‘wnibjag AODUAD VNd
(u *sased) sy |ed1bojoinau (u ‘sased) sy |edibojounau  (dnoub ogodeld ‘sa dnoib  aseyd wuojpe|d
ERIEIEIEN] Al PUE ||| 9peiD 3d2dXa sy Al Pue ||| 9peiD aupden) azis ojdwes  Apnmis  aby uonedo’ auideA audeA

(panunuod) Z 3|qel

Chen/Cao/Liu/Cai

Neuroendocrinology

DOI: 10.1159/000524234



‘papiaoid 10U e1ep ‘dNQ ‘UBISYNezey Jo dijignday Sy MY ‘S31e1S PaNUN Y1 ‘S ‘WopBuly palun SY1 YN ‘sa1eliwg gely pauun ay3 ‘avn

(L] SUON (1) e1bjeayny (LOL 'SA867) 66€ €/C  8I< SN 0087-ONI VNd
SN pue ‘YN ‘odIxaN 9iued
[0/] SUON SUON  (010'TL "SA9E0'TL) 9L0'VT € 98-8l ‘epeue) ‘|izeig ‘eunusbiy d1A0D AI-SNIIA
(LO-A) BuddeA
ura104d uoisny
[69] dNd dNd (091 'sA 0T/) 088 ¢ 8I< eulyd lueulquoday
aul>deA JlUNgnNs
[89] SUON (1) dstejew pue (1) ured a11s uond3(u| (T 'sA96) 0T L L §5-8L elensny pajueAn(pe-6S4
(dNQ) Butjjams pue
[£9] BUON  ‘(dNQ) anbiyey ‘(1) ssaupai ‘(dNQ) uted (08 "sA 08) 095 z 8I= weulalIp Xenod0ueN
[99] 9UON SUON (2T sAv8Y) 9TL ¢ 0861 eqnd elepqy
(s> 64S)
dulddeA 61-alNOD
[59] dUON (1) Buijams pue (1) ssaupay (091 "SA 008) 096 Z 8l= eulyd JUBUIGWOd3Y
[¥9] dNd dNQ  (S£9'%L 'SA9SE'6T) LEO Y € 086l eqnd C0 YNVYH390S
[€9] 9UON SUON (056G 'SAY0€'E) ¥S8'E ¢ 0C< eulyd LO6LAOD-DAW
ey
yanos pue ‘sauiddijiyd
[col dNd dNd  (#90°GL "SA#90'S1) 8TL'0€ € 8l  ‘elqwoloD ‘|izeig ‘wnibjag 610¢-9D0S
(S0
eibjeAw pue ‘(L €) asiejew ‘(| L) 19Ad4
[19] (£1)3yoepesH  ‘(z1) Buljiams ‘(€7) ewayikia ‘(g) uled (€9 'SA8LE) LYY 7/l 8I< 0dSN  WLp S21d ZA0D
(1) 19n3)
pue ‘(1) yses ‘(1) uoneinpui ‘() ured
[09] (1) aysepeay  aus uondafur‘(g) buljems ‘(9) ssaupay (00€ "sA 009) 006 ¢ 698l eulyd L00C4z
(9€)
e3asNeu pue ‘(9) 19Ad4 (£ L) uted julof
‘(9t8) uted apsnwi ‘(zg0’L) dstejew
‘(€2i'L) anbney ‘(L6) Buljjams ‘(€v 1)
[65] (81S) dydepesH  ewaylkId ‘(££8) SSRUIBPUSY (Z0€) Uted (¥86'6 "SA S96'61) 676'6C € 8I< OJIX3\ pue SN
(dNQ) Buljjams pue ‘(dNQ) ewdyIkid
‘(dNQ) ssausapual ‘(dNQ) uted
(dNQ) 21njesadwal pazens)d “(dNA)
ured juiof ‘(dN@) uted apsnw ‘(dNQ)
[8s] (dNQ) dydepesH  asiejew (dNQ) @nbuey ‘(1) sipIed0AN (¥6S'L SN €6SL) L8L'SL € ¥8-8l AN €LETNOD-XAN HUNQNs ulS104d
(u ‘sased) sy |ed1bojoinau (u ‘sased) sy |edibojounau  (dnoub ogadeld ‘sa dnoib  aseyd wuope|d
ERVEIETEN] Al pue ||| 9peln 1daoxd S3Y Al puUe ||| 9pel aupden) azis ajdwes  Apnis  aby uoned0T aumdeA aulde/

(panunuod) Z 3|qel

Neuroendocrinology

Impact of COVID-19 and Vaccine on the

Human Nervous System

DOI: 10.1159/000524234



Table 3. Case reports of neurological AEs during mass vaccination
campaigns

Vaccine Neurological AEs Reference
AZD1222 GBS [73]
CVST [74]
™ [75]
Ad26.COV2.S CVST [76]
™ [77]
mRNA-1273 Bell’s palsy [78]
CvT [791
PTS [80]
BNT162b2 Bell’s palsy [81]
GBS [82]
avT [791
SFN [83]
PTS [80]
Delirium [84]

GBS, Guillain-Barré syndrome; CVST, cerebral venous sinus
thrombosis; TM, transverse myelitis; CVT, cerebral venous
thrombosis; SFN, small fiber neuropathy; PTS, Parsonage-Turner
syndrome.

splice donor sequences, especially SD506 and SD3614,
which are the strongest predicted splice donor sites in the
AZD1222 sequence [86]. This may be a cause of the ~3-
fold lower incidence of thromboembolic side effects in
the Ad26.COV2.S when compared to the AZD1222 vac-
cine. Thus, CVST should draw more attention of neu-
rologists due to the disease site. However, it must be not-
ed that even if vaccination does trigger cerebral venous
thrombosis (CVT), the incidence after COVID-19 diag-
nosis was around 8-fold the incidence following an
AZD1222 vaccine (39.0 per million people compared to
5.0 per million people) [87]. Moreover, headache is the
most common symptom of CVST, which presents in 80-
90% of cases [88]. It is probably caused by two main fac-
tors: the raised intracranial pressure and the local in-
volvement of the pain-sensitive fibers of the dura mater
by local inflammatory reaction, distension of the sinus
wall, or leakage of blood on the surface of the brain [89].
In addition, the intracellular formation of the spike pro-
tein of SARS-CoV-2 or immune response triggered by
that protein may also be involved in the pathophysiolog-
ical mechanisms of headache after vaccination.

During the mass vaccination campaign, cases of trans-
verse myelitis (TM) have been reported (Table 3). The
strict temporal relationship between vaccination and TM,
together with the absence of clues pointing to alternative
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diagnoses, makes vaccination to be considered as the po-
tential trigger [90]. Moreover, the short interval between
the onset of symptoms and the vaccination might indicate
a nonspecific immunological mechanism of bystander
activation. Nevertheless, as of 23 February 2022, more
than 16 million doses of Ad26.COV2.S vaccine have been
administered in the US, and only 34 cases of TM have
been reported to VAERS. Considering that the annual in-
cidence of TM is between 1.3 and 8 cases per million, the
benefits of vaccination still seem to outweigh the associ-
ated risks.

RNA Vaccine

Cases of Bell’s palsy after BNT162b2 or mRNA-1273
vaccination have been reported during mass vaccination
campaigns (Table 3). In a letter, Cirillo and Doan [91]
suggested that the relative risk of Bell’s palsy was 1.5-3
times higher following COVID-19 mRNA vaccines than
in the background population. Moreover, time of onset
and outcome of Bell’s palsy caused by the COVID-19 vac-
cine are similar to a previous mRNA rabies vaccine [92].
Thus, COVID-19 mRNA vaccine should be regarded as a
risk factor for Bell’s palsy. On the one hand, the combina-
tion of lipids and mRNA in vaccine could induce produc-
tion of interferon proteins. Its potential mechanism has
been further strengthened by some biological arguments.
For example, interferon-alpha therapy caused the break-
down of tolerance to the myelin sheath and its native cell,
and this is thought to play an important role in the patho-
genesis of Bell’s palsy [93]. On the other hand, mRNA
vaccine seems to destroy the body’s ability to prevent la-
tent viruses from “waking up.” Following BNT162b2 vac-
cination, 6 patients with underlying rheumatologic con-
ditions developed herpes zoster [94] that is usually con-
sidered caused by the reactivation of varicella zoster virus
(VZV) from sensory neurons. The possible explanation is
that vaccination elicits a coordinated cellular and humor-
al adaptive immunity with a massive shift of naive CD8+
cells to spike-specific CD8+ T cell, making VZV-specific
CD8+ cell unable to control VZV in a short period of
time. Of note, the reactivation of VZV is one of the causes
of Bell’s palsy, and it would occur more frequently as the
immune system ages. Thus, some people recommend
high-risk patients (i.e., patients over 50 years of age) to
receive the shingles vaccine prior to mRNA vaccination.
This is an important point which deserves further discus-
sion, since herpes zoster is frequently associated with per-
manent facial nerve dysfunction and severe disability es-
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pecially for elderly patients even though it is a transient
disease and has a very low mortality rate. Moreover, the
present available treatments can only control the infec-
tion, change the severity and the duration of pain, and
prevent post-herpetic neuralgia.

During the mass vaccination campaign, several indi-
viduals developed GBS within a few weeks of mRNA vac-
cination (Table 3). Unlike vaccines based on the adenovi-
rus vector, the available evidence is insufficient to prove
the association between the disease and mRNA vaccines.
Although a study showed that the BNT162b2 vaccine
may increase the risk, gastrointestinal infections known
to induce GBS were also detected [95], suggesting that
concurrent infectious triggers may be responsible for
most cases.

The proportion of CVT was similar in the mRNA and
ChAdOx1 nCoV-19 vaccine groups (4.1 per million peo-
ple compared to 5.0 per million people) [87]. Neverthe-
less, there have been few reports of thrombocytopenia in
the cases of CVT following mRNA vaccines, implying
that the mechanism of vaccine-induced thrombosis is
probably different between mRNA and adenovirus plat-
form vaccines. Talotta [96] proposed that mRNA may
bind to pattern recognition receptors, resulting in the ac-
tivation of several pro-inflammatory cascades. Theoreti-
cally, this immune response may contribute as a trigger
for thromboembolic events, but the exact pathophysio-
logical mechanism and the relationship with headache re-
main to be further studied. In addition, although rare, a
small number of cases of Parsonage-Turner syndrome
(PTS), small fiber neuropathy, and delirium after mRNA
vaccination have been described in the literature [80, 83,
84], and they are thought to be related to the vaccination.
Given the post-vaccination PTS is often reported contra-
lateral to the injected side, it is unlikely to be secondary to
direct nerve injury from vaccination but may be caused
by the mRNA vaccine-induced immune reaction.

Inactivated Vaccine, Virus-Like Particle Vaccine, and
Protein Subunit Vaccine

Currently, clinical safety data of these three vaccines
suggest that major local and systemic AEs were mild or
moderate in severity with a short mean duration. Al-
though a few serious AEs have occurred, most of them
have been resolved. However, the data of some inactivat-
ed vaccines and protein subunit vaccines still have sev-
eral obvious limitations such as the limited demographic
diversity and small numbers of participants (Table 2).

Impact of COVID-19 and Vaccine on the
Human Nervous System

Therefore, further data from larger sample sizes and lon-
ger duration are warranted to establish safety and obtain
licensing before these vaccines can be administered to the
general population.

Conclusion

COVID-19 is a major challenge to the human neuro-
logical health, as both the virus and the medications used
to treat it could induce neurological symptoms. For one
thing, SARS-CoV-2 can infect brain directly, which may
be through hematogenous propagation and retrograde
axonal transport except for the olfactory neuron pathway.
For another, the virus can induce indirect neurotoxicity
through immune-mediated pathogenesis and gastroin-
testinal infection. Although vaccination is currently the
most effective way to protect the population from CO-
VID-19, nevertheless, anti-vaccination advocates still
hold that the data are not enough to justify the safety and
effectiveness of vaccines and large-scale vaccination may
result in some unprecedented issues. Admittedly, the data
on some COVID-19 vaccines are incomplete when com-
pared with traditional vaccines based on long-term stud-
ies with large samples. However, accumulating evidence
has indicated that most AEs following vaccination are
mild and self-limited. Only a few serious neurological
AEs occurred, among which headache is most common-
ly reported and most can be relieved by rest. Moreover,
other triggers instead of vaccination are more likely to
lead to some serious neurological AEs (e.g., GBS after
mRNA vaccination), and the incidence of several AEs
(e.g., TM after Ad26.COV.S vaccination in the US) is sim-
ilar to the annual incidence. On the contrary, the causal
relationships between some vaccines and AEs (e.g., Bell’s
palsy after mRNA vaccination, and GBS and CVST after
Ad26.COV2.S or AZD1222 vaccination) are considered
plausible, and there is no doubt that these AEs should be
sought, reported, and rigorously investigated further to
facilitate ongoing safety evaluation. The clinicians should
take these seriously in assessing the potential risks and
benefits of vaccinations in a frail population. Neverthe-
less, given the rapid and extensive spread of COVID-19,
the potential side effects of vaccination on nervous sys-
tem should be compared with adverse COVID-19 out-
comesrather than being considered alone. In other words,
COVID-19 vaccination potentially has a dual effect on
neurological disorders such as GBS and CVST. On the
one hand, vaccination may directly increase the risk of
neurological AEs through the above mechanisms. On the
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other hand, it also could reduce the multiple risks by de-

creasing the risk of infection. Based on our review, the

latter has a greater contribution. Thus, from the perspec-
tive of neurological health, it is obviously a wise option to

be vaccinated instead of suffering from serious adverse
symptoms of SARS-CoV-2 infection.
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