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Abstract

Background: Neurological involvements of COVID-19 are one of the most reported manifestations of this infection.
This study aims to systematically review the previous systematic reviews which addressed the neurological manifesta-
tions of the COVID-19 infection.

Methods: Following the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines, a
comprehensive search was conducted in PubMed, Embase, Scopus, Web of Science databases and Google Scholar
from December 2019 to December 2020. Articles were critically screened by two independent reviewers and if met
the inclusion criteria, entered the study. Assessment of methodological quality was conducted by Assessment of
Multiple Systematic Reviews-2 (AMSTAR-2) tool. Statistical analysis was not applicable. From a total of 1302 studies,
308 studies were removed due to their irrelevant title and abstract. After screening the full texts, a total of 66 found to
be eligible. Twenty-one studies reported general manifestations of the COVID-19, 13 studies reported cerebrovascular
events, 19 olfactory and oral dysfunctions, 5 systematic reviews on Guillen—Barré syndrome (GBS) and 8 articles on the
sporadic manifestations like ocular signs and symptoms. The majority of the studies were classified as critically low or

low in terms of quality.

references.

Conclusion: Despite great heterogeneity in the current literature, neurological involvements are an important
extra-pulmonary aspect of the COVID-19; most commonly in the form of general manifestations like headache and
olfactory disturbances. Long-term effects of this virus on the nervous system must be a research priority for future
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Introduction

In December 2019, coronavirus disease 2019 (COVID-
19) started by an outbreak in China and soon afterwards,
infected millions of people all over the world and revolu-
tionized our whole perspective of the healthcare.

Most reported signs and symptoms of COVID-19
infection are fever, dry coughs and fatigue [1]. Neverthe-
less, respiratory invasions are not the only medical con-
cern regarding this virus. According to many reports,
COVID-19 has proven to be a multi-organ disorder with
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multiple extra-pulmonary manifestations, including car-
diovascular, renal, gastrointestinal and neurological [2,
3].

The spectrum of neurological involvement of COVID-
19 has been a growing body of literature, ranging from
simple headaches to more severe manifestations like
stroke and seizures [4—6]. Considering the immediate
need of evidence, there are a great number of studies
published every day. It is obvious that reaching a reliable
and valid source of evidence is essential for clinical deci-
sion-making and on higher levels, policy-making. There-
fore, a challenging field has come into the spotlight.

A systematic review on systematic reviews, also known
as an umbrella review, is a type of novel methodology
which aims to summarize an extensive scope of literature
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and provide a holistic view on a specific matter. Umbrella
reviews can provide the highest level of evidence and
benefit both clinicians and policy-makers [7, 8].

To our knowledge, no publications have reported this
gap. Therefore, we conducted a systematic review on the
previous systematic reviews that addressed the neurolog-
ical signs and symptoms of the COVID-19 infection in an
attempt to classify and broaden the current literature on
the matter.

Methods

This study is conducted in accordance to Preferred
Reporting Items for Systematic Reviews and Meta-analy-
sis (PRISMA) guidelines [9].

Protocol and registration

The protocol of this study is registered and approved
by the Research Ethics Committee of Tabriz University
of Medical Sciences. (ID: IR TBZMED.REC.1399.984)
Written consent from patients was exempted because
the population of this study is previously published
documents.

Eligibility criteria

Due to the extent of the academic literature on this mat-
ter, specific inclusion criteria was defined and applied;
all the systematic reviews, with or without meta-anal-
ysis, which were conducted on the neurological mani-
festations of the SARS-CoV-2 infection from December
2019 to December 2020 was included in this umbrella
review.

Exclusion criteria were as followed: (1) all the other
methodology; including experimental studies, case-based
studies, retrospective or prospective studies and narra-
tive reviews; (2) studies with no report on the neurologi-
cal signs and symptoms; (3) studies focused on a specific
population like pregnant women, children, patients with
specific conditions like cancer; (4) incomplete studies or
studies with unavailable full text; (5) non-English studies
and (6) animal studies.

Information sources and search strategy

A comprehensive literature search was conducted in
PubMed, Embase, Scopus Web of Science and Google
Scholar form December 2019 to December 2020 to iden-
tify all the relevant articles. Related keywords to the
COVID-19 and neurological manifestations, including
“COVID-19’, “coronavirus’, “SARS’, “SARS-CoV-2’, “neu-

rology’, “neurologic’, “neurologic manifestations’, “neuro-
logic signs”, “neurologic symptoms’, “olfactory’, “anosmia’,
“dysgeusia’, “stroke”, “cerebrovascular event” “Guillen-

” o«

barre syndrome’, “systematic review’, “meta-analysis”
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and other relevant synonyms and their combination with
the proper Boolean operators. The search results were
imported in the reference managing software EndNote
X8 for further analysis.

Study selection process

After the removing duplicates, the title and abstracts of
the imported articles were evaluated by two independ-
ent reviewers (ET and S.S.V). The remaining articles were
then assessed through their full-text. Any sort of disa-
greement was dissolved by referring to a third reviewer
(A.A).

Assessing the quality of the systematic reviews
Assessment of methodological quality of included stud-
ies was conducted by Assessment of Multiple System-
atic Reviews-2 (AMSTAR-2) tool [10]. This tool consists
of 16 questions regarding the mythological strengths of
systematic review and categorizes their quality as criti-
cally low, low, moderate and high. The form is attached in
Additional file 1.

Data extraction

The full texts of the included articles were carefully read
and analyzed by two independent reviewers (ET and
S.S.V) in an Excel worksheet and following items were
extracted: the name of the author, year of publication,
country in which studies were conducted, the quality
assessment according to AMSTAR-2 tool, population,
types and number of the included studies, searched data-
bases, neurological manifestations, the method of assess-
ing the quality of included studies and main results. Any
controversies among two reviewers were dissolved by
referring to a third reviewer (A.A).

Synthesis of results

Considering the heterogeneity of the systematic reviews
and studies that each review included, statistical analysis
was neither feasible nor appropriate; therefore a narrative
synthesis of the results was conducted.

Results

Study selection

From a total of 1302 studies, 476 studies remained after
removing the duplicates. After screening the title and
abstracts, 308 studies were removed due to their irrele-
vance, leaving 101 studies for the full-text screening. At
last, a total of 66 studies were included in this systematic
review. The process is summarized in Fig. 1. In addition,
the results of quality assessment using the AMSTAR-2
tool are also presented in Fig. 2.
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Fig. 1 Search results and selection of studies for systematic review according to the PRISMA flowchart

Studies on general neurological manifestations
A total of 21 studies reported neurological findings in
COVID-19 patients. Nine studies conducted a meta-
analysis of the included studies [11-18]. Regarding the
origin of the studies, seven studies were conducted in
Europe [19-25], three in Iran [15, 26, 27] and one in each
of the following countries China [18], Nepal [28], Nige-
ria [11], Philippines [13], India [14], Brazil [29], Indone-
sia [16], Singapore [12], Taiwan [17], Egypt [30], USA
[31]. The number of their included studies varied from
7 to 212. Population of the studies consisted of patients
with different stages of COVID-19 infection.

Different studies included a wide spectrum of neuro-
logical manifestations; some studies included muscular

or musculoskeletal involvement [11, 28, 31], several stud-
ies included cerebrovascular events [11, 12, 15-19, 21,
22, 24-29, 31]; several studies cover olfactory and gus-
tatory dysfunctions or OGD [11, 13, 14, 17, 18, 20-26,
28, 29], dizziness was mentioned in eight studies [11,
13, 14, 16, 17, 19, 21, 30], inflammation of the brain tis-
sue or adjacent structure like meninges was mentioned in
five studies [12, 18, 23, 29, 31], impaired concussion also
mentioned in five studies [11, 13, 16, 19, 20].

According to one study, the most common neurologi-
cal manifestations in hospitalized patients were headache
and anosmia [25]. In several studies, headache continued
to be described as the most common neurologic sign in
COVID-19 patients [13, 19, 20, 26, 28, 30]. It was also
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Fig. 2 The quality of included studies according to the AMSTAR-2

mentioned by other studies with different prevalence [11,
14, 16, 17, 21]. One study stated that stroke is the most
frequent type of neurological dysfunction in COVID-19
patients with the highest mortality rate [12]. One study
reported muscle injury or myalgia as the most common
type of neurological disturbance [16]. Another study
reported that fatigue is the most common non-specific
involvement of the nervous system, alongside the ano-
rexia, dyspnea/shortness of breath, and malaise [18].
OGD was also stated as the most common type of neuro-
logic involvement by five studies [11, 14, 17, 22, 24].
Further information is presented in Table 1.

Studies on cerebrovascular accidents

A total of 13 studies were included in this systematic
reviews. Six studies conducted meta-analysis [32-37],
one study was a cohort plus a systematic review [38]
and one study was the combination of a narrative review
and systematic one [39]. Five studies were conducted in
Europe [34, 38—40], two in USA [35, 41], and one in each
following countries; Colombia [42], South Korea [43],
Malaysia [32], India [44], Canada [33] and Singapore [37].
The population of each study was the COVID-19 patients
with a form of cerebrovascular accident and different
forms of stroke. Two studies did not report the type of
articles included in the study [33, 43].

The severity of the infection was mentioned several
times across studies, stating the fact that the more severe
the infection becomes, the higher the risk of cerebrovas-
cular events, including strokes [32, 36, 38, 40].

The onset of the stroke was evaluated by two stud-
ies; one provided evidence supporting a possible trend
between the severity of the COVID-19 infection and
the temporality of stroke; meaning that mild infection is
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associated with early onset and severe infection is asso-
ciated with late-onset stroke [42]. This evidence was
supported by another study which suggested the Neu-
trophil-Lymphocyte Ratio (NLR) before hospitalization
is positively correlated to the duration of the features of
acute ischemic stroke (AIS) [40].

The mortality rates among these patients were also
assessed by several studies, one study reported that
COVID-19 infection is associated with higher mortality
rates in stroke patients [44]. The other study indicated
that the mortality of stroke in COVID-19 patients is
associated with the age, comorbidities and the severity of
the infection as stated [33]. Furthermore, one study sug-
gested that stroke can be a prognostic factor and an indi-
cator of the severity of the infection [32].

Concurring the aforementioned findings, another study
stated that COVID-19 infection is associated with an
increased risk of ischemic stroke, especially cryptogenic
type; in addition to an increased risk of mortality [34].
While two studies mentioned ischemic stroke as the most
common type of stroke among infected patients [39, 43].
A number of studies investigated the possible risks which
were associated with stroke occurrence in COVID-19
infection—age, presence of other comorbidities or stroke
risk factors including a history of cerebrovascular disor-
ders, hypertension, hyperlipidemia or diabetes [33, 36,
41].

Additional information of these studies is provided in
Table 2.

Studies on olfactory and oral dysfunction
A total of 19 systematic reviews were included regarding
olfactory and gustatory dysfunction (OGD) in COVID-
19 patients with different severity of the infection, but in
some cases the diagnosis of COVID-19 was not finalized.
In addition, the population of one study was consisted of
health-care workers [45]. Regarding the methodology,
meta-analysis was conducted in 10 studies [46—55] and
one study was a cohort plus a systematic review of litera-
ture [56]. The origins of the studies were as followed: four
in UK [45-47, 57], three in Italy [54, 58, 59], two in USA
[49, 60], two in China [53, 56] and one in each Brazil [61],
United Arab Emirates [62], Thailand [48], Nigeria [55],
Iran [52], Australia [50], Singapore [51] and Greece [63].

All of the included studies agreed on the positive cor-
relation of the OGD and COVID-19 infection. One study
suggested that the olfactory dysfunction might be the
only COVID-19 infection in some cases [56]. The other
studies provided evidence for the possible fact that the
OGD might be the very first manifestation of the infec-
tion [53, 59, 60].

One study exclusively stated that OGD has a higher
prevalence in female and younger patients [57].



Page 5 of 22

(2021) 57:113

Shams Vahdati et al. Egypt J Neurol Psychiatry Neurosurg

ENEN]o}
1e|NJSBAOIGRIDD 3INDR
pawliyuod [esibojo
-Ipel payiodal salpnis
221y3 ‘sauaned ul
pauodal a1am do0

'ssaulzzIp ‘9yoepesH

95e3sIp
1e|N2SeAOIGRISD 91NJe
pue Ayledojeydaous
papnaul suonedd
-Wod (SND JO 2dAY

UOWWIOD 1SOW Y|

S0}
-dwis |esibojoinau
paqlosap Ajpuanbaiy
1S0W 941 2I19M SSaU
-SNOJPSUOD paliedw]
pue ‘suondunysAp
[[DWS pue 315e}

'ssaulzzIp ‘9YydepesH
sabujusw
pue ‘piod [euids ‘uteiq
3U1 JO Uonewweyul
91N puUe Sgo) 'S3SED
p|Iw Ul Ajjeadsa
'«dDO PapN|oUl SWo3
-dwiAs |eaibojoinau
Sy1ads UOWWOD Yy |
"3Slejew pue ‘yiealq
4O ssauloys/eaudsAp
‘e|xaJoue ‘anbiie}
2lamsuoneIsajiuew

UOWIWOD 150U 3y |

589 Jo
S9seD PR1e|os| pue
930135 '2INZI3S SpN|dU
swordwiAs uowwod
ss97 'syuaned pazijey
-1dsoy ul 2-\0D-SHYS
JO suopeISAHURW
|e2160j0IN3U UOW
-WO0D 1SOW DY} dI9M
ejWISOUR pue aydepeaH

asequi3 ‘pawgng

ERlIEIRIN
4O goA ‘sndodg

9SON P=YIPO

|00} JuaW

‘asequi3 ‘pawiqng  -ssasse Ajenb g THN

$95eQR1EP 959U
-1YD 331YyL ‘AXgolq

‘AIXYpaWw ‘pawignd

XINgolq
‘AIXypaul ‘sndodg

‘asequig ‘pawigng

PIAQ ‘Ateigr]
3ueIyd0)) 1ejoyds
916009 ‘sndodg

‘asequi3 ‘pawigng

punsar

10j pasn suswidads

Kioyeuidsal ay] '€

POYIaW UonewIY

-uod AJojeloge

C61-PINOD JO SISOU
-beip Joj eus1ud |

|00) JusW
-ssasse Ayjenb HIN

SUON

|0J3u0d
—35ed ‘1odal ased
'S91I9S I5BD ‘HoYoD)

|011UOD-358D
'S91J3S 95D 1OY0D

$19119] ‘|0J3U0D
—35e2 ‘1odal ased
'S9IS I5BD ‘LOoYOD)

SENE]]
'|0J1U0D-35BD ‘[RUON
-295-55042 “1i0dal

ENPREIENEN)

|013U0D-358D
'[PUOID35-SSOID
"1oda ased ‘1oyod

6l

6

24

83

91RISPON

91RISPON

91RISPON

Mo Ajjesnid

Mo Ajjesnid

MBIASI D1BWIBISAS

sisAleue
-219W + M3IAD)
D11RUIRISAS

MBI DNBUIRISAS

sisAleue
-B12W + M3IASI
D11PWIRISAS

MB3IASI D11PWIBISAS

AJey|

uey|

Auewilan)

euld

AN

(Ll
0c0Oc lel=oled1a s

[S1]0coc
|B 12 IOOGRYSIDN

(4]
0¢0C |e1o UsYD e

(81]
020 e 32 Buem 'z

[se]ocoe
812 JaeIIYM 'L

s)nsai ulep

saseqejep paydieas

salpnis
papnjput jo Ayjenb
Y3 buissassy

saipnis
papnput jo sadAy

salpnis
papnpul
Jo JaquinN

Anjenp

adAL

sioyiny

uond4UI 6 1-JIAQD JO suoneIsajueW [eiauab ay) Buipiebal smalAal D1eWS1SAS PaPN|DUl JO SDIISHIRIDRIRYD 3y L d]qel



Page 6 of 22

(2021) 57:113

Shams Vahdati et al. Egypt J Neurol Psychiatry Neurosurg

SUWOIPUAS

589 Aq pamoj|o}
‘JUSPIDDL Je|NDSeA
-04Qg192 DIWaYds!
21nde sem uonedid
-Wod [e21b0ojoINauU
pauodai Apusnbayy
1S0W 9y] 'SND pue
SNd Y10q 1294e 01

POWS3S SNIIA YL

payodal os|e ale
sisAjoAwopgey se
42Ns suolIeISayURW
9PSNW [e19[YS puUe
“As|ed 519 pue sgo
Se UDNS SUOIIRIS)
-luew ,SNd ‘stAu
91Nde pue ‘spiPAw
-ojeydanua ‘abeys
-JOWay [eigaiadenul
‘90115 DIWAYDS| Se
4oNs suofeIsayiuew
SND Yam 1uasald
0s|e ued 61-aiAn0D
‘Aluowwiodun ‘gm0
pue Wnosuas
paJaye ‘aydepeay ‘elb
-[eAwaIaM 6 L-QIAOD
JO SUOlIeIS3)IURW [BD
-160j0INau pariodal

AJUOWWOD 1S0W 3y |

swajgold Jejnd
-SBAOIJDI3D IO 2INZISS
Se oNs ‘'suoiIelsay
-luew dYdads sJow
pamoys os|e syuaped
M3}y siuaned 6|
-QIAOD ul payiodal
2I9M dydepeay pue
UoISNJUOD Se Yons

9DUSIDS JO GO
‘sndods ‘pawignd

AIXeUlYD
pue I0MIaN
2Jeasay adualds
[PIDOS ‘AIXgPaw
‘a1enbs yoieasay
‘aIn1on.selu| 9bpe
-|Mmouy| [euoneN
3s2UIYD “Ie|OYDS
9|60095 ‘pawgnd

110dal
ENPREIENEN)

|03U0d
—95ed ‘odas ased
'S91195 95D 1I0Y0D

7T MOTAjRa1RID

L€ MOTAjleonuD

MBIAI D11PWIRISAS

MBIADI DNRWINSAS

[£21 00T
uel| [P 19 pJejiiayel g

[8dl
|edoN 070 19 [edoN '/

‘suoldwiAs [ed160| 11odal ased [97]1 020¢
-0Inau dypadsuop sndods ‘pawgnd 'S91195 5B 1I0Y0D) 8 MOTA|ednLD MIIASI D11BUIRISAS uell  ‘|e 13 ekood-1pesy ‘9
salpnis
papnjdul jo Ayjenb salpnis papnpul
s)nsaJ ulely saseqelep paydieas papnjpul jo sadA| Jo JaquinN Ajenp adA] uibuo sioyiny

(panunuod) L ajqey



Page 7 of 22

(2021) 57:113

Shams Vahdati et al. Egypt J Neurol Psychiatry Neurosurg

90415 J1beyl

-loway pue ‘Asdajida
‘s19pJosip snxa|d pue
1001 9AI2U JUBW
-Jledwil aAJaU [BlURID
‘930115 DIWBYDSI 219M
S9UO UOWIWOD SS9
'SUOIRISJIURW [D
-1bojoinau payodal
Ajpuanbaiy 1sow ayy
2I9M SS9UIZZIP puUe
SJUDAS JB|NDSBACIQD
-192 91Nde ‘090 ‘ssau
-SNoSU0D paliedwl
‘JUSWIDA|OAUL Dl

-1e1ydAsd ‘“Kinful sndoog |011u0d [611020C
32sNW ‘aydepea ‘asequi3 ‘pawignd SON P3yipoy —358D 'S391Ias 95D 6€ SNIETole]] MBIIASI D11BUIRISAS ouel ‘|e 19 0zzeube) *| |
SSAUSNOIDSUOD
paJiedu pue aseas|p
1B|NDSBAOIGRIDD 3INdR
'ssaulzzip ‘uled oeq
‘ayoepeay ‘eibjeAw
‘90 :pamoO]|04 se
2I9M SUONRISAJIURPW |013U0D
[PI3|2%SON2SNW pue 9DU3IDS JO gIM —358D '|euoNdas siskjleue
|ed160j0IN3U Jo adAy ‘Jejoyds 36005 WLIOJ M3IADI [EDLID -s5010 ‘Jodal ased -B12W + M3IASI [L1]0z0T
UOWIWOD 350U Yy | ‘aseqwig ‘pawigqnd  J2ISNDIA PRYIPOIA 'S91195 5P 1I0Y0D) 09 SNETole]] J1eWISAS elabIN ‘e 32 1Ye|INpPay 0l
Ayiedojeydadus 1o
siijeydasus pue ‘sisp
-10SIp Je[N2SNWOINSU
'S}Nsul JejndseAoiqe
-19D pajessuowsp aulpaN joo] piodal [L€] 0zZ0T
syuaned 61-QIAOD PIAQ ‘pawgng  [esiesddy [edind (igr EHPRTIIENEH-) w SNIETole]] MIIASI D11BUIRISAS VSN ‘e 39 Weuueyn ‘6
salpnis salpnis
papnjdul jo Ayjenb salpnis papnpul
s)nsal ulely saseqelep paydieas ay1 buissassy papnjpul jo sadA| Jo JaquinN Ayjenp adA] uibuo sioyiny

(panunuod) L ajqey



Page 8 of 22

(2021) 57:113

Shams Vahdati et al. Egypt J Neurol Psychiatry Neurosurg

sawolp
-UAS Jaysiq J9||I
pue sgo ‘pspnpoul
SIUSWISA|OAUI SN
‘6 1-AIAOD Yim paie
-12055e A|UOWIWOD
alam Ayiedojeydadus
Buiznoldau aynoe
Bulpn|pul ‘Ayredol
-eydadnus pue spj|
-eydadusobujuaw
‘940135 dIbeYLIoWsY

/21WaYdsH ‘90
SWOIPUAS
Jaysi4—io|IN pue
'SgD ‘eILISOUE 135UO
-usppns pa1e|os|
‘Asjed an1au Jojow
-0|n20 ‘snjjeydasua
‘Ayredojeydadus
papn|dul SI9Y10
'SI9PIOSIP JB|NJSeA
SeM 61-dINOD Yim
paieosse uonedyd
-wod [ed1bojoinau
UOWIWOD 3s0W ay |
‘e|bjeAw pue uols
-NJUOD ‘BUIHWOA
pue easneu ‘BuiIWoA
‘e3sneu ‘ssauizzip
pue aydepeay ‘ssau
-1zz|p 'aydepeay
2I9M SIUSUIDA|OAUI
|ed1bojoINau Jo 2dAy

UOWIWOD 150U 3y |

sndodg ‘pawigng SUON

aseqeiep

OHM ‘sndodg
‘asequwi3 ‘pawigng

|00} peInpy

S3|D1pe ssaud
-UJ '[0J3U0D—358D
‘1Jodas ased ‘1oyod)

|0J3uod
—35ed 1odal ased
'S91I9S I5BD ‘HoYoD) G¢

[8 MOTA|[eonID

ybIH

M3IASI D11PWIRISAS

sisAjeue
-219W + M3IAD)
J11RWIRISAS

[ca
Ajey 0¢0c B9 IO ¢l

[€1]ococ

sauddijiyd [P 13 S2UR||0D 7L

s}|jnsal uley

saseqejep paydiess

saIpn1s
papnjut jo Ayjenb
ay1 buissassy

salpm1s
salpnis papnpui
papnjpul jo sadA| Jo JaquinN

Aujenp

adA)

uibuuo sioyiny

(panunuod) L ajqey



Page 9 of 22

(2021) 57:113

Shams Vahdati et al. Egypt J Neurol Psychiatry Neurosurg

$SOUSNOIDSUOD
paJreduwl] pue ‘a9seasip
1e|NDSeAOIQRIaD JUBI
-INdU0D ‘BUNIWOA 1IN0
-U3M JO Ylm easneu
'SsaulzzIp ‘'aydepesy

AQ PaMoOJ|0} ‘6L |0J1u0od
-dINOD J0 woldwiAs —358D '[PUOIIDS sisAjeue
2160[0IN3U ‘UOWIWIOD -$501 ‘1odas ased -B1aW + M3IASI 1]
150U ay) sem eibjeApy pawqgngd 2 WE3D PIojXQ 2yL  ‘[eauswladxe ‘1oyod €€ 91RISPON D1eWAISAS RISSUOPU| Q70T e 12 uozuld /|
61-AlNOD
01 PaXUI| 2I9M SUOI}
-IpuUOd J2Y10 SNOLIBA
pue ‘siyijeydsoua ‘si
-1bulusw ‘AYyredoinau |011u0d
|BIUBID ‘SWIOIPUAS AlXRUIYD ‘AIXYpaul —35eD ‘[PUOI1D3S
1aysi4-I9||IN ‘lejoyds 3|6005 -$S01D ‘10dal ased pueIazZIMS [€q
'SgO ‘d90 Jo sase) ‘asequwig ‘pawignd SON 'S911as 9sed '1oyoD) Yrd 91I3PON MBIAI D11BWIRISAS ‘Younz ‘ellasny ‘Ajel|  0Z0OZ |8 I3 I|lowoy ‘9|
uondAYuI
61-dINOD Yim paie
-1D0SSe 3. §go) pue
‘sa1yredojeydanus
'S9SPISIP JB[NDSPAOICD
-J92 Se yons ‘suonip
-uod bulua1eaIyI-3y|
pue xo|dwod aiow
01 'e1bjeAw pue eiw |0J1U0D-35ed ‘Lodal
-s0dAy se yons ‘swoy ENSRCIENEN:S) [62] 020¢
-dwiAs oypads-uoN SOV ‘pawgnd QUON ‘|erusuiiadxe 1oyoD €y Mo Aj[eond MIAI D1RWIAISAS |1zeig ‘e 12 ZOYun\ ‘S|
payiodai
OS|e a19M SISOqUIOIYL
SNOUA |BIgR13D pue Aob|eriyjedIulD
‘930115 d1beylioway ‘0DSg3 ‘Oseqeiep
AQ pamoj|o} ‘@4ons OHM '92ua1ds
21WBYdIS| 6 L-dINOD Ul JO gaM ‘Ateaqii $19119] j01IU0D
payiodal a1e adoduAs SURIYD0D) 1ejoYyds —35e2 '[PUOI1D3S siskjeue
pue ‘ssauizzip ‘ayoe 916009 ‘sndodg 55010 ‘Liodal ased -B1oW + M3IADI 1]
-peay ‘eibjeAw ‘qoO ‘9sequu ‘pawignd <LHOSNOD ‘'SON  ‘[e1uswiadxs ‘1oyod 144 ybIH J11BWAISAS elpu| 0207 '|e 19 seAed 7|
salpnis salpnis
papnjdul jo Ayjenb salpnis papnpul
s)nsal ulely saseqelep paydieas ay1 buissassy papnjpul jo sadA| Jo JaquinN Ayjenp adA] uibuo sioyiny

(panunuod) L ajqey



Page 10 of 22

(2021) 57:113

Shams Vahdati et al. Egypt J Neurol Psychiatry Neurosurg

sjuaned

61-AIAOD Ul paiens
-Uowiap a1am ainysod
J1UOISAp pue ‘sijejuesd
siunauAjod ‘sbeyl
-IoWsay [eigaiadenul
‘DUIOIPUAS Jaysl4
J9|IIN 'SgD ‘eixele ‘elb
-[eanau ‘sijeydadus
'2INZ|9s 'Sn1els [erusw
paJaye ‘ssaulzzip

'95e3s|p 1ejnoseA siskjleue
[pIg219D 21Nde ‘BYde Aleiqi aueiydod) piodal -B12W + M3IASI
-peay ‘eibjeAw ‘qoo ‘asequwi3 ‘pawigng SUON EHPRTTIENEH-) 6/ MOTA|RIRLD J1eWAISAS uemie] [/1]020Z |e121BSL 0T
aJel ale
01SNId pue 9sessip
1e|NJSPAOIGRIDD ‘D0
031 paiefal Ajulew ale
C-N\OD-SYYS JO suon Areiqiy suesyoo) 1odal [vcl 0coz 181
-ed||dwod [es1bojoinan ‘sndods ‘pauigng SUON EHPRTIIENEH-) o Mo Ajleonud MIIAI D11BWRISAS  winiB|ag ‘pueIazIMS ojonnaddods 61
$aINZIs
pue sieAw ‘Ayredole
-ydaoua ‘siijeydadus
‘snibuluaw ‘syuelien
pue sg5 papnjoul
suoneisajuew
13Y3Q 918l AYljeriow
159yb1y ay3 sey pue syuawwod pidel
61-QIAOD Ul UoieISy 'S19119] ‘|0AU0D
-luew [ed1Hoj0INBU —358D '|eUoNI3s siskjleue
pauodal Ajpusnbaiy 1ejoyos 55010 ‘Liodal ased -B1oW + M3IADI 1]
1S0W 3y SI 90115 36009 ‘pawigng SUON 'S91195 5P 1I0Y0D) 8y MOTA|ednLD J11BWAISAS alodebuls 070z e ENYD 8l
salpnis salpnis
papnjpul jo Ayjenb salpnis papnpul
s)nsal ulely saseqelep paydieas ay1 buissassy papnjpul jo sadA| Jo JaquinN Ayjenp adA] uibuo sioyiny

(panunuod) L ajqey



Page 11 of 22

(2021) 57:113

Shams Vahdati et al. Egypt J Neurol Psychiatry Neurosurg

juedyiubis A|jednsnels

3Q 0} P2ISPISUOD SEM G0'( > dN[BA d "DWOIPUAS [B3160]0INSN UOIIIDJUI-ISOd ‘SN 0L ‘S|el] Buiioday Jo spiepueis paiepljosuod (JHOSNOD ‘6 ‘@INHisu| sbblg euueor jgr ‘g ‘waisAS SNOAISN [e1aYdiisd ‘SN '/ ‘3]edS eMeRQ
—3|1SEIMIN :SON ‘9 ‘WSISAS SNOAIBU [RIIUDD (SN *G ‘@INMISU| POoo|g pue ‘BunT ‘JiesH [euoneN JgTHN b 1apiosiq A101eisno pue £1013e4|0 :@D0 "€ YeSH JO SOINHISU| [UONEBN HIN ‘T ‘DWOIPUAS d11eg-UIe||IND :SgD °|

3oUapPUl
1s3ybiy ayp pey
SSaUIZZIP 3IyMmueaUl
‘syuanied Jo Jsguinu
01 pJebai U swoy
-dwiAs |esibojoinau
UOWIWOD 1S0W a3
SeM 9YdepeaH ‘SNd
9y3 0} pasedwod
UOWIWOD dioul

sem suordwiAs SND

AOB's|eliy eIl
‘Aleiqr] aueiyd0>

[PUOIDDS
-5501> 1Jodal
258D 'S3113S 3SeD
‘leauswipadxa ‘1oyod)

0Z MO Ajjeanid MB3IASI DRWIRISAS

[0€] 0Z0Z Wiyeiqg)“1Lg

s)nsai ulep

‘sndods ‘pawigng SUON
saIpms

papnpdutl jo Lijenb

saseqelep paydieas ay1 buissassy

salpnis
papnjul jo sadA|

sioyiny

(panunUOd) | 3jqey



Page 12 of 22

(2021) 57:113

Shams Vahdati et al. Egypt J Neurol Psychiatry Neurosurg

510108} ys
90115 19Y10 pue abe
UM P31RID0SSe SeM

syuaned pazijeudsoy SalpnIs |0U0d siskleue
Ul 930135 Pa1d21ap 2dualenaid Ul selq —ased ‘Jodas ased -B1oW + M3IAD) [s€]
Jo Adusnbayy oy '95eqUIT ‘PAWIGNd  JO MSH JO JUSWISSISSY 'S91195 95D 10Y0D T4 91eI9PO J1BWNSAS VSN 0ZOT ‘| 19 eMmByeUIRA */
uono3yUI
3U1 Jo A1anas a3
pue $alIpIgJOWod sauibua
‘abe yum paiedosse s yoJeas atenbsg siskjeue
suaned 61-QIAOD Ul 421easay ‘AIxyolq -B1oW + M3IAD) [e€]
%015 Jo Aljeriow ay | ‘AIXYPaW ‘pawgnd SUON pauonuaw 10N 0l MO J1PWISAS epeue)  0Z0Z |32 uewpli4 9
SIV
JO S24N1e3y [edIUld JO
195U0 240j2q UoleINp
SU1 YUM Pa1eDOSSe S| PIAQ ‘[BYUID ‘DUl|p3aN SMB3IAS] ‘|03U0D
UOISSIWPE 9Ull} 1€ Ol1el ‘AIeiqI aueIyd0D —ase> ‘Jodas ased lov]
21/ 00ydwAT-|iydonnan ‘asequi3 ‘pawigng SUON 'S9119S 95D 1I0Y0D) 3l MO MB3IAI D1PUIRISAS elleNISNY  0Z0C e 32 2UleIfip 'S
syuaned ax0.1s Ul sa1el
Aujeriow Jaybiy yum sndodg |00} |esieadde 1odal ased
pa1e1d0sse s 61-AIAOD ‘asequiy ‘pawignd BN JNGID PIOXO 'S91195 95D 10Y0D 0€ 91eJ9PO MBIIADI D1BUIRSAS eIPU|  [ii7] 0ZOT |2 19 elleyg
uond3yul
2U1 Jo A11anas ay3
JO Jo1BD|pUl UE pUP
10104 D)Isouboid aq
ued Inq ‘syuaned 6| sisAjeue
-JINOD Ul woldwAs leyun 1lodal ased -R12W + M3IA3I
UOWIWODUN UB S| %0115 ‘SUIPaN ‘PaWIgNg /390415 'S31195 35BD 1I0Y0D) 8z 91RISPO J1eWRSAS eIsAele|y [c€l 0zoz e 12897 °¢
syuaned
61-AINOD Ul uoneissy
-|uew |esibojoinau
UOWIWIOD B 3J9M ‘9X0NS
JJwayds! Ajjeadss ]
‘SJUSAS JB|NDSPAOIQRIDD) pawgnd SUON PaUOIIUSW 10N 08 MO Ajjeonud MB3IASI DI1PUIRISAS  BIOY YINOS  0Z0T | 19 Uewlelq 7
0115 Jo AUl
-|eJodwial pue A1IaAdS
61-QIAOD Usamiaq |0U0d
1SIX 0} PaUIRSS UoN —ased ‘Jodas ased [ev] 020T
-e[21103 aAlIsod sndods ‘pawigng SON 'S91195 95D 10Y0D VA% 91eI9PO MIIADI D11BUIRISAS IGUWIOI0D  '[e 13 0SIDUF-RIDUS[EA |
saIpns
s9Ipn1s papndul jo saIpn1s papnpul
s)nsaiulely  saseqejep paydieas Ayjenb ayy buissassy papnjpul jo sadA) J0 JaquinN Ajenp adAL ubuo sioyiny

UoRDJUI 6 1-AIAQD Ul 24043S Bulpiebas SMIIAI J1IBWSISAS PapNn|dUl JO SOIISLd1RIRYD) T djqeL



Page 13 of 22

(2021) 57:113

Shams Vahdati et al. Egypt J Neurol Psychiatry Neurosurg

Juedyiubis A[|ed13siiels 3¢ 0} PAJSPISUOD SBM GO'(0 > SN[BA d “UOIIEN|eAT pue JUSWdO[AS(J ‘JUSWISSISSY SUOIIRPUSWIWOIRY JO Bulpeln :3gyyD 9 31n1isu|
sBbLg eUUROY :|gf 'S ‘OIS JIWBYDS| INDY :SJY ' ‘DUIDIPSN PIseg-aduapIAT S0 311U gD € ‘ABojoiwapid] ul sa1pnis [euoIeAISSCQ 4O Burioday ayl buluayibuais :JgOYH.LS 'T ‘91edS BMEIIO—-3[1SEIMIN: SON ‘L

SIV sem axoins
40 2dA} uoWWOd 150U

1jodal ased

MolAaJ D1l

(6€]

ayy syuaned 61-gIANOD Y| sndods ‘pawgng SUON 'S3119S 958D 1I0Y0D) Gz MOTA|edNID  -SAS+ MIASI AlRLIEN AUBWIDD  070T ‘e 19 Ipabazs €|
230115 91NE JO
SSL PaSEaIOUl UB Y3IM
P31120SSe S| UO134Ul AJeigi aueiyd0) MIIASI [8€] LZ0T
61-AINOD 40 A1Ianss ay | ‘asequig ‘pawigng |00} NGTD PIOXO  [eruswiadxe ‘Hoyod 7 MOTAjRdIRID JIIBWSISAS +10yoD Auewiian e 39 uuewdals 7|
uolsuanadAy bul
-pnjpul s1030B) ys1 Bul EV[IEIN
-Apapun yum syuaned ‘Aleiqi aueIy20)
Ul uondJUI 61-gINOD ‘lejoyds 6009 ‘snd |00} suoneIoqe| 1odal ased [1¥]
UM PR1RIDOSSE S| 940N -0D§ 'asequil ‘pawigng -0 3UeIYd0D ‘g3AVHD 'S91195 95D 1I0Y0D) 9 EMIETeleIY] M3IAI D1BUIRISAS vsn 0707 ‘|12 eWineq ||
syuaned 61-dIAOD Ul
10108} 3SII Jejnosen bul
-151x9-2id pue aseasip
3Y1 JO A1I9A3S 3Y1 Yum $I2113] ‘|03U0D siskjeue
P31eID0SSE I8 SIUSAD AIXYPIN —3sed ‘odal ased -B19W + M3IASI [og]
1e|NJSBAOIGRISD 2INDY ‘sndods ‘pawgnd SON 'S9119S 95ED 1I0Y0D) 19 91eI3PON J1PWISAS NN 0Z0Z '[e 12 luouueN 0l
31el
AJjerow ybiy e yum sisAjeue
uondRyUl 61-AIAOD Jodal ased -B1OW + M3IASI
YIM PR1BIDOSSE S| S|y 9sequi3 ‘pauwigng |00} (9f 'SON 'S9119S 5B 1I0Y0D) 6€ 91eI9PON onewsisAs  alodebuls [£€]10Z0T e 12 UeL 6
Ailjeriow
JO{sI paseanul ue
01 UONIPPe Ul ‘3%011S
o1uabo1dAId A|jeadsa
‘40135 DIWAYIS| JO
%SU pasealdul ue siskjeue
Y}IM pa31eDosse S| -B1oW + M3IASI
uondRyUl 61-aIAOD sndods ‘pawgnd SON 1i0yod 8l ybiy J1PWRISAS ERELY() [7€] '|e 19 souesiey 8
salpnis
salpnis papnjul jo salpnis papnpul
synsaiulely  saseqelep paydieas Aijenb syl buissassy papnput jo sadA Jo JaquinN fAend adAL ulbuo sioyiny

(panunuod) g ajqel



Shams Vahdati et al. Egypt J Neurol Psychiatry Neurosurg (2021) 57:113

Moreover, one study suggested that the presence of other
respiratory infections might lead to more severe cases on
COVID-19-related anosmia [63].

The relationship between the severity of the infec-
tion and OGD was not conclusively investigated by the
included studies, but in some of them was reported as
the secondary outcome; for instance, one study demon-
strated that anosmia is more frequent in non-hospitalized
COVID-19 patients than in hospitalized [54]. Further-
more, in one study OGD symptoms were reported in
both ambulatory and hospitalized patients and mild-to-
severe cases of COVID-19 patients [62]. Corroborating
these statements, one study claimed that OGD should be
considered as a clinical manifestation of the COVID-19
infection even in mild cases [61]. Finally, the other study
evinced that OGD was estimated to be 31% and 67% in
severe and mild-to-moderate symptomatic patients,
respectively [46].

Most importantly, their included studies adopted
widely different methods for diagnosis of OGD, vary-
ing from self-reporting [46, 49, 51, 53-55, 60-63], phy-
sician reporting [55, 60], online questionnaires [51, 55,
58], the University of Pennsylvania Smell Identification
Test (UPSIT) [55-57, 60, 62], British version of UPSIT
[45], Quality of life tool (sQOD-NS) [47, 61], the “Snif-
fin Sticks” test [51, 55, 57], Subjective assessment using
SNOT —22 [51, 57], the Italian version of SNOT-22
[51], the Connecticut Chemosensory Clinical Research
Center test (CCCRC) [48, 55, 57], COVID-19 Anosmia
Reporting Tool for Clinicians [57, 63], standardized che-
mosensitive tests with odorants [58], non-validated ques-
tionnaires [58], butanol threshold assessment [48], case
notes review (explicitly asked) [51], interviewing [51, 55,
62], history and physical examination [49, 54] and Smart-
phone based apps [55, 63]. Several articles did not report
the method of OGD diagnosis among the included study
[50, 52, 59].

Additional information of these studies is provided in
Table 3.

Studies on Guillen-Barré syndrome

A total of 5 systematic reviews were conducted on Guil-
len-Barré Syndrome (GBS) and reporting data from
case series, case reports and one cross-sectional study.
Three of these studies were conducted in Europe [64—66]
one in Bangladesh [67] and one in Chile [68]. Only one
study conducted meta-analysis [67]. Two of these sys-
tematic reviews also conducted a quality assessment for
including the studies [67, 68]. The population of these
studies consisted of COVID-19 patients, either with or
without laboratory confirmed diagnosis, which showed
GBS variants and subtypes manifestations. All of the
included studies suggested a strong association between
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COVID-19-associated GBS to the classic GBS. One of
the studies drew attention to the fact that the prognosis
of COVID-19-associated GBS patients seems to worsen
by increasing of age [66]. Additional data are provided in
Table 4.

It is note-worthy that another systematic review had
been conducted on the GBS and COVID-19, but it inves-
tigated how COVID-19 can affect previously diagnosed
GBS patients. Hence, it was excluded from our study [69].

Studies on sporadic types of neurological manifestations
Some studies reported sporadic neurological manifesta-
tions in COVID-19 patients; including two studies spe-
cifically on oral findings which reported dysgeusia [70,
71] and oral mucosal lesions, [71] in COVID-19 patients.
Two studies were conducted on ocular manifestations;
one study investigated the effects of prone positioning on
ocular complications in COVID-19 patients in the critical
care ward and reported that ocular surface disease, acute
angle closure, ischemic optic neuropathy, orbital com-
partment syndrome and vascular occlusions are likely to
occur in these patients [72]. The other study stated that
ocular pain, discharge, redness and follicular conjunctivi-
tis can arise from COVID-19 infection [73].

Auditory signs and symptoms was the main focus in
one study; according to which in COVID-19-positive
patients, hearing loss, tinnitus, and vertigo have rarely
been reported [74].

ENT (Ear Nose Throat) manifestations were reported
in one study that stated sore throat and headache as the
most common ENT involvements in COVID-19 infec-
tion, while pharyngeal erythema, nasal congestion, rhi-
norrhea, upper respiratory tract infection, and tonsil
enlargement were also reported with limited prevalence
[75]. Furthermore, one study which aimed to assess
the association between COVID-19 and encephalitis
reported the occurrence of this complication in severe
cases of infection and suggesting that COVID-19 virus
can be considered as a neuropathogen with the ability to
attack the nervous system regardless of respiratory symp-
toms [76]. At last, intracranial hemorrhage (IHC) was
the subject in another systematic review. This study sug-
gested that IHC is relatively uncommon among COVID-
19 patients, but has a correlation with higher mortality
rates [77].

Quality assessment was not conducted due the limited
number of these studies.

Discussion

The overall results of this umbrella review, which was
conducted on 66 systematic reviews, demonstrated that
neurological involvements are greatly common among
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COVID-19 patients with many different general, specific
and sporadic manifestations.

The majority of the systematic reviews seemed to be
low on methodological quality aspect. This fact can be
justified by the outburst of the infection and an urgent
need to access some evidence for clinical decisions and
policy-making [78]. The results of the methodological
assessment of our work is reminiscent of a previous study
which was conducted to evaluate the quality of 49 sys-
tematic reviews regarding Severe Acute Respiratory Syn-
drome (SARS) and Middle East Respiratory Syndrome
(MERS). This study indicated that the most systematic
reviews regarding the coronavirus do not have satisfac-
tory methodological quality [79].

Headache, as a general manifestation, was mentioned
most commonly by studies. The characteristics of this
headache are described as pressing, worsened by physical
activities or head movements [80]. In another study, this
headache was described to have a pulsating, pressing, and
stabbing quality [81]. Different patterns of involvement
are described including mostly holocranial [80, 82, 83],
hemicranial or occipital [80] or bilateral and frontal [83].
Moreover, individuals with a migraine history are predis-
posed to have an earlier, longer and more severe head-
aches in comparison with migraine-free patients [83].
Preexisting primary headache was significantly related to
the higher frequency of headache caused by COVID-19
infection [82], while one study mentioned that majority of
its study population did not have a history of prior head-
aches [84]. Limited studies have addressed the associated
risk factors. In one study, anosmia, myalgia, female sex
and fever were reported as independent factors leading to
a higher odds of headache in COVID-19 patients [85].

Regarding the sporadic manifestation of the disease, in
addition to the conditions which were priorly mentioned,
several neurological manifestations have been linked to
the SARS-CoV-2; including seizures [86, 87], demyeli-
nation [88] and encephalopathies [87] and meningitis
[89]. Many different types of viral infections can lead to
such presentations, which makes it impossible to settle
on the fact that COVID-19 infection is directly leading
to these clinical signs and symptoms. For instance, both
acute symptomatic seizures and late unprovoked seizures
are reported in almost all types of acute central nervous
system viral infections [90]. Another example is applied
to meningitis which has been presented in multiple viral
infections including herpes simplex virus and varicella
zoster virus [91].

Several limitations may have influenced the obtained
results. To begin with, the population of studies is mostly
locally selected with limited number of patients, restrict-
ing the manifestations of the disease to a specific age or
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race. This factor makes it impossible to generalized the
results of studies to a global scope.

Another source of error can be stated as a bounded lit-
erature due to the novelty of the virus which can generate
problems like limited knowledge on the long-term effects
of the disease, associated risk factors in patients and how
they affect the overall neurological process and the associ-
ation between the severity of the infection and how it can
cause different levels of neurologic involvement. In addi-
tion, the relationship between the type of the treatment
and the occurrence of neurological manifestations has not
been addressed by many studies in the current literature.

A major source of unreliability was heterogene-
ity among diagnostic methods in different manifesta-
tions; for instance, anosmia was diagnosed mostly by
self-reporting, but other methods of diagnosis were also
mentioned among studies. In addition, many of the stud-
ies did not specify the stage of severity of the COVID-19
infection, which can greatly affect the type of the signs
and symptoms that follow the infection.

Finally, the search strategy was designed using many
keywords in several databases to ensure that all the
related articles were included but considering the high
rate in which the COVID-19 articles are being published,
some sources of data might be missed.

Conclusions

In conclusion, this study shows that neurological mani-
festations, most commonly general ones like headache
and olfactory involvements, are an important aspect
of the COVID-19 infection and the possibility of their
occurrence should be considered in all infected patients.
Therefore, our study underlines that all the COVID-19
patients should be carefully assessed and reassessed for
detecting any neurological signs and symptoms. Consid-
ering how limited is known on the long-term effects of
the neurologic involvement following this novel virus,
continuous follow-up of infected patients is strongly
suggested.
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