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Abstract: Introduction: Several studies have confirmed neurological involvements, such as acute cerebrovascular disease
and impaired consciousness in COVID-19. In the present study, our aim is to investigate the current evidence
regarding central nervous system (CNS) complications in patients with confirmed COVID-19. Methods: An
extensive search was conducted in electronic databases including Medline (using PubMed), Embase, Scopus,
and Web of Science, in addition to the manual search in Google and Google scholar search engines, for articles
published from 2019 until April 21st, 2020. Inclusion criteria was articles that were reviewed and reported the
incidence of neurological outcomes in patients with confirmed COVID-19 disease. Results: The initial search
yielded 638 records, from which 7 articles were included. Overall, the incidence of CNS complications was calcu-
lated to be 6.27% (95% CI: 3.32 t0 9.98). The incidence of the most common CNS complications, encephalopathy
and acute cerebrovascular disease, were 9.14% (95%CI: 2.20 to 19.81) and 2.59% (95% CI: 1.31 to 4.25), respec-
tively. Conclusion: CNS complications do exist in COVID-19 patients, encephalopathy being the most concern-
ing one. The heterogeneity in the existing literature causes an uncertainty in reporting the definite prevalence
rate for each complication. Thus, further studies are needed for scientists to reach a more accurate estimate of
the prevalence of these complications in COVID-19 patients. However, healthcare providers should consider the
possibility of CNS involvements in patients with SARS-CoV-2 infection.
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1. Introduction tory syndrome coronavirus (SARS-CoV) in clinical and geno-
type characteristics, it was named "SARS-CoV-2" or "severe
acute respiratory syndrome coronavirus 2" by World Health
Organization (WHO) on February 11°", 2020. At first, an en-
vironmental exposure was estimated to be the cause of the
disease, but shortly after, with the number of patients rapidly

increasing, human to human transmission was confirmed (4-

In December 2019, several cases of a severe inexplicable
pneumonia emerged in Wuhan, China, and all those affected
had connections to a local seafood market (1, 2). The etiology
of the disease was confirmed to be a novel coronavirus (3).
Due to the virus’s abysmal similarity to severe acute respira-

6). After the disease spread to over 110 countries, WHO de-
clared a global pandemic on March 11th 2020, and as of that
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date, the number of COVID-19 cases is increasing daily (7).

The most common symptoms of the disease are fever, dry
cough and dyspnea, in addition to fatigue, sore throat and
other non-specific symptoms (6). Mostly, patients with dia-
betes, hypertension, cardiovascular diseases and old age suf-
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fer from severe type of the disease, and fatality rate is highest
amongst these groups of patients (8, 9). Moreover, due to the
virus’ host cell receptor being abundant in the body, the vari-
ety of its symptoms may expand even further.

SARS-CoV-2 exploits the angiotensin converting enzyme 2
(ACE-2) receptor, expressed in many organs such as lungs,
kidneys and neurological tissue, to enter the cells (10, 11).
Due to that fact, the presence of ACE-2 receptor in neurolog-
ical tissue may be the reason for SARS-CoV-2 having the po-
tential to cause central nervous system (CNS) symptoms (12).
In aretrospective case series conducted by Ling Mao et al., of
214 hospitalized COVID-19 patients in Wuhan, the epicenter
of disease, 78 patients (36.4%) had developed neurological
manifestations. These manifestations included acute cere-
brovascular disease and impaired consciousness (13). De-
tailed neurological investigations such as autopsies and at-
tempts to extract SARS-CoV-2 from cerebrospinal fluid and
glial cells in COVID-19 patients, have indicated that cere-
bral involvement alone, can be a reason for the mortality
caused by this disease ,due to the potential of causing cere-
bral edema (14). Overall, evidence confirming the presence
of neurological involvement in COVID-19 do exist, so studies
should be focused on illuminating the extent of that associa-
tion.

Despite the fact that neurological complications particularly
occur in severe forms of the disease (15-17), managing these
complications can be vital to overall health and recovery of all
COVID-19 patients. In this study, our aim is to review the cur-
rent epidemiological evidence regarding CNS complications
in patients whose COVID-19 infection has been confirmed by
definitive laboratory test results.

2. Methods
2.1. Study design and setting

The present systematic review and meta-analysis aims to ac-
quire and analyze evidence regarding CNS outcomes in pa-
tients with COVID-19 disease. PICO in the present study is
as follows: P: Patients with confirmed COVID-19, I: Report of
a neurological outcome, O: Prevalence of the reported neu-
rological outcome. Due to the purpose of this study, which
was only reporting of neurological outcomes in patients with
COVID-19 disease, no comparison was intended and thus, C
in PICO was not defined.

2.2. Search strategy

Firstly, several keywords were selected with the advice of
experts in the field. Afterwards, selected keywords were
searched in MeSH and Emtree to find related synonyms.
Additionally, titles and abstracts of related articles were
screened to find other possible relevant keywords. Finally,
using the keywords, an extensive search was conducted in

electronic databases Medline (using PubMed), Embase, Sco-
pus and Web of Science, for articles published from 2019
until April 2157, 2020. Search strategy in Medline database
through PubMed is presented in Appendix 1. In addition to
the systematic search, manual search was also performed in
Google and Google scholar to find additional, pre-printed
manuscripts and possible missing articles.

2.3. Selection criteria

All articles that reviewed and reported the incidence of neu-
rological outcomes in patients with confirmed COVID-19
were included in this review. Moreover, the exclusion crite-
ria were case report articles, review articles and studies that
only addressed neurological symptoms that cannot be cer-
tainly attributed to the involvement of CNS (such as general
headache) in a COVID-19 patient.

2.4. Data collection

Two independent researchers screened titles and abstracts of
the articles obtained from searching the databases and gath-
ered full texts of the possibly related studies. Next, based
on the inclusion and exclusion criteria, articles were cho-
sen and entered to the present systematic review and meta-
analysis. Afterwards, the useful data of included articles were
summarized and recorded. The recorded data included first
author’s name, publication year, country in which the study
was conducted in, number of patients, study design, num-
ber of patients in which the neurological outcome was as-
sessed, mean age of the patients, number of males among
the patients, type of reported neurological outcomes, diag-
nostic method used for recording the outcome, and number
of patients presenting with the neurological outcome. Since
some studies reported more than one neurological outcome,
the prevalence rate was evaluated separately for each neu-
rological outcome among the studies, as well as evaluating
an overall rate of all neurological outcomes reported in the
included studies. Any disagreements within the mentioned
steps were resolved through discussion with a third reviewer.

2.5. Quality assessment

Since the design of included studies was observational, Na-
tional Heart, Lung, and Blood Institute (NHLBI) quality as-
sessment tool was used to evaluate the risk of bias among
studies (18). Two independent reviewers assessed the stud-
ies and rated the items of the tool based on its key questions
and personal judgment.

2.6. Statistical analysis

Analysis was performed in STATA 14.0 statistical program.
Data was recorded as total sample size and frequency of CNS
complication, and using "metaprop_one" command an over-
all prevalence with a 95% confidence interval (95% CI) was
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Author; Year; . Sample | Mean | Number of Diagnostic Type of neurologic No. of com-
Study design . . 5 -
Country size age males methods manifestation plications
Clinical
Chen; 2020; . t d .
grtllina Retrospective 274 62 171 Sylzg)ofmn;?? Hypoxic encephalopathy 24
findings
Hel ; 2020; . . .
= Prospective 58 63 NR MRI Cerebral ischemic stroke 3
France
MRI Brain leptomeningeal 8
enhancement
Clinical
Encephalopathy 13
symptom
Clinical .
Dysexecutive syndrome 15
symptom
MRI Brain perfu.s_lon 1
abnormalities
Klok; 2020; . Acute Cereb 1
° Prospective 184 64 139 CT cute eFe rovaseutar 3
Netherlands disease
Li; 2020; China | Retrospective | 221 53.3 131 @ Acute Cerebrovascular 13
disease
Lodigiani; 2020; s Acute Cerebrovascular
glant; " | Retrospective 388 66 264 treating . 9
Italy - disease
physician
linical
Lu; 2020; China | Retrospective 304 44 182 Clinica Encephalopathy 8
symptom
NR Acute cerebrovascular disease 3
Mao; 2020; . .
Eg)hina Retrospective 214 52.7 87 CT Acute cerebrovascular disease 6
NR Ataxia 1

CT: Computed tomography scan; MRI: Magnetic resonance imaging; NR: Not reported

reported. Since, various CNS complications were reported
in the included studies, we categorized them as acute cere-
brovascular disease, brain encephalopathy and other com-
plications (brain leptomeningeal enhancement, dysexecu-
tive syndrome, brain perfusion abnormalities and ataxia) and
analyses were stratified accordingly. 1 test was used to as-
sess heterogeneity. Since considerable heterogeneity was ob-
served, random effect model was adopted to estimate CNS
complication and its corresponding 95% CI. Publication bias
was assessed using Egger’s test.

3. Results
3.1. Study characteristics

The initial search yielded 638 records, and after eliminat-
ing duplicates, 489 records remained. After reviewing the
remaining studies, 7 articles were included in the present
systematic review and meta-analysis (Figure 1) (13, 19-24).
4 studies were conducted in China, and the rest were con-
ducted in France, Netherlands, and Italy. Only two Cohort
studies were found among the included studies (21, 23), and
the rest of the studies were either cross-sectional (20, 22,
24) or case series (1,7). In total, the included studies evalu-

ated neurological outcomes in 1643 COVID-19 patients. The
mean age of the studies patients ranged from 44 to 66 years
old. The number of male patients was not recorded in one
study (20); however, among the rest of the included stud-
ies, 974 males were studies among the 1585 recruited pa-
tients. Based on the included studies, encephalopathy was
the most common CNS complication observed in 3 studies
and among 45 COVID-19 patients (19, 20, 24), being eval-
uated based on clinical symptoms. Moreover, acute cere-
brovascular disease and ischemic stroke was the second most
common reported complication in the studies, being re-
ported in 6 studies and 37 patients in total (13, 20-24). How-
ever, different studies used various diagnostic techniques to
verify the incidence of acute cerebrovascular disease in pa-
tients, with computed tomography scan being the most com-
mon diagnostic method used. The other reported neurolog-
ical complications observed following SARS-CoV-2 infection
were brain leptomeningeal enhancement, dysexecutive syn-
drome, brain perfusion abnormalities (20) and ataxia (13).
Table 1 summarizes characteristics of the 7 studies included
in the present analysis.
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LA Risk of bias assessment of included studies based on NHLBI tools

Item Chen; 2020 Helmes; 2020 Klok; 2020 Li; 2020 Lodigiani; 2020 Lu; 2020 Mao; 2020

Criteria 1
Criteria 2
Criteria 3
Criteria 4
Criteria 5
Criteria 6
Criteria 7
Criteria 8
Criteria 9
Criteria 10
Criteria 11
Criteria 12
Criteria 13
Criteria 14 NA NA

ZOOOOODOOOO

00 0Z00000000®
00O0Z00000DOO0O

ZO00OZ0000O0DOOOO
Z00O0Z000000OOO
Zo00OZ000000OOQOO
2000200000000 O

2000

©: Low Risk; ®: High Risk; @: Unclear Risk; NA: Not applicable

Criteria 1. Was the research question or objective in this paper clearly stated?

Criteria 2. Was the study population clearly specified and defined?

Criteria 3. Was the participation rate of eligible persons at least 50%?

Criteria 4. Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Were inclusion
and exclusion criteria for being in the study prespecified and applied uniformly to all participants?

Criteria 5. Was a sample size justification, power description, or variance and effect estimates provided?

Criteria 6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?

Criteria 7. Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it
existed?

Criteria 8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome
(e.g., categories of exposure, or exposure measured as continuous variable)?

Criteria 9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all
study participants?

Criteria 10. Was the exposure(s) assessed more than once over time?

Criteria 11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all

study participants?

Criteria 12. Were the outcome assessors blinded to the exposure status of participants?

Criteria 13. Was loss to follow-up after baseline 20% or less?

Criteria 14. Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between

exposure(s) and outcome(s)?

3.2. Risk of bias assessment and publication bias

No publication bias was observed in the studies reporting
CNS outcomes based on Egger’s test and funnel plot assess-
ment, as presented in Figure 2 (Acute cerebrovascular dis-
ease: P=0.087, Encephalopathy: p=0.383, other CNS compli-
cations: p=0.005). Risk of bias assessment of included stud-
ies is presented in table 2. Sample size justification was not
provided in all studies. In addition, timeframe and follow up
duration of 5 studies were not sufficient to evaluate associ-
ation between COVID-19 and CNS manifestations, as some
patients were still hospitalized at the time of analysis. Also,
the blinding status of outcome assessor was not reported in
some the studies.

3.3. Meta-analysis

CNS complications were investigated and analyzed in the in-
cluded studies, and results of the analysis are presented as
a forest plot in Figure 3. Overall, the incidence of the CNS

complications was calculated to be 6.27% (95% CI: 3.32 to
9.98) with a considerable heterogeneity observed between
the studies as a whole (1?=90.07%). The prevalence of the
acute cerebrovascular disease was 2.59% among COVID-19
patients (95% CI: 1.31 to 4.25; IZ=60.3%). Moreover, over-
all reported incidence of encephalopathy was calculated to
be 9.14% (95%CI: 2.20 to 19.81). Other CNS complications
including brain leptomeningeal enhancement, dysexecutive
syndrome, brain perfusion abnormalities and ataxia were
also assessed and their overall incidence was evaluated to be
13.39% (95% CI 0.90 to 35.46; 12=95.3%).

4, Discussion

The findings of the present systematic review and meta-
analysis demonstrated that CNS complications definitely ex-
ist in COVID-19 patients, with an overall prevalence cal-
culated to be 6.27% based on the studies found until
April 2157 2020. In terms of the type of complications,
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Flow diagram of the present meta-analysis.

encephalopathy and acute cerebrovascular disease were
the most prevalent, and other CNS complications includ-
ing brain leptomeningeal enhancement, dysexecutive syn-
drome, brain perfusion abnormalities and ataxia were also
observed among the patients. However, there are a few limi-
tations regarding the reported prevalence. Regarding the in-
cidence of encephalopathy, although it was the most preva-
lent CNS complication with respect to the overall number of
patients, only three articles reported this complication (19,
20, 24). Moreover, the study sample size in the three arti-
cles differ, with Helmes et al. contemplating on a patient
population much less than the other two studies, causing a
possible bias in the results of the study. Also, Helmes et al.
studied only a population of severe cases of COVID-19 pa-
tients, whilst the other two studies contemplated on a spec-
trum of disease severities among their included study sam-
ples. As a result, more studies with larger population and
variety in severity of disease among patients are needed to
reach a more accurate consensus over the actual prevalence
of encephalopathy between COVID-19 patients. Nonethe-
less, the possibility of encephalopathy is noticeably high, and
thus, healthcare providers should pay extra attention to its
presence in patients with COVID-19. Previously, some case

report studies had reported the incidence of encephalopathy
as a complication of COVID-19 (25-27), and our results have
raised more concern over this matter. Six studies reported
the incidence of acute cerebrovascular disease and stroke in
COVID-19 patients. However, two studies in this section may
be the source of existing heterogeneity (20, 22), reporting
a higher than average prevalence for acute cerebrovascular
disease and stroke. As previously mentioned, the sample size
in Helmes et al.’s study is considerably low compared with the
other five articles. In addition, concerning other neurolog-
ical complications, only two studies recorded and reported
neurological complications other than acute cerebrovascu-
lar disease and encephalopathy (13, 20), so more researches
are required to take place to evaluate and assess other types
of CNS complications in COVID-19 patients.

5. Conclusion

Overall, we conclude that CNS complications in COVID-19
patients do exist. However, with the studies reporting a va-
riety of types of complications, and the focus of the exist-
ing studies being mainly on encephalopathy and acute cere-
brovascular disease, there is inevitably uncertainty. Nonethe-
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Funnel plot for assessment of publication bias in central nervous system (CNS) complications following SARS-CoV2 infection. Other
complications: Brain leptomeningeal enhancement, dysexecutive syndrome, brain perfusion abnormalities, ataxia.
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less, our results have emphasized that SARS-CoV-2 may dam-
age the CNS while infecting its host (28, 29). In this re-
gard, healthcare providers should take extra care with their
COVID-19 patients presenting with symptoms indicative of .
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:\iivel Medline search query

1. "Betacoronavirus"[mh] OR "Coronavirus"[mh] OR "Coronavirus Infections"[mh] OR "COVID-19 vaccine"[Supplementary Concept] OR
"COVID-19 diagnostic testing" [Supplementary Concept] OR 2019 novel coronavirus disease[tiab] OR COVID19[tiab] OR COVID-19][tiab]
OR SARS-CoV-2[tiab] OR COVID-19 pandemic|[tiab] OR SARS-CoV-2 infection[tiab] OR COVID-19 virus disease[tiab] OR 2019 novel coro-
navirus infection[tiab] OR 2019-nCoV infection[tiab] OR coronavirus disease 2019[tiab] OR coronavirus disease-19[tiab] OR 2019-nCoV
disease[tiab] OR COVID-19 virus infection[tiab] OR Severe Acute Respiratory Syndrome Coronavirus 2[tiab]

2. "Stroke"[mh] OR "Cerebrovascular Disorders"[mh] OR "Brain Ischemia"[mh] OR "Encephalitis" [mh] OR "Infectious Encephalitis" [mh]
OR "Encephalitis, Viral"[mh] OR "Encephalitis Viruses"[mh] OR "Meningitis"[mh] OR "Meningitis, Viral"[mh] OR "Central Nervous Sys-
tem Infections"[mh] OR "Central Nervous System Viral Diseases"[mh] OR "Nervous System Diseases"[mh] OR "Central Nervous Sys-
tem Diseases"[mh] OR "Neurologic Manifestations"[mh] OR "Brain"[mh] OR "Brain Infarction"[mh] OR Stroke[tiab] OR Strokes[tiab] OR
Cerebrovascular Accident[tiab] OR Cerebrovascular Accidents[tiab] OR CVA (Cerebrovascular Accident)[tiab] OR CVAs (Cerebrovascu-
lar Accident)[tiab] OR Cerebrovascular Apoplexy|[tiab] OR Apoplexy, Cerebrovascular[tiab] OR Vascular Accident, Brain[tiab] OR Brain
Vascular Accident[tiab] OR Brain Vascular Accidents[tiab] OR Vascular Accidents, Brain[tiab] OR Cerebrovascular Stroke[tiab] OR Cere-
brovascular Strokes|[tiab] OR Stroke, Cerebrovascular[tiab] OR Strokes, Cerebrovascular[tiab] OR Apoplexy[tiab] OR Cerebral Stroke[tiab]
OR Cerebral Strokes[tiab] OR Stroke, Cerebral[tiab] OR Strokes, Cerebral[tiab] OR Stroke, Acute[tiab] OR Acute Stroke[tiab] OR Acute
Strokes[tiab] OR Strokes, Acute[tiab] OR Cerebrovascular Accident, Acute[tiab] OR Acute Cerebrovascular Accident[tiab] OR Acute Cere-
brovascular Accidents[tiab] OR Cerebrovascular Accidents, Acute[tiab] OR Brain Infarction[tiab] OR Brain Infarctions[tiab] OR Infarction,
Brain[tiab] OR Infarctions, Brain[tiab] OR Brain Infarct[tiab] OR Brain Infarcts[tiab] OR Infarct, Brain[tiab] OR Infarcts, Brain[tiab] OR
Anterior Circulation Brain Infarction[tiab] OR Infarction, Brain, Anterior Circulation[tiab] OR Infarction, Anterior Circulation, Brain[tiab]
OR Anterior Circulation Infarction, Brain[tiab] OR Brain Infarction, Anterior Circulation[tiab] OR Venous Infarction, Brain[tiab] OR Brain
Venous Infarction[tiab] OR Brain Venous Infarctions[tiab] OR Infarction, Brain Venous[tiab] OR Infarctions, Brain Venous[tiab] OR Ve-
nous Infarctions, Brain[tiab] OR Brain Infarction, Venous[tiab] OR Brain Infarctions, Venous[tiab] OR Infarction, Venous Brain[tiab] OR
Infarctions, Venous Brain[tiab] OR Venous Brain Infarction[tiab] OR Venous Brain Infarctions[tiab] OR Anterior Cerebral Circulation In-
farction[tiab] OR Infarction, Anterior Cerebral Circulation[tiab] OR Brain Infarction, Posterior Circulation[tiab] OR Posterior Circula-
tion Infarction, Brain[tiab] OR Posterior Circulation Brain Infarction[tiab] OR Infarction, Brain, Posterior Circulation[tiab] OR Infarction,
Posterior Circulation, Brain[tiab] OR Cerebrovascular Disorders[tiab] OR Cerebrovascular Disorder[tiab] OR Vascular Diseases, Intracra-
nial[tiab] OR Intracranial Vascular Disease[tiab] OR Intracranial Vascular Diseases[tiab] OR Vascular Disease, Intracranial[tiab] OR In-
tracranial Vascular Disorders[tiab] OR Intracranial Vascular Disorder[tiab] OR Vascular Disorder, Intracranial[tiab] OR Vascular Disorders,
Intracranial[tiab] OR Cerebrovascular Diseases[tiab] OR Cerebrovascular Disease[tiab] OR Disease, Cerebrovascular[tiab] OR Diseases,
Cerebrovascular[tiab] OR Brain Vascular Disorders[tiab] OR Brain Vascular Disorder[tiab] OR Vascular Disorder, Brain[tiab] OR Vascu-
lar Disorders, Brain[tiab] OR Cerebrovascular Occlusion[tiab] OR Cerebrovascular Occlusions[tiab] OR Occlusion, Cerebrovascular(tiab]
OR Occlusions, Cerebrovascular[tiab] OR Cerebrovascular Insufficiency|[tiab] OR Cerebrovascular Insufficiencies[tiab] OR Insufficiencies,
Cerebrovascular[tiab] OR Insufficiency, Cerebrovascular[tiab] OR Brain Ischemial[tiab] OR Brain Ischemias|tiab] OR Ischemia, Brain[tiab]
OR Ischemic Encephalopathy(tiab] OR Encephalopathy, Ischemic[tiab] OR Ischemic Encephalopathies[tiab] OR Cerebral Ischemial[tiab]
OR Cerebral Ischemias[tiab] OR Ischemias, Cerebral[tiab] OR Ischemia, Cerebral[tiab] OR Encephalitis[tiab] OR Brain Inflammation|[tiab]
OR Inflammation, Brain[tiab] OR Brain Inflammations[tiab] OR Rasmussen Syndrome(tiab] OR Rasmussen Encephalitis[tiab] OR Ras-
mussen’s Syndrome(tiab] OR Encephalitis, Rasmussen|[tiab] OR Infectious Encephalitis[tiab] OR Encephalitis, Infectious[tiab] OR En-
cephalitis Infection[tiab] OR Encephalitis Infections[tiab] OR Infection, Encephalitis[tiab] OR Infections, Encephalitis[tiab] OR En-
cephalitis, Viral[tiab] OR Encephalomyelitis, Infectious, Viral[tiab] OR Infectious Encephalomyelitis, Viral[tiab] OR Encephalomyelitis,
Viral Infectious[tiab] OR Viral Infectious Encephalomyelitis[tiab] OR Viral Encephalitis[tiab] OR Encephalitis Viruses[tiab] OR Viruses,
Encephalitis[tiab] OR Encephalitis Virus[tiab] OR Virus, Encephalitis[tiab] OR Meningitis[tiab] OR Meningitides[tiab] OR Pachymeningi-
tis[tiab] OR Pachymeningitides[tiab] OR Meningitis, Viral[tiab] OR Meningitides, Viral[tiab] OR Viral Meningitides[tiab] OR Viral Meningi-
tis[tiab] OR Central Nervous System Infections(tiab] OR Infections, Central Nervous System(tiab] OR CNS Infections(tiab] OR CNS Infec-
tion[tiab] OR Infection, CNS[tiab] OR Infections, CNS[tiab] OR Central Nervous System Infection(tiab] OR Central Nervous System Viral
Diseases[tiab] OR Viral Diseases, Central Nervous System|[tiab] OR Viral Infections, Central Nervous System[tiab] OR Infections, CNS, Vi-
ral[tiab] OR Infections, Viral CNS[tiab] OR CNS Infection, Viral[tiab] OR CNS Infections, Viral[tiab] OR Infection, Viral CNS[tiab] OR Viral
CNS Infection[tiab] OR Viral CNS Infections[tiab] OR CNS Viral Diseases[tiab] OR CNS Viral Disease[tiab] OR Disease, CNS Viral[tiab] OR
Diseases, CNS Viral[tiab] OR Viral Disease, CNS|[tiab] OR Viral Diseases, CNS[tiab] OR Central Nervous System Viral Infections(tiab] OR
Nervous System Diseases[tiab] OR Disease, Nervous System[tiab] OR Diseases, Nervous System[tiab] OR Nervous System Disease[tiab]
OR Neurologic Disorders[tiab] OR Disorder, Neurologic[tiab] OR Disorders, Neurologic(tiab] OR Neurologic Disorder[tiab] OR Neurolog-
ical Disorders[tiab] OR Disorder, Neurological[tiab] OR Disorders, Neurological[tiab] OR Neurological Disorder[tiab] OR Nervous System
Disorders[tiab] OR Disorder, Nervous System[tiab] OR Disorders, Nervous System|[tiab] OR Nervous System Disorder[tiab] OR Central
Nervous System Diseases[tiab] OR Central Nervous System Disorders[tiab] OR CNS Diseases|tiab] OR CNS Disease(tiab] OR Neuro-
logic Manifestations[tiab] OR Manifestation, Neurologic[tiab] OR Neurological Manifestations[tiab] OR Neurologic Manifestation[tiab]
OR Neurologic Signs and Symptoms[tiab] OR Manifestations, Neurologic[tiab] OR Manifestations, Neurological[tiab] OR Manifestation,
Neurological[tiab] OR Neurological Manifestation[tiab] OR Neurologic Deficits[tiab] OR Deficit, Neurologic[tiab] OR Deficits, Neuro-
logic[tiab] OR Neurologic Deficit[tiab] OR Neurologic Symptoms|tiab] OR Neurologic Symptom[tiab] OR Symptom, Neurologic[tiab] OR
Symptoms, Neurologic[tiab] OR Neurologic Findings[tiab] OR Finding, Neurologic[tiab] OR Findings, Neurologic[tiab] OR Neurologic
Finding[tiab] OR Neurologic Signs[tiab] OR Neurologic Sign[tiab] OR Sign, Neurologic[tiab] OR Signs, Neurologic[tiab] OR Focal Neuro-
logic Deficits[tiab] OR Deficit, Focal Neurologic[tiab] OR Deficits, Focal Neurologic[tiab] OR Focal Neurologic Deficit[tiab] OR Neurologic
Deficit, Focal[tiab] OR Neurologic Deficits, Focal[tiab] OR Neurologic Dysfunction[tiab] OR Dysfunction, Neurologic[tiab] OR Dysfunc-
tions, Neurologic(tiab] OR Neurologic Dysfunctions(tiab] OR Encephalopathy([tiab] OR Clinical characteristics[tiab] OR Brain|[tiab]

3. #1 AND #2
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