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Systematic Review

A systematic review of detailed neurological and psychiatric 
manifestations in patients with COVID-19

Coronavirus 2019 (COVID-19), a potentially fatal disease 
caused by severe acute respiratory syndrome 2 (SARS-

CoV-2), first emerged in Wuhan, China, in late 2019, and sub-
sequently became a global pandemic that continues to have 
significant deadly effects.[1–3] In 2020, the global COVID-19 
mortality ratio was estimated to be 4.6%[1] and significant con-
sequences continue to be felt worldwide. Various treatment 
protocols were implemented in hospitals to address the dis-
ease-causing mechanisms of the virus, and several scientific 
studies were initiated to pursue various treatment methods.[4]

Two antimalarial drugs in the aminoquinoline group, chloro-
quine (CQ) and hydroxychloroquine (HCQ), were among the 
early choices to treat COVID-19 based on their ability to in-
hibit other coronaviruses.[2,3] Examination of the mechanism 
of action suggested that CQ and HCQ suppress the glycosy-

lation of angiotensin-converting enzyme 2 located on the cell 
surface and draw viral particles into the intracellular space. 
Subsequently, interleukin 6 (IL-6) produces an anti-inflamma-
tory effect by inhibiting tumor necrosis factor alpha (TNF-α), 
abnormal interferon, and other pro-inflammatory cytokines 
that can cause lung damage and acute respiratory distress 
syndrome.[4]

Compared with CQ, HCQ dissolves better and exhibits fewer 
toxic effects,[5,6] and is therefore safer. However, these drugs 
may cause toxicity that predisposes to neuro-psychiatric, 
sensory, cardiac, and metabolic problems.[7,8] In addition to 
possible problems caused by drugs used to treat COVID-19, 
the virus itself is thought to have potential pulmonary, renal, 
hepatic, psychiatric, neurological, and cardiovascular effects.
[9] Psychiatric and neurological disorders that may be seen in-
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clude headache, confusion, unconsciousness, muscular coor-
dination disorder (ataxia), acute cerebrovascular disease, and 
convulsive seizures,[9] which may present within 2-3 weeks af-
ter infection with the virus.[10]

The literature indicates that after the acute phase of COVID-19, 
the virus remains in the central nervous system (CNS) and may 
cause post-infectious neurological and psychiatric compli-
cations.[11] The development of such disorders is significantly 
associated with the degree and severity of the disease. Se-
vere systemic inflammatory responses may induce these 
problems. The psychoneurological vulnerability of individuals 
generally increases with older age, a weak immune system, a 
comorbidity, or chronic disease.[12,13] In patients who recover 

from COVID-19, conditions such as a urinary tract infection or 
pneumonia, may trigger confusion, delirium, or encephalopa-
thy.[12,13] Increased awareness of neurological and psychiatric 
disorders caused by COVID-19 is of great importance to assist 
in the management, prevention, and treatment of these con-
ditions. 

Neurological and psychiatric problems that develop in indi-
viduals diagnosed with COVID-19 may be related to treatment 
protocols. Patients with a severe COVID-19 infection are typi-
cally given comprehensive treatment in the intensive care unit 
or a COVID-19 clinic. Research examining the side effects of 
the virus and COVID-19 treatment is ongoing. This study was 
a systematic review of available early research on neurological 
and psychiatric problems seen in individuals who had been 
diagnosed with COVID-19 who were followed up and treated 
in a hospital.

Materials and Method
This systematic review sought to determine the neurolog-
ical and psychiatric signs and symptoms seen in COVID-19 
patients and examine if it could be determined if the cause 
was related to the disease or the treatment applied. The se-
quence of actions followed according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines are summarized in a flowchart in Figure 1.[14]

What is presently known on this subject?
• Coronavirus 2019 (COVID-19) is a new entity that is potentially fatal. Full 

understanding of the infection and ideal treatment procedures remain 
unclear. Neuropsychiatric symptoms are common and prolong the re-
covery period.

What does this article add to the existing knowledge? 
• At the time of writing, awareness of the significance of neuropsychiatric 

findings as a result of infection with COVID-19 was limited. The data col-
lected can assist physicians and nurses to improve care. 

What are the implications for practice?
• This systematic review is a valuable source of information in terms of 

neuropsychiatric findings. Greater awareness among physicians and 
nurses can speed effective care strategies for the management of neu-
ropsychiatric symptoms in COVID-19 patients.

Figure 1. Flow diagram of study selection.[14]
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Research Strategy
The research included a review of the Science Direct (n=6), 
PubMed (n=21), EMBASE (n=4), EBSCO (n=11), and Scopus 
(n=25) electronic databases, as well as article references 
and Google Scholar (n=9) using Medical Subjects Headings 
(MeSH) and Embase Tree (EMTREE) keywords. The search 
was conducted using the keywords, "COVID-19" or "coron-
avirus" or "SARS-CoV-2", "brain", "central nervous system" or 
"CNS", "neurologic", "psychiatric", "disorders", "diseases", and 
"dysfunction" in English and Turkish (Fig. 2). Various com-
binations of each term were used in a search of work pub-
lished during the period of December 1, 2019 to September 
1, 2020.

 

Inclusion Criteria 
The inclusion criteria were determined according to the Popu-
lation, Intervention, Comparison, and Outcome (PICO) frame-
work. (i) The sample group consisted of COVID-19 patients 
with neurological/psychiatric disorders, (ii) The patients were 
>18 years of age, and (iii) there was a relevant article or case 
report published in an international refereed journal, using 
the following criteria:

a) The original and quantitative nature of the studies

b) Published in English or Turkish 

c) Conducted December 1, 2019-September 1, 2020 

Study Selection Process
In all, 32 articles were evaluated as full text and 44 studies 
were excluded. The final review included a total of 21 articles: 
[15–35] 9 descriptive studies and 12 case reports. There were 4 
articles from Italy, 7 from China, 3 from England, and 3 from 
the United States of America (USA), and 1 each from France, 
Morocco, Iran, and Turkey.

Descriptive studies/case series (cross-sectional, relationship-
seeking, comparative) were evaluated using the 9 Joanna 
Briggs Institute MAStARI Critical Assessment tools, adapted 
into Turkish by Nakhichevan and Secginli.[36] Both authors 
of this review conducted an independent methodological 
quality evaluation of a total of 76 articles. The highest score 
awarded in the assessment was 8 and the lowest score was 
6. The title and abstract of the selected publications were re-
viewed twice, and studies not meeting the inclusion criteria 
were excluded. The full text of the remaining studies was ex-
amined and the exclusion process of studies not meeting the 
inclusion criteria was repeated. Author information and de-
tails about the method and results obtained were recorded, 
and the methodological quality of the studies was evaluated. 
In the event of any inconsistency in a decision to include an 
article, the final decision was made after detailed examination 
and discussion.
The fit analysis kappa value was calculated using IBM SPSS 
Statistics for Windows, Version 25.0 software (IBM Corp., Ar-
monk, NY, USA) to determine inter-rater reliability. The kappa 
value was determined to be 0.78, indicating that there was a 
high level of agreement between the raters.

Results

Sample Characteristics and Use of Data Registration Form 
The data obtained from the studies reviewed are shown in Table 
1. All of the studies were published in 2020, which was early 
in the pandemic, and includes research and case reports from 
Asia, Europe, and the USA. A data registration form developed 
by the authors was used to record the relevant data from all of 
the literature included in the review. The sample studies con-
sisted of patients who were treated in hospital for COVID-19. 
Six of the articles were retrospective and 3 were prospective 
in design. The retrospective studies used data obtained from 

SARS-CoV-2CoronavirusCOVID-19

Brain Neurologic Neuropsychiatric Cerebrovascular

DysfunctionIssue, problemSignDiseaseSymptomDisorder

Psychiatric
Central
nervous

system-CNS

Figure 2. Word combinations used in literature search.
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Table 1. Data obtained from the studies included in the systematic review

Author and 
publication year

Location Sample 
size

Method Neurological and psychiatric
signs and symptoms

Alberti et al., 2020

Beyrouti et al., 2020

Cavalcanti et al., 
2020

Chen et al., 2020

Hanafi et al., 2019

Huang et al., 2020

Karadaş, Öztürk 
and Sonkaya, 2020

Li et al., 2020

Mao et al., 2020

El Otmani et al., 
2020

Oxley et al., 2020

Padroni et al., 2020

Paterson et al., 
2020

Sedaghat and 
Karimi, 2020

Toscano et al., 2020

Varatharaj et al., 
2020

Virani et al., 2020

Vollono et al., 2020

Milan, Italy

London, England

New York, NY, 
USA

Wuhan, China

Lille, France

Wuhan, China

Ankara, Turkey

Wuhan, China

Wuhan, China

Casablanca, 
Morocco

New York, NY, USA

Ravenna, Italy

London, England

Sari, Iran

Sari, Iran

Southampton, 
England

Pittsburgh, PA, 
USA

Rome, Italy

n=1

n=6

n=3

n=99

n=1

n=41

n=239

n=221

n=214

n=1

n=5

n=1

n=43

n=1

n=1

n=125

n=1

n=1

Case report

Case report;
Brain MRI (+)

Case report;
Brain MRI (+)

Retrospective and descriptive, n=99;
Data were obtained from 
epidemiological, demographic, 
clinical, and radiological records.

Case report;
Brain MRI (+)

Prospective and descriptive

Prospective and descriptive;
During data collection:
- Comprehensive neurological 

examination was performed by 2 
neurologists

- Brain CT/MRI/EEG were performed 
on patients with neurological 
findings

- Laboratory findings, IL-6, D-dimer, 
and CK values were examined.

Retrospective and descriptive

Retrospective;
Data were obtained from electronic 
records.
Neurological findings were reviewed 
and classified by 2 neurologists.

Case report

Case report

Case report

Descriptive;
Brain MRI (+)

Case report

Case report

Descriptive, retrospective; 
Data were obtained from electronic 
records.

Case report

Case report;
EEG (+)

Polyneuropathy (+)

Ischemic stroke 33%

Cerebral venous sinus thrombosis 100%

Confusion 9%, headache 8%

Polyneuropathy (+), Encephalopathy (+)

Headache 8%

Headache 26.7%, eye movement pain 
1.3%, dizziness 6.7%, tinnitus 2.1%, 
hearing deficit 1.3%,  visual impairment 
3.3%, tongue numbness 1.7,  voice 
bifurcation 1.3%,  facial numbness 
3.3%, cerebrovascular disorders 3.8%, 
confusion 9.6%, sleep disturbance 
12.6%, balance disorder 2.5%, muscle 
pain 15.1%, Guillain-Barré syndrome 
0.4%,  restless leg syndrome 1.7%

Acute ischemic attack 5%, cerebral 
venous sinus thrombosis 0.5%, 
cerebral hemorrhage 0.5%

CNS problems 25%, headache 13%, 
dizziness 17%, confusion 8%,
acute cerebrovascular problems 3%,
impaired muscle control 0.5%, 
convulsive seizure 0.5%

Polyneuropathy/Guillain-Barre 
syndrome (+)

Ischemic stroke 20%

Polyneuropathy/Guillain-Barre 
syndrome (+)

Encephalopathy/delirium/ 
psychosis 23%, acute disseminated 
encephalomyelitis 20.9%, hemorrhage 
11.6%, CNS problems 27.9, and isolated 
myelitis 2.32%

Polyneuropathy/Guillain-Barre 
syndrome (+)

Polyneuropathy/Guillain-Barre 
syndrome (+)

CVA 62%, ischemic stroke 74%, 
intracerebral hemorrhage 12%, 
altered mental status 31%, Guillain-Barré 
syndrome 67%

Polyneuropathy/Guillain-Barre 
syndrome (+)

Focal status epilepticus (+)
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electronic patient records, and the prospective studies and 
case reports used data obtained from patient files, electronic 
records, or findings detected during examination. Neurological 
and psychiatric findings were based on the results of electroen-
cephalography (EEG), magnetic resonance imaging (MRI), and 
computed tomography (CT) examination. Laboratory tests and 
direct chest radiography provided other findings. 

Neurological and Psychiatric Findings Associated with 
COVID-19 and Treatment
Guillain-Barré syndrome, ischemic stroke, encephalopathy, 
and cerebral venous sinus thrombosis were among the find-
ings observed. Also, the level of D-dimer in the blood of pa-
tients with at least 1 neurological symptom was significantly 
higher (p<0.05) compared with that of patients without neu-
rological symptoms. The IL-6 level was significantly higher in 
patients with headache than those without (p<0.05) and the 
creatine kinase (CK) level was significantly higher in patients 
with muscle pain than those without (p<0.05).

The study conducted by Mao et al.,[24] which had the second 
highest sample size (n=214), neurological findings were found 
to be common: CNS problems were recorded in 25%, muscle 
control impairment in 0.5%, and acute cerebrovascular prob-
lems in 3%. Among the CNS manifestations, headache was 
seen in 13%, dizziness in 17%, confusion in 8%, and convulsive 
seizures in 0.5%. 

Chen et al.[18] reported findings of headache in 8% and con-
fusion in 9%. Similarly, Huang et al.[21] observed headache in 
8%. Both Huang et al.[21] and Sedaghat and Karimi[28] noted 
an increase in plasma cytokine and chemokine (IL2, IL7, IL10, 
GSCF, IP10, MCP1, MIP1A, and TNF-α) levels in addition to the 
symptoms and findings in Table 1. In the study performed by 
Li et al.,[23] neurological findings included rates of 5% for acute 
ischemic attack, 0.5% for cerebral venous sinus thrombosis, 
and 0.5% for cerebral hemorrhage. Li et al. also reported high 
levels of D-dimer, leukocytes, neutrophils, and C- reactive pro-
tein levels, and low levels of lymphocytes. 

Paterson et al.[27] found that the incidence of encephalopathy/
delirium/psychosis with both neurological and psychiatric di-
mensions was 23%. Among other neurological findings, acute 
disseminated encephalomyelitis was reported to be 20.9%, 
hemorrhage 11.6%, CNS problems 27.9%, and isolated myeli-
tis 2.32%.

Varatharaj et al.[30] reported neurological findings of cere-
brovascular accident 62%, Guillain-Barré 67%, ischemic stroke 
74%, and intracerebral hemorrhage 12%. Notably, an altered 
mental state was seen in 31%. Wang et al.[33] also stated that 
headache was seen in 7% and dizziness in 9% of COVID-19 pa-
tients.

Case reports usually addressed 1 or 2 findings. These included 
Guillain-Barré syndrome, ischemic stroke, encephalopathy, 
and cerebral venous sinus thrombosis. Oxley et al.[25] noted 

Table 1. Data obtained from the studies included in the systematic review (continue)

Author and 
publication year

Location Sample 
size

Method Neurological and psychiatric
signs and symptoms

Wang et al., 2020

Yang et al., 2020

Zhao et al., 2020

CK: Cytokine; CNS: Central nervous system; CT: Computed tomography; CVA: Cerebrovascular accident; EEG: Electroencephalography; IL-6: Interleukin 6; MRI: Magnetic resonance 
imaging.

Wuhan, 
China

Wuhan, 
China

Hubei, 
China

n=138

n=52

n=1

Retrospective and descriptive; 
Data were obtained from electronic 
records.

Retrospective and descriptive 

Case report

Headache 7%, dizziness 9%

Headache 6%

Polyneuropathy/Guillain-Barre 
syndrome (+)

Table 2. Grouping of neurological and psychiatric symptoms in terms of short- and long-term effects*

 Case report Research article

 During COVID-19 Post-infectious During COVID-19 Post-infectious

Brain 2 7 6 2
Neurological  3 3 6 2
CNS 5 1 7 5
Psychiatric 0 0 6 2

*Some findings appeared during the acute phase of COVID-19 and continued to occur in the later period. CNS: Central nervous system.
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that ischemic stroke was detected in 2 of 5 patients. Simi-
larly, Beyrouti et al.[16] observed ischemic stroke in 2 of 6 pa-
tients. The case report submitted by Vollono et al.[32] reported 
the presence of focal status epilepticus, and the presence of 
polyneuropathy and encephalopathy was reported by Hanafi 
et al.[20] Polyneuropathy and Guillain-Barré syndrome were ob-
served in all of the other case reports.
Table 2 illustrates the findings analyzed in 4 groups. Neuro-
logical findings were grouped as related to the brain (acute 
ischemic attack, ischemic stroke, cerebral venous sinus throm-
bosis, cerebral hemorrhage, etc.), CNS (CNS disorders, im-
paired muscle control, etc.), or neurology (polyneuropathy, 
Guillain-Barre syndrome, etc.). The final category was psychi-
atric symptoms, such as headache, dizziness, altered mental 
status, encephalopathy/delirium/psychosis, sleep distur-
bance, convulsive seizures, and confusion.

Discussion

This systematic review is an important source of early infor-
mation, as it examined the results of 21 studies and addressed 
a wide range of psychiatric and neurological disorders in pa-
tients diagnosed with COVID-19. Although the findings of the 
studies included in this systematic review have been catego-
rized as neurological and psychiatric, the synergy should not 
be forgotten. The work of Karadaş, Öztürk, and Sonkaya not-
ing that headache and dizziness may occur as a result of cere-
brovascular disorders should not be disregarded; likewise, it 
should be kept in mind that confusion, eye movement pain, 
and sleep disturbance may be interrelated. 
It is highly possible that the potential lethality of COVID-19 and 
generalized fear due to worldwide disruption on many levels 
may cause anxiety or fear of death. However, the data record-
ing forms included in the scope of this investigation do not 
allow us to draw specific conclusions. Specific scales should 
be used to assess the presence and causes of stress, anxiety, 
and fear of death. Findings of encephalopathy/delirium/psy-
chosis with both neurological and psychiatric dimensions, as 
well as acute disseminated encephalomyelitis, hemorrhage, 
CNS problems, and isolated myelitis reported by Paterson et 
al.[27] are nonetheless noteworthy.
The studies conducted by Karadaş, Öztürk and Sonkaya[37] and 
Mao et al.,[24] the studies with the largest sample size, mostly 
record psychiatric problems, including headache, dizziness, 
confusion, restless leg syndrome, convulsive seizures, Guil-
lain-Barre syndrome, and sleep disturbance. The same stud-
ies reported neurological problems, such as cerebrovascular 
problems, CNS disorders, and imbalance.
In a prospective study, Karadaş, Öztürk and Sonkaya[37] de-
termined that patients with a high serum D-dimer level had 
more neurological disease findings than those with a low 
level; that is, there was a direct proportion between D-dimer 
level and neurological disease findings (p<0.05). The authors 
also found that patients with a high serum D-dimer level had 

more neurological disorder symptoms than those with a low 
level, suggesting a direct correlation between D-dimer level 
and neurological disorder symptoms (p<0.05).[22] In addition, 
it was stated that there was a greater likelihood of headache 
in patients with a high IL-6 level (p<0.05). In the same patient 
group, the CK level was high in patients with muscle pain 
(p<0.05). It is thought that high CK and lactate dehydrogenase 
levels are associated with muscle damage. This suggests that 
systemic inflammatory response syndrome (SIRS) may have a 
role in the pathogenesis of muscle damage.[38] SIRS has been 
observed in cases of pneumonia caused by COVID-19, and pa-
tients with severe infections can be presumed to be predis-
posed to multiorgan failure.[38] 

A direct relationship cannot yet be established between the 
emergence of neurological and psychiatric symptoms and the 
clinical condition of COVID-19 patients. Neurological and psy-
chiatric findings may be associated with the toxicity caused 
by the drug therapy administered. Also, the emergence of 
multiple organ failure in patients with muscle damage may in-
dicate that the inflammatory response may be a predisposing 
factor to skeletal muscle damage. In addition to an increase 
in CK and D-dimer levels, the neutrophil count, C-reactive 
protein level, coagulation activation, and inflammatory re-
sponse measures are high and the lymphocyte count is low 
in COVID-19 patients.[24,39] In this context, although there may 
be a link between high coagulation activation and ischemic 
stroke and cerebrovascular disease, no similar studies were 
found in a review of the literature. Autopsy results of some 
COVID-19 patients have, however, confirmed that the virus 
appears to trigger neurological damage.[40,41]

The results of this systematic review indicated that the increase 
in cytokines, TNF-α, and IL-6 values may be associated with 
the function of cytokines as pain mediators.[42] The increase 
in IL-6 level might explain the headaches seen in COVID-19 
patients, just as in migraine patients.[37] IL-6 enables the acti-
vation of proinflammatory cytokines released from T cells and 
macrophages. This causes inflammation, in situations such as 
infection and trauma. In addition, cytokines initiate fever, acute 
phase response, and PGE2 synthesis.[43] All of these processes 
explain the increase in cytokines and chemokines observed.
Guillain-Barré syndrome may develop as a result of neuro-
logical disorders that progress in parallel with infection. The 
syndrome is caused by an abnormal autoimmune response to 
various viral or bacterial infections that leads to a cross-reac-
tivity between the ganglioside components of the peripheral 
nerves and can lead to nerve damage.[29] Guillain-Barré syn-
drome can cause acute paralytic attacks. 
Polyneuropathy (chronic inflammatory demyelinating 
polyneuropathy, CIDP) is a multifocal demyelinating syn-
drome or disease. It is very similar to Guillain-Barré syndrome, 
so there is a possibility of misdiagnosis. However, the response 
to immunosuppressive therapy suggests that it is an autoim-
mune disease. Guillain-Barre syndrome demonstrates symp-
toms within the first 4 weeks after the onset of the disease, 
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while in cases of polyneuropathy, symptoms may not appear 
for 8 weeks or longer.[44] 

Convulsive seizures have been reported in COVID-19 patients.
[24] Disruption of the blood-brain barrier following viral en-
cephalitis or excessive proinflammatory cytokine release is 
thought to be the cause of cortical irritation that initiates the 
seizures associated with COVID-19 infection.[12,45,46] 

The studies included in this systematic review were based 
solely on data record forms; no scales were used to measure 
neurological and psychiatric problems, as is ordinary practice. 
Given the pandemic conditions, this is understandable; how-
ever, it also suggests that some problems may not have been 
thoroughly evaluated. Nonetheless, this systematic review is 
an important source of information as a comprehensive study 
of the early records of neurological and psychiatric problems 
in COVID-19 patients. 
Clinicians should be aware of possible psychiatric and neu-
rological problems in COVID-19 patients, and these disorders 
should be diagnosed and treated at an early stage. Additional 
research of this subject is recommended, including experi-
mental research based on the data we have in this systematic 
review.

Conclusion 

The results obtained confirmed that COVID-19-associated psy-
chiatric and neurological disorders are frequently observed 
and should not be ignored. The long-term effects of the virus 
and side effects that may develop due to drug administration 
to treat COVID-19 are not yet fully known. The pandemic has 
limited the ability to conduct research and confirm available 
evidence using advanced diagnostic methods due to finan-
cial limitations and restrictions on movement that reduce the 
workforce and capabilities. Therefore, additional studies are 
required. It is likely that not all COVID-19 patients undergo a 
psychiatric and neurological examination. This is an indication 
that some problems may go unnoticed. Clinicians should be 
aware of possible psychiatric and neurological disorders, and 
these problems should be diagnosed and treated at an early 
stage, and additional research is needed to determine a fuller 
understanding.

Conflict of interest: There are no relevant conflicts of interest to 
disclose.

Peer-review: Externally peer-reviewed.

Authorship contributions: Concept – N.G.; Design – N.G., S.B.; 
Supervision – N.G.; Fundings - N.G., S.B.; Materials – N.G., S.B.; Data 
collection &/or processing – N.G., S.B.; Analysis and/or interpreta-
tion – N.G., S.B.; Literature search – N.G., S.B.; Writing – N.G., S.B.; 
Critical review – N.G., S.B.

References
1. WHO. WHO Coronavirus Disease (COVID-19) Dashboard. Avail-

able at: https://covid19.who.int/. Accessed Jul 9, 2020.

2. Zhang J, Xie B, Hashimoto K. Current status of potential thera-
peutic candidates for the COVID-19 crisis. Brain Behav Immun 
2020;87:59–73.

3. Pleasure SJ, Green AJ, Josephson SA. The spectrum of neuro-
logic disease in the severe acute respiratory syndrome coron-
avirus 2 pandemic infection: Neurologists move to the front-
lines. JAMA Neurol 2020;77:679–80.

4. Das RR, Jaiswal N, Dev N, Jaiswal N, Naik SS, Sankar J. Efficacy 
and safety of anti-malarial drugs (chloroquine and hydroxy-
chloroquine) in treatment of COVID-19 Infection: A systematic 
review and meta-analysis. Front Med (Lausanne) 2020;7:482.

5. Yao X, Ye F, Zhang M, Cui C, Huang B, Niu P, et al. In vitro an-
tiviral activity and projection of optimized dosing design of 
hydroxychloroquine for the treatment of severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2). Clin Infect Dis 
2020;71:732–9.

6. Sahraei Z, Shabani M, Shokouhi S, Saffaei A. Aminoquinolines 
against coronavirus disease 2019 (COVID-19): Chloroquine or 
hydroxychloroquine. Int J Antimicrob Agents 2020;55:105945.

7. Juurlink DN. Safety considerations with chloroquine, hydrox-
ychloroquine and azithromycin in the management of SARS-
CoV-2 infection. CMAJ 2020;192:E450–3.

8. Beaumont P, Ratcliffe R. Chloroquine: Trump’s misleading 
claims spark hoarding and overdoses. The Guardian. 2020. 
Available at: https://www.theguardian.com/science/2020/
mar/25/can-chloroquinereallyhelp-treat-coronavirus-pa-
tients. Accessed Jun 7, 2020.

9. Pérez CA. Looking ahead: The risk of neurologic complications 
due to COVID-19. Neurol Clin Pract 2020;10:371–4.

10. Hwang CS. Olfactory neuropathy in severe acute respiratory 
syndrome: Report of A case. Acta Neurol Taiwan 2006;15:26–8.

11. Desforges M, Le Coupanec A, Dubeau P, Bourgouin A, Lajoie 
L, Dubé M, et al. Human coronaviruses and other respiratory 
viruses: Underestimated opportunistic pathogens of the cen-
tral nervous system? Viruses 2019;12:14.

12. Bulbuloğlu S, Sarıtaş S. The relationship between delirium and 
COVID-19 in intensive care. In: Bulbuloğlu S. editor. Delirium: 
Acute brain dysfunction and care. Antalya, Turkey: Cukurova 
Nobel Medical Bookstore; 2020. p. 163–6.

13. Akkoc MF. Inflammatory biomarker disorders in delirium. Bul-
buloğlu S. editor. Delirium: Acute brain dysfunction and care. 
Antalya, Turkey: Cukurova Nobel Medical Bookstore. 2020. 
p.99–112.

14. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Pre-
ferred reporting items for systematic reviews and meta-analy-
ses: The PRISMA statement. Ann Intern Med 2009;151:264–9.

15. Alberti P, Beretta S, Piatti M, Karantzoulis A, Piatti ML, Santoro 
P, et al. Guillain-Barré syndrome related to COVID-19 infection. 
Neurol Neuroimmunol Neuroinflamm 2020;7:e741.

16. Beyrouti R, Adams ME, Benjamin L, Cohen H, Farmer SF, Goh 
YY, et al. Characteristics of ischaemic stroke associated with 
COVID-19. J Neurol Neurosurg Psychiatry. 2020;91:889–91.

17. Cavalcanti DD, Raz E, Shapiro M, Dehkharghani S, Yaghi S, 
Lillemoe K, et al. Cerebral venous thrombosis associated with 
COVID-19. AJNR Am J Neuroradiol 2020;41:1370–6.



99Semra Bülbüloğlu, Neurological and psychiatric manifestations in patients with COVID-19 / dx.doi.org/10.14744/phd.2021.71324

18. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemi-
ological and clinical characteristics of 99 cases of 2019 novel 
coronavirus pneumonia in Wuhan, China: A descriptive study. 
Lancet 2020;395:507–13.

19. El Otmani H, El Moutawakil B, Rafai MA, El Benna N, El Kettani 
C, Soussi M, et al. Covid-19 and Guillain-Barré syndrome: More 
than a coincidence! Rev Neurol (Paris) 2020;176:518–9.

20. Hanafi R, Roger PA, Perin B, Kuchcinski G, Deleval N, Dallery F, 
et al. COVID-19 neurologic complication with CNS vasculitis-
like pattern. AJNR Am J Neuroradiol 2020;41:1384–7.

21. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical fea-
tures of patients infected with 2019 novel coronavirus in 
Wuhan, China. Lancet 2020;395:497–506.

22. Karadaş Ö, Öztürk B, Sonkaya AR. A prospective clinical study 
of detailed neurological manifestations in patients with 
COVID-19. Neurol Sci 2020;41:1991–5.

23. Li Y, Li M, Wang M, Zhou Y, Chang J, Xian Y, et al. Acute cere-
brovascular disease following COVID-19: A single center, retro-
spective, observational study. Stroke Vasc Neurol 2020;5:279–
84.

24. Mao L, Wang M, Chen S, He Q, Chang J, Hong C. Neurologi-
cal manifestations of hospitalized patients with COVID-19 in 
Wuhan, China: A retrospective case series study. 2020.

25. Oxley TJ, Mocco J, Majidi S, Kellner CP, Shoirah H, Singh IP, et al. 
Large-Vessel stroke as a presenting feature of Covid-19 in the 
young. N Engl J Med 2020;382:e60.

26. Padroni M, Mastrangelo V, Asioli GM, Pavolucci L, Abu-
Rumeileh S, Piscaglia MG, et al. Guillain-Barré syndrome fol-
lowing COVID-19: New infection, old complication? J Neurol 
2020;267:1877–9.

27. Paterson RW, Brown RL, Benjamin L, Nortley R, Wiethoff S, 
Bharucha T, et al. The emerging spectrum of COVID-19 neu-
rology: Clinical, radiological and laboratory findings. Brain 
2020;143:3104–20.

28. Sedaghat Z, Karimi N. Guillain barre syndrome associated 
with COVID-19 infection: A case report. J Clin Neurosci 
2020;76:233–5.

29. Toscano G, Palmerini F, Ravaglia S, Ruiz L, Invernizzi P, Cuzzoni 
MG, et al. Guillain-Barré syndrome associated with SARS-
CoV-2. N Engl J Med 2020;382:2574–6.

30. Varatharaj A, Thomas N, Ellul MA, Davies NWS, Pollak TA, Teno-
rio EL, et al. Neurological and neuropsychiatric complications 
of COVID-19 in 153 patients: A UK-wide surveillance study. 
Lancet Psychiatry 2020;7:875–82.

31. Virani A, Rabold E, Hanson T, Haag A, Elrufay R, Cheema T, et 
al. Guillain-Barré syndrome associated with SARS-CoV-2 infec-
tion. IDCases 2020;20:e00771.

32. Vollono C, Rollo E, Romozzi M, Frisullo G, Servidei S, Borghetti 
A, et al. Focal status epilepticus as unique clinical feature of 

COVID-19: A case report. Seizure 2020;78:109–12.
33. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical char-

acteristics of 138 hospitalized patients with 2019 novel 
coronavirus-infected pneumonia in Wuhan, China. JAMA 
2020;323:1061–9.

34. Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and 
outcomes of critically ill patients with SARS-CoV-2 pneumonia 
in Wuhan, China: A single-centered, retrospective, observa-
tional study. Lancet Respir Med 2020;8:475–81.

35. Zhao H, Shen D, Zhou H, Liu J, Chen S. Guillain-Barré syn-
drome associated with SARS-CoV-2 infection: Causality or co-
incidence? Lancet Neurol 2020;19:383–4.

36. Nahcivan N, Seçginli S. Joanna briggs institute mastari critical 
appraisal tools: Psychometric testing of the Turkish versions. 
İstanbul: Second International Clinical Nursing Research 
Congress; 2015. p.1.

37. Karadaş Ö, Özön AÖ, Özçelik F, Özge A. Greater occipital nerve 
block in the treatment of triptan-overuse headache: A random-
ized comparative study. Acta Neurol Scand 2017;135:426–33.

38. Ding Y, He L, Zhang Q, Huang Z, Che X, Hou J, et al. Organ dis-
tribution of severe acute respiratory syndrome (SARS) asso-
ciated coronavirus (SARS-CoV) in SARS patients: İmplications 
for pathogenesis and virus transmission pathways. J Pathol 
2004;203:622–30.

39. Wu Y, Xu X, Chen Z, Duan J, Hashimoto K, Yang L, et al. Nervous 
system involvement after infection with COVID-19 and other 
coronaviruses. Brain Behav Immun 2020;87:18–22.

40. Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R, 
Zinkernagel AS, et al. Endothelial cell infection and endotheli-
itis in COVID-19. Lancet 2020;395:1417–8.

41. Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. Patho-
logical findings of COVID-19 associated with acute respiratory 
distress syndrome. Lancet Respir Med 2020;8:420–2.

42. Moore JB, June CH. Cytokine release syndrome in severe 
COVID-19. Science 2020;368:473–4.

43. Zhang C, Wu Z, Li JW, Zhao H, Wang GQ. Cytokine release syn-
drome in severe COVID-19: Interleukin-6 receptor antagonist 
tocilizumab may be the key to reduce mortality. Int J Antimi-
crob Agents 2020;55:105954.

44. Parman YG, Öge AE. Guillain-Barré syndrome and chronic in-
flammatory demyelinating polyneuropathy. Turkiye Klinikleri 
J Neurol 2009;2(Suppl):54–9.

45. Moriguchi T, Harii N, Goto J, Harada D, Sugawara H, Takamino 
J, et al. A first case of meningitis/encephalitis associated with 
SARS-Coronavirus-2. Int J Infect Dis 2020;94:55–8.

46. Hepburn M, Mullaguri N, George P, Hantus S, Punia V, Bhim-
raj A, et al. Acute symptomatic seizures in critically Ill pa-
tients with COVID-19: Is there an association? Neurocrit Care 
2021;34:139–43.


