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Abstract 

Background: COVID-19 was declared as a pandemic by World Health Organization on March 11, 
2020, and still constitutes a serious health problem affecting millions of people across the world. The 
evaluation and follow-up of ongoing and/or newly developing neurological involvement after recovery 
from COVID-19 are important. This study aims to reveal post-COVID-19 neurological symptoms and 
risk factors for their development. Methods: Patients over the age of 18 years who applied to centers, 
at least 4 weeks after COVID-19 infection and agreed to participate in the study were included in this 
cross-sectional study between January 20 and March 15, 2021. The patients were evaluated face to face, 
and their sociodemographic data, medical history, post-COVID-19 neurological symptoms, treatments, 
and Beck Depression Inventory scores were recorded. All statistical analyses were performed using 
SPSS 23 for Windows software package (SPSS Inc., Chicago, IL). Results: Four hundred patients 
were included in this study, an average of 108+5.12 days had passed after the onset of COVID-19. The 
rate of post-COVID-19 neurological involvement was 73.3%, and the top 3 most common symptoms 
were headache (47%), myalgia (43%), and sleep disturbance (39%). Having depression (OR: 4.54, 
95% Cl :1.88-10.96), female gender (OR:2.18, 95% Cl :1.36-3.49), hospitalization (OR: 2.01, 95% 
Cl :103-3.64), and usage of favipiravir (OR:2.07 95 Cl :1.15-3.72) were determined as independent 
predictors of developing prolonged neurological symptoms.
Conclusion: The long-term consequences of COVID-19 remain uncertain. It should be remembered 
that neurological symptoms are very common in post-infectious patients and long-term follow-up may 
be required in the management of this condition.
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INTRODUCTION

Coronavirus disease-19 (COVID-19), which 
started in Wuhan, China in December 2019, soon 
became a global serious health problem declared as 
a pandemic by World Health Organization (WHO) 
on March 11, 2020.  COVID-19 primarily starts 
in the respiratory tract and causes severe acute 
respiratory failure syndrome (SARS). The virus 
responsible for the disease has been identified as 
the new beta coronavirus, SARS-CoV-2.1,2 The 
disease has a clinical spectrum accompanied by 
a series of serious signs and symptoms that can 
involve multiple organs and can lead to a high 
level of mortality.1,2 The most common symptoms 
of COVID-19 include fever, fatigue, dry cough, 

loss of appetite, dyspnea, myalgia, and headache.3,4

 COVID-19 targets the angiotensin-converting 
enzyme 2 (ACE-2) receptor expressed in various 
tissues.5-7 In addition to ACE-2 downregulation, 
SARS-CoV-2 spike glycoproteins are responsible 
for immune system activation and inflammation, 
and this process results in endothelial dysfunction 
and hyper inflammation in distant organs, as well 
as the respiratory tract.6,7 Endothelitis and systemic 
hyper inflammation contribute to the deterioration 
of the blood-brain barrier, trigger immune cell 
entry into the central nervous system, and provoke 
further neuroinflammatory processes.5-8 Among 
the possible mechanisms, underlying neurological 
manifestations are direct viral neuronal damage, 
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secondary hyper inflammation, para- and post-
infectious inflammatory response, immune-
mediated disorders, sepsis, hyperpyrexia, hypoxia, 
hyper coagulopathy, and systemic effects of the 
critical disease.4,9-11

 The neurological clinical manifestation 
emerging with the neuroinvasive and neurotrophic 
effect of SARS-CoV-2 has also been shown in 
many studies conducted on previous coronaviruses, 
such as SARS-CoV and Middle East Respiratory 
Syndrome–Related Coronavirus (MERS-
CoV).4,12-15 From a neurobiological perspective, 
COVID-19 may show post-infectious neurologic 
clinical symptoms and/or signs.
 In previous studies, approximately 35% 
of patients affected by COVID-19 have been 
reported to experience neurological symptoms.3,16 

Neurological manifestations show a wide 
spectrum in the active phase of COVID-19, 
with the commonly reported being anosmia, 
ageusia, encephalitis, acute disseminated 
encephalomyelitis, cerebrovascular diseases, and 
Guillain-Barré syndrome.4,16

 In the literature, studies are mainly focused 
on the early COVID-19 active infection and 
most are retrospective in design3,16,17, and there 
is only limited research on clinical findings in 
patients who are in the post-infectious recovery 
state. Recent studies reported the presence of 
persistent symptoms, such as fatigue, myalgia, 
dyspnea, arthralgia, chest pain, headache, and 
autonomic dysfunction, which lasted for at least 
two months after recovery from COVID-19.18-20

 There is still no clear terminological definition 
or approach concerning the symptoms and diseases 
clustered in the clinical manifestation described as 
a post-COVID-19 syndrome or long COVID-19.21  
The evaluation and follow-up of ongoing and/or 
newly developing neurological involvement after 
recovery from COVID-19 are important. This 
study aims to reveal post-COVID-19 neurological 
symptoms and risk factors for their development.

METHODS

Study design and participants

All patients aged over 18 years old and applied 
to four local Neurology Outpatient Clinics (two 
centers at city of Ankara, one each center at the 
city of Yozgat and Tokat) at least four weeks after 
contracting COVID-19 infection (confirmed by a 
laboratory test according to the WHO guidelines) 
between January 20 and March 15, 2021, were 
invited to the study. Two-hundred-forty-four 

females and 156 males agreed to participate 
in this study. All the participant patients were 
interviewed based on a structured questionnaire 
form, face to face. The study was approved by 
local ethic committees. 

Data collection

The patients’ demographic data, comorbidities, 
and hospitalization due to COVID-19 disease, 
types and durations of prolonged neurological 
symptoms, medications used, and responses to 
treatments were recorded. All the patients were 
linguistically competent in responding to the 
questions directed by the neurology specialist 
during the interview. The Beck Depression 
Inventory (BDI) was administered to the patients 
to evaluate the presence of depression. This 
instrument consists of a total of 21 items and 
provides a score between 0 and 63, with a higher 
score indicating the presence or higher severity 
of depression. The presence of the neurological 
symptoms was decided based on the information 
given by the patient. Tests other than BDI were 
not used in this study.

Statistical analysis

All statistical analyses were performed using 
SPSS 23 for Windows software package (SPSS 
Inc., Chicago, IL). As descriptors, mean ± 
SD and median (min-max) values were used 
for quantitative variables and percentages for 
categorical variables. Mean values were compared 
using Student’s t-test if the normal distribution 
assumptions were met, and the Mann–Whitney 
U test otherwise. The relationships between two 
categorical variables were compared between 
the groups using the chi-square or Fisher’s exact 
test. The significance level was set at p < 0.05.  
Univariate and multivariate regression models 
were used to explore risk factors associated 
with post-COVID-19 prolonged neurological 
symptoms and odds ratios (OR) with 95% 
confidence interval (CI) values were estimated. 

RESULTS

Analysis of data in with and without prolonged 
neurological symptoms (PNS) groups

When the patients were enrolled in the study, 
an average of 108+5.12 days had passed 
after the onset of COVID-19 infection. Two 
hundred ninety-three of a total of 400 patients 
(73.3%) included in the study reported at least 
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one Prolonged Neurological Symptom (PNS) 
related to COVID-19 infection (PNS group). 
The remaining 107 patients did not describe any 
neurological symptoms (without PNS group). 
Female/male and hospitalization rates, patients 
with depression, hypertension, and thyroid 
disease, and patients who used favipiravir during 
active infection were higher in the PNS group than 
without PNS group. However, the rate of smokers 
was lower in the PNS group than without PNS 
group (Table 1).
 Of the 400 participants, 304 (76.0%) had 
recovered from COVID-19 at home, 96 (24.0%) 
had been hospitalized due to COVID-19 infection 
(4 of 96 cases had required intensive care). Among 
the 96 participants that had been hospitalized, the 
mean duration of hospital stay was 8.3 ± 5.1 days.  
Sixteen (4.0%) participants had contracted the 
virus between March and June 2020, 92 (23.0%) 
participants between July and September 2020, 
282 (70.5%) between October and December 
2020, 10 (2.5%) between January and February 
2021. 

Table 1: The Demographic and Clinical Characteristics of with PNS and without PNS Group 

Total
n (%)
N=400

PNS group
n (%)
N=293

Without PNS group
n (%)
N=107

p-value

Age (Mean ± SD) 39.9±13.7 40.65±14.9 38.14±12.28 0.181*

Gender F/M 244/156 193/100 51/56 0.001**

Education (Mean ± SD) years 11.8 ± 4.6 11.4±4.9 12.15±3.9 0.018*

Hypertension 52 (13.0) 44 (15.0) 8 (7.4) 0.045**

Diabetes mellitus 42 (10.5) 33 (11.2) 9 (8.4) 0.465**

CAD 27 (6.8) 15 (5.1) 3 (2.8) 0.420***

Thyroid disease 18 (4.5) 25 (8.5) 2 (1.9) 0.014***

COPD 21 (5.3) 19 (6.4) 2 (1.9) 0.077***

Hyperlipidemia 5 (1.3) 5 (1.7) - 0.330***

Autoimmune disease 19 (4.8) 11 (3.7) 8 (7.4) 0.182**

Smoking 85 (21.3) 53 (18.0) 32 (29.9) 0.019**

Hospitalization 96 (24) 78 (26.6) 18 (16.8) 0.047**

Favipiravir use 334 (83.5) 251 (85.6) 83 (76.5) 0.034**

Hydroxychloroquine 123 (30.8) 86 (29.3) 37 (34.5) 0.393**

Antiaggregant/Anticoagulant 192 (48.0) 146 (49.8) 46 (42.6) 0.215**

Antibiotics 118 (29.5) 93 (31.7) 25 (23.3) 0.108**

Vitamin C/D 181 (45.3) 127 (43.3) 54 (50.4) 0.259**

Depression 73 (18.2) 67 (22.8) 6 (5.6) < 0.001**

*Mann-Whitney U-test, **Pearson’s chi-square test, *** Fisher’s exact test; p-value significant at <0.05. 
CAD: Coronary artery disease; COPD: Chronic obstructive pulmonary disease

Analysis of data regarding the characteristics of 
prolonged neurological symptoms

While 179/293 (61.1%) patients reported that their 
symptoms had started during active COVID-19 
infection, the remaining 114/293 (38.9%) patients 
stated that their symptoms had started within one 
month after active infection resolved in the PNS 
group. The distribution of the post-COVID-19 
prolonged neurological symptoms is shown in 
Table 2. Duration of the symptoms was one 
month in 33/293 patients (11.3%), 1-3 months 
in 157/293 patients (53.6%), and ≥3 months in 
103/293 (35.1%) patients. The average duration 
of the symptoms was 108+5 days and the 
average number of the symptoms was 2.7±1.8. 
The distribution of the symptoms according to 
their duration is shown in Figure 1. If patients 
described an ill-defined feeling of lightheadedness 
or walking on air, or a sense of disequilibrium 
without any gait abnormality, since we could not 
differentiate these three types of sensations, we 
collected them in the same category as “dizziness/
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Table 2: Distribution of post-COVID-19 prolonged neurological symptoms 

Symptoms Total
N=293
n (%)

Female
n = 244
n (%)

Male
n = 156
n (%)

p-value Depression
Yes

n = 73
n (%)

Depression
No

n = 327
n (%)

p-value

Headache 138 (47.0) 94 (38.5) 44 (28.2) 0.034 39 (53.4) 99 (30.3) <0.001*
Myalgia 125 (42.6) 86 (35.2) 39 (25.0) 0.031* 30 (41.1) 95 (29.1) 0.045*
Sleep 
disorders 115 (39.2) 79 (32.4) 36 (23.1) 0.045* 36 (49.3) 79 (24.2) <0.001*

Dizziness/
Gait 
disorders

81 (27.6) 53 (21.7) 28 (17.9) 0.360* 27 (37.0) 54 (16.5) <0.001*

Paroxysmal 
vertigo 69 (23.5) 50 (20.5) 19 (12.2) 0.032* 21 (28.8) 48 (14.7) 0.004*

Smell 
disorders 68 (23.2) 53 (21.7) 15 (9.6) 0.002* 16 (21.9) 52 (15.9) 0.216*

Paresthesia/
dysesthesia 60 (20.4) 37 (15.2) 23 (14.7) 0.909* 15 (20.5) 45 (13.8) 0.142*

Taste 
disorders 43 (14.6) 30 (12.3) 13 (8.3) 0.212* 10 (13.7) 33 (10.1) 0.368*

Restless
legs 
syndrome 
(RLS)

38 (12.9) 27 (11.1) 11 (7.1) 0.182* 12 (16.4) 26 (8.0) 0.025*

Tinnitus 33 (11.2) 21 (8.6) 12 (7.7) 0.746* 13 (17.8) 20 (6.1) 0.001*
Cognitive 
difficulties 12 (4.0) 5 (2.0) 7 (4.5) 0.163* 3 (4.1) 9 (2.8) 0.539*

*Pearson’s chi-square test, p-value significant at <0.05.

Figure 1. Distribution Of The Symptoms According To Their Duration
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gait disorders”. If patients described paroxysmal 
sensations of motion of self or the environment 
with or without gait abnormality, we used the term 
“vertigo”. Thirty-four of 68 patients who described 
hyposmia/anosmia had also taste disorders and 34 
of 43 patients who had taste disorders had also 
smell disorders; 34 out of 295 (11.5%) patients 
with prolonged neurological symptoms had both 
smell and taste disorders. 
 The most common treatments applied to the 
patients for headache were analgesics (98.9%); 
betahistine (92.3%) or piracetam (7.7%) for 
vertigo; antidepressants (69.3%) or antipsychotics 
(30.7%) for sleep disorders, gabapentinoids for 
paresthesia/dysesthesia (1.6%), myorelaxant or 
analgesics for myalgia (3.8%), and dopamine 
agonist for restless legs syndrome (1.6%). 

Sub-analyses of data regarding the number of 
prolonged neurological symptoms by gender and 
presence of depression in PNS group

While 35.5 % of the patients (104/293) had only 
one prolonged neurological symptom related to 
COVID-19 infection, the rest 64.5% had at least 
two symptoms in the PNS group. The number 
of post-COVID-19 prolonged neurological 
symptoms by gender and presence of depression 
is shown in Table 3. The mean age was 38.8±13.5 
and 41.8±13.9 years in female and male patients, 

respectively; the difference was statistically 
significant (p=0.026). The mean education level 
was 8.5±5.4 years in the female and 11.2±5.0 years 
in male patients (p= 0.543). The mean BDI score 
of all the patients was 7.7±7.4 with a median value 
of 6.0 (0.0-31.0). When the BDI score of 15 and 
above was accepted as the presence of mild to 
moderate depression, 55 (22.5%) female patients 
and 18 (11.5%) male patients had depression; the 
difference was significant, statistically (p=0.044.). 

Analysis of data with regression statistics 

Univariate analysis showed that female gender, 
hospitalization and using favipiravir during active 
infection, not smoking, hypertension, coronary 
artery disease (CAD), and presence of depression 
were determined to increase the risk of prolonged 
neurological symptoms after COVID-19 infection 
(p = 0.001, p = 0.03, p = 0.037, p = 0.016, 
p = 0.032, p = 0.034, and p < 0.001, respectively).  
After multivariate regression analysis; female 
gender, hospitalization and using favipiravir 
during active Covid-19 infection, and presence 
of depression were determined as independent 
predictors of prolonged neurological symptoms 
after the infection (Only sleep disturbance, 
myalgia, and restless legs were more common in 
patients who used favipiravir than those who did 
not (p=0.017, p=0.035, p=0011, respectively). The 

Table 3: Number of post-COVID-19 prolonged neurological symptoms by gender and presence of 
depression

Number of
symptoms

Total
n = 293

Female
n = 193

Male
n = 100

p-value Depression 
Yes

n = 67

Depression
No

n = 226

p-value

Mean ± SD
Median        

(min-max)

2.7 ± 1.8
2 (1-9)

2.8 ± 1.9
2 (1-9)

2.5 ± 1.8
2 (1-9) 0.144* 3.3 ± 2.1

3 (1-9)
2.5 ± 1.7
2 (1-9)

    
0.003*

n (%) n (%) n (%) NA n (%) n (%)    NA
1 104 (35.5) 63 (32.6) 41 (41) 16 (23.9) 88 (38.9)
2 65 (22.2) 45 (23.3) 20 (20) 13 (19.4) 52 (23)
3 45 (15.4) 28 (14.5) 17 (17) 11 (16.4) 34 (15)
4 31 (10.6) 21 (10.9) 10 (10) 11 (16.4) 20 (8.8)
5 20 (6.8) 16 (8.3) 4 (4) 5 (7.5) 15 (6.6)
6 16 (5.5) 12 (6.2) 4 (4) 6 (9) 10 (4.4)
7 5 (1.7) 4 (2.1) 1 (1) 1 (1.5) 4 (1.8)
8 4 (1.4) 2 (1) 2 (2) 1 (1.5) 3 (1.3)
9 3 (1) 2 (1) 1 (1) 3 (4.5) 0 (0)

* Mann-Whitney U-test, **Pearson’s chi-square test; p-value significant at <0.05; NA: not applicable
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significant differentiating variables for persistent 
neurological symptoms related to COVID-19 are 
shown in Table 4 with their calculated ORs. 

DISCUSSION 

Neurological involvement seen during COVID-19 
active infection has frequently been evaluated 
in studies.3,21,22 However, there is only limited 
knowledge and experience concerning the clinical 
profile of prolonged neurological symptoms 
associated with COVID-19.19,20,23-32 In this 
prospective multicenter study, we documented 
the neurologic symptoms of our patients that 
persisted for at least one month using a structured 
face-to-face standardized questioning. 
 We found that 293/400 patients (73%) had 
at least one prolonged neurologic symptom that 
persisted at least one month or longer after the 
COVID-19 infection. Prolonged neurological 
symptoms mostly started during the active 
COVID-19 infection period (61%), whereas 39% 
within one month after the infection in our study. 
More than one prolonged neurological symptom 
was reported 65% in patients with PNS group 
and the mean number of reported symptoms 
was almost three. The top 3 most frequently 
reported prolonged neurological symptoms 
were headache (47%), myalgia (43%), and sleep 
disturbance (39%). Dizziness/gait disorders 
(28%), paroxysmal vertigo (23.5%), smell 
disorders (23%), paresthesia/dysesthesia (20%), 

              

taste disorder (15%), restless legs syndrome 
(13%), tinnitus (11%) and cognitive difficulties 
(4%) were other reported prolonged neurological 
symptoms by the participants. Combined smell 
and taste disorders were reported 11.5%. Although 
the least reported, the longest-lasting symptom 
was cognitive difficulties, which lasted 3 months 
or longer in 67% of the patients who have 
cognitive symptoms. All these symptoms have 
been reported at different rates during or after 
COVID-19 infection.19,20,23-32

 Headache has been reported as among the 
most common initial manifestations in patients 
with COVID-19.17,24,33 As mentioned above, we 
also found that headache was a more common 
prolonged neurological symptom and it was 
striking that headache lasted for at least 3 
months or longer in 40% of the patients. This 
persistent tendency of post-COVID-19 headache 
is parallel to the findings of some studies in the 
literature.23,25 In addition, we found that 67% of 
the participants with post-COVID-19 headaches 
required symptomatic treatment, and 72% of 
them reported benefiting from the treatments in 
terms of symptom frequency and severity. As the 
second most common prolonged neurological 
symptom, we observed myalgia (43%), which 
continued for more than three months in 34% of 
these patients. This finding is in agreement with a 
previous study reporting the presence of treatment-
resistant myalgia that lasted for three months 

Table 4:  Univariate and multivariate odds ratios for having post-COVID-19 prolonged neurological 
symptoms 

Univariate* Multivariate**
OR %95 Cl p-value OR %95 Cl p-value

Female gender
      
2.12

1.35-3.32 0.001 2.18 1.36-3.49 0.001

Favipiravir use       
1.87

1.07-3.26 0.340       
2.07 1.15-3.72 0.016

Hospitalization       
1.95

1.09-3.48 0.470       
2.00 1.103-3.64 0.023

Depression       
4.99

2.09-11.88 <0.001 4.54 1.88-10.96 0.001

CAD       
4.89

1.14-21.04 0.034

Hypertension       
2.59

1.13-5.94 0.032

Not Smoking 1.93 1116-3.22 0.016
*CI: Confidence interval * Mantel-Heensztel statistics **Binary logistic regression analysis
CAD: Coronary Artery Disease
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after the COVID-19 infection.23 Sleep disorders 
were also reported among post-COVID-19 
symptoms.23,25,26,32 The third most common post-
COVID-19 neurological symptom reported was 
sleep disturbances and it lasted longer than three 
months in more than 32% of the patients in our 
study. However, only 11% of the patients needed 
medications for sleep disorders. 
 Rass et al. reported that 61% of their patients 
had neurologic symptoms/signs three months after 
COVID-19, and, unlike our findings, the main 
neurological symptom was hyposmia/anosmia in 
their study population. They reported that although 
self-reported hyposmia/anosmia was lower with 
a rate of 17%, it was 45% when assessed by the 
16-item Sniffin’ Sticks test.23 Since we did not 
use any test for evaluating smell disorders, the 
self-reported hyposmia/anosmia rate was only 
almost 23%, which was similarly reported by 
Rass et al.23 We thought if we had also used an 
objective test for evaluating hyposmia/anosmia 
in our study, we may have found a higher ratio. 
Self-reported taste disorders were found in 15% in 
our study. Self-reported smell disorders and taste 
disorders were reported 11% and 7%, respectively, 
in the study by Huang et al, both lower than our 
findings. However, the median follow-up time 
was 186 (175-199) days after the symptom onset 
in that study.27 Since the mean duration of the 
symptoms was shorter (108+5 days) in our study, 
we concluded that both smell and taste disorders 
would improve in time. Combined self-reported 
smell and taste disorders were found 11.5% in 
our study. We thought that the reason for this 
low rate was also caused by not using objective 
tests.
 The extent of cognitive difficulties included 
attention deficit, forgetfulness, and difficulty 
in concentration expressed by the patients in 
our study. Although cognitive problems were 
reported at a very low rate in the study, it was 
remarkable that it lasted at least 3 months or 
longer in 67% of the patients, which was the 
highest rate. In general, among the prolonged 
neurological symptoms mentioned so far, the 
only prolonged neurological symptom that lasted 
for at least 3 months or longer in more than half 
of our patients was cognitive difficulties. Other 
prolonged neurological symptoms resolved in 
more than half of the patients within a maximum 
of 3 months. The presence of a lower rate of 
cognitive symptoms in our study than the studies 
evaluating it with objective tests reported so far, 
reveals the importance of detailed examinations 
with appropriate cognitive tests.23,26,32,34 

 The hospitalization rate was higher in patients 
with prolonged neurological symptoms than 
in patients without PNS in our study (27% vs 
17%, respectively). We thought that prolonged 
neurological symptoms might be more common 
in patients who had severe enough disease to 
require hospitalization. Five prolonged neurologic 
symptoms including headache, myalgia, sleep 
disorders, paroxysmal vertigo, and smell disorders 
were more frequent in females than males. 
Seven prolonged neurologic symptoms including 
headache, myalgia, sleep disorders, dizziness/gait 
disturbances, paroxysmal vertigo, restless legs 
syndrome, and tinnitus were more prevalent in 
patients with depression than patients without 
depression. Moreover, patients with depression 
had a higher mean number of neurological 
symptoms than those without (3 symptoms vs 2). 
 When we compare the groups with and without 
prolonged neurological symptoms, the proportion 
of female/male and hospitalization, patients with 
depression, hypertension, and thyroid disease, 
and patients who used favipiravir during active 
COVID-19 infection was higher in the PNS 
group. However, the rate of smokers was lower 
in with PNS group than without the PNS group. 
After multiple regression statistics, we found that 
having depression, female gender, having been 
hospitalized during active COVID-19 infection, 
and favipiravir usage during active infection were 
independent risk factors for having prolonged 
neurologic symptoms.  
 Depression, which was present in 18% of all 
the participants was slightly higher in our study 
than reported in previous studies.23,25,29,35 It is 
known that viral infections have neuropsychiatric 
consequences, and given the prevalence of 
COVID-19, it is possible to encounter more 
and more infection-related neuropsychiatric 
syndromes.36-38 In general, depression is a 
common accompanying symptom in patients with 
post- COVID-19 syndrome.25,27 According to our 
study, depression increases the risk of prolonged 
neurological symptoms by almost 5 times (OR: 
4.5), independently from other factors. 
 Huang et al. reported that at 6 months after 
COVID-19 symptom onset, most patients had 
fatigue or muscle weakness, sleep difficulties, and 
anxiety or depression.27 Mahmud et al. reported 
that one month after COVID-19, fatigue was the 
most common symptom, followed by a persistent 
cough, exertional dyspnea, sleep disorders, 
adjustment disorders, and headache. The female 
gender, besides others, was found to be a risk factor 
for the post-COVID-19 syndrome.28 Fatigue was 
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not questioned in our study, however, contrary 
to previous studies, the headache was the most 
frequent prolonged neurologic symptom instead 
of others. Similar to the study by Mahmud et al. 
female gender was an independent risk factor 
for post-COVID-19 prolonged neurological 
symptoms, frequency was twice as common in 
female patients (OR:2.18).  
 Hospitalization was another independent risk 
factor for having post-COVID-19 prolonged 
neurologic symptoms (OR:2) in our study. Since 
patients with more severe acute COVID-19 
infection were hospitalized, we may conclude 
that having a severe acute COVID-19 infection 
increases the risk of having post-COVID-19 
prolonged neurological symptoms, which is 
compatible with some previous studies.27,28 
 We found that the use of favipiravir during 
acute COVID-19 infection also doubled the 
risk of post-COVID-19 prolonged neurological 
symptoms (OR:2.07). Sleep disturbance, myalgia, 
and restless legs were more common in patients 
who used favipiravir during active infection 
than those who did not. Favipiravir has a short 
half-life of 2–5.5 hours.39 In this case, prolonged 
neurological symptoms are not expected as a side 
effect of favipiravir.  Patients with more severe 
infections might have more likely sought medical 
attention, and therefore, more likely to have been 
treated with favipiravir.
 The strengths of our study are its prospective 
multicenter design; moreover, the prolonged 
neurological symptoms were well documented 
by administering a structured questionnaire form 
face-to-face.  However, there are also weaknesses 
of our study. The diagnosis of depression, which 
constitutes the highest risk factor for post-
COVID-19 neurological symptoms according to 
the results, was not made after being examined 
by a psychiatrist, but only by testing with BDI. 
Psychiatrists should actively participate in future 
studies and determine how to approach these 
patients. If depression is diagnosed and treated 
early, the risk of post-COVID-19 prolonged 
neurological symptoms may be reduced. Another 
limitation of this study is its cross-sectional 
design. Prospective cohort studies evaluating 
post-COVID-19 prolonged neurologic symptoms 
are needed in this field.
 We determined smell and taste disorders 
according to the reports of the patients, objective 
tests were not used. We could probably get a 
higher rate with objective tests. As neurologists, 
we presented cognitive disorders based on the 
patient’s history, we did not use objective tests 

for cognitive disorders, therefore we detected a 
low rate compared to other studies.
 In conclusion, prolonged neurological 
symptoms mostly started during the active 
COVID-19 infection period; the most frequently 
reported prolonged neurological symptoms was 
headache and the most common among those 
which continued for more than three months was 
cognitive difficulties. Most patients with post-
COVID-19 prolonged neurological symptoms 
had at least two symptoms. Independent risk 
factors for having prolonged neurologic symptoms 
were having depression, female gender, having 
been hospitalized, and favipiravir usage during 
acute COVID-19 infection. We do not know 
how long prolonged neurological symptoms 
will persist and whether there will be any 
sequelae symptoms. Considering the possibility 
of persistent neurological symptoms in the post-
COVID-19 period, physicians need to increase 
their knowledge and experience in this area by 
conducting new studies to better manage this 
patient group. In addition, if we know the risk 
factors for post-Covid-19 prolonged neurological 
symptoms, we can develop strategies to prevent 
the development of these symptoms over time.

DISCLOSURE

Financial support: None 

Conflict of interest: None /Competing interests: 
The authors declare that they have no conflict 
of interest.

Ethics approval: This study was approval was 
granted by the Ethics Committee of Lokman 
Hekim University, Ankara, Turkey (reference 
number: 2021005)

Data availability: Data is available upon request 
from the corresponding author.

REFERENCES
 1. World Health O. COVID-19 clinical management: 

living guidance, 25 January 2021. Geneva: World 
Health Organization; 2021 2021.  Contract No.: 
WHO/2019-nCoV/clinical/2021.1.

 2. Favas TT, Dev P, Chaurasia RN, et al. Neurological 
manifestations of COVID-19: a systematic review 
and meta-analysis of proportions. Neurol Sci 
2020;41(12):3437-70. https://doi.org/10.1007/
s10072-020-04801-y

 3. Mao L, Jin H, Wang M, et al. Neurologic 
manifestations of hospitalized patients with 
coronavirus disease 2019 in Wuhan, China. JAMA 



907

Neurol 2020;77(6):683-90. https://doi.org/10.1001/
jamaneurol.2020.1127

 4. Baig AM, Khaleeq A, Ali U, Syeda H. Evidence 
of the COVID-19 virus targeting the CNS: 
tissue distribution, host-virus interaction, and 
proposed neurotropic mechanisms. ACS Chem 
Neurosci 2020;11(7):995-8. https://doi.org/10.1021/
acschemneuro.0c00122

 5. Chen C, Zhang XR, Ju ZY, He WF. Advances 
in the research of mechanism and related 
immunotherapy on the cytokine storm induced by 
coronavirus disease 2019. Zhonghua Shao Shang 
Za Zhi 2020;36(6):471-5. https://doi.org/10.3760/
cma.j.cn501120-20200224-00088

 6. Najjar S, Najjar A, Chong DJ, et al. Central nervous 
system complications associated with SARS-CoV-2 
infection: integrative concepts of pathophysiology and 
case reports. J Neuroinflammation 2020;17(1):231. 
https://doi.org/10.1186/s12974-020-01896-0

 7. Wang T, Chen R, Liu C, et al. Attention should be 
paid to venous thromboembolism prophylaxis in 
the management of COVID-19. Lancet Haematol 
2020;7(5):e362-e3. https://doi.org/10.1016/s2352-
3026(20)30109-5

 8. Paniz-Mondolfi A, Bryce C, Grimes Z, et al. 
Central nervous system involvement by severe 
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2). J Med Virol 2020;92(7):699-702. https://
doi.org/10.1002/jmv.25915

 9. Zubair AS, McAlpine LS, Gardin T, Farhadian S, 
Kuruvilla DE, Spudich S. Neuropathogenesis and 
neurologic manifestations of the coronaviruses in the 
age of coronavirus disease 2019: A Review. JAMA 
Neurol 2020;77(8):1018-27. https://doi.org/10.1001/
jamaneurol.2020.2065

 10. Mehta P, McAuley DF, Brown M, Sanchez E, 
Tattersall RS, Manson JJ. COVID-19: consider 
cytokine storm syndromes and immunosuppression. 
Lancet 2020;395(10229):1033-4. https://doi.
org/10.1016/s0140-6736(20)30628-0

 11. Wu Y, Xu X, Chen Z, et al. Nervous system 
involvement after infection with COVID-19 and other 
coronaviruses. Brain Behav Immun 2020;87:18-22. 
https://doi.org/10.1016/j.bbi.2020.03.031

 12. Netland J, Meyerholz DK, Moore S, Cassell M, 
Perlman S. Severe acute respiratory syndrome 
coronavirus infection causes neuronal death in the 
absence of encephalitis in mice transgenic for human 
ACE2. J Virol 2008;82(15):7264-75. https://doi.
org/10.1128/jvi.00737-08

 13. Li K, Wohlford-Lenane C, Perlman S, et al. Middle 
East respiratory syndrome coronavirus causes 
multiple organ damage and lethal disease in mice 
transgenic for human dipeptidyl peptidase 4. J Infect 
Dis 2016;213(5):712-22. https://doi.org/10.1093/
infdis/jiv499

 14. Gaunt ER, Hardie A, Claas ECJ, Simmonds 
P, Templeton KE. Epidemiology and clinical 
presentations of the four human coronaviruses 229E, 
HKU1, NL63, and OC43 detected over 3 years 
using a novel multiplex real-time PCR method. 
J Clin Microbiol 2010;48(8):2940-7. https://doi.
org/10.1128/jcm.00636-10

 15. Yeh EA, Collins A, Cohen ME, Duffner PK, Faden H. 
Detection of coronavirus in the central nervous system 
of a child with acute disseminated encephalomyelitis. 
Pediatrics 2004;113(1 Pt 1):e73-6. https://doi.
org/10.1542/peds.113.1.e73

 16. Tsai ST, Lu MK, San S, Tsai CH. The neurologic 
manifestations of coronavirus disease 2019 pandemic: 
A systemic review. Front Neurol 2020;11:498. https://
doi.org/10.3389/fneur.2020.00498

 17. Chen N, Zhou M, Dong X, et al. Epidemiological 
and clinical characteristics of 99 cases of 2019 
novel coronavirus pneumonia in Wuhan, China: a 
descriptive study. Lancet 2020;395(10223):507-13. 
https://doi.org/10.1016/s0140-6736(20)30211-7

 18. Davido B, Seang S, Tubiana R, de Truchis P. Post-
COVID-19 chronic symptoms: a postinfectious 
entity? Clin Microbiol Infect 2020;26(11):1448-9. 
https://doi.org/10.1016/j.cmi.2020.07.028

 19. Goërtz YMJ, Van Herck M, Delbressine JM, et 
al. Persistent symptoms 3 months after a SARS-
CoV-2 infection: the post-COVID-19 syndrome? 
ERJ Open Research 2020:00542-2020. https://doi.
org/10.1183/23120541.00542-2020

 20. Carfì A, Bernabei R, Landi F. Persistent 
symptoms in patients after acute COVID-19. 
JAMA 2020;324(6):603-5. https://doi.org/10.1001/
jama.2020.12603

 21. Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics 
of coronavirus disease 2019 in China. N Engl J 
Med 2020;382(18):1708-20. https://doi.org/10.1056/
NEJMoa2002032

 22. Varatharaj A, Thomas N, Ellul MA, et al. Neurological 
and neuropsychiatric complications of COVID-19 
in 153 patients: a UK-wide surveillance study. 
Lancet Psychiatr 2020;7(10):875-82. https://doi.
org/10.1016/s2215-0366(20)30287-x

 23. Rass V, Beer R, Schiefecker AJ, et al. Neurological 
outcome and quality of life 3 months after COVID-19: 
A prospective observational cohort study. Eur J 
Neurol 2021; 28(10):3348-59. https://doi.org/10.1111/
ene.14803

 24. Bolay H, Gül A, Baykan B. COVID-19 is a real 
headache! Headache 2020;60(7):1415-21. https://
doi.org/10.1111/head.13856

 25. Iqbal A, Iqbal K, Arshad Ali S, et al. The COVID-19 
sequelae: A cross-sectional evaluation of post-
recovery symptoms and the need for rehabilitation 
of COVID-19 survivors. Cureus 2021;13(2):e13080. 
https://doi.org/10.7759/cureus.13080

 26. Garrigues E, Janvier P, Kherabi Y, et al. Post-
discharge persistent symptoms and health-related 
quality of life after hospitalization for COVID-19. 
J Infect 2020;81(6):e4-e6. https://doi.org/10.1016/j.
jinf.2020.08.029

 27. Huang C, Huang L, Wang Y, et al. 6-month consequences 
of COVID-19 in patients discharged from hospital: 
a cohort study. Lancet 2021;397(10270):220-32. 
https://doi.org/10.1016/s0140-6736(20)32656-8

 28. Mahmud R, Rahman MM, Rassel MA, et al. 
Post-COVID-19 syndrome among symptomatic 
COVID-19 patients: A prospective cohort study 
in a tertiary care center of Bangladesh. PLoS One 
2021;16(4):e0249644. https://doi.org/10.1371/
journal.pone.0249644



Neurology Asia December 2022

908

 29. Mandal S, Barnett J, Brill SE, et al. ‘Long-
COVID’: a cross-sectional study of persisting 
symptoms, biomarker and imaging abnormalities 
following hospitalization for COVID-19. Thorax 
2020; 76(4):396-8. https://doi.org/10.1136/
thoraxjnl-2020-215818

 30. Kamal M, Abo Omirah M, Hussein A, Saeed H. 
Assessment and characterization of post-COVID-19 
manifestations. Int J Clin Pract 2021;75(3):e13746. 
https://doi.org/10.1111/ijcp.13746

 31. Leth S, Gunst JD, Mathiasen V, et al. Persistent 
symptoms in patients recovering from COVID-19 in 
Denmark. Open Forum Infect Dis 2021;8(4):ofab042. 
https://doi.org/10.1093/ofid/ofab042

 32. Osikomaiya B, Erinoso O, Wright KO, et al. ‘Long 
COVID’: persistent COVID-19 symptoms in 
survivors managed in Lagos State, Nigeria. BMC 
Infect Dis 2021;21(1):304. https://doi.org/10.1186/
s12879-020-05716-x

 33. Tenforde MW, Kim SS, Lindsell CJ, et al. Symptom 
duration and risk factors for delayed return to usual 
health among outpatients with COVID-19 in a 
multistate health care systems network - United 
States, March-June 2020. MMWR Morb Mortal Wkly 
Rep 2020;69(30):993-8. https://doi.org/10.15585/
mmwr.mm6930e1

 34. Zhou H, Lu S, Chen J, et al. The landscape of cognitive 
function in recovered COVID-19 patients. J Psychiatr 
Res 2020;129:98-102. https://doi.org/10.1016/j.
jpsychires.2020.06.022

 35. Rogers JP, Chesney E, Oliver D, et al. Psychiatric 
and neuropsychiatric presentations associated with 
severe coronavirus infections: a systematic review 
and meta-analysis with comparison to the COVID-19 
pandemic. Lancet Psychiatr 2020;7(7):611-27. 
https://doi.org/10.1016/s2215-0366(20)30203-0

 36. Alonso-Lana S, Marquié M, Ruiz A, Boada M. 
Cognitive and neuropsychiatric manifestations of 
COVID-19 and effects on elderly individuals with 
dementia. Front Aging Neurosci 2020;12:588872. 
https://doi.org/10.3389/fnagi.2020.588872

 37. World Health O. Mental health and psychosocial 
considerations during the COVID-19 outbreak, 18 
March 2020. Geneva: World Health Organization; 
2020 2020.  Contract No.: WHO/2019-nCoV/
MentalHealth/2020.1.

 38. Ahmed H, Patel K, Greenwood DC, et al. Long-
term clinical outcomes in survivors of severe acute 
respiratory syndrome and Middle East respiratory 
syndrome coronavirus outbreaks after hospitalization 
or ICU admission: A systematic review and meta-
analysis. J Rehabil Med 2020;52(5):jrm00063. https://
doi.org/10.2340/16501977-2694

 39. Madelain V, Nguyen TH, Olivo A, et al. Ebola 
virus infection: Review of the pharmacokinetic and 
pharmacodynamic properties of drugs considered for 
testing in human efficacy trials. Clin Pharmacokinet 
2016;55(8):907-23. https://doi.org/10.1007/s40262-
015-0364-1


