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Background: Accumulating studies demonstrated that patients with coronavirus disease 2019(COVID-19)
could develop a variety of neurological manifestations and long-term neurological sequelae, which may be
different from the strains. At the peak of the Omicron variant outbreak in Shanghai, China, no relevant
epidemiological data about neurological manifestations associated with this strain was reported.

Objective: To investigate neurological manifestations and related clinical features in patients with mild to

Iég%gﬁ; moderate COVID-19 patients with Omicron variant.

Omicron Methods: A self-designed clinical information registration form was used to gather the neurological man-
Neurological manifestations ifestations of mild to moderate COVID-19 patients admitted to a designated hospital in Shanghai from April
SARS-CoV-2 18, 2022 to June 1, 2022. Demographics, clinical presentations, laboratory findings, treatments and clinical

Subjective symptoms outcomes were compared between patients with and without neurological manifestations.

Results: One hundred sixty-nine(48.1 %) of 351 patients diagnosed with mild to moderate COVID-19 ex-
hibited neurological manifestations, the most common of which were fatigue/weakness(25.1 %) and
myalgia(20.7 %), whereas acute cerebrovascular disease(0.9 %), impaired consciousness(0.6 %) and seizure
(0.6 %) were rare. Younger age(p = 0.001), female gender(p = 0.026) and without anticoagulant medication
(p = 0.042) were associated with increasing proportions of neurological manifestations as revealed by
multivariate logistic regressions. Patients with neurological manifestations had lower creatine kinase and
myoglobin levels, as well as higher proportion of patchy shadowing on chest scan. Vaccination status,
clinical classification of COVID-19 and clinical outcomes were similar between the two groups.
Conclusions: Nearly half of the involved patients have neurological manifestations which were relatively
subjective and closely associated with younger age, female gender and without anticoagulation. Patients
with neurologic manifestations may be accompanied by increased lung patchy shadowing.

© 2022 Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Since the first case of coronavirus disease 2019(COVID-2019) was
identified in December 2019 in Hubei province of China, the re-
spiratory virus has swept all over the world. COVID-2019 is a highly
contagious disease with asymptomatic infection during the in-
cubation period, and can be transmitted through respiratory dro-
plets, contact and aerosols. To date, multiple variants of severe acute
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respiratory syndrome coronavirus 2(SARS-CoV-2) have emerged,
including Alpha, Beta, Gamma, Zeta, Delta, Lambda and Omicron.
The Omicron variant was first reported by South Africa on November
24,2021, and quickly spread across many countries, including China.
Since early 2022, the fast spread of the SARS-CoV-2 Omicron variant
has fueled a surge in newly-diagnosed cases across China, with the
majority occurring in Shanghai. According to the Shanghai Municipal
Health Commission, as of May 4, 2022, more than 600,000 people
have been infected, most of them with the Omicron BA.2 variant [1].

The primary target of SARS-CoV-2 is respiratory system, resulting
in the most common clinical symptoms such as cough, dyspnea and
fever [2]. Since the initial clinical descriptions of COVID-19, there has
been accumulating evidence of the potential neurologic involvement
of SARS-CoV-2, which is demonstrated by symptoms like fatigue/

1876-0341/© 2022 Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences. This is an open access article under the CC BY-NC-ND license
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weakness, olfactory dysfunction, myalgia, headache and cere-
brovascular events [3,4]. The pathogenesis of neurological manifes-
tation after COVID-19 is elusive. SARS-CoV-2 is known to have
neurotropic properties. The SARS-CoV virus's spike protein S1 allows
it to connect to the cell membrane by engaging with the host an-
giotensin-converting enzyme 2(ACE2) receptor. The nervous system
has been shown to express ACE2 receptors, making it a possible
target for COVID-19. Furthermore, there are various plausible me-
chanisms such as Blood-Brain Barrier(BBB) damage, direct nerve
infection, hypoxia produced by micro-thrombus, and immune-
mediated by cytokine storm.

Previous studies have indicated that although Omicron evolves
towards being more transmissible, its pathogenicity and clinical
severity appear to be weakened compared with previous strains
[5,6]. The frequency of neurological manifestations associated with
COVID-19 had quite a large variation around the world during the
pandemic. Mao et al. [7] first reported that 36.4 % of hospitalized
COVID-19 patients with the Alpha strain in Wuhan, China had
neurological manifestations which were related to the severity of
infection. At the same time, Yan et al. reported that 30.3 % of non-
critically ill patients in Fangcang Shelter Hospital had neurological
manifestations [8]. Similar studies, however, were reported during
the pandemic all over the world with a frequency variation of
34.7-69.3 % from 2019 to 2021 [9-11]. It is still debatable whether
the variations are related to the different strains or the severity of
the infection. Nonetheless, little is known about the neurological
manifestations of patients infected with the Omicron variant, par-
ticularly in Shanghai, China.

According to China's zero-COVID policy, symptomatic patients
should be treated in designated hospitals with more medical re-
sources and attention in order to avoid exacerbation [12]. Since se-
vere/critical cases were usually transferred to Intensive Care Unit
(ICU) where it was hard to finish the anamnestic interview. In the
present study, we aimed to investigate the incidence and clinical
characteristics of neurological manifestations of mild to moderate
COVID-19 patients hospitalized in general wards in our designated
hospital. In addition, inflammatory and coagulation indicators in
blood associated with the occurrence of neurological manifestations
were explored.

Materials and methods
Patients

The study was designed as a cross-sectional study carried out in
patients affected by COVID-19 during the current Omicron wave in
Shanghai. All patients were hospitalized in general wards of desig-
nated hospital for COVID-19 in Shanghai Ninth People's Hospital
between 18 April 2022 and 01 June 2022. Eligible patients affected
by the mild to moderate respiratory form of COVID-19 were defined
as positive results for SARS-CoV-2 on real-time reverse-tran-
scriptase-polymerase-chain-reaction(RT-PCR) assay of nasal and
pharyngeal swab specimens and had to meet the following inclusion
criteria: be over 18-years-old, conscious, cognitively and mentally
conserved, and linguistically competent to respond to the ana-
mnestic interview at discharge and one-month follow-up. Patients
were consecutive enrolled in our general wards. Drop outs happened
when the patients needed to be transferred to ICU.

Data collection

The medical records and extracted data on general character-
istics, laboratory tests, chest computed tomography(CT) reports,
treatment, prognosis, and RT-PCR dynamic detection of SARS-CoV-2
during hospitalization were recorded. Data regarding treatment and
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prognosis was updated until 01 June 2022. At the time of admission
or during hospitalization, patients with COVID-19 fulfilling the entry
criteria for the study underwent an anamnestic interview to in-
vestigate the presence of symptoms. The interview consisted of
items including personal information, measured anthropometric
parameters, vaccination status, and medical history. All symptoms
were mainly subjectively expressed by patients and were further
classified into nervous system(NS) symptoms, typical symptoms and
gastrointestinal symptoms according to the previous publications. To
be more specific, fatigue/weakness, headache, dizziness, emotional
disorder, impaired consciousness, acute cerebrovascular disease and
seizure were defined as central nervous system(CNS) symptoms;
myalgia, taste impairment, smell impairment, vision impairment
and neuralgia were defined as peripheral nervous system(PNS)
symptoms. Symptoms like fatigue/weakness, myalgia and headache
varied widely between studies due to their subjective nature and
self-reporting. We selected to include them in the neurological
manifestations based on the systematic review and meta-analysis
[4]. These symptoms were also considered as persistent neurological
manifestations in long COVID-19 syndrome according to recent re-
view [13]. All anamnestic interviews were collected by clinicians
from the general wards where patients were hospitalized, and re-
viewed and confirmed by two trained neurologists.

Chest CT scans were assessed in all of the patients. The clinical
severity of COVID-19 was classified by reports of chest CT according
to the latest version of the guidelines [12]. In addition, we classified
and summarized the specific lesions described in the CT report.

Blood samples from most patients on admission were collected.
Routine blood biochemistry including total white blood cell( WBC),
lymphocyte and monocyte count, percentages of neutrophil, he-
moglobin, platelet count, C-reactive protein(CRP), total bilirubin
(TBil) and albumin; coagulation function including p-dimer, pro-
thrombin time(PT), fibrinogen and activated partial thromboplastin
time(APTT); myocardial enzymes including Creatine kinase(CK),
lactate dehydrogenase and myohemoglobin.

Test reports and treatments were available in the medical history
system. After patients' discharge, complications and prognosis
(duration of positive to negative, treatment to negative and hospi-
talization) of each patient were summarized according to the dis-
charge diagnosis along with the medical history and laboratory tests.
The discharge criteria for patients were that the two consecutive RT-
PCR test results, which were performed with an interval of at least
24 h, in both N gene and ORF gene of SARS-CoV-2 were over 35 Cycle
threshold(Ct).

One month after discharge, all patients received a phone call
from the clinical researchers to ask questions pertaining to clinical
symptoms, existing comorbidities, and issues related to mobility,
self-care, and the ability to perform everyday activities.

Statistical analysis

Statistical Package for the Social Sciences for Windows(SPSS
version 26.0; IBM Corp, Armonk, NY, USA) was used to perform the
statistical analyses. Categorical data was expressed as absolute fre-
quencies and percentages where appropriate. Continuous variables
were expressed as the mean +SD or medians(interquartile ranges
[IQR], Q1-Q3). Categorical data was compared using Pearson's chi-
square test or Fisher's exact test. Mann-Whitney U test and logistic
regression were used to compare the differences for continuous
variables between groups. Multivariate analysis was carried out
using binary logistic regressions(significant variables from uni-
variate analyses and confounding factors were entered into the lo-
gistic regression analysis model). Odds ratios and 95 % confidence
intervals were estimated. A p-value (two-sided) less than 0.05 was
considered significant.
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Table 1
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Demographic and clinical characteristics in mild to moderate patients with SARS-CoV-2 Omicron based on neurological manifestations.

n (%) or mean (SD) or median[IQR] p- value Multivariate regression®
Total With Without B (95 %CI) p-value
neurological manifestations neurological manifestations
(n=351) (n=169) (n=182)
Characteristics
Age, y 70.6(15.1) 67.4(15.7) 73.7(14.0) <0.001*** -0.026(0.959, 0.989) 0.001**
Gender
Female 192(54.7) 103(60.9) 89(48.9) 0.025* 0.498(1.060, 2.555) 0.026*
Male 159(45.3) 66(39.1) 93(51.1)
BMI 23.1(3.4) 22.9(3.4) 23.2(3.4) 0.673
BMI > 24 126(36.8) 59(34.9) 67(38.7) 0.587
Comorbidities
Any 291(84.6) 130(76.9) 161(88.5) 0.005** -0.420(0.320, 1.350) 0.253
Hypertension 186(53.0) 91(53.8) 95(52.2) 0.831
Diabetes 67(19.1) 25(14.8) 42(23.1) 0.057 -0.286(0.405, 1.396) 0.366
Cardiac disease 109(31.1) 53(31.4) 56(30.8) 0.909
Cerebrovascular disease 73(20.8) 36(21.3) 37(20.3) 0.895
Chronic lung disease 51(14.5) 30(17.8) 21(11.5) 0.129
Comorbidities > 2 201(57.3) 88(52.1) 113(62.1) 0.067 0.168(0.677, 2.068) 0.554
Vaccinated 141(40.2) 79(46.7) 62(34.1) 0.017* 0.277(0.721, 2.413) 0.369
Booster injection 77(22.1) 46(27.4) 31(17.1) 0.028* -0.180(0.414, 1.685) 0.615
Degree of severity
Mild 286(81.5) 132(78.1) 154(84.6) 0.131
Moderate 65(18.5) 37(21.9) 28(15.4)
Treatment
Traditional Chinese Medicine 328(93.4) 161(95.3) 167(91.8) 0.202
Antibiotics 78(22.3) 38(22.5) 40(22.1) 1.000
Anticoagulation 59(16.9) 19(11.2) 40(22.2) 0.007** 0.634(0.288, 0.978) 0.042*
Glucocorticoid 27(7.7) 9(5.3) 18(10.0) 0.113
Thymosin 73(20.9) 32(18.9) 41(22.7) 0.431
Paxlovid 221(63.0) 100(59.2) 121(66.5) 0.184
Nutritional support 106(30.2) 42(24.9) 64(35.2) 0.037* -0.141(0.514, 1.465) 0.597
Clinical outcomes
Onset of positive to negative, d 9(7,12,3) 9(7,13) 9(7,12) 0.381
Onset of treatment to negative, d 6(2, 8) 6(2, 8) 6(3, 8) 0.364
Length of hospitalization, d 8(5, 11) 8.5(5,11) 8(5,11) 0.752
Follow-up
Residual abnormalities 25(7.1) 16(9.5) 9(4.9) 0.145

Abbreviation: BMI, body mass index; y, year; d, day.

Note : *,p < 0.05; **, p < 0.01; *** p < 0.001; a, Significant variables(p < 0.1) from univariate analyses(comorbidities, diabetes, vaccinated, booster injection, anticoagulation and

nutritional support) were entered into the logistic regression analysis model.

Results
Demographic and clinical characteristics

Patients were consecutively enrolled in our general wards. Nine
cases were classified as severe/critical COVID-19, and they were
transferred to ICU and dropped out in the present study. One hundred
and sixty-nine(48.1 %) out of 351 patients with a confirmed SARS-CoV2
infection had neurological manifestations. The demographic and clin-
ical characteristics were shown in Table 1. Demographically, COVID-19
patients with neurological manifestations were younger(67.4 vs 73.7, p
<0.001). Female(60.9 % vs 48.9 %, p = 0.025) made up the majority of
patients with neurological manifestations. Although the comorbidities
(76.9 % vs 88.5 %, p = 0.005), vaccination status(46.7 % vs 34.1 %,
p = 0.017), treatment of anticoagulation(11.2 % vs 22.2 %, p = 0.007) and
nutritional support(24.9 % vs 35.2 %, p = 0.037) had significant differ-
ence in univariate analysis, there were only three independent relevant
factors for neurological manifestations: younger age(p = 0.001), female
gender(p = 0.026), and without anticoagulant medication(p = 0.042)
after multivariate regression. There was no statistically significant dif-
ference in the severity of COVID-19 and clinical outcomes between the
two groups(Table 1).

Clinical symptoms

In comparison to the typical symptoms(301, 85.8 %), such as fever
(157, 44.9 %), cough(253, 72.1 %), expectoration(196, 55.8 %), sore
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throat(132, 37.6 %), nasal obstruction(58, 16.5 %), and runny nose
(107, 30.5 %), NS symptoms were the second most commonly
symptoms(169, 48.1 %). Fatigue/weakness(88, 25.1 %) was the most
common NS symptom. Other CNS(135, 38.5 %) symptoms included
headache(48, 13.7 %), dizziness(47, 13.4 %), emotional disorder(17, 4.9
%), acute cerebrovascular disease(3, 0.9 %), impaired consciousness
(2, 0.6 %) and seizure(2, 0.6 %). 105 patients(29.9 %) suffered PNS
symptoms such as myalgia(73, 20.7 %), taste impairment(20, 5.7 %),
smell impairment(22, 6.3 %), vision impairment(19, 5.4 %) and
neuralgia(1, 0.4 %). Of these 315 patients, 100 patients(28.5 %) were
found to present with gastrointestinal symptoms, including diarrhea
(44, 12.5 %), abdominal pain(13, 3.7 %), nausea(22, 6.3 %), vomiting
(14, 4.0 %), and poor appetite(66, 18.8 %). Clinical symptoms are
shown in Table 2.

Subgroup analysis revealed that clinical symptoms were closely
associated with age and gender(Fig. 1). In particular, PNS symptoms
including myalgia and visual impairment were more prevalent in the
female group and under the age of 70. Besides that, headache was
more common in younger patients, whereas emotional disorders
and taste impairment were more common in female patients. For
other symptoms, younger patients were more likely to experience
fever and sore throat, while female patients were more prone to
experience cough, abdominal pain and nausea. Meanwhile, age and
gender could also impact the clinical outcomes showed in Fig. S1.
Despite having more symptoms, older patients still required longer
hospital stays. Additional symptoms may have an impact on female
patients' hospitalization.
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Table 2

Symptoms of Patients with SARS-CoV-2 Omicron(n = 351).
Symptoms n (%)
Typical symptoms 301(85.8)
Fever 157(44.9)
Cough 253(72.1)
Expectoration 196(55.8)
Sore throat 132(37.6)
Nasal obstruction 58(16.5)
Runny nose 107(30.5)
Gastrointestinal symptoms 100(28.5)
Diarrhea 44(12.5)
Abdominal pain 13(3.7)
Nausea 22(6.3)
Vomiting 14(4.0)
Poor appetite 66(18.8)
NS symptoms
Any 169(48.1)
CNS 135(38.5)
Headache 48(13.7)
Dizziness 47(13.4)
Impaired consciousness 2(0.6)
Acute cerebrovascular disease 3(0.9)
Emotional Disorder 17(4.9)
Seizure 2(0.6)
Fatigue/weakness 88(25.1)
PNS 105(29.9)
Taste impairment 20(5.7)
Smell impairment 22(6.3)
Vision impairment 19(5.4)
Neuralgia 1(0.4)
Myalgia 73(20.7)

Abbreviation: NS, nervous system; CNS, central nervous system; PNS, per-
ipheral nervous system.

Laboratory findings

When performing univariate regression, blood tests showed that
participants with neurological manifestations had higher albumin
(40 vs. 39, p=0.008) and somewhat lower CRP(3.86 vs. 4.76,
p=0.013), CK(81.5 vs. 95.5, p=0.005) and myohemoglobin (24.3 vs.
36.35, p < 0.001). However, after multivariate analysis eliminated
confounding variables, only CK(p=0.039) and myohemoglobin
(p=0.006) appeared to be decreased in the neurological manifesta-
tions group(Table 3). The findings appeared to be at odds with PNS
symptoms like myalgia related to muscular damage.

In a univariate analysis of the chest CT results, the proportion of
effusion shadowing(1.8 % vs. 9.3 %, p=0.006) was increased in
neurological manifestations group. Patchy shadowing (Fig. 2a) on
chest CT was still an independent associated factor of patients with
neurological manifestations as revealed in multivariate analysis
(p=0.030) (Table 3). The typical CT sign, ground-glass opacity
(Fig. 2b) showed no difference between the two groups.

Discussion

In the research of COVID-19, neurological manifestations have
always been a hot topic. According to our knowledge, this is the first
study to be conducted in China on the epidemiology of neurological
symptoms following Omicron variant infection. 351 patients with
the mild to moderate COVID-19 Omicron variant enrolled in a de-
signated hospital revealed that: (1) nearly half of COVID-19 patients
infected with the Omicron strain had neurological manifestations;
(2) younger age, female gender and anticoagulants medication had
an impact on the presence of neurological manifestations; (3) mis-
matched blood test results with the symptoms indicated most
neurological symptoms were highly subjective and unspecific; and
(4) patients with neurologic manifestations may be accompanied by
increased lung patchy shadowing.
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Our study showed 48.1 % patient with neurological manifesta-
tions, which is higher than the study in Wuhan with the frequency of
30.3 %-36.5 % [7,8] back in 2019. In the USA and Europe, similar
series with an overall frequency of 34.7 %-69.3 % [9-11]. These
contrasting results could be related to the definition of neurological
manifestations, the different severity of infection and the variants of
SARS-CoV-2. Definitions of neurological symptoms have varied
considerably during the pandemic. The early studies of COVID-19
always focus on severe neurological impairments, such as cere-
brovascular events, impaired consciousness and epilepsy, as neuro-
logical manifestations because patients had more severe symptoms
during the first wave of the pandemic. However, as the virus mu-
tates, concern about non-specific neurological symptoms like fa-
tigue/weakness, myalgia, headaches, and dizziness have been
increasing in recent studies of COVID-19 related neurological man-
ifestations [4]. Based on all these studies, our study was designed as
a cross-sectional study. To fully collect all relevant symptoms and
detect neurologic manifestations that may otherwise be missed
throughout the entire hospitalization period, an anamnestic inter-
view was prospectively designed as a Yes-or-No question, which
could be a reason that our data showed an outstanding increase of
non-specific neurological symptoms. Non-specific neurological
symptoms like fatigue/weakness and myalgia are common symp-
toms of any viral or bacterial infection that make researchers con-
sider them as systemic symptoms at the beginning of the pandemic.
But recently studies show that they are also common COVID-19 se-
quelas even after 6-months follow-up which challenge the theory
that they are caused by acute viral infection and inflammation [13],
indicating they may be the results of the virus's effect on the mus-
cles and mental health. Some studies showed that COVID-19-asso-
ciated inflammation might lead to neurotransmitter impairment,
possibly representing the basis of fatigue and explaining mental
disorder [14]. But the pathology of long COVID syndrome is still
unclear. And the timing of risk for acute, subacute, and long-term
neurologic manifestations remains unknown, implying that all
clinical data collected at different time points should be consistent in
order to obtain comparable data. Meanwhile, the severe neurological
impairments such as impaired consciousness and acute cere-
brovascular disease were decreased compared with the data back in
Wuhan, which was consistent with the reduced rate of severe pa-
tients and pathogenicity of the virus strain [15,16]. According to the
research published on Nature [17], Omicron replication is ACE2 de-
pendent and the binding of the spike of Omicron spike to ACE2 is
enhanced compared with that of the WT virus which indicate
Omicron is shown to have little effect on receptor binding affinity,
but the efficiency of entry into host cells is reduced in cells ex-
pressing the TMPRSS2 protease. This mutation increased the ability
of Omicron to enter the body, leading to increased infectivity and
transmission and a new wave of infection around the world [18,19].
ACE2 is widely distributed in the nervous system [20], and Omi-
cron's reduced dependence on TMPRSS2 makes virus more easily to
entry into the nervous system. Thus, compared to studies in the early
stage of the pandemic, the proportion of neurological manifestations
reported is getting higher.

Our study suggests that both age and gender may have an im-
pact on the development of neurological manifestations in mild to
moderate patients. Study from Liotta EM et al. [21]. suggested that
younger patients (mean age of 57.9), without or had a long time
from COVID-19 onset to hospitalization, were more likely to pre-
sent any neurologic manifestations than older people (mean age
62.9 years). While in most studies, encephalopathy such as altered
mental status and cerebrovascular events, the most frequent CNS
manifestation in COVID-19, had been manifested more likely in
older patients [22,23]. However, the majority of these studies in-
cluded severe patients, indicating that neurological symptoms
were more likely to occur in such people. Previous research had
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Typical symptoms
Fever
Cough
Expectoration
Sore throat
Nasal obstruction
Runny nose
Gastrointestinal
Diarrhea
Abdominal pain
Nousea
Vomiting
Poor appetite
NS
CNS
Headache
Dizziness
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Impaired consclousness

Cerebrovascular disease

Emotional Disorder
Sefzure
Fatigue/weakness
PNS
Taste impairment
Smell impairment
Vision impairment

Neuralgia
Myalgia

Fig. 1. Symptoms of mild to moderate Patients with SARS-CoV-2 Omicron stratified by sex and age. Abbreviation: NS, neurological symptoms; CNS, central nervous symptoms;
PNS, peripheral nervous symptoms Note: The age categories were divided based on the average age of enrollment.; * p < 0.05; **, p < 0.01; ***, p < 0.001.

shown that neurological symptoms [24,25], particularly the PNS,
were inversely correlated with age in mild to moderate patients,
which was what we focused on. With regard to the role of gender
on resistance and disease severity, there may be some gender dif-
ferences in the neuropathological events caused by COVID-19, even
though multiple publications found that women are at lower risk of
COVID-19 severity than males in various cohorts [26,27]. In COVID-
19-positive females compared to males, chemosensory dysfunc-
tions and subjective neurological symptoms are more prevalent
[28,29]. Although these studies have shown that gender does affect
the infection of SARS-CoV-2, there are still no consensual studies
that can explain this difference. Some [30,31] believe that women
acquire stronger immune responses than men, which results in
faster pathogen clearance but also contributes to their increased
susceptibility to strong symptoms.

The only treatment in our trial that appeared to be related to the
onset of neurological symptoms was anticoagulant medication.
Patients with COVID-19 frequently have a pro-coagulative condition
as a result of complement cascade hyper-activation, cytokine storm,
and endothelial dysfunction brought on by the virus [32]. Diffuse
microvascular thrombi are frequently seen in several organs, which
appear to be directly connected to the severity of the condition [33].
After review, the majority of the patients in our study who used
anticoagulants were high-risk patients, and the sample size was
small. Once the confounding element of age, which was most likely
to change the results, was eliminated, anticoagulation still had
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impact on the development of neurological symptoms. Theoretical
support is still lacking in mild cases, though.

In our investigation, the most of the blood tests results were
within normal ranges. Inflammatory and coagulation indicators did
not differ between groups. However, previous researches [3,7-11]
have revealed neurological manifestations that can be related to both
indicators. Surprisingly, the indicators that could directly represent
muscular injury also showed a negative connection between groups,
indicating that symptoms like myalgia were highly subjective and had
little bearing on the outcome of the disease. According to Liguori’s
research [34], COVID-19 infection could cause subjective neurological
symptoms, and women were more likely to experience these symp-
toms than men. This outcome seems to be consistent with what we
discovered. But in fact, although the neurological symptoms in this
study were classified as subjective symptoms, no further evidence
indicated whether their occurrence was related to an objective in-
fection or injury in nervous system. As shown in a discovery pub-
lished in Nature [35], SARS-CoV-2 is linked to alterations in brain
structure even in cases of mild to moderate infection. The SARS-CoV-2
can cross the Blood-Brain Barrier(BBB) and cause pathological
changes including hypoxia, ischemia, micro-bleeds, and inflammation
[36,37]. These changes in the structure of the nervous system are
insidious and persistent, but can result in a variety of non-specific
neurological manifestations. These changes in brain could lead to the
persistent neurological manifestations in long COVID syndrome as
well, for the most common symptoms in COVID-19 sequelae were
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Table 3
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Laboratory and chest findings on admission of the mild to moderate Patients with SARS-CoV-2 Omicron based on neurological manifestations.

Items With Without Univariate regression Multivariate regression®

neurological manifestations  neurological manifestations

(n=169) (n=182) B (95 %CI) p-value B (95 %CI) p-value
Blood test, median(25", 75th)
WBC count, *10"9/L 5.20(3.83, 6.30) 5.10(4.00, 6.20) -0.004(0.887, 1.118) 0.947 -0.006(0.880, 1.124) 0.929
Monocyte cell count, *10"9/L 0.52(0.39, 0.68) 0.49(0.41, 0.68) -0.196(0.391, 1.729) 0.605 -0.022(0.452, 2.119) 0.956
Lymphocyte count, *10"9/L 1.35(1.00, 1.80) 1.30(1.00, 2.00) 0.274(0.904, 1.913) 0.152 0.056(0.708, 1.580)  0.786
Neutrophil, % 58.25(49.93, 66.58) 59.40(41.86, 68.40) -0.005(0.979, 1.011) 0.534 0.000(0.983, 1.017) 0.982
Hemoglobin, g/L 131.00(123.25, 142.00) 128.00(116.00, 141.00) 0.012(0.999, 1.024) 0.062 0.012(0.997, 1.026) 0.114
Platelet count, *10°9/L 189.00(154.00, 231.50) 174.00(138.00, 230.00) 0.003(1.000, 1.006) 0.081 0.001(0.998, 1.004)  0.552
C-reactive protein, mg/L 3.86(1.69, 7.49) 4.76(1.61, 15.46) -0.024(0.958, 0.995)  0.013* -0.016(0.996, 1.002) 0.083
TBil, mmol/L 10.40(8.25, 13.85) 10.00(8.00, 12.90) 0.013(0.997, 1.052) 0.476 0.028(0.988, 1.070) 0.174
Albumin, g/L 40.00(38.00, 43.00) 39.00(37.00, 43.00) 0.071(1.019,1.131) 0.008** 0.032(0.974, 1.094) 0.286
p-dimer, mg/L 0.36(0.19, 0.73)) 0.46(0.25, 0.90) -0.202(0.639, 1.044) 0.106 -0.053(0.729, 1.238) 0.699
PT, s 10.80(10.40, 11.30) 11.00(10.50, 11.40) -0.023(0.920, 1.038) 0.449 -0.014(0.941, 1.033) 0.558
Fibrinogen, g/L 2.92(2.53, 3.52) 3.10(2.62, 3.68) -0.021(0.922, 1.040) 0.492 0.022(0.985,1.092)  0.506
APTT, s 28.50(26.70, 30.20) 28.60(26.50, 30.80) -0.021(0.922, 1.040) 0.492 0.022(0.958,1.092)  0.506
Creatine kinase, U/L 81.50(57.25, 108.75) 95.50(64.00, 139.00) -0.004(0.994, 0.999)  0.005** -0.003(0.995, 1.000)  0.039*
Lactate dehydrogenase, U/L 203.00(175.5, 229.75) 210.50(188.75, 238.00) -0.006(0.988, 1.000) 0.058 -0.005(0.989, 1.002)  0.146
Myohemoglobin, pg/L 24.30(16.55, 35.70) 36.35(24.10, 54.08) -0.023(0.967, 0.988) <0.001***  -0.016(0.974, 0.996) 0.006™*
Chest CT findings, n(%)
Bilateral lung involvement 69(40.8) 72(39.6) 0.053(0.688, 1.616) 0.809 0.272(0.827,2.083)  0.249
Patchy shadowing 84(49.7) 79(43.4) 0.253(0.846, 1.962) 0.238 0.497(1.048, 2.577)  0.030*
Effusion shadowing 3(1.8) 17(9.3) -1.741(0.050, 0.610) 0.006™* -1.268(0.077, 1.025) 0.054
Ground-glass opacity 10(5.9) 12(6.6) -0.115(0.375, 2.120) 0.794 -0.270(0.310, 1.879) 0.557
Interstitial abnormalities 13(7.7) 18(9.9) -0.275(0.360, 1.601) 0.469 -0.025(0.450, 2.113) 0.949
Consolidation 3(1.8) 8(4.4) -0.934(0.103, 1.507) 0.173 -0.540(0.142, 2.390)  0.453

Abbreviation: WBC, White blood cell; TBil, total bilirubin; PT, prothrombin time; APTT, activated partial thromboplastin time.
Note: CI, confidence interval; *, p < 0.05; **, p < 0.01; ***, p < 0.001; a, confounding factors(age, gender and anticoagulation) from Table 1 were entered into the logistic regression

analysis model.

also highly subjective like fatigue and brain fog [13]. Further research
is still needed to determine whether neurological manifestations in
the early stages of infection can signal these modifications.
Pulmonary infection is an important marker of the severity of
COVID-19 infection. Ground-glass opacities are characteristic CT
signs of the lungs. In our study, there was no statistical difference
between the two groups in terms of disease severity and the pre-
sentation of typical pulmonary CT signs. Atypical patchy shadows,
however, were more common in patients with neurological mani-
festations. After searching the literatures, this was found for the first
time in COVID-19 patients that lacks generalizability and theoretical
justification. Whereas it is concerning that the Post-COVID-19
Syndrome is generally accompanied by atypical pulmonary symp-
toms like cough and non-specific neurological manifestations like
fatigue [38-40]. Song et al. reviewed studies showed that cough
could often be accompanied by chronic fatigue, cognitive impair-
ment, or pain collection of long-term effects referred to as the post-
COVID syndrome or long COVID, which persisted for weeks or
months after SARS-CoV-2 infection. They suggested that neuro-
tropism, neuroinflammation, and neuroimmunomodulation were all

d

1

involved in pulmonary symptoms [41]. But there are still gaps in
understanding of the mechanisms. More epidemiological and fun-
damental science research is required to explain the connection.
Our research represents the first cross-sectional survey of COVID-
19-related neurological manifestations during the Omicron wave in
Shanghai, China. In contrast to earlier studies, ours utilized a pro-
spective design to fully collect all relevant data throughout the entire
hospitalization period as well as the short-term follow-up of mild to
moderate patients. The neurologists performed a face-to-face as-
sessment of neurological manifestations, which ensured the relia-
bility and professionalism of diagnosis. Nevertheless, we have a few
limitations. This study is only a single-center study with a limited
sample size. It was challenging to consistently assess the psycholo-
gical status of the patients in order to identify subjective symptoms
in such situations due to the personal protective equipment (PPE).
No adequate neuropsychiatric scales were used in our study to for-
mally categorize the non-specific neurological symptoms. Non-spe-
cific symptoms such as fatigue could not necessarily be CNS
mediated.and it was hard to distinguish between mental/cognitive
and physical fatigue in the acute phase of infection that could also

Fig. 2. Chest CT images of a COVID-19 patient with neurological manifestations. Note: Axis chest CT scan showed atypical patchy shadowing(a) and patchy ground-glass opacity

consistent with typical moderate COVID-19(b).
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make the results rather subjective. Furthermore, patients could not
receive additional auxillary examinations like magnetic resonance
imaging (MRI) and electroencephalography(EEG) since they were at
the peak of the pandemic.

Conclusions

The epidemiological information and clinical traits of neurolo-
gical manifestations connected to Omicron are expanded by our
study based on the Chinese population. Nearly half of COVID-19
patients infected with the Omicron strain have neurological mani-
festations, mostly in young women. The clinical symptoms and the
results from blood test do not correspond, indicating that the ma-
jority of neurological symptoms are highly subjective. Subjects with
neurological manifestations may be accompanied by increased lung
patchy shadowing. More mechanism research and long-term follow-
up of neurological manifestations in COVID-19 are warranted in the
future.
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