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Jingwen Li'""

Yu Sun*, Na Li’, Shaoping Hu"*, Zhicheng Lin>

, Xi Long™”, Qing Zhang’, Xi Fang’, Fang Fang®, Xuefei Lv", Dandan Zhang®,
and Nian Xiong

13,8,%

'Department ofNeurology, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology,
Wuhan, Hubei, China; *Department of Radzology, Union Hospital, Tongji Medical College, Huazhong University of

Science and Technology, Wuhan, Hubei, China,

'Wuhan Red Cross Hospital, Wuhan, Hubei, China; *Department of
Radiology, Wuhan Red Cross Hospital, Wuhan, Hubei, China;
Hospital; Harvard Medical School; Belmont, MA 02478, USA

’Laboratory of Psychiatric Neurogenomics, McLean

Abstract: The pandemic novel coronavirus disease (COVID-19) has become a global concern in
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which the respiratory system is not the only one involved. Previous researches have presented the
common clinical manifestations including respiratory symptoms (i.e., fever and cough), fatigue and
myalgia. However, there is limited evidence for neurological and psychological influences of

SARS-CoV-2. In this review, we discuss the common neurological manifestations of COVID-19
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including acute cerebrovascular disease (i.e., cerebral hemorrhage) and muscle ache. Possible viral
transmission to the nervous system may occur via circulation, an upper nasal transcribrial route

and/or conjunctival route. Moreover, we cannot ignore the psychological influence on the public,
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medical staff and confirmed patients. Dealing with public psychological barriers and performing

psychological crisis intervention are an important part of public health interventions.
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1. INTRODUCTION

Severity and prognosis of the 2019 novel coronavirus
disease (COVID-19), also known as novel coronavirus
pneumonia (NCP), have become global concerns in terms of
how to treat the patients because this novel disease affects
many organs beyond lung [1, 2].

COVID-19 is caused by infection with the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2 named by
WHO), which resembles and differs from SARS-CoV. One
of the similarities is both viruses exploit the angiotensin
converting enzyme 2 (ACE2) receptor to gain entry inside
cells [3]. One main difference is that the former affects the
lung as NCP in every patient but the later, not in every pa-
tient developing atypical pneumonia. The most characteristic
symptom of NCP is respiratory distress, with a typical chest
computer tomography (CT) finding of ground-glass opacity,
similar to that of SARS [4]. Previous researches have pre-
sented the common clinical manifestations including respira-
tory symptoms (i.e., fever and cough), fatigue and myalgia.
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However, other less common symptoms indicated the influ-
ence on other organs and systems. Recent retrospective case
series study of Dr. Mao and colleagues [5] discussed neuro-
logical manifestations of hospitalized patients with COVID-
19. Dr. Li et al reasoned that the respiratory failure may
partly be due to a neuroinvasive potential of SARS-CoV-2

[6].

If the NCP onset seemed mainly about nervous system
diseases, it could be easily misdiagnosed. And these patients
might become invisible sources of transmission. Therefore, it
is important to understand the neurological symptoms and
possible underlying mechanisms in patients with SARS-
CoV-2. In addition, it has been reported that there is a panic
among both the sick and the healthy about this new pan-
demic [7, 8]. Besides the conventional treatment of COVID-
19, we should pay attention to the patients' brain health at the
same time.

2. COMMON NEUROLOGICAL MANIFESTATIONS

Neurological symptoms can be categorized into three
main areas: central nervous system (CNS) symptoms or dis-
ease, peripheral nervous system (PNS) symptoms and mus-
cular symptoms. In patients with CNS symptoms, the most
common complaints were dizziness and headache. In pa-
tients with PNS symptoms, the most common complaints
were hypogeusia and hyposmia [5]. Muscle injury was de-
fined when a patient had myalgia and elevated serum
creatine kinase (CK) level above 200 U/L. The common neu-
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Table 1. Neurological manifestations: a summary of published articles.
Total Patients Dizziness/Confusion Headache Muscle Ache
Xiaobo Yang et al. [13] 52 / 3(6%) 6(11.5%)
Xiao-Wei Xu et al. [14] 62 / 21(34%) 32(52%)
Dawei Wang et al. [15] 138 13(9.4%) 9(6.5%) 48 (34.8%)
Chaolin Huang et al. [16] 41 / 3/38(8%) 18(44%)
Nanshan Chen et al. [17] 99 9(9%) 8(8%) 11(11%)
Weijie Guan et al. [9] 1099 / 150(13.6%) 163(14.8%)
De Chang et al. [18] 13 / 3(23.1%) 3(23.1%)
Zhenwei Wang et al. [19] 4 2(50%) / /
Liu Kui et al. [20] 137 / 13(9.5%) 44(32.1%)
Michael Chuang et al. [21] 21 / 3(14.3%) 3(14.3%)
Feng Pan et al. [22] 21 / / 5(24%)
Fengxiang Song et al. [23] 51 8(16%) / 16(31%)
Lili Ren et al. [24] 5 / 1(20%) 3(60%)

rological manifestations of COVID-19 patients are summarized
in Table 1 [9].

Some patients with conscious disturbance require a head
CT examination to exclude acute cerebrovascular disease
(i.e., ischemic stroke and cerebral hemorrhage). Older severe
patients with elevated D-dimer [9], which is indicative of the
consumptive coagulation system, are more likely to have
vascular thrombosis, leading to ischemic stroke. SARS-CoV-
2 can bind to the ACE2 receptor so the blood pressure of
some hypertension patients may elevate abnormally, increas-
ing the risk for cerebral hemorrhage [10, 11]. In NCP pa-
tients, symptoms of headache, epilepsy and impaired con-
sciousness could be also investigated [12]. Additionally,
symptoms of sore limbs and muscle weakness can be seen in
COVID-19 patients. High levels of CK in these patients in-
dicate muscle damage caused by SARS-CoV-2.

3. TRANSMISSION MECHANISMS OF NERVOUS
SYSTEMS

Viremia et al discussed the dissemination of the COVID-
19 virus SARS-CoV-2 throughout the body via the blood-
stream. The neuroinvasive propensity has been demonstrated
as a common feature of coronavirus so that neurotropism
may occur via circulation, an upper nasal trancribrial route
and/or conjunctival route [25-27].

The presence of SARS-CoV-2 in the circulation under-
standably enables it passing into the cerebral circulation.
Patients with SARS have also demonstrated the presence of
SARS-CoV in their cerebrospinal fluid, and autopsy findings
of such patients have become strong evidence for the viral
presence in the brain. The viruses were localized almost ex-
clusively in the neurons, confirming that these viruses can

cross the blood-brain barrier and enter the CNS. Once within
the milieu of the neuronal tissues, its interaction with ACE2
receptors expressed on the plasma membrane of neurons can
initiate a cycle of viral budding accompanied by neuronal
damage without substantial inflammation as has been seen
with cases of SARS-CoV in the past [25]. ACE2 receptors
are targets of SARS-CoV-2 as well [28, 29]. SARS-CoV-2
uses its spike protein S1 that enables the attachment of the
virion to the cell membrane by interacting with the host
ACE2. The latest study showed that the ACE2 binding affin-
ity for the SARS-CoV-2 spike protein ectodomain was 10 -
20 - fold higher than that of the SARS-CoV [30], partly ex-
plaining why COVID-19 has been so highly contagious. Of
the note, the brain expresses ACE2 receptors, on glial cells
and neurons [25]. The expression of ACE2 in the brain is
shown in Fig. 1.

Previous studies in transgenic mice revealed that either
SARS-CoV [27] or MERS-CoV [31], when given intrana-
sally, could enter the brain, possibly via the olfactory nerves,
and thereafter rapidly spread to some specific brain areas
such as the brainstem [32]. The spread of SARS-CoV-2 to
the brain has been supported by a case with hyposmia and
cases with acute respiratory failure in COVID-19 [6]. Addi-
tionally, SARS-CoV-2 transmission through the ocular sur-
face was reported. Infectious droplets and body fluids can
easily contaminate the human conjunctival epithelium [26].

4. PSYCHOLOGICAL INFLUENCE

Numerous patients have been infected with SARS-CoV-2
since the outbreak of COVID-19 in Wuhan, China. For
health-care sectors, dealing with public psychological barri-
ers and performing psychological crisis intervention are an
important part of public health interventions. Besides the
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Fig. (1). Expression of ACE2 in brain. (From BrainStars, http://brainstars.org/probeset/?keyword=ace2). (4 higher resolution / colour ver-

sion of this figure is available in the electronic copy of the article).

public, confirmed patients and frontline medical staff were
affected to various degrees. The National Health Commis-
sion of China has released guidelines for local authorities to
promote psychological crisis intervention in related patients,
medical personnel, and others under medical observation
[33].

4.1. The Public

In order to swiftly contain the spread of SARS-CoV-2,
the Chinese government took a firm measure of the entire
country quarantined, which has been extreme, astounding
and unprecedented [34]. The epidemic brought to people in
China and the world not only the risk of death due to the
viral infection, but also unbearable psychological pressure
which could not be ignored. Quarantine against COVID-19
on the one hand increases the possibility of psychological
and mental problems. With interpersonal communication
restricted under the introduction of quarantine, depression
and anxiety are more likely to occur and worsen. On the
other hand, quarantine reduces the availability of timely psy-
chological intervention, and routine psychological counsel-
ing is also difficult to carry out in the current situation [35].
As reported on February 14th, 2020, a male patient with
common cold committed suicide in India because he sus-
pected he had COVID-19 and was fearing of infecting his
family members [36]. A recent survey of the public in China
was conducted to understand their levels of psychological

impact, anxiety, depression, and stress during the initial
stage of the COVID-19 outbreak. The results of the survey
indicated that more than a half of the respondents rated
themselves with psychological impact as moderate-to-severe
and about one-third reported moderate-to-severe anxiety
[37].

4.2. Medical Staff

To reduce the medical burden following the outbreak, a
large number of medical staff were sent from other provinces
to Wuhan city and Hubei province. These healthcare workers
are caring for the either severely ill, scared, or lost of be-
loved but themselves also exposed to the trauma. The chal-
lenges and stress they experience could also induce common
mental disorders, including anxiety and depressive disorders,
and posttraumatic stress disorder [33]. It has been pointed
out that a unique feature of some mental health doctors’
work is that through their role as therapists, they are exposed
to the description and response of clients to trauma, which
may indirectly cause pain and trauma to therapists. This is
the proposed phenomenon known as "alternative trauma" or
“vicarious traumatization (VT)” [38]. A previous study of
VT during COVID-19 control examined frontline nurses
engaged in the process of providing care for patients. The
results showed that the VT scores for frontline nurses includ-
ing scores for physiological and psychological responses
were significantly worse than those of non-frontline nurses
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[39]. However, the VT scores for the general public were
significantly higher than those of frontline nurses [39]. This
study confirmed the psychological influence of COVID-19.

4.3. Confirmed Patients

During disease progression, clinical symptoms become
severe and psychological problems in infected patients
evolve at the same time [40]. Studies have confirmed that
individuals who have experienced public health emergencies
still have varying degrees of stress disorders, even after the
event is over, or they have been cured and discharged from a
hospital [41]. In this way, frontline healthcare workers again
become the main personnel providing psychological inter-
ventions to patients in hospitals [40].

5. WHAT NEUROLOGISTS NEED TO KNOW

Neurologists should pay more attention to COVID-19
patients with abnormal blood clotting function as a high risk
factor of stroke. Head CT and/or MRI should be performed
to exclude the symptoms of acute cerebrovascular events and
intracranial infection. With symptoms of muscle damage,
nutritional support therapy is essential and gamma globulin
(15-20g/d, 3 - 5 d) can be used if necessary. Lumbar punc-
ture is feasible for the detection of SARS-CoV-2 in cerebro-
spinal fluid to help confirm the infectious situation.

CONCLUSION

For patients with COVID-19, especially those with great
severity, there is an urgent need to understand the neurologic
manifestations and neurotropic potential of COVID-19 in
order to prioritize and individualize the treatment protocols
based on particular cases and predominant organ involve-
ment. Neurologists should consider SARS-CoV-2 infection
as a differential diagnosis of patients with these neurologic
manifestations, to avoid delayed diagnosis or misdiagnosis
and ensure prevention of viral transmission. Moreover, psy-
chological intervention measures should be introduced and
adapted as appropriate.
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