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Abstract

Background: Coronavirus disease 2019 (COVID-19) is known to cause not only
respiratory but also neuropsychiatric symptoms, which are assumed to be derived
from a cytokine storm and its effects on the central nervous systems. Patients with
COVID-19 who develop severe respiratory symptoms are known to show severe
neuropsychiatric symptoms such as cerebrovascular disease and encephalopathy.
However, the detailed clinical courses of patients with neuropsychiatric symptoms
caused by mild or asymptomatic COVID-19 remain poorly understood. Here, we pre-
sent a case of COVID-19 who presented with severe and prolonged neuropsychiatric
symptoms subsequent to mild respiratory symptoms.

Case presentation: A 55-year-old female with COVID-19 accompanied by mild respir-
atory symptoms showed delusion, psychomotor excitement, and poor communication
ability during quarantine outside the hospital. Considering her diminished respiratory
symptoms, her neuropsychiatric symptoms were initially regarded as psychogenic re-
actions. However, as she showed progressive disturbance of consciousness accompa-
nied by an abnormal electroencephalogram, she was diagnosed with post-COVID-19
encephalopathy. Although her impaired consciousness and elevated cytokine level
improved after steroid pulse therapy, several neuropsychiatric symptoms, including a
loss of concentration, unsteadiness while walking, and fatigue, remained.
Conclusions: This case suggests the importance of both recognizing that even appar-
ently mild COVID-19-related respiratory symptoms can lead to severe and persistent
neuropsychiatric symptoms, and elucidating the mechanisms, treatment, and long-

term course of COVID-19-related neuropsychiatric symptoms in the future.

KEYWORDS
case report, COVID-19, cytokines, encephalopathy, long COVID

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2021 The Authors. Neuropsychopharmacology Reports published by John Wiley & Sons Australia, Ltd on behalf of The Japanese Society of

Neuropsychopharmacology.

114 wileyonlinelibrary.com/journal/nppr

Neuropsychopharmacology Reports. 2022;42:114-119.


www.wileyonlinelibrary.com/journal/nppr
mailto:﻿
https://orcid.org/0000-0002-0610-7904
https://orcid.org/0000-0002-8427-5639
http://creativecommons.org/licenses/by-nc/4.0/
mailto:kimura.hiroki@med.nagoya-u.ac.jp

JOZUKA ET AL.

NEUROPSYCHOPHARMACOLOGY

1 | INTRODUCTION

In December 2019, a cluster of patients with pneumonia of un-
known cause led to the identification of a novel virus, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), leading to the
development of coronavirus disease 2019 (COVID-19). Although
respiratory complications are at the forefront of the clinical
presentation of this disease, COVID-19 is also known to cause
neuropsychiatric symptoms,l'2 One putative pathogenesis of neu-
ropsychiatric symptoms is derived from the excessive release of
pro-inflammatory factors, the so-called cytokine storm,® follow-
ing changes in the permeability of the blood-brain barrier (BBB),
which initiates a neuroinflammatory process.* Patients with severe
COVID-19 are reported to show severe neuropsychiatric symp-
toms that could lead to higher mortality, such as encephalopathy.5
However, the detailed clinical courses of patients who develop
neuropsychiatric symptoms after mild or asymptomatic COVID-19
remain poorly understood. Therefore, neuropsychiatric symptoms
occurring after mild or asymptomatic COVID-19 with respiratory
symptoms could be missed. To improve the knowledge of neuro-
psychiatric symptoms from mild or asymptomatic COVID-19, we
present a case of COVID-19 with mild respiratory symptoms fol-
lowing severe encephalopathy with prolonged neuropsychiatric

REPORTS

2 | CASE PRESENTATION

The patient was a 55-year-old Japanese female who worked part-
time and had no medical history other than that described below.
She had been briefly admitted to a psychiatric hospital at age
16 years because of depressive symptoms, but she was never fol-
lowed up or given treatment after discharge. After graduating from
high school, she started to work part-time.

After her husband, with whom she was cohabitating, was diag-
nosed with COVID-19, she underwent a polymerase chain reaction
(PCR) test for SARS-CoV-2. On day 4, after experiencing her first
mild respiratory symptoms, the results of the PCR test confirmed a
diagnosis of COVID-19. She had not received the COVID-19 vaccine
prior to infection. She was ordered to be quarantined at a hotel near
her home without treatment because her general and respiratory
symptoms were mild. During the quarantine period, she experienced
insomnia and poor communication ability. After consulting with the
outpatient psychiatric clinic, she was diagnosed with depression due
to the psychological burden of having COVID-19. However, a few
days later, she showed delusion and disorganized behavior with agi-
tation. On day 15, she was admitted to the psychiatric hospital to en-
sure her safety, and antipsychotic treatment was started. Then, due
to difficulties in communicating and eating, she was transferred to

sequelae. the psychiatric ward in the general hospital for further examination
a
[] D [] D Bl Neuropsychiatric symptoms
M Respiratory symptoms
CSF cytokine analyses (pg/ml)
Disorganized AKkinetic mutism Steroid Pulse Therapy
behavior
.. 4/Low grade feve
Agitation N\ Tachycardia:
S Delusion Unsteadiness
[
= | N Sg————Insomnia—eeee >
E Confusion .
% IL-8: 34.02 \ Loss of concentration
Insomnia FGF-2: 6.82 <4 Fatigue
Cold
symptoms TL-8: 18.56
FGF-2: 0.80

| Quarantine | | Admission

0 10 20 30 40

50 60 - - - - o o o o oo oo o o e . 125

TIME from occurrence (days)

FIGURE 1 Clinical course of neuropsychiatric symptoms after a mild case of COVID-19. The figure shows the clinical features, treatment,
cerebrospinal fluid (CSF) cytokine analyses, and neuropsychiatric symptoms. Admission was on the 15th day after the initial symptoms.
Discharge was on the 67th day. While the severity of the respiratory symptoms was mild, the neurological symptoms were severe. Steroid
pulse therapy (three consecutive days with methylprednisolone 1000 mg per week) improved the neuropsychiatric symptoms and reduced
the level of cytokines. However, various neurological deficits persisted, some of which are still present
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and treatment after confirming a negative result for a subsequent
PCR test for SARS-CoV-2. The clinical course of this case is shown
in Figure 1.

On admission to the general hospital, she presented with poor
communication ability accompanied by catatonic features, dehy-
dration symptoms, tachycardia, and low-grade fever. We observed
consolidation in both lower lobes on lung computed tomography
(Figure. S1A, B) and increased inflammation markers in laboratory
findings (white blood cell count, 11 700/uL; C-reactive protein,
1.15 mg/mL). In addition, the level of several cytokines in the ce-
rebrospinal fluid (CSF) and plasma was increased on admission
(Figure 2 and Supplementary Methods). However, no abnormal
findings were seen in several brain imaging tests (Figure S2), no in-
creased cell counts were observed in the CSF, and no SARS-CoV-2
was found in the CSF by PCR. She subsequently showed progressive
consciousness disturbance leading to akinetic mutism and found
it nearly impossible to communicate. An electroencephalogram
(EEG) showed a generalized slowing 5 wave with frontal lobe domi-
nance (Figure 3A). These findings led to a diagnosis of encephalop-
athy, and as a result, three courses of steroid pulse therapy were
started (three consecutive days with methylprednisolone 1000 mg
per week), with reference to former reports.‘{"7 Brain single-photon
emission computed tomography findings were within the normal
limits (Figure S3). Although she showed mild pulmonary embolism
after starting steroid treatment (Figure S4), her consciousness dis-
turbance gradually improved. Moreover, the slow EEG waves were
decreased (Figure 3B), as were the levels of several cytokines, in-
cluding interleukin-8 (IL-8) and fibroblast growth factor-2 (FGF-2), in
the CSF and plasma after the third course of steroid pulse therapy
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compared with at admission (Figure 2). When she was able to com-
municate, she showed memory loss from the middle of the quaran-
tine period.

When she began oral intake and getting out of bed by herself,
she experienced weakness and unsteadiness while walking, as well
as insomnia and a lack of concentration. An examination of these
symptoms revealed postural tachycardia and impaired concentra-
tion; these residual symptoms are summarized in Table 1. A variety
of antibody and physiological tests did not suggest any neuromus-
cular or collagen diseases. We administered the fourth course of
steroid pulse therapy for her neuropsychiatric symptoms, but no
clear effect was seen. Although several sequelae persisted, she was
discharged on day 67. Her frontal lobe function, which could have
been related to her impaired concentration, gradually improved until
she was able to communicate with her family normally, as shown in
Table S1. However, she still could not start working for 3 months
after discharge because she continued to experience several per-
sistent neuropsychiatric symptoms.

3 | DISCUSSION

Here, we reported a case with severe and long-lasting neuropsy-
chiatric symptoms after mild respiratory symptoms caused by
COVID-19. Neuropsychiatric symptoms related to COVID-19 have
been reported,’? and patients with severe COVID-19 have also
shown a high frequency of severe neuropsychiatric symptoms
(Table S2), including encephalopathy, that could lead to higher
mortality.> However, the severity and detailed clinical courses
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FIGURE 2 Cytokine levels during disturbed consciousness and after remission. We compared cerebrospinal fluid (CSF) and plasma
cytokine levels during and after treatment for encephalopathy. The results showed increased levels of most cytokines during disturbed
consciousness. In many categories, cytokines are reduced with improvements in disturbed consciousness. The concentrations of cytokines/
chemokines, including fibroblast growth factor-2 (FGF-2), I-309 (chemokine (C-C motif) ligand 1 [CCL1]), nerve growth factor (NGF), thymus
and activation-regulated chemokine (TARC), interleukin (IL)-10, IL-1, IL-6, macrophage inflammatory protein-1a (MIP-1a), MIP-1p, and tumor
necrosis factor (TNF)-a, were measured using a multiplex assay system. The concentration of IL-8 in both CSF and plasma was measured

using an enzyme-linked immunosorbent assay kit
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FIGURE 3 Electroencephalogram (EEG) alterations. A, Acute phase in the akinetic mutism state with a diffuse & wave with frontal lobe
dominance. B, Reduced slow wave and reorganization of the background o wave and reactivity after the third course of steroid pulse

treatment. C, Remaining slow waves at 4 months after onset. EEG acq

uisition settings: referential montage; recording speed: 30 s/page;

sensitivity: 7 pV/mm; time constant: 0.1 s; high-frequency filter: 15 Hz

of patients with neuropsychiatric symptoms caused by mild or
asymptomatic COVID-19 remain poorly understood. Therefore,
severe neuropsychiatric symptoms occurring after mild respiratory
symptoms could be missed, as seen in this case. Actually, only few
case reports® have shown detailed clinical courses in nonsevere
COVID-19. In the present case report, we have described the de-
tailed long clinical course of neuropsychiatric symptoms including
cytokine measurement and the evaluation of neuropsychiatric se-
quelae from mild COVID-19.

Based on accumulated knowledge regarding COVID-19, one
putative pathogenesis of neuropsychiatric symptoms is the exces-
sive release of cytokines from SARS-CoV-2-infected cells, which
can alter the permeability of the BBB,* thereby initiating neuroin-
flammation.” Although both brain imaging tests and PCR testing for
SARS-CoV-2 in the CSF were negative in this case, considering the
slow EEG waves (Figure 3A) that have previously been reported in
cases of COVID-19,1° putative mechanisms underlying the neuro-
psychiatric symptoms observed in this case could be derived from
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TABLE 1 Persisting neuropsychiatric symptoms after encephalopathy

Neuropsychiatric

symptoms Examination

Tachycardia
postural tachycardia
Unsteadiness

Insomnia

Loss of concentration

- Autonomic nerve test (head-up tilt test) demonstrated
+ Cerebellar ataxia suggested an inability to coordinate
balance, but nerve conduction studies were normal

+ Nocturnal awakening was improved by suvorexant

- FAB showed decreased frontal lobe function (13/18)

Outcome

+ Tachycardia improved until the effect no longer
interfered with daily life at discharge

+ Unsteadiness gradually decreased * Unsteady
balance at 4 months after occurrence

+ Nocturnal awakening was improved at discharge
without drug therapy

+ FAB showed improvement to 17/18 at 4 months
after occurrence

Note: Detailed results of a frontal assessment battery (FAB) are shown in Table S1.

microvascular regions that can only be detected by high-power mag-
netic resonance imaging.11

Furthermore, in this case, elevated cytokine levels, including
IL-8, which is reportedly increased in patients with COVID-19-
related encephalopathy,*? suggesting increased vascular per-
meability due to inflammatory cytokines,*® and FGF-2, which is
reportedly increased in local hypoxia, suggesting microcirculatory
disturbance,14 were found in the CSF (Figure 2). However, in this
case, cytokine levels were low compared with previous stud-
ies describing COVID-19 with severe respiratory symptoms.”!®
Therefore, considering the severe neuropsychiatric symptoms
observed in this case, the association between cytokine levels in
the CSF and the neuropsychiatric symptoms should be investi-
gated more thoroughly in a future study. The fact that the present
case had severe neuropsychiatric symptoms, even though here
cytokines were lower than in previous studies, suggests that she
could have been vulnerable to neuropsychiatric symptoms after
COVID-19. Although the details were unclear, she had a history
of admission to a psychiatric hospital for depressive symptoms
in adolescence, which suggests that she may have had some kind
of brain vulnerability. Actually, it has recently been reported that
impaired immune responses are related to the pathogenesis of
psychiatric disorders,*® and an integrated model of the immune
system and genetic risk factors has been considered to gain a bet-
ter understanding of the pathogenesis of psychiatric disorders
and facilitate the development of novel diagnostic systems and
drugs.”

In addition to during the acute phase, we followed the patient
to monitor her numerous residual neuropsychiatric symptoms, such
as insomnia, fatigue, loss of concentration, and unsteadiness while
walking, which have been reported as neuropsychiatric sequelae
of COVID-19.*® For these residual symptoms, we observed several
abnormal findings, such as slow EEG waves (Figure 3B, C), postural
tachycardia, and disturbed frontal lobe function. Considering the
putative pathophysiology of encephalopathy in the acute phase, the
mechanisms underlying these persisting neuropsychiatric symptoms
could have derived from an increased inflammatory state leading to
a pathophysiology related to demyelination,19 autonomic dysfunc-

tion,?® and neuromuscular diseases.?! Steroid pulse therapy (fourth

steroid pulse therapy) after brain encephalopathy did not show any
immediate effects on these neuropsychiatric sequelae. These neu-
rological symptoms could lead to fatigue and a depressed mood,
which have been reported as long-lasting sequelae in COVID-19, or
so-called “long COVID."?? However, the frequency of headache and
depression has been reported to be reduced at 1 year after admis-
sion in cases of COVID-19 undergoing steroid therapy.?®

In conclusion, we have reported a case with severe neuropsy-
chiatric symptoms after mild respiratory symptoms from COVID-19.
Considering the substantial impact on daily life after remission, at-
tention should be paid to the possibility of severe neuropsychiatric
symptoms from apparently mild COVID-19. Therefore, the underly-
ing mechanisms, treatment modalities, and long-term clinical courses
of neuropsychiatric symptoms related to the COVID-19 should be
more clearly elucidated in the future.
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