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Post-COVID-19 neuropsychiatric syndrome: Is maladaptive glial

recovery to blame?

Prolonged recovery and delayed polysymptomatic compli-
cations distinguish the COVID-19, caused by SARS-COV-2
viral infection, from other flu-like illnesses.' A growing
number of patients report symptoms, including early- and
late-onset neurological and psychiatric signs and symptoms,
persisting or emerging after initial recovery,2 suggesting sig-
nificant potential for retarded sequelae with poorly defined
pathogenesis. Although distinct from usual flu-like illnesses,
this feature of COVID-19 resembles neurological and men-
tal disorders reported in acute or recovery phases in previous
coronavirus (MERS and SARS) outbreaks.> We hypothesize
that in the aftermath of COVID-19 reactive neuroglia, in a
subset of patients, fail to return to the physiological state.

About 30% of patients hospitalized for severe COVID-19
have both acute and delayed neuropsychiatric manifesta-
tions*; furthermore, even patients with mild or asymptomatic
disease presentation often exhibit mood disorders, associated
with neurocognitive impairment, delirium, anxiety, traumatic
memories, fatigue, and disruption of the sleep—wake rhythm.
Post-COVID-19 psychiatric pathology frequently begins with
an acute sense of fatigue, apathy, decreased desire for social
interaction, impaired concentration, and sleep disturbances,
the persistence of which leads towards an overt depression.
Fatigue, sleep alterations, changes in eating behaviour, anhe-
donia, loss of interest in social relationships, are all observed
either in overt clinical depression or in neuropsychiatric
consequences of systemic infections, whereas hopelessness,
pessimism and worthlessness represent aspects more charac-
teristic of major depression.

COVID-19 associated depression appears in many
aspects as atypical and distinct from classical manifes-
tations of major depressive disorder. Characteristics of
post-COVID-19 depression include a higher incidence of
psychotic traits, marked motor agitation, clear neurocogni-
tive deterioration, profound changes in sleep-wake rhythm
and resistance to pharmacological treatments.* Psychotic
abnormalities, manifested by delusions, hallucinations, dis-
organized thought, speech and behaviour, may initially be as-
sociated with delirium at the height of COVID-19 pathology;
they however may persist as delirium subsides and the infec-
tion resolves. Sometimes psychiatric manifestations emerge
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weeks or months after the recovery from the infection, un-
accompanied by either delirium or confusion, thus making
the differential diagnosis between a primary schizophrenic
psychosis and a post-COVID-19 psychosis more difficult.
Psychotic aftermath of COVID-19 calls for urgent critical
evaluation of its pathobiology necessary for the develop-
ment of an appropriate therapeutic strategy. Sleep disorders,
frequently emerging as the COVID-19 neuropsychiatric se-
quelae, particularly present atypical characteristics such as
difficulty falling asleep, and dissatisfaction with the quality
of sleep. These frequently occur in the younger population
experiencing asymptomatic COVID-19, without significant
levels of anxiety about the outcome and consequences of the
disease. Specifically, insomnia, frequently persistent after
the disappearance of all other symptoms, and without any
obvious anxiety, remains unexplained. The emergence of
non-specific delayed neuropsychiatric symptomatology that
cannot be attributed to any defined mental disorder, includes
fatigue, headache, speech and swallowing dysfunction, con-
centration difficulties, muscle weakness, dizziness, apathy,
generalized hyperalgesia, difficulty thinking/processing
(brain fog and confusion), attention difficulties, anguish, and
anxiety are frequently observed in COVID-19 convalescents.
These clinical manifestations occur after the resolution of
acute inflammation, they persevere for many months, and
they are resistant to antidepressant or anxiolytic drugs. All
these idiosyncrasies may indicate a specific neuropsychiatric
entity, which we may define as the post-COVID-19 neuro-
psychiatric disease.

Evidence of a greater frequency of psychiatric manifesta-
tions with atypical characteristics in patients who recovered
from COVID 19 infection posits a critical question, whether
these disturbances are linked to stress accompanying every
systemic infection, or if they are linked to specific neurobio-
logical changes associated with COVID-19. The pathophys-
iology of COVID-19 is characterized by the combination of
systemic inflammation, hypoxia resulting from respiratory
failure, and neuroinflammation (either due to viral neurotro-
pism or in response to cytokine storm), which all affect the
brain and may trigger or exacerbate psychiatric and cognitive

disorders.>®
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The defence of the CNS in response to systemic patholo-
gies is mounted by neuroglia, which undergoes complex bio-
chemical, morphological and functional remodelling aimed
at strengthening brain-organism barriers, increasing homeo-
static support of nervous tissue, removing pathogens, and
mobilizing regenerative potential of the CNS. The defensive
response of neuroglia is defined as gliosis, which includes
reactive astrogliosis, microgliosis and mobilization of oli-
godendrocyte precursor cells.” Direct damage to the brain
(eg trauma encephalitis or abscess) triggers a specific type of
reactive response, which results in the formation of glial scar
isolating the lesioned area and preventing communications
with the surrounding healthy nervous tissue. In the absence of
direct brain damage, resolution of systemic pathology results
in restoration of physiological (often defined as homeostatic)
status of neuroglial cells. The dynamics and completeness of
this process in various diseases remain largely unknown.

Could neuroglia, in a subset of patients, fail to recover
after COVID-19 infection? Perturbed glia homeostatic and
defensive capabilities can indeed promote the onset and pro-
gression of COVID-19 neuropsychiatric disease. Growing
evidence from post-mortem examinations of the brains of
COVID-19 patients highlight alterations in both astrocytes
and microglia, adding credibility to our hypothesis.8

Neuroglia contributes to neural plasticity through the
regulation of neurogenesis, synaptogenesis, neurotransmit-
ter homeostasis, and brain metabolism. Association between
glial cells and psychiatric disorders such as schizophrenia or
major depressive disorder are well documented and gener-
ally acknowledged. Numerous preclinical and clinical studies
demonstrated a reduction in astrocytes densities and morpho-
logical and functional asthenia of astrocytes associated with
chronic stress and major psychiatric diseases.”!° Astrocytic
abnormalities include deficient glutamate uptake and K*
clearance, impaired secretion of neurotrophic factors, reduced
metabolic and regenerative support. Neuropsychiatric condi-
tions are accompanied by profound changes in microglial mor-
phology and function leading to secretion of proinflammatory
factors, while aberrant phagocytosis affects neuronal circuitry.
Conceptually, long-lasting impairment of neuroglia function
ultimately impacts synaptic connectivity, excitation/inhibition
balance, and information processing, contributing fundamen-
tally to the pathogenesis of neuropsychiatric disorders.

In conclusion, COVID-19 triggers a massive reactive re-
sponse of neuroglia, the latter acting as the main operator of
the inflammatory, protective and regenerative events. However,
profound reactive metamorphoses of glia in some patients pre-
clude restoration of neuroglial physiological state, thus com-
promising glial function and ultimately resulting in homeostatic
failure underlying a set of specific neuropsychiatric symptoms
that define the post-COVID-19 neuropsychiatric disease.
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