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Abstract: SARS-CoV-2 neuroinvasive and neurotropic abilities might underlie delirium onset and 12 

neuropsychiatric outcomes. Only a few studies have addressed so far the potential effect of SARS-13 

CoV-2 infection on mental health. Most studies mainly reported the acute onset of mixed neuro-14 

psychiatric conditions in infected patients, characterized by agitated behavior, altered level of  15 

consciousness, and disorganized thinking, regardless of psychological or socioeconomic triggering 16 

factors. The present narrative review aimed to analyze and discuss the mechanisms underlying 17 

the neuroinvasive/neurotropic properties of SARS-CoV-2 and the subsequent mental complica-18 

tions. Delirium appeared as a clinical manifestation of SARS-CoV-2 brain infection in some pa-19 

tients, without systemic or multiple organ failure symptoms. A few studies evidenced that neuro-20 

psychiatric symptoms associated with COVID-19, initially presenting as a confusional state, 21 

may,after that, evolve consistently with the patients’ neuropsychiatric history. Literature analysis 22 

on this topic, indeed, prevalently showed case reports and case series of patients presenting delir-23 

ium or delirium-like symptoms as the main outburst of COVID-19, plus a cognitive impairment, 24 

from mild to severe, which preexisted or was evidenced during the acute phase or after infection. 25 

Dementia appeared as one of the most frequent predisposing factor for SARS-CoV-2 infection 26 

complicated with delirium. Instead, contrasting data emerged on the potential link between 27 

COVID-19 and delirium in patients with cognitive impairment and without a neuropsychiatric 28 

history. Therefore, clinicians should contemplate the possibility that COVID-19 appears as de-29 

lirum followed by a psychiatric  exacerbation, even without other systemic symptoms. In addition, 30 

cognitive impairment might act as a predisposing factor for COVID-19 in delirium patients. 31 

Keywords: SARS-CoV-2; COVID-19; delirium; cognitive impairment; psychiatric history; mental 32 

health. 33 

 34 

1. Introduction 35 

Infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 36 
which caused coronavirus disease 2019 (COVID-19), is associated with a large spectrum 37 
of clinical manifestations [1]. COVID-19 may impact both mental and physical health, 38 

thus influencing the well-being of the general population worldwide [2-3]. Outcomes 39 
vary in severity, ranging from asymptomaticity to severe pneumonia and acute respira-40 

tory distress syndrome (ARDS) requiring admission to intensive care unit (ICU) [4-5]. 41 
Furthermore, older adults with medical comorbidities such as diabetes, hypertension, 42 
and other cardiovascular diseases, are more exposed to severe complications of COVID-43 

19 and increased risk of mortality [6]. 44 
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COVID-19 typically manifests as an influenza-like respiratory illness in symptomat-45 
ic individuals, with fever, cough, dyspnea, general malaise, and myalgias [7]. Most re-46 
ports indicate fever and upper respiratory symptoms as the primary initial presenta-47 

tions, consistently with the World Health Organization (WHO) list of common symp-48 
toms of suspected SARS-CoV-2 infection [8]. In addition, several reports mention ex-49 

trapulmonary and atypical clinical presentations of COVID-19, not necessarily associat-50 
ed with the typical symptoms of SARS-CoV-2 infection and the related epidemiological 51 
risks [4].  52 

However, atypical presentations have appeared since the outbreak of the pandemic 53 
in December 2019. They include extrapulmonary involvement such as gastrointestinal 54 

symptoms, multiorgan failure (liver, kidneys, heart), and neurologic and psychiatric 55 
manifestations [9-12]. It is now clear that patients with COVID-19 may present neuro-56 
psychiatric manifestations including depressive and anxiety symptoms [13], increased 57 

risk of suicide [14-15], and insomnia [16]. However, among psychiatric consequences of 58 
COVID-19 infection, delirium appears as one of the most frequent condition in emergen-59 

cy settings. Indeed, neuropsychiatric complications may occur early during the infec-60 
tious disease course and precede typical COVID-19 symptoms [17]. Thus, psychiatrists 61 
and infectivologists should manage such manifestations and correlates, monitoring care-62 

fully specific populations [18,19] and adopting precautionary measures to contain the 63 
spread of COVID-19 [20, 21]. 64 

Scientists worldwide still debate on neuropsychiatric manifestations, whether they 65 
originate from the SARS-CoV-2 involving the brain or result from the psychological dis-66 
tress related to the infection and the pandemic [22]. So far, only a few studies have ad-67 

dressed the potential effect of SARS-CoV-2 on mental health. Indeed, the mechanisms 68 
underlying the association between COVID-19 and delirium are still unknown, though 69 

existing evidence suggests a multifactorial aetiology. Considering this, we aimed to re-70 
view and discuss the mechanisms underlying the neuroinvasive/neurotropic properties 71 
of SARS-CoV-2 and the subsequent onset of delirium and neuropsychiatric outcomes. 72 

 73 

2. Neuroinvasive and neurotropic potentials of SARS-CoV-2 74 

Human coronaviruses are known to have neuroinvasive potential and neurotropic 75 

properties [23]. A direct effect of SARS-COV-2 on the central nervous system (CNS) was 76 
hypothesized after a case of viral encephalitis where SARS-CoV-2 RNA emerged by ge-77 
nome sequencing in the Cerebrospinal fluid (CSF) of a patient who experienced a sei-78 

zure episode [24]. Additionally, autoptic studies identified SARS-CoV-2 RNA in hypo-79 
thalamic and cortical neurons [25]. However, the mechanisms by which SARS-CoV-2 80 

may extend to CNS and affect brain functioning [24] are scarcely known.  81 
Several studies reported SARS-CoV-2 signals in the brain, particularly endothelial 82 

cells and neurons [25-27]. Differently, no infection of glial cells, such as astrocytes and 83 

microglia, appeared in vivo. In addition, SARS-CoV-2 infection appeared to be associat-84 
ed with damaged and apoptosed endothelial and neuronal cells [28, 29]. 85 

2.1. The angiotensin-converting enzyme-2 (ACE2) system: a key to opening the blood-brain door  86 

SARS-CoV-2 may enter host cells interacting directly with ACE2 receptors, widely 87 

present in various tissues, including the brain [29]. Furthermore, SARS-CoV-2 may in-88 
teract with ACE2 receptors in the capillary endothelium, cause neurovascular abnormal-89 

ities proximate to infected brain regions and subsequently generate neuronal damage. 90 
Varga et al. [30] observed by histological tests the presence of viral elements in the endo-91 
thelial and inflammatory cells, whose death occurred via apoptosis and pyroptosis. Such 92 

findings suggest that SARS-CoV-2 infection facilitates the induction of endotheliitis in 93 
several organs, as a direct consequence of the viral infection and the subsequent host in-94 

flammatory response.  95 
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The endotheliitis associated with SARS-CoV-2 infection might impair the systemic 96 
microcirculatory function  in several vascular beds and generate clinical sequelae in pa-97 
tients with COVID-19. Furthermore, the impaired vascular function may also contribute 98 

to cause blood-brain barrier (BBB) destruction that might finally facilitate virus entry in-99 
to the CNS [31].  100 

Cerebrovascular complications are reported in a considerable number of patients 101 
infected by SARS-CoV-2, most presenting ischemic infarcts in small and large arteries, as 102 
well as ischemic strokes, and intracranial bleeding [32-34]. 103 

2.2. The olfactory nerves and the lymphatic drainage system as alternative entry doors to brain 104 

SARS-CoV-2 might additionally enter the brain via the olfactory nerves located in 105 
the nasal cavity and infect neurons that control breathing [35]. Qing et al. [36] speculated 106 
that the virus may enter the tears through droplets, cross the nasolacrimal ducts and 107 

then the respiratory tract. A recent investigation showed that nearly 89% of SARS-CoV-2 108 
infected patients requiring intensive care had neurological manifestations and could not 109 

breathe spontaneously. Consequently, the patients died from respiratory failure, though 110 
it was not demonstrated that neurons controlling breathing were infected [37].  111 

Lechien et al. [38] reported that 85.6% of patients with mild to moderate COVID-19 112 

infection, presented olfactory dysfunctions. In addition, other reports indicated different 113 
degrees of smell impairment [39, 40] and postulated the involvement of the olfactory 114 

nerves as an entry door to the brain. On the other hand, a magnetic resonance imaging 115 
(MRI) case study on a COVID-19 patient with acute onset of anosmia described a nasal 116 

mucosa with no signs of congestion, as well as a normal volume of the bilateral olfactory 117 
bulbs [41]. 118 

Additionally, Bostanciklioğlu M. [42] speculated that SARS-CoV-2 might enter and 119 

spread in the lymphatic drainage system of the brain, regardless of ACE2 receptor sys-120 
tem or the olfactory neurons [43].   121 

2.3. The cytokines’ storm and neuroinflammation 122 

Cytokines production is a different pathogenic mechanism associated with a brain 123 

infection that remains insufficiently investigated [44-47]. Indeed, SARS-CoV-2 infection 124 
may cause a systemic inflammatory response that results in elevated pro-inflammatory 125 

cytokines, chemokines, acute phase proteins, complement, and also in modified of leu-126 
kocyte profiles in the brain and blood [48]. Copious scientific evidence suggests that a 127 
subgroup of patients with severe COVID-19 might present a cytokine storm syndrome. 128 

Poyiadji et al. [49] hypothesized that a cytokine storm might trigger an acute hemorrhag-129 
ic necrotizing encephalopathy resulting from COVID-19, a rare complication observed 130 

also in influenza and other viral infections and postulated to be associated with intra-131 
cranial cytokines storm. 132 

A common situation triggered by viral infections is also given by haemophagocytic 133 

lymphohistiocytosis (HLH), an underrecognized, hyperinflammatory syndrome charac-134 
terized by a fulminant and fatal hypercytokinaemia with multiorgan failure [50,51]. The 135 

primary features of HLH include unremitting fever, cytopenia, hyperferritinaemia, and 136 
pulmonary involvement occurring in roughly 50% of affected patients. A cytokine pro-137 
file resembling HLH is also associated with COVID-19. It is characterized by increased 138 

plasma concentrations of interleukin (IL)-2, IL-7, granulocyte colony-stimulating factor 139 
(G-CSF), interferon-γ inducible protein 10 (IP-10), monocyte chemoattractant protein 1 140 

(MCP1), macrophage inflammatory protein 1-α (MIP-1α), and tumor necrosis factor-α 141 
(TNF-α) [52]. Thus, several proinflammatory factors largely released in COVID-19 pa-142 
tients might foster neuroinflammation following viral infection. However, more extend-143 

ed investigations are needed to identify all the factors related to the neuroinflammatory 144 
process underlying COVID-19. 145 

2.4. Hypoxia as a triggering factor of blood-brain barrier disruption 146 
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Several in vitro and in vivo studies showed that oxygen deprivation might induce 147 
BBB disruption, which may trigger neurologic sequelae of COVID-19 [53]. Hypoxia, on 148 
the other hand, might also induce paracellular permeability, dysregulation of tight junc-149 

tion protein expression levels, and basement membrane breakdown [54]. Furthermore, 150 
hypoxia might increase the non-specific vesicular transport in brain endothelial cells, as 151 

shown by increased blood-borne proteins in the brain [55]. Such mechanisms, jointly or 152 
separately, facilitate the CNS invasion and diffusion of SARS-CoV-2 throughout the 153 
brain, thus increasing the risks for neuropsychiatric complications in COVID-19 patients 154 

presenting hypoxia. 155 

3. SARS-CoV-2 infection and psychiatric outcomes 156 

Psychiatric symptoms, including posttraumatic stress symptoms (PTSS), anxiety 157 
and depression, were reported during and after the 2003 SARS-CoV-1 epidemic [56, 57]. 158 

In particular, Cheng et al. [58] suggested that the SARS infection’s direct and indirect ef-159 
fects such as symptom severity, total isolation during the epidemic, and treatment with 160 

steroids were likely to contribute to psychiatric complications. In addition, such symp-161 
toms were also described in health care workers and in the general public during the 162 
outbreak of the SARS-CoV-1 epidemic and following several years [59-63]. 163 

Only a few studies have addressed so far the potential effect of SARS-CoV-2 on 164 
mental health. Most studies mainly reported the acute onset of mixed neuropsychiatric 165 

conditions in infected patients, characterized by agitated behavior, altered level of con-166 
sciousness, and disorganized thinking, regardless of psychological or socioeconomic 167 

triggering factors. For example, Mao et al. [33] described a case series of COVID-19 pa-168 
tients with clinical conditions characterized by altered mental status and experiencing an 169 
ischemic stroke in about 36% of all hospital admissions. Additionally, Helms et al. [64] 170 

reported a case series of ICU patients with a high incidence of encephalopathy (85%) 171 
and agitation, corticospinal tract signs, and executive dysfunctions. A few patients of 172 

this cohort showed enlarged leptomeningeal spaces, while others had bilateral fronto-173 
temporal hypoperfusion on the brain MRI. Many patients continued to experience al-174 
tered cognition even upon discharge [65]. 175 

Two additional studies reported on psychiatric symptoms in COVID-19 patients. 176 
The first study examined the prevalence of PTSS in clinically stable patients with 177 

COVID-19 (96.2% out of 714 hospitalized), who showed significant stress symptoms, be-178 
sides poor quality of life and impaired working performance [66]. Under strict lockdown 179 
measures, the second study assessed and compared the stress and psychological impact 180 

experienced by people with and without psychiatric disorders during the peak of the 181 
COVID-19 epidemic. Both psychiatric patients and healthy control subjects were recruit-182 

ed during the 14 days before the restrictions and reported psychiatric symptoms ranging 183 
from anxiety and depression to general concerns or stress due to the pandemic. Patients 184 
with a psychiatric history reported more severe symptoms when compared with healthy 185 

controls and more worries about their physical health, anger/impulsivity, and suicidal 186 
ideation. Many patients, indeed, fulfilled diagnostic criteria for Post Traumatic Stress 187 

Disorder (PTSD) [67]; a small percentage suffered from moderate to severe insomnia. 188 
However, most of the interviewed patients reported no changes or poor/worse physical 189 
health status and no increased depression, anxiety and stress [68].  190 

In patients with psychiatric disorders diagnosed before and during COVID-19, a 191 
telephone survey by Fernandez-Aranda et al. [69] reported the effects of the first two 192 

weeks of confinement in patients with eating disorders. The authors found that almost 193 
38.0% of patients presented worse symptoms and 56.2% also experienced anxiety symp-194 
toms. Zhou et al. [70] observed worsened symptoms in 20.9% of patients with preexist-195 

ing psychiatric disorders without specifying their diagnoses. 196 
In addition, it should be stressed that the preexisting limited access to mental health 197 

services [71] has increased during the COVID-19 pandemic, indirectly contributing to in-198 
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tensify psychiatric problems and  exacerbating or increasing substance use disorders [72-199 
75]. 200 

On the whole, adverse mental health consequences of COVID-19 are predicted but 201 

not always precisely measured. Thus, it remains unknown whether psychiatric factors 202 
might represent health risk factors for COVID-19. 203 

Taquet et al. [76], in their electronic health record network cohort study, evaluated 204 
whether patients diagnosed with COVID-19 showed an increased rate of psychiatric dis-205 
eases diagnosed after the virus infection. Furthermore, they evaluated whether patients 206 

with a history of psychiatric illness, in particular, were at higher risk of being diagnosed 207 
with COVID-19. Data that emerged from this retrospective cohort study emphasized 208 

that survivors of COVID-19 appeared to be at an increased risk for psychiatric sequelae, 209 
and that a psychiatric diagnosis might be an independent risk factor for COVID-19. In 210 
particular, patients diagnosed with COVID-19 without a psychiatric history showed an 211 

increased incidence of a first psychiatric diagnosis in the 14-90 days after the COVID-19 212 
diagnosis, and were at the highest risk of experiencing anxiety disorders, insomnia, and 213 

dementia. Specifically, the incidence of the first diagnosis of dementia was 1–6% in peo-214 
ple >65 years in the 14-90 days after COVID-19 diagnosis. Though to a smaller extent, 215 
similar findings, occurred when patients with a previous psychiatric history presented 216 

relapses and/or new diagnoses.  217 
In a large group of patients admitted to an academic hospital for suspected COVID-218 

19 pneumonia [77], 11% developed delirium during hospitalization. They were older, 219 
had more neuropsychiatric comorbidities and worse respiratory exchanges at baseline. 220 
By multivariate models, delirium was independently and positively associated with age, 221 

use of antipsychotic drugs, serum urea and lactate-dehydrogenase at admission. 222 
Scientists expressed concerns on the possibility that individuals with a preexisting 223 

mental disorder might represent a population at increased risk for COVID-19, on which 224 
issue scarce details are available so far. Moreover, these patients could be at higher risk 225 
to present severe consequences of COVID-19 infection, besides the higher mortality, 226 

compared to the general population, due to their poor physical health status [78-80] and 227 
lifestyle behaviors [81], along with the abuse of substances [82-84], which further may 228 

contribute to the higher mortality rates in this population. Moreover, it has been docu-229 
mented that, due to the presence of  disease-specific symptoms, such as poor cognitive 230 
performance [85-87], delusions, hallucinations or mood symptoms, patients with psychi-231 

atric diseases may have more difficulties in adhering to preventive measures (i.e. wear-232 
ing masks, maintaining social distancing), thus increasing the risk of COVID-19 infec-233 

tion.      234 
Pisaturo et al. [88] reported that patients with a previous diagnosis of dementia 235 

were more vulnerable than matched control patients without dementia and at increased 236 

risk of severe COVID-19 and consequent death.  237 
Wang et al. [89] assessed the impact of a recent (within the past year) diagnosis of a 238 

mental disorder, including attention-deficit/hyperactivity disorder (ADHD), bipolar dis-239 
order, depression, and schizophrenia, on the risk for COVID-19, related mortality and 240 
hospitalization rates. The most substantial impact of COVID-19 appeared in patients di-241 

agnosed with depression and schizophrenia. Additionally, women with mental disor-242 
ders had higher odds of COVID-19 infection than males, with the most significant gen-243 

der disparity for ADHD. Patients with a recent diagnosis of a mental disorder and 244 
COVID-19 had a death rate of 8.5% (vs. 4.7% among COVID-19 patients with no mental 245 
disorders) and a hospitalization rate of 27.4% (vs. 18.6% among COVID-19 patients 246 

without mental disorders). The authors warned to identify and address modifiable vul-247 
nerability factors for COVID-19 infection and prevent delays in health care provision in 248 

the psychiatric patient population. 249 
Severance et al. [90] reported that coronavirus exposure might be a comorbid risk 250 

factor in individuals with serious mental disorders. The authors described a unique 251 

study population composed of patients who had experienced a recent onset of psychotic 252 
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symptoms and were subsequently diagnosed with a specific psychiatric disease. Moreo-253 
ver, the authors compared coronavirus immunoglobulin G (IgG) levels of the patients 254 
with those of healthy non-psychiatric adults to determine whether a correlation between 255 

coronavirus exposure and the recent onset of a serious mental illness existed. Severance 256 
et al. [90] concluded that SARS-Co are suitable viruses to study the role that infections in 257 

adults play in neuropsychiatric disorders. They invite the scientific community to ex-258 
plore the potential links between the timing of coronavirus infections and the subse-259 
quent onset of schizophrenia and other disorders with psychotic symptoms. 260 

4. Delirium as the clinical onset of SARS-CoV-2 infection 261 

Delirium is a frequent clinical condition with a negative prognostic trend, mainly 262 
observed in hospitalized older adults. Usually, most authors refer to  “delirium” to de-263 
scribe an acutely disturbed state of mind characterized by restlessness, illusions, and in-264 

coherence, defined by other authors as confusion, altered mental status, acute onset of 265 
psychotic symptoms, disorientation, decreased level of consciousness, cognitive dys-266 

function, and encephalopathy. Furthermore, the clinical appearance of impaired con-267 
sciousness and/or delirium in most cases of SARS-CoV-2 infection may suggest that the 268 
virus penetrates the brain and spreads to the neocortex [42]. 269 

Generally, delirium is described in patients following surgery and considered as an 270 
indicator of brain vulnerability, and a risk factor for the development of subsequent de-271 

mentia. In addition, delirium appears as a well-recognized complication of respiratory 272 
illness, such as pneumonia. Table 1 illustrates the main predisposing and precipitating 273 

factors of delirium. 274 
 275 
Table 1. Predisposing and precipitating factors for delirium. 276 

 277 

Predisposing factors 

 older age 

 dementia or pre-existing cognitive impairment 

 previous delirium episodes 

 functional impairment 

 sensory impairment (e.g. vision and/or auditory disabilities) 

 presence of comorbid medical illnesses 

 pre-existing neuropsychiatric disorders (e.g. depression, alcohol use disorder) 

 

Precipitating factors 

 polypharmacotherapy (e.g. concomitant use of sedative-hypnotic drugs,  

diuretics, anticoagulants, antibiotics) 

 use of physical restraints 

 use of bladder catheter 

 infections 

 major surgery 

 trauma or urgent admission to hospital  
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 283 
Nearly a third of patients may develop delirium during ICU admission, and are at 284 

increased risk of dying while hospitalized. The prolonged hospitalization expose pa-285 

tients to more significant risks of infections and medical complications that, in some cas-286 
es, may cause death, besides cognitive impairment after discharge [91].  Indeed, preexist-287 

ing cognitive impairment might also represent a significant predisposing factor for the 288 
onset of delirium [92, 93] (Table 1). Pisaturo et al. [88] reported that patients with de-289 
mentia are at increased risk of severe COVID-19 and consequent death. Dementia is an 290 

insidious neurodegenerative condition, characterized by a chronic and progressive cog-291 
nitive decline of performance in one or more cognitive domains, interfering with inde-292 

pendence in everyday activities.  Thus, dementia appears as the leading risk factor for 293 
delirium, though the interrelation between delirium and dementia remains poorly un-294 
derstood. Whether SARS-CoV-2 infection may appears as a delirium condition also in 295 

patients with a mild preexisting cognitive impairment is still controversial. However, a 296 
few studies have reported on the comorbidity of SARS-CoV-2 infection and delirium in 297 

patients with concurrent cognitive impairment in adults ≥ 18 years. 298 
Table 2 illustrates the results of a literature search showing prevalently case reports 299 

and case series of patients presenting delirium or delirium-like symptoms as the main 300 

outburst of SARS-CoV-2 infection, plus a mild to severe cognitive impairment, which 301 
preexisted or emerged during the acute phase or after SAR-CoV-2 infection (Table 2). In 302 

addition, most studies reported that the analyzed patients had a neurologic or psychiat-303 
ric history including dementia, schizophrenia, major depressive disorders with or with-304 
out psychotic features, and generalized anxiety disorders. In particular,  Zhou et al. [94] 305 

indicated that the overall category of delirium, dementia, amnestic, and other cognitive 306 
disorders appeared to be predictors for developing new further neuropsychiatric events 307 

during hospitalization when already present at admission. Contrasting data, instead, 308 
emerged on the potential link between COVID-19 infection and delirium in patients 309 
with cognitive impairment and without a past neuropsychiatric history. Indeed, Parker 310 

et al. [95], as well as Wittock and Van Den Bossche [96], reported psychotic symptoms 311 
emerging after delirium. On the other hand, Abenza-Abildúa et al. [97] and Hosseini et 312 

al. [98] highlighted the sole delirium as a complication of COVID-19 in patients without 313 
a past neuropsychiatric history. The studies of Flores-Silva et al. [99] and Zhou et al. [94] 314 
included larger cohorts of patients who developed delirium as in-hospital manifesta-315 

tions and had a preexisting neurological history, mainly Alzheimer’s disease and de-316 
mentia. Both studies did not report assessment for the severity of cognitive impairment. 317 

Instead, in the case-reports illustrated by Parker et al. [95] and Wittock and Van Den 318 
Bossche [96], no psychiatric history emerged, and a psychotic disorder followed deliri-319 
um. In particular, Parker et al. [95], evidenced that the patient manifested a degree of 320 

cognitive impairment (visuospatial/executive reasoning, persistent errors in abstraction, 321 
language, and attention) until the time of discharge. In contrast, the patient described by 322 

Wittock and Van Den Bossche [96] had a premorbid mild cognitive impairment. In the 323 
remaining four case reports [97, 98, 101, 102], all patients showed a mild cognitive im-324 
pairment after recovery and/or at hospital admission. Finally, all the patients described 325 

by Beach et al. [104] and Anmella et al. [103] had a neuropsychiatric history (dementia, 326 
schizophrenia, or depressive disorders). In particular, patients included in the study of 327 

Beach et al. [104] had a premorbid cognitive impairment. Differently, in the study of 328 
Anmella et al. [103], only one patient showed a moderate intellectual impairment.  329 

SARS-CoV-2 infection might cause delirium in a significant percentage of patients 330 

in the acute stage and patients with a preexisting mental disorder might represent a 331 

 coma 

 metabolic abnormalities (e.g. abnormal serum sodium, glucose or potassium 

concentrations, hypoxemia, metabolic acidosis) 
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population at increased risk for COVID-19. Conversely, little remains known about 332 
SARS-CoV-2 infected patients presenting delirium without a past psychiatric history. 333 

In this regard, Taquet et al. [76] state that patients with COVID-19 infection without 334 

a psychiatric history showed an increased incidence of a first psychiatric diagnosis in the 335 
following 14-90 days. On the contrary, Mazza et al. [105] reported that cognitive im-336 

pairment (dysfunctions in attention and information processing) were strictly related to 337 
the presence of depressive symptoms in the three months following the viral infection 338 
and systemic inflammation. Furthermore, the authors evidenced no significant differ-339 

ence in cognitive performance tests between patients with and without a previous psy-340 
chiatric history. 341 

It still remains challenging to determine whether the psychological response to 342 
COVID-19 may contribute to patients’ neuropsychiatric manifestations. Thus, several 343 
factors might be identified as trigger events influencing the outcome of COVID-19. 344 

Delirium patients are also time-consuming for clinicians, and their functioning is of-345 
ten poor, with high additional costs for the health care system [92, 93]. Such patients are 346 

likely to require a more extended presence of hospital staff and the use of life-support 347 
resources, mainly due to the frequent in-hospital complications. However, delirium may 348 
sometimes result in a transfer of patients to long-term facilities, shortly afterward inter-349 

rupted for hospital readmission for medical complications. Such a vicious cycle burdens 350 
the healthcare system, as it is occurring during the perduring COVID-19 pandemic. 351 

In older patients’ acute phase of COVID-19, delirium might be assessed and man-352 
aged belatedly or insufficiently. The reason is that physicians prioritize the diagnosis 353 
and treatment of COVID-19 and only later involve mental specialists.  354 

The mechanisms underlying the association between COVID-19 and delirium are 355 
still unknown. However, existing evidence suggests a multifactorial aetiology and con-356 

current factors as direct CNS invasion, cerebrovascular involvement, and more indirect-357 
ly through hypoxia, high fever, dehydration, inflammation (cytokine storm), medica-358 
tions, or metabolic derangements. 359 

The current assessment of COVID-19, which includes several national guidelines, 360 
does not contemplate delirium or mental status changes as symptoms, especially regard-361 

ing older adults. Because of this, the risk of not considering delirium in the screening cri-362 
teria for COVID-19 patients is high. The phenomenon appears relevant in care homes, 363 
where evidence emerges of high mortality rates associated with delirium, as well as the 364 

risk for subsequent long-term cognitive and functional decline [106]. 365 
Delirium rates differed substantially depending on the study population and diag-366 

nostic settings. The prevalence of delirium was high in patients admitted to the ICU, 367 
ranging from 65% to 79.5% [107, 108]. Studies that stratified groups of patients based on 368 
COVID-19 severity, higher rates of delirium were reported in those with severe respira-369 

tory disease. Delirium condition presented variously, such as disorder of consciousness 370 
(7.2% in patients without severe respiratory disease vs. 38.9% in patients with severe 371 

respiratory disease), acute confusional syndrome (3.9% in patients without severe res-372 
piratory disease vs. 14.9% in patients with severe respiratory disease), confusion (0% in 373 
patients without severe respiratory disease vs 18.5% in patients with severe respiratory 374 

disease), and impaired consciousness (2.4% in patients without severe respiratory dis-375 
ease vs 14.8% in patients with severe respiratory disease). Similarly, studies of older 376 

adults found that significant percentages of patients (29–40%) experienced delirium 377 
while hospitalized due to COVID-19 infection, often associated with comorbidities such 378 
as increasing age and frailty [95]. Furthermore, individuals presenting with neurological 379 

symptoms and COVID-19 were more likely to have delirium/altered mental status than 380 
those with neurological symptoms who did not have COVID-19 (26.8% in patients with 381 

neurological symptoms and COVID-19 vs 7.7% in patients with sole neurological symp-382 
toms) [109]. 383 

Marengoni et al. [109] reported that, a total sample of 91 COVID-19 infected pa-384 

tients (aged ≥70 years), 25 patients had a diagnosis of delirium (27.5%), and 39 patients 385 
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died during hospitalization, being the risk of in-hospital mortality four times greater 386 
than in patients without delirium. In addition, Jäckel et al. [98] highlighted that delirium 387 
patients died due to COVID-19 pneumonia, sepsis and related severe complications in 388 

most cases.  389 
Maiese et al. [110] indicated that in SARS-CoV-2 patients, the post-mortem analyses 390 

evidenced mainly hypoxic changes as the most frequently reported alteration of brain 391 
tissue, followed by ischemic and hemorrhagic lesions plus reactive astrogliosis and mi-392 
crogliosis. Since these findings are not specific to SARS-CoV-2 infection, the authors hy-393 

pothesized a more likely association with systemic inflammation and coagulopathy 394 
caused by COVID-19.  Patients hospitalized with COVID-19 are required to face addi-395 

tional challenges. Current hospital management of COVID-19 involves isolation, limita-396 
tion of family visits, and even limited physical contact with hospital staff. Moreover, 397 
hospital staff’s use of personal protective equipment may reveal depersonalizing and 398 

frightening to older patients, particularly those with dementia or cognitive impairment. 399 
Medical tests are often performed late at night to ensure adequate time for equipment 400 

sterilization. The hospital routine may often disrupt the patients’ sleep and cause disori-401 
entation to those who appear to be more vulnerable.  402 

Overall, the current medical approach results in an almost total social isolation, in-403 

creased use of both physical and chemical restraints to manage fear, agitation, and wan-404 
dering. Such measures may increase the risk of developing a delirium condition. Moreo-405 

ver, this type of approach may exacerbate and extend the duration of the neuropsycho-406 
pathological condition, leading to worse outcomes potentially liable to accelerate mortal-407 
ity.  408 

Currently, whether the high rate of delirium is associated explicitly with SARS-409 
CoV-2 infection or rather a common complication of the acute respiratory distress syn-410 

drome (ARDS) remain controversial.  Jäckel et al. [100], indeed, reported that delirium 411 
duration and severity in patients with ARDS caused by either SARS-CoV-2 or influenza 412 
A and B viruses tended to be higher in patients with SARS-CoV-2. Therefore, the authors 413 

hypothesized that delirium observed in COVID-19 patients was considered a complica-414 
tion of ARDS rather than a direct SARS-CoV-2 specific invasion of the brain. Instead, 415 

Hosseini et al. [98] reported on two COVID-19 patients presenting an acute onset of al-416 
tered mental status and subsequent delirium, normal respiration and metabolic balance, 417 
who later developed symptoms of neuroinflammation. Thus, the authors hypothesized 418 

that the clinical condition observed in both patients was probably associated with a neu-419 
roinfection or an autoimmune encephalopathy. Furthermore, Cuperlovic-Culf  et al. 420 

[111] hypothesized a relationship between delirium and SARS-CoV-2 infection via a 421 
possible binding of SARS-CoV-2 spike protein to monoamine oxidase B (MAO-B) en-422 
zymes, which influences the enzyme activity and possibly leads to many of the observed 423 

neurological and platelet-based complications of SARS-CoV-2 infection. 424 

 425 
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Table 2. Neuropsychiatric history, type of symptoms at admission or during hospitalization, and cognitive impairment reported by 

studies including COVID-19 patients with delirium. 

 

Authors Study type Number, gender and age 

of patients  

(%) 

Patients with  or without 

neuropsychiatric history 

(n, %) 

Symptoms at admission/during 

hospitalization 

(n, %) 

Cognitive impairment 

Flores-Silva et 

al., 2021 

Prospective, 

cross-sectional, 

observational  

375 F (35%), 697 M (65%),  

53.2±13 years 

71 (6.6%) Delirium (n=140, 13.1%) N/A 

Parker et al., 

2021 

Longitudinal 

case report 

M, 57 years None Acute psychotic symptoms yes 

Zhou et al., 

2021 

Observational 

cohort   

509 F (46.6%),  

582 M (53.35), 

57.17±9.23 years 

34 Dementia (3.1%) 

20  Alzheimer’s disease (1.8%) 

 

The overall category of delirium, dementia, 

amnestic and other cognitive disorders * 

yes  

Wittock and 

Van Den 

Bossche, 2020 

Case report F, 88 years None Delirium with delusional disorder Premorbid mild cognitive 

impairment 

Beach et al., 

2020 

Case series Total patients:4 

-M, 76 years 

 

 

-M, 70 years 

 

-M, 68 years 

 

-F, 87 years 

 

 

 

-Major neurocognitive 

disorder with episodic 

agitation and psychotic 

features 

-Dementia with Levy bodies 

 

-Schizophrenia 

 

-Major depressive disorder 

with psychotic features 

 

-Respiratory symptoms followed by delirium 

 

-Only fever, followed by alterations of speech, 

spontaneous bilateral myoclonus, catatonic 

behavior 

 

-Inability to follow commands and 

incomprehensible speech, disorientation and 

impulsiveness for several days 

-Initial anxiety and dysphoria, then agitation, 

disorientation, concern about physical 

symptoms, mumbling, slurred speech 

 

 

 

All with premorbid  

cognitive decline 
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Gillett and 

Jordan, 2020 

Case report M, 37 years No personal psychiatric 

history,  

positive family psychiatric 

history 

Confusion, bizarre behavior,  visual and 

auditory hallucinations, self-harm behavior 

(suicide attempt). 

Mild, after recovery 

Abenza-

Abildúa et al., 

2020 

Case report F, 56 years  None Delirium after respiratory symptoms, 

 resolved within 72 hours 

N/A 

Palomar-Ciria 

et al., 2020 

Case report M, 65 years  Stable schizophrenia (>20 

years) 

Agitated delirium Mild, during confusional 

state 

Anmella et al., 

2020 

Case series Total patients: 4  

-M 68 years 

-M 53 years 

-M 61 years 

-F 68 years 

 

-Previous depressive episode  

-Unspecified psychosis 

-Delusional disorder 

-Depressive and generalized 

anxiety disorder 

 

-Confusion, agitated behavior 

-Behavioral disturbances 

-COVID pneumonia 

-Insomnia, worsening of anxiety and mood 

liability 

 

-N/A 

-Moderate intellectual 

disability 

-N/A 

-N/A 

 

Hosseini et al., 

2020 

Letter to the 

Editor 

Total patients: 2 

-M 46 years 

-F  79 years 

 

-None 

-None 

 

-Ankle clonus followed by status epilepticus 

after 2 days 

 

-Confusion and verbal communication 

difficulties followed by impaired orientation, 

attention and memory. 

-After a week, mild 

impairments (verbal 

fluency, linguistic 

abstraction, phrase 

repetition, and delayed 

recall memory); 

-After recovery,  persisted 

impaired verbal fluency, 

repetition, abstraction, 

and delayed recall 

memory  
*All predictors for the development of new neuropsychiatric events during hospitalization when present at admission 

N/A= Not applicable 
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5. Conclusions 1 

Psychiatric manifestations and complications related to the SARS-CoV-2 pandemic 2 
are still under investigation and not entirely elucidated.  3 

Research evaluating the direct and indirect consequences of the virus infection on 4 

mental health is needed to improve treatment, mental health care planning, and preven-5 
tion of long-term sequelae during this pandemic and any other possible in the future [3]. 6 

In addition, this research area needs expanding since the dynamics and the presentation 7 
spectrum of the COVID-19 may vary enormously in the general and psychiatric popula-8 
tion. 9 

Several studies highlighted that a new mental disease episode might represent a 10 
clinical manifestation of COVID-19 sequelae, especially for patients with a psychiatric 11 

history. On the other hand, other studies also emphasized that delirium may be the sole 12 
clinical manifestation of SARS-CoV-2 infection associated with the spread of the virus 13 
throughout the CNS in patients without a psychiatric history. 14 

Therefore, clinicians should consider the possibility that COVID-19 may be directly 15 
responsible for acute psychiatric complications even in the absence of other systemic 16 

symptoms. In addition, as already reported mainly for patients with dementia, a few 17 
studies stressed that also a mild cognitive impairment preexisting previously to SARS-18 
CoV-2 infection might be a possible predisposing factor for COVID-19.  19 

The literature findings should direct research to establish the role of viral neurotro-20 
pism, host immune responses, and genetic factors liable of complications and achieve 21 

more suitable treatments. 22 
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