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The coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) has rapidly spread worldwide and has had
unprecedented effects in healthcare systems, economies and society. COVID-19 clinical
presentation primarily affects the respiratory system causing bilateral pneumonia, but it
is increasingly being recognized as a systemic disease, with neurologic manifestations
reported in patients with mild symptoms but, most frequently, in those in a severe
condition. Elderly individuals are at high risk of developing severe forms of COVID-19
due to factors associated with aging and a higher prevalence of medical comorbidities
and, therefore, they are more vulnerable to possible lasting neuropsychiatric and
cognitive impairments. Several reports have described insomnia, depressed mood,
anxiety, post-traumatic stress disorder and cognitive impairment in a proportion of
patients after discharge from the hospital. The potential mechanisms underlying these
symptoms are not fully understood but are probably multifactorial, involving direct
neurotrophic effect of SARS-CoV-2, consequences of long intensive care unit stays, the
use of mechanical ventilation and sedative drugs, brain hypoxia, systemic inflammation,
secondary effects of medications used to treat COVID-19 and dysfunction of peripheral
organs. Chronic diseases such as dementia are a particular concern not only because
they are associated with higher rates of hospitalization and mortality but also because
COVID-19 further exacerbates the vulnerability of those with cognitive impairment. In
patients with dementia, COVID-19 frequently has an atypical presentation with mental
status changes complicating the early identification of cases. COVID-19 has had a
dramatical impact in long-term care facilities, where rates of infection and mortality have
been very high. Community measures implemented to slow the spread of the virus have
forced to social distancing and cancelation of cognitive stimulation programs, which
may have contributed to generate loneliness, behavioral symptoms and worsening of
cognition in patients with dementia. COVID-19 has impacted the functioning of Memory
Clinics, research programs and clinical trials in the Alzheimer’s field, triggering the
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implementation of telemedicine. COVID-19 survivors should be periodically evaluated
with comprehensive cognitive and neuropsychiatric assessments, and specific mental
health and cognitive rehabilitation programs should be provided for those suffering
long-term cognitive and psychiatric sequelae.

Keywords: COVID-19, SARS-CoV-2, pandemics, cognition, neuropsychiatry, dementia, Alzheimer

INTRODUCTION

In late December 2019, China reported a cluster of cases of
pneumonia caused by a novel coronavirus, the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), responsible
for the subsequently named coronavirus disease 2019 (COVID-
19). Since then, positive cases and deaths rapidly began to
rise and spread worldwide, and the World Health Organization
(WHO) declared the outbreak as a pandemic on 11 March 2020.
Currently, as of 27 September 2020, the WHO has reported more
than 32 million laboratory-confirmed positive cases and 991,224
deaths for COVID- 19 worldwide, half of them in the Americas
followed by Europe (World Health Organization, 2020).
SARS-CoV-2 infection primarily affects the respiratory
system, being fever and cough two of the most common acute
symptoms in those symptomatic (Borges Do Nascimento et al,,
2020; Lechien et al., 2020), but around 20% of individuals can
suffer a more severe disease with critical and life-threatening
respiratory complications (Wu and McGoogan, 2020). Besides,
COVID-19 is increasingly being recognized as a systemic disease,
and multiple neurologic manifestations have been reported in
around 35.6% of cases (Tsai et al., 2020). They encompass non-
specific symptoms, mainly headache and myalgia, along with
hyposmia and dysgeusia, but there is also evidence of more
severe complications such as neuroinflammatory syndromes,
encephalopathies, ischemic strokes or Guillain-Barré syndromes,
that have also been described in relation to other respiratory
viruses (Ellul et al., 2020; Paterson et al., 2020; Roman et al., 2020;
Tsai et al., 2020). Severely ill patients present more frequently
these neurologic manifestations (Pinzon et al.,, 2020). In a large
cohort of 841 patients hospitalized due to COVID-19 from two
clinical centers in Spain, neurological symptoms were present in
54.7% of cases, a rate that increased up to 64.7% in those with a
severe infection (Romero-Sanchez et al., 2020). Altered levels of
consciousness were the most common neurologic manifestation
in this group (Romero-Sanchez et al., 2020). Moreover, these mild
disorders of consciousness along with focal neurologic deficits
were the reason for the initial consultation in 2.5% of the patients
and neurological complication were the main cause of death in
4.1% of the total deceased patients (Romero-Sanchez et al., 2020).
Although COVID-19 may affect individuals from all ages,
elderly population is disproportionately impacted by the
pandemic. Hospitalization and mortality rates increase drastically
after 65 years of age (Centers for Disease Control and Prevention,
2020; Goujon et al.,, 2020) and current evidence points to age
along with male sex and the presence of comorbid medical
conditions as factors of poor prognosis and higher risk of
death (Lu et al., 2020; Martin-Sanchez et al., 2020; Williamson
et al., 2020). Moreover, elderly people with chronic diseases

such as dementia often present atypical symptoms at onset of
COVID-19 such as altered mental status (including confusion,
agitation, disorientation, refusal of care, disorientation, and loss
of appetite) (Bianchetti et al., 2020; Isaia et al., 2020; Ward
et al., 2020). This atypical presentation may delay appropriate
diagnosis and treatment and consequently, it may worsen their
prognosis and survival.

Thus, elderly population is not only more likely to suffer a
more severe illness from COVID-19 but also, they are more
vulnerable to possible persisting health consequences. Long-term
complications in those patients who have survived are currently
unknown. However, as it has been seen in similar viral infection
and survivors of critical illness, some of these patients might
show neurological sequelae in the next months and years in
form of lasting neuropsychiatric and cognitive impairment (Lam
et al,, 2009; Desai et al., 2011; Herridge et al., 2016; Troyer et al.,
2020). Therefore, in this study we review the evidence regarding
the neuropsychiatric and cognitive manifestations of COVID-
19 as well as its direct and indirect consequences in survivors,
especially in elderly individuals with dementia.

NEUROPSYCHIATRIC MANIFESTATIONS
OF COVID-19

Manifestations such as insomnia, anxiety, post-traumatic stress
symptoms (PTSD), psychosis and mood disorders have been
described in several reports (see Table 1; Dinakaran et al., 2020;
Liguori et al., 2020; Nalleballe et al., 2020; Rogers et al., 2020;
Romero-Sanchez et al, 2020; Vindegaard and Benros, 2020).
A study that retrieved data from a global health collaborative
platform that included medical records of 40,469 COVID-19
positive cases, mostly from the United States (US) (76%), found
that 22.5% had neurological and/or psychiatric manifestations,
being anxiety and related disorders the most prevalent (4.6%)
(Nalleballe et al., 2020).

A surveillance study in the United Kingdom (UK) showed that
39 cases of a cohort of 125 COVID-19 hospitalized patients with
neurological manifestations presented with altered mental status,
with encephalopathy in 16 and neuropsychiatric syndromes in 23
of them, mostly new-onset psychosis (n = 10) or other related
psychiatric disorders (n = 7) (Varatharaj et al., 2020). In line
with this evidence, in a retrospective descriptive study from
a hospital in Madrid, Spain, 10 patients with a lab-confirmed
diagnosis of COVID-19 and new-onset psychotic symptoms were
identified among 10,000 patients with symptoms compatible
with COVID-19 assessed between March and April 2020 in the
emergency department (Parra et al., 2020). They had a mean
age of 54.1 years, and psychiatric symptoms, mainly delusion,
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TABLE 1 | Neuropsychiatric manifestations of COVID-19.

Study Type of COVID-19 Country N Sex (M/F) Age Type of assessment Results
sample mean (SD)

Cai et al., 2020 Cured COVID-19 China 126 60/66 45.7 (14.0) Online questionnaire Percentage of subjects who
patients in quarantine consisting of self-report  met the cut-off value of the
after discharge from scales: scale:
hospital — Post-traumatic stress - Overall: 54.8%

disorder self-rating — Depression: 38.1%

scale (PTSD-SS) - PTSD: 31%
— Self-rating depression ~ — Anxiety: 22.2%

scale (SDS) — Anxiety and depression: 11.9%
— Self-rating anxiety scale

(SAS)

Dinakaran Review of 12 studies: Global: - - - - Evidence of neuropsychiatric

et al., 2020 — 9 case report and China: 4 studies manifestations:
series US: 3 studies — Delirium: 4 studies

— 1 observational study Others: France, Japan, — Psychosis: 2 studies
— 2 case control studies Saudi Arabia, Spain —Mood swings: 1 study
and Peru — Increased psychological
distress in individuals with
pre-existing epilepsy and
psychiatric disorders: 2 studies

Helms et al., Patients admitted to an France 58 - 63 (median) Confusion Assessment Prevalence of symptoms:

2020 ICU with ARDS due to Method for the ICU — Positive CAM-ICU: 65%
COVID-19 (CAM-ICU) — Agitation: 69%

Liguori et al., Hospitalized patients Italy 108 59/44 55 (14.65) Anamnestic interview Prevalence of symptoms:

2020 due to COVID-19 — Sleep impairment: 49.51%

— Depression: 37.86%
— Anxiety: 33.01%
— Confusion: 22.33%

Nalleballe et al.,  Data retrieved from a Global (76% US) 40,469 18,364/22,063 - ICD-10 diagnosis for Prevalence of manifestations:

2020 platform that included neurological and - Overall: 22.5%
medical records of psychiatric symptoms ~ — Anxiety and other related
COVID-19 positive during or within disorders: 4.6%
cases 1 month after — Mood disorders: 3.8%

COVID-19 diagnosis — Sleep disorder: 3.4%
— Emotional state symptoms and
signs: 0.8%
— Suicidal ideation: 0.2%
Parra et al., COVID-19 patients with  Spain 10 6/4 54.1 (10.67) - Prevalence of symptoms:
2020 new-onset psychotic — Delusions: 100%

symptoms

— Orientation/attention
disturbances: 60%

— Auditory hallucinations: 40%

— Visual hallucinations: 10%

(Continued)
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TABLE 1 | Continued

Study Type of COVID-19 Country N Sex (M/F) Age Type of assessment Results
sample mean (SD)
Rogers et al., Review of 12 studies Global - - - - Evidence of neuropsychiatric manifestations:
2020 (including 7 preprints) China: 10 studies — Confusion: 5 studies
Others: France, Japan — Anxiety and depression: 2 studies
- Insomnia: 1 study
Romero- Hospitalized patients Spain 841 473/368 66.42(14.96) - Prevalence of symptoms:
Sanchez et al., with COVID-19 — Insomnia: 13%
2020 — Anxiety: 8.1%
— Depression: 5.2%
— Psychosis: 1.3%
Varatharaj CoroNerve Platform UK 125 73/44 - - Prevalence of manifestations:
et al., 2020 COVID-19 hospitalized (36 not — Psychosis: 8%
patients with reported) — Other psychiatric disorders: 5.6%
neurological
manifestations
Vindegaard and Review of 43 studies: Global - - - - Evidence of neuropsychiatric manifestations:
Benros, 2020 — 2 studies of COVID-19 — High prevalence of PTSD in COVID-19 patients
patients — Prevalence of depression higher in COVID-19
— 41 studies of health patients than in individuals under quarantine
care workers, general — Worsening of psychiatric symptoms in patients
public and psychiatric with pre-existing psychiatric disorders
patients without — Increased psychiatric symptoms in health care
COVID-19 workers
— Lower psychological well-being and higher
scores in anxiety/depression scales after
pandemic
Yuan et al., Cured COVID-19 China 96 (42 Depression Depression Online questionnaire Increased immune response (white blood cells
2020 patients in quarantine self-reported group: 20/22 group: 49.6 consisting of SDS count, neutrophil count and
after discharge from depression, 54 Control group: (13.2) scale: neutrophil-to-lymphocyte ratio) in the
hospital control group) 27/27 Control group: depression group in comparison to the control
Subsample of Cai et al., 45.2 (18.2) group
2020
Zhang et al., COVID-19 patients in China 57 COVID-19 29/28 46.9 (16.37) App-based Percentage of subjects with COVID-19 who
2020 comparison to patients questionnaire met the cut-off value of the scales:
individuals under 50 individuals — 9-item Patient Health — Depression: 29.2%
quarantine and general under Questionnaire (PHQ-9) — Anxiety: 20.8%
public quarantine — 7-item Generalized — Depression and anxiety: 21.1%
98 general Anxiety Disorder Scale Prevalence of depression was higher in
public (GAD-7) COVID-19 patients than individuals under

quarantine

ARDS, Acute respiratory distress syndrome; ICU, Intensive care unit; ICD-10, 10th Revision of the International Statistical Classification of Diseases and Related Health Problems; PTSD, Post-traumatic stress disorder;

UK, United Kingdom; US, United States.
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orientation/attention disturbances and auditory hallucination (in
10, 6, and 4 cases, respectively), appeared primarily after the
first typical COVID-19 symptoms and were resolved in less than
2 weeks (Parra et al., 2020). These episodes were considered
atypical since patients had no familiar history of psychiatric
disorders, no substance use disorders, had an atypical age of
onset, and presented a fast recovery (Parra et al., 2020). Authors
suggested that these atypical psychotic episodes may be explained
by systemic inflammatory responses, based on analytical and
complementary tests findings, or by side effects associated with
COVID-19 treatment (Parra et al., 2020).

Critically ill patients with COVID-19 who require Intensive
Care Unit (ICU) admission are also at most at risk of developing
delirium, which is further exacerbated by the frequent need for
high doses of sedation, elderly age and the presence of multiple
comorbidities (Cipriani et al., 2020). In an observational study in
France, 40 out of 58 (69%) COVID-19 patients attended in the
ICU showed agitation and 26 of them confusional state (Helms
et al, 2020). Brain imaging found bilateral frontotemporal
hypoperfusion in eleven patients and larger leptomeningeal
spaces in eight of them (Helms et al., 2020).

There is also evidence of prevalent depressive symptoms
in those already recovered from COVID-19 (Cai et al,
2020; Yuan et al, 2020; Zhang et al, 2020). A study of
126 COVID-19 survivors in convalescence from Shenzhen,
China, showed that self-reported anxiety and depression were
common after discharge from hospital (Cai et al., 2020) and
moreover, depressive symptoms were associated with immune
systemic suppression, based on increased white blood cells and
inflammatory factors measures (Yuan et al., 2020).

Despite this preliminary evidence, most of the findings
came from self-reported scales, without clinical diagnostic
assessments, and further examinations and follow-ups are needed
to determine not only if these symptoms are related to the
infection itself, secondary immune responses, side effects of
treatments or psychologic stressors, but also if they improve,
remain or worsen over time.

COGNITIVE MANIFESTATIONS OF
COVID-19

There are very few studies reporting cognitive symptoms related
to COVID-19 (see Table 2). Data from 431,051 participants
of the United Kingdom Biobank prospective study show that
several psychosocial factors were associated with the risk of
being hospitalized due to COVID-19, but after controlling
for other relevant variables (sociodemographic, socioeconomic,
psychological, lifestyle factors, and medical comorbidities), the
only significant factor associated with the risk of the infection
was a lower cognitive function (Batty et al., 2020). However, the
causality and mechanisms involved in such association remain
to be elucidated. In a retrospective study carried out in Chicago,
United States, of 50 hospitalized patients with COVID-19 who
were admitted to a neurology unit or presented neurological
symptoms, 24% of them had short-term memory loss (Pinna
etal,, 2020). A surveillance study in the United Kingdom showed

that 6 cases of a cohort of 125 COVID-19 hospitalized patients
with neurological manifestations presented a neurocognitive
disorder (Varatharaj et al., 2020).

There is also preliminary evidence of cognitive impairment
after hospital discharge. In this sense, in an observational study
in France, over one third (15/45) of patients showed evidence
of cognitive impairment at discharge from ICU, especially in
the form of dysexecutive syndrome characterized by inattention,
disorientation and poorly organized movements in response to
commands (Helms et al., 2020). In a case series of 4 severe
COVID-19 patients who required ICU admission, cognitive
impairment, identified as memory deficit and frontal syndrome,
was detected after discharged but remitted after 5 days of
immunoglobulin therapy (Chaumont et al, 2020). Besides,
in a sample of 71 COVID-19 hospitalized patients, those
who were diagnosed with delirium during their hospitalization
(42%) had lower cognitive scores on a telephone screening
interview after 4 weeks of discharge, although the between-
group comparison did not reach statistical significance (p = 0.06)
(McLoughlin et al., 2020).

The lack of more precise information regarding cognitive
symptoms in COVID-19 patients may be explained by the impact
that the pandemic has had on healthcare systems and also,
in severe cases, the difficulty to carry out a comprehensive
neuropsychological assessment. However, this information will
be of great value in order to identify risk factors related to
the acute cognitive symptoms associated to the disease, both
in people with or without pre-existing cognitive impairment,
and to shed light on their underlying mechanisms. It will also
be necessary to offer neuropsychological rehabilitation to those
who need it. It is essential and urgent to minimize the potential
negative effects on cognitive and psychosocial functioning and
quality of life on survivors.

POTENTIAL COVID-19 COGNITIVE AND
NEUROPSYCHIATRIC LONG-TERM
COMPLICATIONS

Long-term complications in those patients who survived the
disease are currently unknown but are expected to appear in the
next months and years, as it was seen in past pandemics caused by
influenza or similar coronaviruses such as MERS-CoV and SARS-
CoV (Rogers et al., 2020; Troyer et al., 2020) and also in survivors
of critical illness who required ICU support (Desai et al., 2011;
Herridge et al., 2016; Marra et al., 2018).

In a systematic review and meta-analysis carried out by
Rogers et al. (2020) regarding the acute and post-illness
neuropsychiatric manifestations of coronavirus infections, 72
studies were evaluated, including SARS-CoV (n = 47), MERS-
CoV (n = 13) and the current SARS-CoV-2 (n = 12) and the
hospitalized patients’ ages ranged from 12 to 68 years (Rogers
et al., 2020). SARS-Cov and MERS-CoV were associated with
prevalent neuropsychiatric symptoms both in the acute phase
and after recovery (Rogers et al., 2020). Results from the meta-
analysis carried out showed that after recovery, the estimated
prevalence for PTSD was 32.2% (mean follow-up of 33.6 months)
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TABLE 2 | Cognitive manifestations of COVID-19.

Study Type of COVID-19 Country N Sex (M/F) Age Type of assessment Results
sample mean (SD)

Batty et al., 2020 UK Biobank data of UK 908 individuals with COVID-19 group: COVID-19 group:57.27 Computerized cognitive Risk of COVID-19
COVID-19 hospitalized hospitalization due to 506/402 (8.99) assessment at baseline hospitalization related
patients COVID-19 No COVID-19 group: No COVID-19 group: (2006-2010) to (after controlling for

430,143 no COVID-19 193,820/236,323 56.36 (8.10) all covariates) cognitive
function at baseline
(verbal and numerical
reasoning): Odds ratio
1.31

Chaumont et al., COVID-19 patients with France 4 4/0 range 50-72 - Prevalence of cognitive

2020 ARDS and neurological impairment: 100%
manifestations
admitted to an ICU

Helms et al., 2020 Patients admitted to an France 58 - 63 (median) - Prevalence of
ICU with ARDS due to dysexecutive syndrome
COVID-19 at discharge: (14/39)

36%
McLoughlin et al., COVID-19 hospitalized UK 71 (16 no delirium, 31 51/20 61 (range 24-91) Telephone assessment: Cognitive performance
2020 patients delirium, 24 no — Telephone Instrument at 4-week follow-up:
assessment). for Cognitive Status Delirium group TICS-m
26 patients with a (TICS-m) mean score: 34.5/563
4-week follow-up No delirium group
TICS-m mean score:
41.5/53

Pinna et al., 2020 COVID-19 Hospitalized us 50 29/21 59.6 (14.3) - Prevalence of
patients admitted to a short-term memory
neurology unit or with loss: 24%
neurological symptoms

Varatharaj et al., CoroNerve Platform UK 125 73/44 - - Prevalence of

2020 COVID-19 hospitalized (36 not reported) neurocognitive

patients with
neurological
manifestations

disorder: 4.8%

ARDS, Acute respiratory distress syndrome; ICU, Intensive care unit; UK, United Kingdom; US, United States.
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and prevalence of anxiety and depression disorders was 15%
(mean follow-up of 11.6 and 22.6 months, respectively) (Rogers
et al., 2020). Measures of health-related quality of life were
significantly lower in patients compared to the control group
and 76.9% (range: 66-93%) had returned to work after a mean
of 3 years of follow-up (range: 1-144 months) (Rogers et al.,
2020). As noted by the authors, most of the peer-reviewed studies
included in the systematic review were considered either of low
(32/65) or medium (30/65) quality due to limited assessment
of previous psychiatric symptoms in the patients and lack of
control group in many of them in order to distinguish symptoms
related to the viral infection from the psychiatric impact these
epidemics may had in the general population (Rogers et al.,
2020). However, results from one of the longitudinal studies
included in this review, with a sample of 181 individuals who had
been infected by SARS-CoV-1, indicated that while only 3.3% of
patients had a previous history of psychiatric disorder before the
viral infection, after a mean follow-up of 3.4 years, 42.5% met
clinical criteria of at least one psychiatric illness, being PTSD the
most prevalent disorder (54.5%) followed by depression (39%)
(Lam et al., 2009). Likewise, 70.8% of confirmed MERS-CoV
cases developed psychiatric symptoms and 40% of them met
clinical psychiatric diagnosis during hospital admission, while
none of the suspected cases who were quarantined but tested
negative for the virus showed any psychiatric symptoms (Kim
et al,, 2018). This evidence therefore suggests the possible role of
coronavirus infections in inducing brain changes related to these
psychiatric symptoms.

Moreover, ICU admission and invasive treatments such as
ventilation and sedation following acute respiratory distress
syndrome (ARDS) are risk factors for cognitive decline
(Sasannejad et al.,, 2019). In the current pandemic caused by
SARS-CoV-2, a retrospective case series study of 1591 COVID-
19 patients admitted to ICU in Italy found that 88% required
mechanical ventilation (Grasselli et al., 2020) and in a smaller
study from an ICU in Washington, United States, 71% of 21
critically ill patients developed ARDS and required mechanical
ventilation (Arentz et al, 2020). Data of long-term outcomes
in adults requiring mechanical ventilation showed cognitive
impairment in attention, memory, verbal fluency, processing
speed or executive function in 78 and 47% of the patients
after 1 and 2 years of discharge, respectively (Hopkins et al,
1999, Hopkins et al., 2005). A total of 15 patients in this study
also underwent brain imaging and, in comparison to an age
and sex-matched control group, they had significantly larger
ventricular and temporal horn volumes (Hopkins et al., 2006).
Even after 5 years of follow-up, 20% of survivors of ARDS
showed cognitive sequelae in a wide variety of cognitive domains
(Herridge et al., 2016).

MECHANISMS INVOLVED IN COGNITIVE
AND NEUROPSYCHIATRIC
MANIFESTATIONS OF COVID-19

The underlying causes for these symptoms related to COVID-
19 and the mechanisms involved in potential long-lasting

impairments are currently not fully understood but are probably
multifactorial. These factors include direct viral infection of
the nervous system, the systemic inflammatory response to the
virus, cerebrovascular ischemia due to endothelial dysfunction
or severe coagulopathy, the ARDS presented in severe cases,
the use of invasive ventilation and sedation along with side
effects of drugs used to treat COVID-19, and peripheral organ
dysfunction (see Figure 1; Sasannejad et al., 2019; Heneka et al,,
2020; Ogier et al., 2020).

SARS-CoV-2, similarly to other coronaviruses, shows
certain neurotropism. Two potential methods for coronaviruses
intracranial spread have been hypothesized: direct hematogenous
attack and retrograde ascent via peripheral nerve fibers of the
upper respiratory tract (Zubair et al., 2020). SARS-CoV-2 uses
the SPIKE proteins located on its surface to bind the angiotensin-
converting enzyme 2 (ACE2) receptor on mammalian host cells
(Hoffmann et al.,, 2020). The ACE2 receptor has been found
to be expressed widespread in neurons and glial cells (Xia and
Lazartigues, 2008). There is evidence of neuronal death after
brain infection by SARS-CoV-1 via the olfactory bulb in animal
models (Netland et al., 2008).

To date there is little evidence of direct brain infection related
to COVID-19. Results from reverse transcription polymerase
chain reaction (RT-PCR) assays of cerebrospinal fluid (CSF)
samples carried out in a few COVID-19 cases with neurological
manifestations have been negative for SARS-CoV-2 (Chaumont
et al., 2020; Helms et al., 2020).

Sparse neuropathological data of COVID-19 cases are
available and mostly show hypoxic changes and demyelinating
lesions (Coolen et al., 2020; Reichard et al., 2020; Solomon et al.,
2020). An autopsy series from Germany detected SARS-CoV-2
viral load in brain along kidneys, liver, heart and blood, although
in lower levels that in the respiratory system (Puelles et al., 2020).
Further studies are needed to determine whether these lesions
are due to SARS-CoV-2 infection or caused by illness-related
secondary conditions. A recent systematic review that included
26 neuroimaging studies, most of them case series of COVID-
19 patients who underwent brain imaging examination due to
neurological symptoms, found that 34% (124/361) of the cases
presented brain lesions probably attributable to COVID-19 and
among them, the most common finding was diffuse subcortical
and deep white matter abnormalities. Other common findings,
although less prevalent, were microhemorrhages, hemorrhages,
and infarcts (Rita Egbert et al., 2020).

Even in the absence of direct brain infection, severe
systemic infection may be also involved by precipitating
neuroinflammatory responses that may promote subsequent
brain tissue damage (Frank-Cannon et al., 2009; Dantzer, 2018;
Rea et al., 2018). In severe cases, the virus may trigger an
exacerbated and dysregulated host response called “cytokine
storm” that involves increased levels of pro-inflammatory
cytokines such as necrosis tumoral factor (TNF) and interleukin-
6 (IL-6), among others. If this response persists over time it
creates a state of systemic inflammation, resulting in disruption
of blood-brain barrier and neural and glial cells damage that
can be involved in long-term sequelae in survivors. Current
evidence related to SARS-CoV-2 shows that usually the most
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FIGURE 1 | Possible mechanisms involved in the neurological manifestations of COVID-19.

severely affected patients presented increased levels of pro-
inflammatory cytokines (Chen et al., 2020; Huang et al., 2020;
Yang et al., 2020).

Chronic systemic inflammation has been also studied as
one of the underlying pathogenic mechanisms involved in
neurodegenerative disease such as Alzheimers disease (AD)
(Akiyama et al., 2000). In a sample of 12,336 participants
with a mean age of 56.8 years, systemic inflammation was
studied using a composite score of blood biomarkers, and
results indicated a significant association between baseline
inflammation and accelerated cognitive decline after a follow-
up of 20 years (Walker et al., 2019). The inflammation related
to viral infection significantly worsens tau-related pathology
and results in impairment of spatial memory (Sy et al., 2011).
The hippocampus, region involved in memory formation, is
an especially vulnerable area to respiratory viral infections,
as shown in animal models (Jacomy et al, 2006). Short-
term deterioration in hippocampus-dependent learning and
reduced long-term potentiation associated with impairment
in spatial memory were observed in mice infected with the
influenza virus (Hosseini et al., 2018). Also, in the presence
of pro-inflammatory cytokines the microglial cells lose its
capacity to phagocyte B-amyloid that can be related to the
accumulation of amyloid plaques, one of the hallmarks of AD
(Koenigsknecht-Talboo and Landreth, 2005).

The APOE-e4 gene allele, the strongest genetic risk factor
for AD, has been found to be linked to increased risk
of infection and mortality due to COVID-19, although the
biological mechanisms involved in this association remain to
be known (Kuo et al., 2020). However, ACE2 expression has
been reported to be reduced in mid-frontal brain tissue in
AD patients, particularly in those carrying an APOE e4 allele,
and this reduction was negatively correlated with AP and
phosphorylated tau pathology (Kehoe et al., 2016). It is also
worth noting that in a study of 46 AD patients and 44 non-
AD elderly individuals, the APOE-¢4 allele was overrepresented
in AD patients positive for herpes simplex virus type 1
(HSV1) in the brain in comparison to those negative for
the virus and even to non-AD patients positive for HSV1,
with an OR of 16.8 (Itzhaki et al, 1997). Authors argued
that APOE-e4 could promote vulnerability to viral infection
and neurodegeneration, participating in the extent of cells
infected by the virus or in the extent of repair after HSV1-
induced damage. Thus, viral infection may be an aggravating
factor for neurodegeneration in individuals with susceptible
genetic variants.

Despite this preliminary evidence related to COVID-
19, further studies are needed in order to ascertain the
underlying causes for these symptoms and the mechanisms
involved in potential long-lasting impairments, and furthermore,
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whether this coronavirus might precipitate or exacerbate
neurodegenerative diseases.

COVID-19 MANIFESTATIONS IN
PATIENTS WITH DEMENTIA

Elderly people with chronic diseases such as dementia develop
more serious and often lethal forms of COVID-19 (Bianchetti
et al., 2020; Hwang et al., 2020; Miyashita et al., 2020). People
with dementia are likely unable to follow the recommendations
from public health systems to reduce the transmission of the virus
(such as physical distancing, frequent hand washing, and use of
facial masks) (Suzuki et al., 2020), exposing them to a higher
chance of infection. A review of 627 patients admitted to an acute
medical ward with COVID-19 pneumonia in Italy revealed that
those with dementia (n = 82, 13.1%) had a significantly higher
mortality rate compared to those cognitively unimpaired (62.2%
vs. 26.2%, p < 0.001) (Bianchetti et al., 2020). The diagnosis of
dementia was independently associated with a higher mortality,
with an odds ratio of 1.84 (Bianchetti et al., 2020). In the
largest population-based study carried out to date and including
17,278,392 probable COVID-19 cases from England, previous
history of stroke or dementia was associated with increased risk
of death after 90 days, with an adjusted hazard ratio of 2.16
(Williamson et al., 2020). Similarly, in a nursing facility located in
Washington, United States (US), among 101 residents who were
positive for COVID-19, the case fatality rate (CFR, proportion of
deaths from the total number of people diagnosed) associated was
dramatically high (33.7%) (McMichael et al., 2020). Something to
take into account is that given the rapid evolution of COVID-
19 cases that have required medical attention, there is concern
that older people with dementia may have been largely excluded
from resources such as hospital admission and/or access to ICUs
in favor of younger individuals or those with less comorbidities.
This could partly explain the high mortality rates in this
population and particularly, in long-term care and nursing home
facilities (Cipriani and Fiorino, 2020).

Moreover, patients with dementia often present atypical
symptoms, such as altered mental status (including confusion,
agitation, disorientation, refusal of care, disorientation, and loss
of appetite) as the initial COVID-19 manifestation, even without
fever and cough (Isaia et al, 2020; Ward et al., 2020), along
with worsening of baseline functional status (Bianchetti et al.,
2020). Thus, waiting for typical respiratory symptoms to appear
would delay appropriate diagnosis and treatment. Indeed, the
Alzheimer’s Association advises caregivers to be alert to the
presence of confusion as it is might be the first symptom of
a possible COVID-19 infection in individuals with dementia
(Alzheimer’s Association, 2020).

When treating COVID-19 in patients suffering from
AD, drug interactions should be taken into account (Balli
et al, 2020). Cholinesterase inhibitors (ChEIs) levels may
increase during chloroquine (CQ), hydroxychloroquine
(HCQ) and lopinavir/ritonavir treatment, due to effects on
cytochrome P450. Cardiac adverse events can be related
to both Azithromycin, CQ, HCQ, and ChEls, so frequent

electrocardiography monitoring is advised. Memantine has a
low risk of pharmacokinetic interactions and may be a safer
alternative when using drugs to treat COVID-19 in AD patients.
Antipsychotics and antidepressants, used frequently in dementia,
have potential interactions with Azithromycin, CQ, HCQ and
lopinavir/ritonavir. Lastly, Tocilizumab, ribavirin and favipiravir
show no potential interactions with AD treatments (Balli et al.,
2020; University of Liverpool, 2020).

COVID-19 INDIRECT EFFECTS IN
PATIENTS WITH DEMENTIA

The COVID-19 pandemic further exacerbates the vulnerability
of elderly patients with cognitive impairment, especially those
who depend on family or caregivers for their daily care. This
is due to the increased morbidity and mortality caused by the
infection but also to the indirect effects of the pandemic on
the healthcare system that they depend on (Brown et al., 2020).
Medical resources have been diverted away from patients with
chronic conditions, such as dementia, to attend COVID-19 cases.
People with dementia are at risk of discontinuing their treatment
during lockdown, especially those who depend on external help
for reminders or assistance (Brown et al., 2020).

Most COVID-19-related deaths have occurred in long-term
care facilities, where patients with dementia are a significant part
of the residents and require close contact for assistance in their
daily care (Blackman et al., 2020; Cordasco et al., 2020). Blackman
etal. (2020) reported the rapid evolution of COVID-19 in a long-
term care facility with 150 beds for individuals with dementia,
where despite the preventive measures developed, within 3 weeks
of the first confirmed COVID-19 case, 30 residents had died and
more than 50 were confirmed cases or were having symptoms
compatible for the disease. It is thus of crucial importance to
equip these facilities with appropriate preventive measures and
rapid detection capacity to avoid transmission and protect this
already fragile population as much as possible.

The COVID-19 pandemic forced Memory Clinics worldwide
to close their face-to-face consultations and non-pharmacological
interventions for dementia, such as cognitive therapy, exercise
and socialization, have been suddenly stopped during lockdown
(Benaque et al., 2020; Brown et al., 2020). Many centers, though,
took action and implemented telemedicine in order to continue
assisting patients during the pandemic, both for their scheduled
follow-up visits but also for urgent consultations (Benaque et al.,
2020; Ousset and Vellas, 2020; Padala et al., 2020). This continued
care during the pandemic has been especially important for
those patients and caregivers in a more vulnerable situation. The
transformation of medical care, though, posed a challenge for
many patients, especially elderly individuals with cognitive, visual
and/or hearing impairment, those living alone, and those from a
low socio-economic status or living in rural areas with limited
access to technology. From the clinical point of view, safety
and legal concerns about privacy and data protection had to be
addressed, and some tests from the neuropsychological batteries
had to be adapted to be performed in a virtual way (Bilder
et al.,, 2020). After this experience, it is likely that telemedicine
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TABLE 3 | Neuropsychiatric and cognitive manifestations in dementia patients during confinement.
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Study Country Participants Male/Female Age mean (SD) Assessment Results
Lara et al., 2020 Spain 40 16/24 77.4(5.25) Phone interview Significant worsening in neuropsychiatric symptoms
- Mild AD: 20 after 5 weeks of after confinement (NPI score baseline: 33.75 vs.
- MCI: 20 home confinement: confinement: 39.05)
- NPI No changes in quality of life (0.66 vs. 0.62)
— EuroQol-5D
Canevelli et al., Italy 139 55/84 79 Telephone survey in Percentage of individuals with reported worsening:
2020 — Dementia: 96 patients or — Behavioral: 54.7%
- MCl: 37 caregivers — Neuropsychiatric symptoms: 54.68%
- SCD: 6 — Cognition: 31.65%
— Functional decline 13.67%
— Required adjustment/introduction of
pharmacological treatments: 7.2%
Boutoleau- France 38 individuals with 15/23 71.89 (8.24) Caregivers phone Prevalence of neuropsychiatric worsening (mean
Bretonniere et al., probable AD interview: duration of confinement: 27.37 days): 26.31%
2020 -NPI Worsening associated with lower general cognitive
functioning before confinement (2-4 months before).
Goodman- Spain 93 individuals with 33/60 73.34 (6.07) Telephone-based Prevalence of mental health and well-being status
Casanova et al., MCI or mild survey in patients reported:
2020 dementia or caregivers — Sleep quality maintained: 70%
- Well: 61%*
— Sad: 29%*
— Anxious: 24%*
— Sleep quality altered: 24%*
— Worried: 22%
— Bored: 14%
— Afraid: 11%
— Calm: 9%
Capozzo et al., Italy 32 individuals with 18/14 66.25 (9.76) Telemedicine Prevalence of individuals with reported worsening:
2020 frontotemporal assessment — Cognitive function: 53%

lobar dementia

Structured clinical
questionnaire in
caregivers

— Behavior: 56%
— Language: 47%
— Sleep disturbances: 25%

AD, Alzheimer’s disease; EuroQol-5D, European Quality of Life-5 Dimensions; MCI, Mild cognitive impairment; NPI, Neuropsychiatric inventory; SCD, Subjective cognitive decline; *, Significant differences between those
living alone (n = 24) vs. living with others.
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will continue to have an important role in the evaluation of
patients with cognitive impairment even after the COVID-19
pandemic is contained.

Community measures implemented to slow the spread of
COVID-19 have forced to social distancing and self-isolation,
and this may have contributed to generate feelings of loneliness
and behavioral changes in patients with cognitive impairment
(Canevelli et al., 2020). A significant proportion of patients with
dementia reside in long-term care and nursing home facilities,
which have been quarantined in many countries, prohibiting
family members to visit residents or them to get outside.
Factors such as solitariness and social isolation should not be
underestimated, since they have been consistently found to be
related to increased risk of medical health problems, including
cardiovascular disease, depression or dementia (Holwerda et al.,
2014; Courtin and Knapp, 2017), and higher mortality risk,
even after controlling for relevant variables such as health status
(Holt-Lunstad et al., 2015).

In this sense, there is evidence of cognitive, neuropsychiatric
and functional worsening in this population during confinement
periods implemented in several countries (see Table 3). A study
from a cognitive disorders unit in Spain evaluating 40 patients
with mild AD dementia and mild cognitive impairment (MCI)
that attend a cognitive stimulating program reported that their
neuropsychiatric symptoms significantly worsened after 5 weeks
of lockdown (mainly apathy, anxiety, agitation and aberrant
motor behavior) (Lara et al., 2020). Likewise, a report of 139
patients with dementia, MCI and subjective cognitive decline
from a dementia center in Rome, showed worsening or onset
of behavioral disturbances in 54.7% (mostly agitation/aggression,
apathy, and depression) after 1 month of lockdown (Canevelli
et al, 2020). In 7.2% of cases, these symptoms required
adjustments or introduction of pharmacological treatments,
mostly antipsychotics (Canevelli et al, 2020). Worsening
of neuropsychiatric symptoms has been found particularly
associated with significant lower general cognitive functioning
before confinement in a sample of 38 patients with a clinical
diagnosis of probable AD (Boutoleau-Bretonniere et al., 2020).
In a sample of 93 older adults with MCI or mild dementia, those
living alone reported significantly a decrease in their well-being,
more anxiety and sleeping problems (Goodman-Casanova et al.,
2020). Also, in a study with a smaller sample of 32 individuals
with frontotemporal lobar dementia from a dementia care center
in Tricase (Italy), caregivers were interviewed by telephone using
a structured clinical assessment and reported that, compared
to their last visit (mean of 6.78 months), 53% of patients
showed significant worsening in cognitive function, particularly
in memory, along with worsening in behavior and language
function during COVID-19 confinement (Capozzo et al., 2020).

Another concern is the effect that this pandemic could have
on those individuals at the preclinical stage of dementia or
those experiencing subtle cognitive changes. After 6 months with
the healthcare systems worldwide on edge, referrals to Memory
Clinics and timely diagnosis and interventions will probably be
delayed. Prevention is the most important strategy in potentially
slowing the progression of neurodegenerative disorders and
given the increased risk of negative health outcomes in older

people, it is important to examine and determine whether
COVID-19 may trigger or aggravate neurodegenerative processes
in this vulnerable group.

COVID-19 EFFECTS ON DEMENTIA
RESEARCH AND CLINICAL TRIALS

A recent survey among 267 researchers and clinicians specialized
in dementia identified 9 priorities in research for older people,
including management of COVID-19 and its complications and
outcomes in this population, and the need to include older people
in research studies to design safe and adequate interventions
(Richardson et al., 2020). However, while clinical trials should
be designed to enable inclusion of elderly individuals due to
the increased morbidity and mortality caused by the infection
in this population, a recent review reported that over a third of
COVID-19-related clinical trials registered as of 16th March 2020
excluded participants over 75 years of age (Lithander et al., 2020).

The closure of Memory Clinics due to the lockdown measures
imposed by governments worldwide has had a negative effect on
dementia clinical research as well. Although some procedures
could be still performed through telemedicine such as clinical

TABLE 4 | Summary of considerations for dementia management and research in
relation to COVID-19.

Health and social care Implement telemedicine to continue
consultations and non-pharmacological

interventions

Health and social care Implement technology solutions to facilitate
communication with family members during

quarantine or confinement periods.

Facilitate solutions to continue pharmacological
treatment to those who depend on external
help for reminders or assistance during
quarantine and confinement periods

Continue the assessment of individuals with
cognitive complaints to facilitate early diagnosis
and interventions as prevention of
neurodegenerative progression

Health and social care

Prevention Equip long-term facilities with appropriate
preventive measures and rapid detection
capacity to avoid COVID-19 transmission

Prevention Be aware of the onset of COVID-19 as atypical
symptoms/worsening of baseline status

Treatment Take into account pharmacological interactions
when treating for COVID-19 in this population

Treatment Perform follow-up evaluations to COVID-19

survivors and provide mental health support
and cognitive rehabilitation when necessary

Research and clinical trials Include older people in research studies to

design safe and adequate interventions

Research and clinical trials Continue research funding in dementia

Research and clinical trials Continue dementia clinical trials, considering
testing for SARS-CoV-2 prior to the onset of

treatment.

Research and clinical trials Perform follow-up evaluation to COVID-19
survivors to examine the presence of long-term

neuropsychiatric and cognitive complications
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evaluations and neuropsychological testing, this type of research
usually requires the presence of patients to undergo blood draw,
lumbar puncture or neuroimaging, among others.

Basic laboratories conducting experimental research in the
Alzheimer’s field have also been affected by COVID-19, as the
sudden lack of staff due to lockdown forced ongoing experiments
to be stopped and transgenic animals to die, with the resulting
loss of valuable data (Bostanciklioglu, 2020). Besides, research
funding is currently being diverted into COVID-19 research,
leaving dementia researchers with less funding opportunities
to continue their projects. Also, until movement restriction
measures among countries are lifted, international students and
researchers will not be allowed to continue or start new positions
in foreign countries.

The COVID-19 pandemic has compelled most ongoing
clinical trials in the AD field to be put on hold for a few
months, affecting participants’ recruitment, administration of
medication infusions and follow-up visits (Weinberg et al., 2020).
This has caused a significant disruption in the management of
clinical trials, with the need of protocol amendments to deal
with missing data, deviations, loss of participants and allowing
the use of telemedicine. In the United States, the Food and
Drug Administration (FDA) issued on April 2nd a document
entitled “Guidance on Conduct of Clinical Trials of Medical
Products during the COVID-19 Pandemic” (The Food and Drug
Administration, 2020), encouraging sponsors to use their best
judgment to decide the continuance of the clinical trial during
the pandemic. Lastly, the clinical trials disruption has especially
affected patients and their families in a personal manner, as they
trusted pharmacological research to fight against this disease,
faced great uncertainty and helplessness regarding their future,
but in general were eager to continue their treatment once it was
safe (Geerts and van der Graaf, 2020; Weinberg et al., 2020).

Something to be considered is the need for SARS-CoV-2 RT-
PCR testing prior to the onset of treatment once participants
are allowed to reinitiate their participation in clinical trials, as
some novel drugs being tested against Alzheimer have immune-
mediated mechanisms (Perez-Grijalba et al., 2019) and COVID-
19 should to be ruled out for safety reasons.

Given the impact that this pandemic is having on elderly
people with dementia and based on the evidence reviewed and
existing to date, a summary of relevant considerations to take into
account for this population is presented in Table 4.

CONCLUSION

The current COVID-19 pandemic is having a significant impact
on many health, economic and social aspects worldwide. Elderly
population, and especially those with comorbidities such as
dementia, is a vulnerable group at risk of contracting the disease
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