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During the last five centuries our humanity has experienced a pandemic on
average every 36 years (Taubenberger et al., 2019). Currently, the entire world
is being challenged by a pandemic due to the spread of severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2), and health systems are
struggling to identify potential infected people to reduce the propagation and the
impact of the coronavirus disease 2019 (COVID-19). The acute respiratory
distress syndrome (ARDS) associated with the infection by SARS-CoV-2 is the
main cause of hospitalisation and mortality in patients with COVID-19. However,
growing evidence based on case-reports and retrospective observational
studies (Zhou et al., 2020; Mao et al., 2020) indicates that COVID-19 also

involves organs outside the respiratory system.

In previous epidemics by other human coronaviruses, both central and
peripheral neurological manifestations were reported (Umapati et al., 2014;
Arabi et al.,2015; Gu J et al., 2005), indicating a potential neurotropism. COVID-
19 has already affected a larger number of people than previous coronavirus
epidemics, and it could be anticipated that a proportion of these patients will
suffer acute and/or chronic neurological consequences. There is growing
literature indicating that COVID-19 may be associated with acute
cerebrovascular disease (Zhou et al., 2020; Oxley et al., 2020), necrotizing
encephalopathy (Poyiadji N et al., 2020), or Guillain-Barré syndrome (Zhao et
al., 2020), among others. However, since infection by SARS-CoV-2 can

proceed without symptoms, the causality in these reports remains unproven.

A poorly described aspect of COVID-19 is whether cognitive function is
affected, directly or indirectly, by the SARS-CoV-2 infection. Patients with ARDS
of any cause experience a high prevalence of cognitive impairment, and up to
20% of them show long-term deficits (Sasannejad et al., 2019). Typically,
individuals who survive ARDS demonstrate deficits in executive functions and
short-term memory, and increased rates of anxiety and depression. Risk factors
for long-term cognitive impairment after ARDS include a combination of
pathophysiological events, medical complications and interventions and pre-

existing conditions. In the case of ARDS due to SARS-CoV-2, severe hypoxia
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and cytokine-mediated damage are cardinal biological factors that may lead to
brain damage and cognitive impairment.

The extreme levels of pro-inflammatory cytokines observed in COVID-19
patients are likely to induce neurotoxicity. The high production of cytokines
TNF-q, IL-6, IL-1a and IL-1 can cause “sickness behaviour”, a syndrome that
includes impaired concentration, reduced motivation, motor slowing and
depressive symptoms (Dantzer et al., 2008). It is known that the brain monitors
peripheral innate immune responses by several pathways that act in parallel,
that ultimately lead to the production of pro-inflammatory cytokines by microglia.
In turn, cytokines will act on several brain circuits via cytokine receptors or
intermediates, such as prostaglandins E2. One of the pro-inflammatory
cytokines involved in the COVID-19 is IL-6, which is known to contribute to the
expression of brain cytokines during infections (Sparkman et al., 2006). A small
and uncontrolled trial with tocilizumab (Xu et al., 2020), an anti-human IL-6
receptor monoclonal antibody, in patients with severe COVID-19 showed
improvement in clinical outcome and in the inflammatory responses. It will be
important to elucidate if anti-IL-6 treatments used in severe cases of COVID-19
ARDS will show benefit in reducing future cognitive impairment or depressive
symptoms. Additional contributing factors to cognitive impairment may be
sepsis, sedating and anaesthetic drugs, and mechanical ventilation.
Furthermore, it is expected that, as in non-COVID ARDS (Sasannejad et al.,
2019), pre-existing cognitive impairment or delirium during the admission will
increase the likelihood of more severe cognitive decline. In patients infected by
SARS-CoV-2 admitted with respiratory symptoms, we have observed common
confusion in otherwise cognitively healthy patients and rapid decline in patients
with previous cognitive impairment. It is still early to conclude whether these
cognitive symptoms are proportional to the degree of hypoxia or these are more
common than in other non-COVID ARDS.

In addition, the psychological effects of long confinement periods, social
isolation and traumatic personal or familiar experiences associated to the
disease will have to be taken into account when evaluating the potential
cognitive effects in patients with COVID-19 or even in people not infected by

SARS-CoV-2 but with pre-existing cognitive impairment or dementia.

https://mc.manuscriptcentral.com/braincom



In the paper by Ritchie et al., the authors review in detail the potential cognitive
consequences of COVID-19. The authors propose three mechanisms to explain
cognitive dysfunction during the infection by SARS-CoV-2: 1) direct central
nervous system (CNS) damage induced by the virus 2) non-CNS complications
that affect the brain and 3) psychological distress due to social isolation and a
severe medical iliness. The authors stress the need to investigate in detail the
potential underlying mechanisms of cognitive impairment of COVID-19, as well
as potential therapeutic strategies. As the authors state, unfortunately,
coronavirus outbreaks have been common in the last decade and more could

come in the future.

It remains to be seen whether the current COVID-19 pandemics will lead to an
increase in neurological consultations due to cognitive complaints in the
upcoming months, but clinicians should be alert of this potential effect. In
addition, neurologists should evaluate the potential effects of COVID-19 on
patients with pre-existing cognitive impairment. Formal neuropsychological
evaluations, biochemical or neuroimaging biomarkers could be useful in
assessing the extent and progression of neurological symptoms in patients with
COVID-19.

References:

Arabi YM, Harthi A, Hussein J, Bouchama A, Johani S, Hajeer AH, et al.
Severe neurologic syndrome associated with Middle East respiratory syndrome
corona virus (MERS-CoV). Infection 2015; 43: 495-501.

Dantzer R, O’'Connor JC, Freund GG, Johnson RW, Kelley KW. From
inflammation to sickness and depression: when the immune system subjugates
the brain. Nat Rev Neurosci 2008;9;46-56

Gu J, Gong E, Zhang B, Zheng J, Gao Z, Zhong Y, et al.
Multiple organ infection and the pathogenesis of SARS. J Exp Med.
2005;202:415-24.

Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, et al. Neurologic Manifestations of
Hospitalized Patients With Coronavirus Disease 2019 in Wuhan, China. JAMA
Neurol 2020; April 10. doi: 10.1001/jamaneurol.2020.1127.

https://mc.manuscriptcentral.com/braincom



Oxley TJ, Mocco J, Majidi S, Kellner CP, Shoirah H, Singh IP, et al. Large-
Vessel Stroke as a Presenting Feature of Covid-19 in the Young. N Engl J Med
2020. April 28. doi: 10.1056/NEJMc2009787

Poyiadji N, Shahin G, Noujaim D, Stone M, Patel S, Griffith B. COVID-19-
associated Acute Hemorrhagic Necrotizing Encephalopathy: CT and MRI
Features. Radiology. 2020:201187. doi: 10.1148/radiol.2020201187

Ritchie K, Chan D, Watermeyer T. The cognitive consequences of the COVID-
19 epidemic: collateral damage? Brain Communications 2020 (in press) doi:
10.1093/braincomms/fcaa069

Sasanejad C, Ely EW, Lahiri S. Long-term cognitive impairment after
acute respiratory distress syndrome: a review of clinical impact and

pathophysiological mechanisms. Crit Care 2019; 23: 352

Sparkman NL, Buchanan JB, Heyen JR, Chen J, Beverly JL, Johnson RW.
Interleukin-6 facilitates lipopolysaccharide-induced disruption in working
memory and expression of other proinflammatory cytokines in hippocampal
neuronal cell layers. J Neurosci 2006;26:10709-16.

Taubenger JK, Morens DM. The 1918 influenza pandemic and its legacy. Cold
Spring Harb Perspect Med 2019 Dec 30. pii: a038695. doi:
10.1101/cshperspect.a038695.

Umapathi T, Kor AC, Venketasubramanian N, Lim CC, Pang BC, Yeo TT et al.
Large artery ischaemic stroke in severe acute respiratory syndrome (SARS). J
Neurol 2004;251:1227-31.

Xu X, Han M, Li T, Wang D, Fu B, Zhou Y, et al. Effective treatment of severe
COVID-19 patients with tocilizumab. Proc Natl Acad Sci 2020 Apr 29. pii:
202005615. doi: 10.1073/pnas.2005615117.

https://mc.manuscriptcentral.com/braincom


https://www.ncbi.nlm.nih.gov/pubmed/32228363
https://www.ncbi.nlm.nih.gov/pubmed/32228363
https://www.ncbi.nlm.nih.gov/pubmed/32228363

Zhao H, Shen D, Zhou H, Liu J, Chen S. Guillain-Barré syndrome associated
with SARS-CoV-2 infection: causality or coincidence? Lancet
Neurol. 2020;19:383-4

Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult
inpatients with COVID-19 in Wuhan, China: a retrospective cohort study.
Lancet 2020;395:1054-62.

https://mc.manuscriptcentral.com/braincom



This scientific commentary refers to ‘The cognitive consequences of the COVID-19
epidemic: collateral damage?’, by Ritchie et al.
(https://doi.org/10.1093/braincomms/fcaa069)

https://mc.manuscriptcentral.com/braincom





