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The COVID-19 pandemic has caused great loss of human lives, 
massive burdens on health care systems, and enormous damage to 
economies worldwide. COVID-19, caused by coronavirus 2 (SARS-
CoV-2), not only severely damages the respiratory system, but 
also affects a wide range of organs such as pancreas, kidneys, liver 
and brain [1]. Since we are still in the midst of the pandemic, the 
current focus has been primarily on treating the life-threatening 
symptoms and reducing mortality. However, it is also important 
to note that emerging evidence shows that many COVID-19 
survivors have lingering symptoms of recurrent cough, chronic 
fatigue, depression, memory loss, etc. for months after the initial 
infection. This is a very troubling phenomenon, but so far it has 
gotten little attention. It is clear that SARS-CoV-2 can infect people 
all ages. While it causes higher mortality in the elderly and people 
with underlying health issues, recent data in the US and Europe 
show that an increasing number of young people become ill from 
the virus, many are healthy individuals in their 20s and 30s. Some 
young patients are so sick to require hospitalization; some even 
need ventilators and life support. This new development indicates 
that youth is not invulnerable to SARS-CoV-2 and surviving 
COVID-19 may not mean a clean bill of health. It is a harmful to 
assume that COVID-19 in young people will be short-lasting and 
mild. Since SARS-CoV-2 is a virus only identified within the past few 
months, its long-term health consequences are unknown. However, 
there are ample data showing that other viruses, such as HIV, 
herpes, chickenpox etc., remain present in the body for years, and 
the carriers may experience outbreaks when their immune system 
is weak and are vulnerable to many illnesses. At this stage, as the 
COVID-19 pandemic unfolds, it is important to keep in mind how 
little we truly know about this vastly complicated disease. Given the 
long life expectancy of young individuals and the huge number of  

 
infected young people, it is strategically vital to investigate the  
long-term sequalae of COVID-19 in order to proactively prevent/
mitigate human suffering and medical costs in the future. 
Alzheimer’s Disease (AD) is the most common and devastating 
neurodegenerative disease, severely affecting quality of life and 
posing paramount socioeconomic challenges [2]. This opinion 
article will primarily discuss the potential long-term adverse 
neuropsychological complications of COVID-19, specifically 
focusing on the risk of dementia and AD. As we do not have long-
term data on COVID 19, the discussion is extrapolated based on 
scientific knowledge of other viral infections and our current 
understanding of AD pathogenesis and pathophysiology.

SARS-CoV-2 is a novel virus, humans have no specific immunity 
to it, so the outcome of the disease is primarily reliant on the generic 
immune fitness of individuals. Our bodies rely on two different 
types of immunity to defend against pathogens: adaptive and innate 
immunity. Adaptive immunity, involving highly specific B-cells 
and T-cells, is a better-known responsive mechanism reacting 
to a particular pathogen associated with antibody production. 
Innate immunity, involving immune cells such as macrophages 
and microglia, is the first line of defense of the body and a non-
specific defense mechanism. Macrophages in peripheral tissues 
and microglia in brain are the first responders to insults/injury, and 
are the key drivers of inflammation. Macrophages and microglia 
have a unique property of plasticity: they undergo dynamical 
reprogramming in response to environmental cues, polarizing 
to either pro-inflammatory or anti-inflammatory subtypes [3,4]. 
In response to an infection/injury, immune cells trigger immune 
responses and inflammation, which are followed by 3 possible 
outcomes: 
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1. The immune system successfully resolves the acute 
inflammation, the tissue damage is stopped and tissue repair 
takes place.

2. The inflammation is further escalated and, the massive 
inflammatory response indistinguishably attacks all tissues, 
causing collateral damage. 

3. The inflammation is attenuated but not completely resolved, 
converting to chronic inflammation, which may lead to long-
term complications and increased susceptibility to various 
diseases. 

In response to virus-induced attack, macrophages and microglia 
shift to a pro-inflammatory state to produce pro-inflammatory 
cytokines; the prolonged presence of pro-inflammatory cytokines, 
sometimes manifesting into a “cytokine storm, causes serious 
tissue damage. Immunopathogenesis of SARS-CoV-2 infection 
elicits virus-induced tissue destruction, innate immune response, 
surge of pro-inflammatory cytokines, and priming of adaptive T- 
and B-cell immune responses [5].

Sepsis is a life-threatening condition resulting from the 
invasion of harmful microorganisms such as coronavirus in the 
blood or tissues. Septic shock is the most severe stage of sepsis 
when immune system robustly responds to the infection to lead to 
massive organ failure. Developing data show that severe COVID-19 
cases commonly show compromised immunity and uncontrolled 
inflammation, which can develop into septicemia, sepsis, and 
septic shock [6-9]. Among hospitalized COVID patients, 59%-70% 
developed sepsis; of non-survivals, 100% had sepsis. Septic shock 
is the major cause of death for COVID patents [6-9]. It has been 
reported that COVID-19 patients show a wide range of neurological 
manifestations in the central and peripheral nervous systems due 
to direct damage by the virus, as well as indirect damage caused by 
cytokine storm, impaired blood-brain barrier and/or blood clots-
induced strokes [10]. Many COVID patients show “NeuroCovid” 
symptoms such as post-sepsis syndrome, post-traumatic stress 
disorder, anxiety, depression, insomnia, cognitive decline, delirium, 
mania, etc. long after hospital discharge [1,10]. It is known that 
people who survived sepsis have weakened immune systems in the 
weeks and months following the initial bout of sepsis, making them 
more vulnerable to various infections and diseases [11]. A study 
of SARS-Cov1 showed a significant increase of a wide spectrum of 
neuropsychiatric sequelae 31-50 months after the acute infection: 
post-traumatic stress disorder (39%), depression (36.4%), 
obsessive-compulsive disorder (15.6%), and panic disorders 
(15.6%) [12]. Based on the known pathophysiology of COVID-19 
and sepsis, it is reasonable to anticipate that there likely will be 
long-term neuropsychological complications in COVID-19 patients 
who had sepsis.

Dementia, a brain disorder of progressive cognitive impairment, 
increases with age and is a hallmark of AD [13-15]. Recent clinical 

findings suggest that there is significant correlation between past 
septicemia history and dementia in later life [14]. Intriguingly, it 
was found that the younger septicemia survivors show a higher 
risk of dementia than older septicemia survivors after subtracting 
the expected age-associated cases [14]. New findings indicate that 
neuroinflammation, primarily governed by microglia, has major 
roles in pathogenesis and prognosis of dementia and AD [16,17]. In 
response to insult/injury, microglia shift from a resting state to an 
activated state and produce pro-inflammatory cytokines; microglia 
ingest and degrade dead cells and secrete pro-inflammatory 
cytokines to destroy neuronal synapses, which leads to memory 
loss [18-20]. It is commonly accepted that exposure of hazardous 
factors in early life can have profound consequences for a person’s 
long-term health [21]. New evidence suggests that innate immunity 
is much more specialized and has persistent and lasting effects 
than previously recognized [3,22-24]. Other coronaviruses have 
been shown to contribute to pathogenesis of demyelination 
and neurodegeneration [5]. It is possible that SARS-CoV-2 may 
increase neuroinflammation by direct viral injury and microglial 
reprogramming, which then reshape brain immunity and lead 
to neural dysfunctions. Based on nascent reports of cognitive 
symptoms in COVID-19 patients and the known complications of 
other coronaviruses, it is logical to predict that some COVID-19 
survivors may have cognitive impairment and increased incidences 
of dementia and AD later in life.

Early detection is extremely important for prevention and 
treatment. To prevent future public health catastrophe, it is critical 
do longitudinal follow-ups of COVID-19 patients and require the 
inclusion of COVID-19 infection history as part of the patients’ 
medical records. For COVID patients who have recovered from 
septicemia, it would be prudent to pay attention to diet, exercise, 
and psychological well-being in order to boost their immune 
resilience. Key inflammation markers such as C-reactive Protein 
(CRP) and interleukin 6 (IL-6) are known as reliable biomarkers 
of inflammation [10]. Physicians should order blood tests such 
as CRP and IL-6 to monitor systemic inflammation, and do 
COVID-19 PCR and/or serology tests to assess the re-occurrence 
of the disease. Patients experiencing cognitive issues such as poor 
memory, attention deficit, or slowness in processing information, 
6-8 months after their hospital discharge, should see a neurologist. 
Neurologists may conduct behavioral assessments to evaluate 
memory/learning and depression/anxiety, as well as neuroimaging 
to determine neuropsychological dysfunctions and AD risk.

To conquer the COVID-19 pandemic, we must have a full 
understanding of the breadth and depth of this complex virus. Over 
the past several months of the pandemic, “flattening the curve” of 
the infection spike has become a very familiar phrase. There is likely 
also to be a long-term disability curve of COVID-19 throughout the 
lifespans of the survivors. Only when we have flattened the curves 
of both short- and long- terms, we can then truly say we have 
defeated COVID-19.



Am J Biomed Sci & Res

American Journal of Biomedical Science & Research

Copy@ Yuxiang Sun

317

Acknowledgement
This work of the author is supported by National Institutes 

of Health (NIH) R01DK118334 and R01AG064869, Alzheimer’s 
Disease Research Grant A2019630S from BrightFocus Foundation. 
The author is also very grateful Mr. Michael R. Honig at Houston’s 
Community Public Radio Station KPFT for his excellent editorial 
assistance.

Reference
1. Fotuhi M, Mian A, Meysami S, Raji CA (2020) Neurobiology of COVID-19. 

Journal of Alzheimer’s Disease 76(1): 3-19.

2. Blennow K, de Leon MJ, Zetterberg H (2006) Alzheimer’s disease. Lancet 
368(9533): 387-403.

3. Kelly B, O’Neill LA (2015) Metabolic reprogramming in macrophages 
and dendritic cells in innate immunity. Cell Res 25(7):771-784.

4. Biswas SK, Mantovani A (2014) Macrophages: biology and role in the 
pathology of diseases. pp.615.

5. Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP (2020) The trinity of 
COVID-19: immunity, inflammation and intervention. Nature Reviews 
Immunology 20(6):363-374.

6. Li H, Liu L, Zhang D, Xu J, Dai H, et al. (2020) SARS-CoV-2 and viral sepsis: 
observations and hypotheses. Lancet 395(10235): 1517-1520.

7. Zhou F, Yu T, Du R, Fan G, Liu Y, et al. (2020) Clinical course and risk 
factors for mortality of adult inpatients with COVID-19 in Wuhan, China: 
a retrospective cohort study. Lancet 395(10229): 1054-1062.

8. Arentz M, Yim E, Klaff L, Lokhandwala S, Riedo FX, et al. (2020) 
Characteristics and Outcomes of 21 Critically Ill Patients With COVID-19 
in Washington State. Jama 323(16): 1612-1614.

9. Bhatraju PK, Ghassemieh BJ, Nichols M, Kim R, Jerome KR, et al. (2020) 
Covid-19 in Critically Ill Patients in the Seattle Region-Case Series. N 
Engl J Med 382(21): 2012-2022.

10. Li Z, Liu T, Yang N, Han D, Mi X, et al. (2020) Neurological manifestations 
of patients with COVID-19: potential routes of SARS-CoV-2 neuroinvasion 
from the periphery to the brain. Front Med: 1-9.

11. Lin GL, McGinley JP, Drysdale SB, Pollard AJ (2018) Epidemiology and 
Immune Pathogenesis of Viral Sepsis. Frontiers in immunology 9: 2147.

12. Troyer EA, Kohn JN, Hong S (2020) Are we facing a crashing wave of 
neuropsychiatric sequelae of COVID-19? Neuropsychiatric symptoms 
and potential immunologic mechanisms. Brain Behav Immun 87: 34-39.

13. Bright F, Werry EL, Dobson-Stone C, Piguet O, Ittner LM, et al. (2019) 
Neuroinflammation in frontotemporal dementia. Nature Reviews 
Neurology 15(9): 540-555.

14. Chou CH, Lee JT, Lin CC, Sung YF, Lin CC, et al. (2017) Septicemia is 
associated with increased risk for dementia: a population-based 
longitudinal study. Oncotarget 8(48): 84300-84308.

15. Farooqui T, Farooqui AA, Panza F, Frisardi V (2011) Metabolic syndrome 
and neurological disorders. Cell Mol Life Sci 69(5): 741-762.

16. Tang Y, Le W (2016) Differential Roles of M1 and M2 Microglia in 
Neurodegenerative Diseases. Molecular neurobiology 53(2): 1181-
1194.

17. Perry VH, Holmes C (2014) Microglial priming in neurodegenerative 
disease. Nature reviews Neurology 10(4): 217-224.

18. London A, Cohen M, Schwartz M (2013) Microglia and monocyte-derived 
macrophages: functionally distinct populations that act in concert in 
CNS plasticity and repair. Frontiers in cellular neuroscience 7: 34.

19. Sevenich L (2018) Brain-Resident Microglia and Blood-Borne 
Macrophages Orchestrate Central Nervous System Inflammation 
in Neurodegenerative Disorders and Brain Cancer. Frontiers in 
immunology 9: 697.

20. Lopez-Atalaya JP, Askew KE, Sierra A, Gomez-Nicola D (2018) 
Development and maintenance of the brain’s immune toolkit: Microglia 
and non-parenchymal brain macrophages. Developmental neurobiology 
78(6): 561-579.

21. Jagust WJ (2016) Early life sets the stage for aging. Proceedings of the 
National Academy of Sciences of the United States of America 113(33): 
9148-9150.

22. Prinz M, Tay TL, Wolf Y, Jung S (2014) Microglia: unique and common 
features with other tissue macrophages. Acta neuropathologica 128(3): 
319-331.

23. Zhu L, Zhao Q, Yang T, Ding W, Zhao Y (2015) Cellular metabolism 
and macrophage functional polarization. International reviews of 
immunology 34(1): 82-100.

24. Liu PS, Wang H, Li X, Chao T, Teav T, et al. (2017) α-ketoglutarate 
orchestrates macrophage activation through metabolic and epigenetic 
reprogramming. Nature immunology 18(9): 985-994.

https://content.iospress.com/articles/journal-of-alzheimers-disease/jad200581
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad200581
https://pubmed.ncbi.nlm.nih.gov/16876668/
https://pubmed.ncbi.nlm.nih.gov/16876668/
https://pubmed.ncbi.nlm.nih.gov/26045163/
https://pubmed.ncbi.nlm.nih.gov/26045163/
https://pubmed.ncbi.nlm.nih.gov/32346093/
https://pubmed.ncbi.nlm.nih.gov/32346093/
https://pubmed.ncbi.nlm.nih.gov/32346093/
https://pubmed.ncbi.nlm.nih.gov/32311318/
https://pubmed.ncbi.nlm.nih.gov/32311318/
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://jamanetwork.com/journals/jama/fullarticle/2763485
https://jamanetwork.com/journals/jama/fullarticle/2763485
https://jamanetwork.com/journals/jama/fullarticle/2763485
https://www.nejm.org/doi/10.1056/NEJMoa2004500
https://www.nejm.org/doi/10.1056/NEJMoa2004500
https://www.nejm.org/doi/10.1056/NEJMoa2004500
https://pubmed.ncbi.nlm.nih.gov/32367431/
https://pubmed.ncbi.nlm.nih.gov/32367431/
https://pubmed.ncbi.nlm.nih.gov/32367431/
https://pubmed.ncbi.nlm.nih.gov/30319615/
https://pubmed.ncbi.nlm.nih.gov/30319615/
https://pubmed.ncbi.nlm.nih.gov/32298803/
https://pubmed.ncbi.nlm.nih.gov/32298803/
https://pubmed.ncbi.nlm.nih.gov/32298803/
https://www.nature.com/articles/s41582-019-0231-z?draft=marketing
https://www.nature.com/articles/s41582-019-0231-z?draft=marketing
https://www.nature.com/articles/s41582-019-0231-z?draft=marketing
https://pubmed.ncbi.nlm.nih.gov/29137424/
https://pubmed.ncbi.nlm.nih.gov/29137424/
https://pubmed.ncbi.nlm.nih.gov/29137424/
https://pubmed.ncbi.nlm.nih.gov/21997383/
https://pubmed.ncbi.nlm.nih.gov/21997383/
https://pubmed.ncbi.nlm.nih.gov/25598354/
https://pubmed.ncbi.nlm.nih.gov/25598354/
https://pubmed.ncbi.nlm.nih.gov/25598354/
https://pubmed.ncbi.nlm.nih.gov/24638131/
https://pubmed.ncbi.nlm.nih.gov/24638131/
https://pubmed.ncbi.nlm.nih.gov/23596391/
https://pubmed.ncbi.nlm.nih.gov/23596391/
https://pubmed.ncbi.nlm.nih.gov/23596391/
https://pubmed.ncbi.nlm.nih.gov/29681904/
https://pubmed.ncbi.nlm.nih.gov/29681904/
https://pubmed.ncbi.nlm.nih.gov/29681904/
https://pubmed.ncbi.nlm.nih.gov/29681904/
https://pubmed.ncbi.nlm.nih.gov/29030904/
https://pubmed.ncbi.nlm.nih.gov/29030904/
https://pubmed.ncbi.nlm.nih.gov/29030904/
https://pubmed.ncbi.nlm.nih.gov/29030904/
https://www.pnas.org/content/113/33/9148
https://www.pnas.org/content/113/33/9148
https://www.pnas.org/content/113/33/9148
https://pubmed.ncbi.nlm.nih.gov/24652058/
https://pubmed.ncbi.nlm.nih.gov/24652058/
https://pubmed.ncbi.nlm.nih.gov/24652058/
https://pubmed.ncbi.nlm.nih.gov/25340307/
https://pubmed.ncbi.nlm.nih.gov/25340307/
https://pubmed.ncbi.nlm.nih.gov/25340307/
https://pubmed.ncbi.nlm.nih.gov/28714978/
https://pubmed.ncbi.nlm.nih.gov/28714978/
https://pubmed.ncbi.nlm.nih.gov/28714978/

	A Cautionary Note for COVID-19 Survivors: Long-term Risk for Alzheimer’s Disease 
	Opinion
	Acknowledgement
	Reference

