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Question Addressed: Why do SARS-CoV-2 symptoms vary in severity from 

slight to fatal? 

 

Abstract 

   The SARS-CoV-2 virus attacks several organs in the human body but mainly 

targets three—the brain, lungs, and gastrointestinal tract—whichever is first 

infected. This determines the incubation period, symptoms, severity of the injury, 

and the course of the injury inside the body. This explains why, with the use of 

anticoagulants and respirators, treatment can fail and a stroke may develop. 

 

Does SARS-CoV-2 work as an angiotensin-converting enzyme inhibitor? 

As of 27 April, 2020, there have been more than 2,921,201 confirmed SARS-CoV-

2-positive infected patients and more than 203,289 deaths worldwide. The most 

common symptoms of infected individuals with COVID-19 are fever, dry cough, 

fatigue, dyspnea, and myalgia. Some patients may suffer from anosmia, headache, 

olfactory or gustatory alteration, vomiting, abdominal pain, diarrhea, nausea, and 

lymphopenia RNAaemia (1,2). The virus genome consists of 30 kb nucleotides 

which mainly encode four major proteins containing, from the outside to inside, 

the spike protein (S), membrane protein (M), envelope protein (E), and 

nucleocapsid protein (N). The spike protein works as a receptor that binds to 

Angiotensin-Converting Enzyme 2 (ACE2) to gain entry into patients’ cells, which 

is considered part of the Renin–Angiotensin System (RAS) (3). High levels of 
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ACE2 expression have been observed in lung, renal, cardiovascular, and 

gastrointestinal tissues, and low expression has been found in bone marrow, testes, 

thymus, skin, lymph nodes, liver, spleen, and brain. ACE2 appears to be more 

expressed in males than females, as well as in elderly individuals (4). ACE2 

converts a monocarboxypeptidase that can degrade angiotensin II to Ang-(1–7), 

whereas fission of Ang I is conducive to the formation of Ang-(1–9) (5). ACE2 is 

considered to be a fundamental regulator of cardiac function and blood pressure 

control, maintaining electrolyte and fluid homeostasis, as well as protecting an 

individual from severe acute lung damage, which can prompt acid aspiration; 

sepsis; Severe Acute Respiratory Syndrome (SARS) and the lethal avian influenza 

A genotypes H5N1 and H7N9 infections (6, 7); and post infection regulation, 
which includes immune response, cytokine secretion, and genome replication of 

virus. ACE2 possibly acts in parallel with ACE1 (8). Downregulation of ACE2 
may cause extreme Ang II accumulation, specifically at the glomerular level in the 

kidneys, causing an increase in albuminuria and glomerular damage (9). 

What occurs in the Brain?  

SARS-CoV-2 could infect the olfactory receptors in the neuroepithelium in the 

early stage of the disease, leading to anosmia and olfactory or gustatory alteration 

in some patients, and spread to the olfactory bulb and various brain structures, 

specifically the medulla oblongata in the brainstem, leading to acute respiratory 

failure based on previous studies (10,1). The RAS in the brain is a necessary 

regulator for physiological homeostasis and diseases in the cerebrovascular system, 

such as ischemic stroke. Overactivation of ACE in the brain and the Angiotensin II 

type 1 receptor (AT1R) axis was revealed to contribute to the development of 

hypertension, thrombogenesis, and atherosclerosis, which raises the probability of 

ischemic stroke. Further, brain Ang II levels have been revealed to be increased in 

GSJ: Volume 8, Issue 5, May 2020 
ISSN 2320-9186 

1342

GSJ© 2020 
www.globalscientificjournal.com 



the ischemic tissues after stroke, thereby contributing to neural damage through 

elevated oxidative stress levels, agitating the inflammatory response in the 

ischemic hemisphere through AT1R. In addition, the infected medulla oblongata in 

the brainstem has been found to lead to acute respiratory failure, based on a 

previous study by Netland et al. (10). This may explain the severity of symptoms 

and death within a few days, despite the use of blood-thinning treatments to 

prevent blood clots. 

ACE2 transforms Ang II to Ang-(1-7), and Ang-(1-7) binds with its receptor Mas, 

producing beneficial effects in cerebrovascular disease by interacting with nitric 

oxide and bradykinin. Ang-(1-7) could weaken the development of hypertension 

and the pathological progression of atherosclerosis. Further, its antithrombotic 

activity also halts thrombogenic events, which may assist in reducing the risk of 

ischemic stroke. In addition, after ischemia injury, ACE2–Ang-(1-7)–Mas has been 

shown to reduce the cerebral infarct size and improve neurological deficiency via 

its antioxidative and anti-inflammatory effects. Taken together, activation of the 

ACE2–Ang-(1-7)–Mas axis may become a novel therapeutic target in the 

prevention and treatment of ischemia stroke, something which requires further 

investigation (11). 

What occurs in the lungs? 

 SARS-CoV-2 infection employs ACE2 receptors for viral attachment and 

penetration into cytosol; thus, swift replication of SARS-CoV-2, like SARS-CoV, 

may reduce the ACE2 surface expression, which may increase the acuteness of the 

inflammation and the severity of the pathogenicity of disease (12). On the other 

hand, the virus’s ORF8 expression protein and surface glycoprotein could manage 

binding to the porphyrin, respectively. In conjunction with orf1ab, ORF10, and 
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ORF3a proteins, they could together cooperate to attack the Heme in the 1-beta 

chain of hemoglobin to break up the iron to form the porphyrin. The attack could 

lead to a clear decrease in the level of hemoglobin below the ability to carry 

oxygen and carbon dioxide, leading to extreme intensification of lung cell 

inflammation due to the loss of the ability for oxygen and carbon dioxide exchange 

(13). The onset of this disease may lead to progressive respiratory failure due to 

alveolar damage; increased plasma levels of IL2, IL7, IL10, GSCF, IP10, MCP1, 

MIP1A, and TNFα; cytokine storm; acute cardiac injury; and even death (14). This 

mechanism may interfere with brain vessels, leading to stroke as well. 

What occurs in the gastrointestinal tract? 

Evidence from SARS-CoV-2-infected individuals shows that the virus can 

replicate in the gastrointestinal tract via fecal–oral transmission based on positive 

stool samples and rectal swabs, even after such individuals’ respiratory samples 

were negative. Disease onset includes vomiting, diarrhea, and abdominal pain (15, 

16), though such patients may show milder symptoms (17), including minor 

respiratory symptoms (18). Another study indicated that on day 7 of the illness, 

SARS-CoV-2 genomic RNA could be detected in patient stool samples by using 

reverse transcription real-time polymerase chain reaction (19). It was observed that 

patients with initial gastrointestinal symptoms may experience the duration of viral 

infectivity with a complete lateness viral conversion rate (20). 

In conclusion. SARS-CoV-2 attacks several organs, but it mainly targets three—

the brain, lungs, and gastrointestinal tract—whichever is first infected. This 

determines the incubation period, symptoms, severity of the injury, and the course 

of the injury inside the body. This explains why, with the use of anticoagulants and 

respirators, treatment can fail and a stroke may develop. 

GSJ: Volume 8, Issue 5, May 2020 
ISSN 2320-9186 

1344

GSJ© 2020 
www.globalscientificjournal.com 



 

References 

1- Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang H, Cheng Z, Xiong y, Zhao Y, 
Li y, Wang Y, Peng Z. Clinical characteristics of 138 hospitalized patients with 2019 novel 
coronavirus-infected pneumonia in Wuhan, China. JAMA. https://jamanetwork.com/journals 
/jama/fullarticle/2761044  (2020). 

2- European Review for Medical and Pharmacological Sciences .Corresponding Author: 
Massimo Ralli, MD, Ph.D; e-mail: massimo.ralli@uniroma1.itDefining the burden of olfactory 
dysfunction in COVID-19 patients. 2020; 24: 3440-3441 

3- Lia G, Hea X, Zhanga L, Rana Q, Wanga J, Xionga A,  Wua D, Chena F, Sunc J, Christopher 
Changd . Assessing  ACE2 expression patterns in lung tissues in the pathogenesis of COVID-19 
Journal of Autoimmunity, https://doi.org/10.1016/j.jaut.  2020.102463. 

4- Walters T E, Kalman J M, Patel S K, Mearns M, Velkoska E, Burrell  L M. Angiotensin 
converting enzyme 2 activity and human atrial fibrillation: increased plasma angiotensin 
converting enzyme 2 activity is associated with atrial fibrillation and more advanced left atrial 
structural remodelling. Europace. 2017;19:1280–1287. 

5- Batlle D, Wysocki J, Maria J, Ranganath S.  Angiotensin-converting enzyme 2: enhancing the 
degradation of angiotensin II as a potential therapy for diabetic nephropathy Kidney 
International. Volume 81, Issue 6, 2 March 2012, Pages 520-528 

6- Zou Z, Yan Y, Shu Y, Gao R, Sun Y, Li X, Ju X, Liang Z, Liu Q, Zhao Y, et al. 2014. 
Angiotensin-converting enzyme 2 protects from lethal avian influenza A H5N1 infections. Nat 
Commun. 5:3594. 

7- Crackower MA, Sarao R, Oudit GY, et al. Angiotensin-converting enzyme 2 is an essential 
regulator of heart function. Nature 2002; 417: 822–828. 

8- Yagil Y, Yagil C. Hypothesis: ACE2 modulates blood pressure in the mammalian organism. 
Hypertension 2003; 41: 871–873. 

9- Ye M, Wysocki J. William J, Soler M, Cokic I, and Batlle D. Glomerular localization and 
expression of Angiotensin-converting enzyme 2 and Angiotensin-converting enzyme: 
implications for albuminuria in diabetes J Am Soc Nephrol, 17 (2006), pp. 3067-3075. 

10- Netland H, Meyerholz D K, Moore S, Cassell M, Perlman S. Severe Acute Respiratory 
Syndrome Coronavirus Infection Causes Neuronal Death in the Absence of Encephalitis in Mice 
Transgenic for Human ACE2J Virol. 2008 Aug; 82(15): 7264–7275. Published online 2008 May 
21. doi: 10.1128/JVI.00737-08. 

GSJ: Volume 8, Issue 5, May 2020 
ISSN 2320-9186 

1345

GSJ© 2020 
www.globalscientificjournal.com 

https://jamanetwork.com/journals%20/jama/fullarticle/2761044
https://jamanetwork.com/journals%20/jama/fullarticle/2761044
https://doi.org/10.1016/j.jaut.%20%202020.102463


11- Jianga T ,  Gaoa L , Lub J and Zhanga Y.  ACE2-Ang-(1-7)-Mas Axis in Brain: A Potential 
Target for Prevention and Treatment of Ischemic Stroke . Current Neuropharmacology, 2013, 11, 
209-217 209. 

12- Glowacka I, Bertram S, Herzog P, Pfefferle S, Steffen I, Muench MO, Simmons G, Hofmann 
H, Kuri T, Weber F, et al. 2010. Differential downregulation of ACE2  by the spike proteins of 
severe acute respiratory syndrome coronavirus and human coronavirus NL63. J. Virol. 84(2): 
1198–1205. 

13- Wenzhong   L, and  Hualan  LCOVID-19: Attacks the 1-Beta Chain of Hemoglobin and 
Captures the Porphyrin to Inhibit Human Heme Metabolism. ChemRxiv . (2020).  Preprint. 
https://doi.org/10.26434/chemrxiv.11938173.v7 

14- Zhou, P. et al. A pneumonia outbreak associated with a new coronavirus of probable bat 
origin. Nature. https://doi.org/10.1038/s41586-020-2012-7 (2020). 

15- Nackerdien Z. COVID-19 Can Spread Many Ways, Including Fecal-Oral Route.-SARS-
CoV-2 still present in stool of some patients with negative respiratory tract samples , MedPage 
Today 2020-03-25. 

16- Xu, Y., Li, X., Zhu, B. et al. Characteristics of pediatric SARS-CoV-2 infection and potential 
evidence for persistent fecal viral shedding. Nat Med 26, 502–505 (2020). 
https://doi.org/10.1038/s41591-020-0817-4 

17- Holshue ML, DeBolt C, Lindquist S et al. First case of  2019 novel coronavirus in the United 
States. N. Engl. J. Med. 2020; 382: 929– 936. 

18- Xu Y, Li X, Zhu B et al. Characteristics of pediatric SARS‐CoV‐2 infection and potential 
evidence for persistent fecal viral shedding. Nat. Med. 2020. 

19- Lu X, Zhang L, Du H et al. SARS‐CoV‐2 infection in children. N. Engl. J. Med. 2020. 

20- Tang A, Tong ZD, Wang HL et al. Detection of novel coronavirus by RT‐PCR in stool 
specimen from asymptomatic child, China. Emerg. Infect. Dis. 2020; 26. 

 
 

GSJ: Volume 8, Issue 5, May 2020 
ISSN 2320-9186 

1346

GSJ© 2020 
www.globalscientificjournal.com 




