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8,9
epithelial cells.  Virus binding and destruction of 
lung cells trigger immune responses in two stages. In 
most of the infected individuals, there are no or mild 
symptoms. It is hypothesized that disease 
progression is prevented in these individuals by an 
adaptive immune response by production of 
immunoglobulins against virus. In such cases, this 
immune process resolves infection.  However in 
moderate to severe cases, an uncontrolled immune 
response leads to lung damage and functional 
impairment. Other features includes penetration of 
macrophages and monocytes into the lung, 
lymphocytes reduction in peripheral blood, extreme 
high level of proinflammatory cytokines that results 
in cytokine storm, lymph nodes and spleen atrophy 

10,11and multiple organ dysfunction syndrome.  In 
these cases, patients eventually die especially if 
there is damage to the renal, hepatic and cardiac 

12
systems.    
Dietary Pattern and COVID-19
Our diet is one the most important factor that 
directly influences our health. A good dietary pattern 
helps boost our immune system to fight against 
infections. Conversely, an unhealthy dietary pattern 
leads to oxidative stress and low-grade 
inflammation. The role of different dietary pattern 
and individual nutrients in relation to COVID-19 will 
be discussed in this section.
Western diet (WD) is consumed in developed 

Introduction
Coronavirus disease (COVID-19) is a viral infection 
and caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). Its outbreak began in the 
city of Wuhan, China, in December 2019, from where 

1,2,3it has spread to the entire world.  It has significant 
4,5

adverse effects on health and lives of people.  SARS-
CoV-2 is RNA virus and it mainly affects the 
respiratory tract. It spreads through human to 
human by droplets generated during sneezing and 
coughing of the affected person. Its clinical spectrum 
can range from asymptomatic infection to mild 
symptoms including cough, fever, shortness of 
breath and fatigue. Its severe symptoms include 
pneumonia, acute respiratory distress syndrome, 
sepsis, heart failure and multiple organ failure that 

6,7
leads to death.  SARS-CoV-2 makes contact with the 
cell by binding of viral spikes proteins to angiotensin-
converting enzyme 2 (ACE2) receptor. These 
receptors are particularly abundant on alveolar 
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and trace elements will be considered. The link between diet and COVID-19 has yet to be established. However, 
findings from previous studies on respiratory tract infections have shown that diet plays an important role in 
the management and prevention of infections. 
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countries. It contains high amounts of sugars, refined 
carbohydrates, saturated fat, and low amount of 

13dietary fiber, antioxidants and unsaturated fats.  The 
consumption of WD is linked with hyperglycemia, 
hyperlipidemia and promotes type 2 diabetes and 
obesity. These two conditions are risk factor for 

14,15developing severe COVID-19 infection.  WD cause 
chronic inflammation by activating the innate 
immune system and weakens the adaptive immune 
system. This chronic inflammation leads to impaired 

16
host defense against viruses.
Another dietary pattern called Mediterranean diet is 
widespread in countries around the Mediterranean 
Sea. This dietary pattern is based on the use of fruits, 
vegetables, legumes, olive oil, whole grains, 
monounsaturated fats, fish, fermented dairy 
products and very low consumption of processed 

17meat.  Such a balance diet has anti-inflammatory 
and immunomodulatory properties. Many studies 
have shown beneficial effects of Mediterranean diet 
against diseases which are associated with chronic 
low-grade inflammation including obesity, cardiac 

18
problems and cancer.  Mediterranean diet can be 
used in COVID-19 because it has a beneficial effect on 
immune health. Mediterranean diet contains large 
number of bioactive compounds along with vitamins 

19
and minerals.  Clinical trials are required to assess 
the impact of the Mediterranean diet on the health 
of COVID-19 patients.
Ketogenic diet contains high amount of fat and low 
carbohydrates and moderated amount of proteins. It 
results in ketosis which is the production of ketone 
bodies like B-Hydroxybutyrate by burning of fats in 
the body for energy production. It was initially 
formulated for epilepsy patients to reduce seizures in 
1923 by Dr. Russell Wilder. Later different variants of 
this diet were published to treat diseases that are 
due to metabolic dysregulation. Ketogenic diet 
performs anti-inflammatory and antioxidant 

20,21activities.  Currently, a trial is in progress 
(www.clinicaltrials.gov: NCT04358835) on COVID-19 
patients with the aim of monitoring the effect of a 
ketogenic diet on the improvement of gas exchange, 
reduction of inflammation, and duration of 
mechanical ventilation.
Role of Individual Nutrients 
Vitamin D
Vitamin D is formed in skin by sun exposure, also 

22
known as the sunshine vitamin.  Dietary sources of 
vitamin D include mushrooms and fish such as 
mackerel salmon, and herring. Vitamin D both from 
diet and skin is inert and it is activated in the body. In 
the liver, it is first changed to 25(OH)D and then in the 

23kidney it is converted to 1,25(OH)2D.  This activated 
vitamin D enhances calcium and phosphorus 
absorption. Moreover, it also affects the immune 
system and interferes with T and B lymphocytes, 
neutrophils, dendritic cells and macrophages. It also 
reduces the production of proinflammatory 
cytokines and at the same time enhances the 

24
production of anti-inflammatory cytokines.  
Furthermore, vitamin D induces the production of a 
peptide called cathelicidin that has antimicrobial 
activity against enveloped viruses such as 

25
coronaviruses, fungi and bacteria.  Studies have 
been conducted on vitamin D supplementation to 
see its effects on respiratory tract infection such as 
influenza. The results show that it helps in reducing 
infection. It is observed that the COVID -19 outbreak 
started in winter when the level of vitamin D is 
lowest. It has been observed that this deficiency 
contributes to acute respiratory distress syndrome 
and an increase rate of mortality.  People at risk of 
infection should take vitamin D  about 10,000 IU/d to 3

increase its level to 40-60 ng/ml. For COVID-19 
infected people a high vitamin D  dose might be 3

26needed for treatment.  Clinical trials are needed to 
assess these recommendations.
Vitamin C
Vitamin C (ascorbic acid) is an essential, water 
soluble vitamin. Vitamin C is available in a variety of 
dietary sources such as berries, citrus fruits and 
many other vegetables and fruits. It is also available 

27,28
in the form of supplements.  Vitamin C has both 
antioxidant and antiinflammatory properties which 
is important for a healthy immune system. Being 
immune modulator, it can perform a protective role 
in respiratory infections including COVID-19. During 
infection vitamin C level may reduce and patient 

29
might need vitamin C supplements.   Based on these 
evidences, a clinical trial (www.clinicaltrials.gov: 
NCT04264533) is currently in place  in China. where 
24g/day vitamin C infusion will be used to treat 
severe COVID-19 patients for seven days in the 
experimental group. While 50ml sterile water will be 
infused in the placebo group twice a day for seven 
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days. This study will be completed in September. It 
will help in providing important information about 
mitigating symptoms of COVID-19 by using vitamin 

30
C.
Vitamin E
Vitamin E is a fat soluble compound. Its dietary 
sources include vegetable oils, nut, green vegetables 
and cereals. Its antioxidant and Immunomodulatory 
properties have been evaluated in numerous animal 
and human studies. In cell membranes, it prevents 
oxidation of polyunsaturated fatty acids (PUFAs) and 
it also plays a significant role in signal transduction. 
Its deficiency damages both humoral and cell-

31mediated immune functions.  So, it is important to 
explore beneficial effects of vitamin E against COVID-
19.
Trace Elements
Zinc
Zinc is a vital trace element present in our diet that is 
important for maintaining the function of immune 
cells.  Zinc deficiency can lead to defective immune 
function and increase susceptibility to viral 
infections. Studies revealed that zinc-deficient 
individuals are at increased risk of acquiring viral 

32,33
infection like HCV and HIV.  It is suggested that an 
increase in zinc intake may be effective against 
COVID-19 infection because it has antiviral and 

34immune modulatory properties.  However, 
observational studies and clinical trials are needed to 
establish a clear link.  
Copper
Copper is also an essential trace element that is 
obtained from the diet. It has significant effects on 
the development of immune cells. Antiviral 
properties of copper have been established by in-

3 5vitro studies.  At present, there are no 
recommendations on dietary intake of copper 

36against COVID-19.  Therefore, intensive research 
efforts are required to determine the effect of high 
intakes of dietary copper against viral infection.

Conclusion
Our diet has a significant effect on our health. A 
healthy dietary lifestyle can prevent and manage 
viral infections by boosting our immune system. 
However, it should be noted that there is no single 
dietary element that has been confirmed in 
treatment or prevention of COVID-19 infection. 
Ketogenic diet and dietary supplements are in 

clinical trials and their results are awaiting. 

REFERENCES
1. Wu F, Zhao S, Yu B, Chen YM, Wang W, Song ZG, et al. A new 

coronavirus associated with human respiratory disease in 
China. Nature. 2020; 579: 265–9.

2. Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. 
Pathological findings of COVID-19 associated with acute 
respiratory distress syndrome. Lancet Respir Med. 2020; 8: 
420-22.

3. Rothan AH, Byrareddy NS. The epidemiology and 
pathogenesis of coronavirus disease (COVID-19) outbreak. J 
Autoimmun. 2020; 109: 102433.

4. Wang HJ, Du SH, Yue X, Chen CX. Review and Prospect of 
Pathological Features of Corona Virus Disease. Fa Yi Xue Za 
Zhi. 2020; 36: 16-20. 

5. Feng He, Yu Deng, Weina Li. Coronavirus disease 2019: 
What we know? J Med Virol. 2020; 92: 719-25.

6. Lai CC,  Shih TP, Ko WC,  Tang HJ,  Hsueh PR. Severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) and 
coronavirus disease-2019 (COVID-19): The epidemic and 
the challenges. Int J Antimicrob Agents. 2020; 55: 105924.

7. Zaim S, Chong JH, Sankaranarayanan V, Harky A. COVID-19 
and Multiorgan Response. Curr Probl Cardiol. 2020; 45: 
100618. 

8. Gheblawi M, Wang K, Viveiros A,  Nguyen Q, Zhong JC,  
Turner AJ,  et al. Angiotensin converting enzyme 2: SARS-
CoV-2 receptor and regulator of the renin-angiotensin 
system. Circ Res. 2020; 126: 1456–74.

9. Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler 
D. Structure, Function, and Antigenicity of the SARS-CoV-2 
Spike Glycoprotein. Cell. 2020; 181: 281-92.

10. Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The trinity of 
COVID-19: immunity, inflammation and intervention. Nat 
Rev Immunol. 2020; 20: 363-74. 

11. Tobaiqy M, Qashqary M, Al-Dahery S , Mujallad A, Hershan 
AA, Kamal MA, et al. Therapeutic management of patients 
with COVID-19: a systematic review. Infection Prevention in 
Practice. 2020; 2: 100061.

12. Chu KH, Tsang WK, Tang CS, Lam MF, Lai FM, To KF, et al. 
Acute renal impairment in coronavirus-associated severe 
acute respiratory syndrome. Kidney Int. 2005; 67: 698-705.

13. Cordain L, Eaton SB, Sebastian A,  Mann N, Lindeberg S, 
Watkins BA. Origins and evolution of the Western diet: 
health implications for the 21st century. Am. J. Clin. Nutr. 
2005; 81: 254-341.

14. Dietz W, Santos-Burgoa C. Obesity and its implications for 
COVID-19 mortality. Obesity. 2020; 28: 1005.

15. Li X, Xu S, Yu M, Wang K, Tao Y,  Zhou Y, et al. Risk factors for 
severity and mortality in adult COVID-19 inpatients in 
Wuhan. J. Allergy Clin Immunol.  2020; 146: 110-18 

16. Butlera MJ, Barrientosa RM. The impact of nutrition on 
COVID-19 susceptibility and long-term consequences. Brain 
Behav Immun. 2020; 87: 53–4.

17. Mazzocchi A, Leone L, Agostoni C, Pali-Schöll I. The Secrets 
of the Mediterranean Diet. Does [Only] Olive Oil Matter? 
Nutrients. 2019; 11: 2941.

18. Casas R, Sacanella E, Estruch R. The immune protective 

Life & Science 2020 Special Supplement COVID-19 and Nutrition

81



effect of the Mediterranean diet against chronic low-grade 
inflammatory diseases. Endocr Metab Immune Disord Drug 
Targets. 2014; 14: 245-54.

19. Martinez-Gonzalez MA, Bes-Rastrollo M. Dietary patterns, 
Mediterranean diet, and cardiovascular disease. Curr Opin 
Lipidol. 2014; 25: 20–6.

20. Pinto A, Bonucci A, Maggi E, Corsi M, Businaro R. Anti-
Oxidant and Anti-Inflammatory Activity of Ketogenic Diet: 
New Perspectives for Neuroprotection in Alzheimer's 
Disease. Antioxidants (Basel). 2018; 7: 63.

21. Augustin K, Khabbush A, Williams S, Eaton S, Orford M, 
Cross JH, et al. Mechanisms of action for the medium-chain 
triglyceride ketogenic diet in neurological and metabolic 
disorders. Lancet Neurol. 2018; 17: 84–93.

22. Lips P, Hosking D, Lippuner K, Norquist JM, Wehren L, 
Maalouf G. The prevalence of vitamin D inadequacy 
amongst women with osteoporosis: An international 
epidemiological investigation. J Intern Med. 2006; 260: 
245–54.

23. Nair R, Maseeh A. Vitamin D: The “sunshine” vitamin. J 
Pharmacol Pharmacother. 2012; 3: 118–26.

24. Agrawal DK, Yin K. Vitamin D and inflammatory diseases. J 
Inflamm Res. 2014; 7: 69–87.

25. Biesalsk HK. Vitamin D deficiency and co-morbidities in 
COVID-19 patients – A fatal relationship?” NFS Journal. 
2020; 20: 10–21.

26. Grant WB, Lahore H, McDonnell SL, Baggerly CA, French CB, 
Aliano JL, et al. Evidence that vitamin d supplementation 
could reduce risk of influenza and COVID-19 infections and 
deaths. Nutrients. 2020; 12: 988.

27. Jia X, Wang Z, Zhang B, Su C, Du W, Zhang J, et al. Food 
Sources and Potential Determinants of Dietary Vitamin C 
Intake in Chinese Adults: A Cross-Sectional Study. Nutrients. 
2018; 10: 320.

28. Martin-Calvo N, Martinez-Gonzalez MA. Vitamin C Intake is 
Inversely Associated with Cardiovascular Mortality in a 
Cohort of Spanish Graduates: The SUN Project. Nutrients. 
2017; 9: 954.

29. Carr AC, Maggini S. Vitamin C and Immune Function. 
Nutrients. 2017; 9: 1211.

30. Carr AC. A new clinical trial to test high-dose vitamin C in 
patients with COVID-19. Crit Care. 2020; 24: 133.

31. Lee GY, Han SN. The role of vitamin E in immunity. Nutrients.  
2018; 10: 1614.

32. Read SA, Obeid S, Ahlenstiel C, Ahlenstiel G. The role of zinc 
in antiviral immunity. Advances in Nutrition. 2019; 10: 696-
710.

33. Prasad AS. Discovery of human zinc deficiency: its impact on 
human health and disease. Advances in nutrition. 2013; 4: 
176-90.

34. Zheng YY, Ma YT, Zhang  JY, Xie X. COVID-19 and the 
cardiovascular system. Nature Rev Cardiol. 2020; 17: 
259–60.

35. Borkow G, Gadi J. Copper, an ancient remedy returning to 
fight microbial, fungal and viral infections. Current Chemical 
Biology. 2009; 3: 272-278.

36. Jayawardena R, Sooriyaarachchi P, Chourdakis M, 
Jeewandara C, Ranasinghe P. Enhancing immunity in viral 
infections, with special emphasis on COVID-19: A review. 
Diabetes Metab Syndr. 2020; 14: 367-82.

Life & Science 2020 Special Supplement COVID-19 and Nutrition

82


	Page 83
	Page 84
	Page 85
	Page 86

