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      Perspective


      Since the start of Coronavirus disease 2019 (COVID-19) infection, a significant scenario has emerged that is the difference in the severity of morbidity and mortality being much less in the developing countries compared to the European Union (EU), United States of America (USA) and the United Kingdom (UK). Several speculations have been made, childhood BCG vaccination acquired the most popular explanation but data does not confirm its role, very few have paid attention to different dietary habits, vegetarian and Mediterranean diet and high legumes diet in India, Arabia, Africa, while predominant meat, potato, bread and burgers diet in UK, USA and EU [1-3] (Figure 1).


      To understand the diet may play a role in the severity of illness we should understand the pathophysiology of COVID-19.


      The initial mode of the infection of the virus is thru lower respiratory tract, the virus is acquired through inhalation, the virus needs angiotensin-converting enzyme (ACE) receptor to gain access to pneumocyte, once in pneumocyte, it multiplies by incorporating into lysosomal RNA, it's now clear many cells including endothelial and red blood cells (RBC) have ACE receptors, after the lung involvement, virus very rapidly spreads to the other body organ systems the virus has an affinity to heme iron in hemoglobin most likely in few cycles of blood circulating in the lungs the whole blood RBC's get infected by the novel coronavirus [4,5].


      The virus causes generation of iron toxic radicals through abnormal heme metabolism that is mediated through Heme oxygenase-1 (HO-1), in this condition a large amount of free iron toxic radicals are released that cause severe cytokine inflammatory response syndrome (CIRS) which causes lung and other body organ system; liver, kidney, and heart damage. ACE receptors are found in the brain, kidneys and liver, virus also directly affect these organ systems, CIRS and endothelium infection initiates a severe hyper coagulopathic state that causes small and large vessels clots causing lung injury hepatic, renal failures and systemic thromboembolic process which is the main cause of morbidity and mortality in these patients [6,7].


      Generation of iron toxic radicals and CIRS is marked by rapid rise in inflammatory markers, ferritin, C-reactive protein (CRP), and liver enzymes, their high value is associated with severity of the disease [8-10].


      It's now known that COVID-19 associated CIRS is in response to the virus affecting heme part of hemoglobin through HO1 pathway that causes generation of toxic free iron radicals that leads to CIRS and lungs and other body organ damage [11,12].


      Normal heme degradation is carried out by heme oxygenase-1 (HO-1) (Figure 2) which catalyzes the process and leads to the production of bile pigments, ferritin and Carbon Monoxide (CO) either excessive consumption of HO-1 possibly by the virus or dietary deficiencies mainly flavonoids that may cause a decrease in HO-1 that may lead to abnormal heme metabolism and production of toxic iron radicals, in a rare case report, a congenital deficiency of HO-1 causes almost similar coagulopathy as seen in COVID-19 with activation of coagulopathy pathway, endothelial damage, generation and deposition of iron in body organ systems and associated damage [13-15].


      HO-1 production is dependent on the availability of flavonoids quercetins zinc and other dietary supplements, nutritional deficiency mainly flavonoids would cause low levels of HO-1 which then could lead to abnormal heme metabolism and generation of toxic iron radicals [16-18].


      The natural substances containing quercetins and other flavonoids are legumes (lentils mainly green lentil also is known as mung lentil) red onions, fresh red pepper, green leafy vegetables, the skin of red grapes, apples and citrus fruits [19].


      Asia, Africa, and Arab have a high lentil consumption and vegetarian diet, they also have low mortality from COVID-19 most likely due to high flavonoid and high antioxidant in their diet, while the EU, the UK, and the USA mainly meat, potato and meat burger based diet which is a low flavonoids and antioxidant diet. Elderly who are more vulnerable beside age and comorbidity also have multiple nutritional deficiencies that maybe a factor in increased severity of COVID-19 disease in elderly.


      Level of hemoglobin in the blood may also play a role, developing countries may have low average hemoglobin levels hence less toxic iron radicals with COVID-19 infection and less severe CIRS and morbidity and mortality compared to average high hemoglobin values in EU and USA causing higher toxic iron radical generation and more severe CIRS [20]. Similarly, women with low average hemoglobin compared to men also may have less severe disease.


      This may explain the disparity in disease severity and the difference in mortality in countries like India, Arabia, Africa, and the EU, the UK, and the USA.


      The urgent need to increase dietary supplements that are high in flavonoids and anti-oxidants is to be recognized, which may help to prevent COVID-19 disease associated morbidity and mortality.


      We propose following COVID-19 diet based on the availability of the high amount of flavonoids and rich in other essentials nutrients and anti-oxidants that is essential to maintain a healthy level of HO-1 and prevent the toxic iron radical generation and associated CIRS. We believe these measures will have a much better impact on mortality and morbidity in COVID-19 disease.


      Legumes (lentils and beans), the skin of red grapes, red onion, green leafy vegetables, apples, citrus fruit for their high flavonoid content and antioxidant and zinc which play a dual role as antioxidant for suppression of CIRS and by preventing intracellular viral proliferation through activation of RNA polymerase. A daily dose of vitamin C 500 mg - 1 gram a day, use of Omega 3 and Omega 10 supplements as antioxidant is recommended. As a role of melatonin as an antioxidant as well as its inhibitory effect on growth factor receptor signaling required for SARS-COV-2 replication is also considered to be beneficial [21].


      A large study is needed to assess nutritional status and the impact of appropriate supplements on COVID-19 patients' morbidity and mortality.


      
        Figure 1: WHO reported coronavirus disease worldwide.

        Image Source: https://covid19.who.int/ last updates July 7, 2020. View Figure 1

      


      
        Figure 2: Heme degradation pathway.

        Image Source: DOI: 10.3389/fphar.2012.00115. View Figure 2
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