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Abstract 
WHO confirmed that COVID-19 disease is a pandemic event on March 11, 2020. The causative organism is a new 

virus called SARS-CoV-2. The review aims to explore the effect of nutrition-in particular the fat component -  on the COVID-

19 course in pediatrics.  In this review, I will explain the relationship between the dietary fat component and its role as a 

macronutrient in the modulation of the disease severity or the prevention. The modification could be in the type or the amount 

of the dietary fat. To illustrate, it is advisable to avoid the saturated and trans-fatty acids due to their links to obesity with 

subsequent raised risks for COVID -19. In addition, the amount of dietary fat can be ameliorated to yield better disease 

outcomes. To illustrate, the ketogenic diet (high fat diet) provides the betahydroxybutrate which has favorable effects on the 

immunity suppressing and delaying the cytokine storms.  
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1. Introduction 
Coronavirus spread in a rapid manner, leading to an 

epidemic in China, followed by a rapidly increasing 

number of cases through the world. In February 

2020, the World Health Organization (WHO) 

identified the disease as COVID-19, that  is standing  

for coronavirus disease 2019 .The virus that causes 

COVID-19 is identified as severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2); previously, 

it was referred to as 2019-nCoV. The WHO has 

declared this disease as   a pandemic on March, 2020.  

Children at all ages can acquire COVID-19 (1-3). 

Children appear to get the virus less commonly than 

adults (4-13).In surveillance from various countries, 

children account for up to 13 percent of the 

confirmed cases.(14-20) 

Multisystem inflammatory syndrome in children is a 

rare and  serious condition occurs in association with 

COVID-19. The pathophysiology of multisystem 

inflammatory syndrome is supposed to be immune 

dysregulations .It has been supposed that this 

syndrome results from an abnormal immune response 

to the COVID -19.Cytokine storm is a term used to 

describe different pathologies including macrophage 

activated syndrome , cytokine release syndrome , 

sepsis and acute respiratory distress syndrome . 

Severe COVID -19 causes a pro-inflammatory 

cascade leading to vascular leakage and lung damage. 

(21) 

 

Obesity as a risk factor for COVID -19 

 

Overweight and obesity exists when the  weight to 

length / height is higher than  the mean by two and 

three standard deviations (SD)  respectively of the 

WHO Child Standards for growth or BMI (Body 

Mass Index ) is higher than 85th and  97 th centile for 

age respectively .( 22-24 )  

Obesity is  one of the preexisting diseases which is  

associated with death in pediatric patients with 

COVID -19 . Several studies around the world 

determined obesity and severe obesity as risk factors 

for  mechanical ventilation and  hospitalization .(25) 

 

Impaired metabolic health and obesity are addressed 

risk factors for type 2 diabetes mellitus, 

cardiovascular disease, cancer and metabolic 

associated fatty liver disease (MAFLD). With the 

pandemic spread of the severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2), obesity also 

emerged as an  essential determinant of COVID-

19.(26) 

 

Currently, during the Corona  epidemic in Canada, 

obesity was observed to be  the third most prevalent 
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demographic factor for critical children admitted to 

the intensive care unit, behind only those with 

immunosuppression,  serious associated diseases, and 

cancer (27). In New York, obesity was observed to be 

the most prevalent comorbidity among fifty severe 

cases of COVID-19 affecting both the children and 

adolescents. (28) 

 

Obesity is an essential  prognostic factor related to 

the intensive care mortality  during COVID-19  

pandemic  (29). A remarkable  transfer of COVID-19 

disease severity  to children  has been identified  

through  obesity. Obesity has effects on  many  

vulnerable  functions, causing an increased risks 

towards Corona potential .  

Obesity can  restrict the  ventilation through 

disrupting  movements of the diaphragm, decreasing 

the immune defense against viral infections (30), and 

exacerbating the oxidative stresses and the glucose 

intolerance  (31).Notably, children with obesity  

experience a severe  course with Corona  as obesity 

can cause an alteration in the  hemostatic balance 

through defective fibrinolysis and  increased 

coagulation, that  

leads to  a pro-thrombotic condition.(30), (32). 

Furthermore  , the combination   of the  metabolic-

associated fatty liver disease and  obesity  yields  a  

six-fold amplified 

risk for severe  prognosis  of COVID-19. 

(33). 

Importantly, it was addressed that considerable levels 

of transcripts for ACE2 are present in the adipose 

tissue. ACE2  is an enzyme linked to the surface 

membranes  of the pneumocytes, that  is a target for  

COVID-19,  to enter   and  subsequently infect the 

cell ,so  whether fatty  tissue may be  a reservoir for  

COVID-19 , and a site  to enhance subsequent 

cytokines series activated  via  the  infection should 

be investigated.(34) 

 

 
 

Figure 1 : How  is obesity a risk for COVID -19 ? 

 

Dietary policy to avoid obesity : 

1.Low trans fatty acids and saturated fats to avoid 

obesity: 

 Dietary fats and their relation to pediatric obesity 

have been controversial issues for several years. 

Clinical studies yield that trans fatty acids have the 

ability to increase insulin resistance. The differences 

in the response of inflammatory signals and of the 

insulin resistance to different fatty acids show that 

not all fatty acids are the same. In  a study done by 

Scholz , et al , It was found that , higher intakes of 

industrial  trans fatty acids   were  positively linked to 

overweight and obesity in 4 to 5‐year‐old Spanish 

children. In addition, consuming processed foods rich 

in saturated fats, including fried foods and  fast food, 

has been consistently associated with an increased 

risk of obesity.(35) 

Glycemic index (GI)  – lipid profile link and obesity   

Associations have also been found between GI and 

both undesirable  lipid profile and  the consequent  

raised inflammatory status. It was found that  fasting 

triacylglycerol levels were positively related to the 

glycemic index  . Serum HDL levels have been 

established  to be negatively related to the glycemic 

index.. Plasma levels of C-reactive proteins, high and 

sensitive markers of systemic inflammation, were 

found to be strongly  associated with both the 

glycemic index and blood glucose  with a stronger 

relationship in overweight individuals  than in 

normal-weight ones . Therefore , hyperglycemia and 

the subsequent  high glycemic state should be 

promptly  prevented to improve the prognosis of 

these patients. In addition , It was demonstrated that a 

carbohydrate-restricted diet, utilized shortly, 

extremely decreased weight in large proportions of   

severely obese children and adolescences. 

Subsequently , the decreased weight could be an 

approach to avoid potential risks for severe COVID-

19 .(36) 

 

Importantly, a dietary  approach that lowers  serum  

glucose concentrations should be considered as a first 

choice,  to avoid or diminish Sars-Cov-2 infection 

risks and 

complications (37). Furthermore , low  glycemic 

index diets provide  more stable profiles, lowering 

the postprandial hyperglycaemia and 

hyperinsulinaemia, and decreasing  the late 

postprandial rebound in free fatty acids in the blood , 

all factors that exaggerate  the metabolic syndromes . 

 

Modification of the amount of fat 

Ketogenic Diet 

Ketogenic diet is a high-fat, low-carbohydrate diet 

with adequate protein which is a non-pharmacologic 

management for resistant epilepsy. 

It is a diet that mimicked the metabolic effects of 

fasting by inducing ketosis (a state in the body where 

ketone bodies replace glucose as the major source of 

energy).(38) 
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Reduction of (Carbon dioxide) CO2 load  

 

The ketogenic diet  can significantly reduce  stores of  

carbon dioxide particles in the body , that  may be 

beneficial for children with  increased carbon dioxide 

arterial partial pressure due to respiratory  failure or  

insufficiency. 

Published studies  of respiratory failure that is  

precipitated by  feeding with  high 

carbohydrate have drawn the attention to the fat  and 

carbohydrate  content of the child’s diet. In children  

with acute or  chronic retention of carbon dioxide 

(Hypercapnia),an aim  of the  dietary management  is 

to diminish  carbon dioxide production. High carbon 

dioxide production precipitates acute respiratory 

failure in children  with chronic pulmonary diseases 

and may complicate weaning in ventilator dependent 

children. Because the complete combustion of  

dietary fats yields less carbon dioxide than 

combustion of either protein  or carbohydrate, a high 

fat diet is preferable for children  with pulmonary 

diseases .(39) 

 

 

Low CHO (carbohydrates) 

An evidence was  provided  that high levels of blood 

glucose importantly contributed  in the viral 

amplification and  replication.  Excitingly, COVID-

19 infection influences  the mitochondrial ROS ( 

reactive oxygen species ) production, that  enhances 

the maintenance of hypoxia-inducible factor-1α (HIF-

1α) that sequentially changes the metabolic features 

of monocytes/ macrophages into glycolytic mainly, 

resulting in  an enhanced  replication rate of SARS-

CoV-2 (40). 

Soliman et al. supposed that  the intermittent fasting 

can be  a potential prophylactic strategy to block 

COVID-19 infection. This can be achieved through  

changes in the metabolic pathway  from a 

carbohydrate-reliant pathway to a fat-reliant 

ketogenic pathway aiming  to alter or change  viral 

replication (41).Such this  metabolic shift can cause a 

raised resistance to the mitochondrial stress, an 

improved autophagy ,DNA repair, an improvement in 

antioxidant defenses, and a decreased insulin 

secretion (42). In consideration of these reasons 

,ketogenic diet can be considered as a dietary  therapy 

for successful immunological responses against  

COVID-19  infection  (43). 

 

Importantly, a recent study suggested the role  of the 

oral glucose  reduction  in  decreasing   macrophage 

M1 polarity early in the inflammatory steps (44). 

Indeed, phenotype M1, whose activation has a role in 

the cytokine storm syndromes, depends strongly on 

the glycolysis aerobically, that is reported to be 

reduced by a remarkable  decline in the  glucose 

uptake, as it ensues through the ketogenic diet . 

Moreover, the ketogenic diet  can  maintain  the M2 

macrophages anti-inflammatory metabolism  , that  

excessively  express the  OXPHOS ( The oxidative 

phosphorylation system ) enzymes via continuous 

existence  of the free fatty acids (45). M1-like 

macrophage role  is critical at the earlier  stages of 

the infection to elicit the initial inflammatory 

response stimulating  immune cells in autocrine and 

paracrine fashions, while M2-like macrophages are 

mandatory  for the resolution of inflammatory 

responses and healing damaged tissues.(46) 

 

Reducing Oxidative stress 

By simultaneously declining ROS(reactive oxygen 

species) production  and raising the level of  

endogenous antioxidant capacity,  ketosis can  protect  

tissues  from possible oxidative stress.  

 

Ketogenic diet can minimize blood glucose spikes, 

lowering oxidative stresses in mice, and 

inflammatory markers in humans. Ketogenic diet, 

through raising the levels of hydroxybutyrate, is 

capable of  hydroxycarboxylic acid receptor 2 

activation, that is a G protein-coupled receptor  which  

suppresses  nuclear 

factor-kB in macrophages, microglia and dendritic 

cells and subsequently decreases the  nervous 

inflammation . (45) 

 

Endogenous OHB (Beta-hydroxybutyrate)  

Ketogenic diet is supposed to affect  the  innate and 

adaptive immunity , that synergistically  provide 

children the  protection against the  pathogens’ 

assaults. Firstly, cells of the innate immunity  are 

triggered  by the viral antigens via  activations of the  

pattern recognition receptorNLRP3( nucleotide 

binding domain (NOD)-like receptor protein 3 ), to 

suppress the replication of  virus. In keeping with 

this, the NLRP3/inflammasome can be considered as  

an essential innate immunity sensor that  mediate 

virus-triggered inflammation by means of  triggering  

of  Interleukine-18 (IL-18) secretion and  

Interleukine-1β (IL-1β) . The pattern recognition 

receptorNLRP3( nucleotide binding domain (NOD)-

like receptor protein 3 )is a nucleotide 

oligomerization domain (Nod)-like receptor (NLR) 

which  identifies the damage-associated molecular 

patterns (DAMPs), e.g.   cholesterol crystals,  toxins, 

excess of glucose, bacterial  and viral molecules. To 

demonstrate, RNA viruses have the ability to  

activate NLRP3 by  means of the antiviral 

mitochondrial signaling protein (MAVS) on the 

mitochondrial outer surface  membrane.(47) 

Activated NLRP3 enhances  the inflammasome 

complex formation that interact  with the adaptor 

protein ASC (apoptosis-associated speck-like protein 

containing C-terminal caspase recruitment domain 
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[CARD]),that, in turn, change  the zymogen 

procaspase-1 activation into caspase-1. As a final 

step, the inflammatory caspase-1 changes  the 

inactive pro-Interleukine-1β (pro-IL-1β) and pro-

Interleukine-18 (pro-IL-18) into their active 

proinflammatory cytokines (48) 

 

The viral induced  NLRP3/inflammasome activation 

has been observed  for, encephalomyocarditis virus 

(EMCV), influenza A virus(IAV), SARS-CoV,  

hepatitis C virus (HCV) (49) that  assembles into 

homo-oligomers and form hydrophilic pores through  

the cytosolic organelle membranes, subsequently, 

increasing Ca2+, Na+ and  K+ flux. Raised  levels of 

intracellular calcium and declined levels of  

intracellular potassium are considered to be important 

triggering factors for NLRP3/inflammasome 

activation .Subsequently, excessive  secretions of 

proinflammatory cytokines can be produced. It is 

established that OHB suppresses  

NLRP3/inflammasome activation. The desirable 

outcomes  of the ketogenic diet on inflammatory 

cytokines in humans, and in animal  are established. 

OHB has the ability to mediate on a crucial signaling 

pathway which is precise to the 

NLRP3/inflammasome, as a result of different pro-

inflammatory stimuli activations. More specifically, 

OHB  inhibits NLRP3/inflammasome activation by 

diminishing  K+ efflux from macrophages and the 

suppression  of the inflammasome assembly. Thus , 

OHB-dependent suppression of IL-1β and IL-18 

secretion can occur. 

In the view  of the   active inflammasome function  in 

stimulating  the systemic inflammatory cascade in 

patients with COVID-19  ,  trials which are centered 

on raising  plasma OHB, such as ketogenic diets , 

should be respected  to prevent or delay  the progress  

and  the deterioration  of cytokine storm syndromes. 

(50) 

 

 

                                                             RNA of SARS-CoV 

 

 

  

            NLRP3 activation  

 

Ketogenic diet        OHB       

                                                     NLRP3/ inflammasome complex 

 

 

 

 

Enhances the shift of the zymogen procaspase-1 to the active caspase-1 

 

 

 

Conversion of pro-Interleukine-18 (pro-IL-18) and pro-Interleukine-1β (pro-IL-1β) into the their  active 

proinflammatory cytokines 

 

 

Cytokine storm  

 

Figure 2 : How can ketogenic diet prevent cytokine storm? 
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With a higher fat content may decrease requirements 

for artificial ventilations and thus diminish the 

duration of mechanical ventilation.This can markedly 

decrease mortality and morbidity linked to 

mechanical ventilations.  

 

It was found that better feeding practices in terms of 

high fat component affected the outcome of critical 

children  that is represented in  a remarkable  

reduction in the arterial Co2 tension, tidal volume, 

minute volume, peak inspiratory pressure that 

reduces  the duration of artificial  ventilation and 

facilitates  weaning. Thus, leaving children with 

respiratory failure as a result of any  pulmonary 

disease during the admission in  the intensive care 

unit  and  who are planed  for artificial ventilations to 

the already present dietary practices with the ordinary  

feeds will further hinders  the parameters of the 

ventilation in these children and will delay weaning 

from it. Feeding these children with  low 

carbohydrate  high fat regimen  will prevent further 

impairment  of these parameters and consequently 

will influence weaning and  favorably affect 

outcomes of the  hospital stay in the intensive care 

unit .Considerable efforts should be taken  regards 

this feeding  to be applicable and properly nourish 

these children and prevent any expected deterioration 

in their status.(54) 

 

 

  

 

Figure 4 : The  role of ketogenic diet in  the COVID-19 course. 

 

Supplement :  

omega 3 fatty acids 

In 146 patients with  adult respiratory distress 

syndrome (ARDS) supplied   with an enteral nutrition  

rich in eicosapentaenoic acid, γ-linolenic, a 

remarkable  improvement in  PaO2/FiO2 ratio and  a 

reduction in pulmonary inflammatory response, days 

of mechanical ventilation , frequency of new organ 

failures, and length of hospital stay in the intensive 

care unit  were observed. In 100 patients who were 

having  acute pulmonary injury receiving a similar 

enteral nutrition ,   pulmonary compliance and  

oxygenation were better, and there were less needs 

for mechanical 

ventilation . Omega 3 fatty acids parentally   have 

been reported to improve the glucose metabolism and 

reduce inflammatory markers after major surgery 

.(55) 

 

Fat soluble vitamins  

Vitamin D 

Receptors for  vitamin D are  expressed in innate 

immune cells (e.g., macrophages, 
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monocytes and  dendritic cells).They enhance  the 

differentiation of monocytes to macrophages. In 

addition , they  stimulate the proliferation  of  

immune cells   and  the cytokines production . 

Moreover , it provides protection  against infections . 

(56) 

 

It was concluded that vitamin D levels might  be 

important  in the prediction of  severe forms of 

multisystem inflammatory disease related to COVID-

19  . In addition, correction of any abnormal levels  

found can  influences its evolution. 25-

hydroxyvitamin D3 [25(OH)D3] supplementations 

raising serum [25(OH)D] concentrations effectively  

have a favorable potential result  in decreasing  the 

severity of multisystem inflammatory disease related 

to COVID-19 in pediatrics.(57) 

 

 

In a study done by  (Yılmaz, et al ,2020).  Vitamin D 

levels were evaluated  for their  link  with the  clinical 

pictures  in COVID‐19 children . The findings  

suggested that vitamin D levels may be linked with 

the treatment of the COVID‐19 disease by 

modulating the immunological pathways  to the virus 

in the pediatrics.(58) 

 

Vitamin A 

It maintains  the integrity of  the  function and 

structure of  the mucosal cells in the innate barriers 

(e.g., skin, respiratory tract, etc.). Furthermore, it is 

essential for functioning of the innate immune cells 

(e.g., NK 

cells, macrophages and neutrophils)  

 

Vitamin E 

 

It is an essential  fat-soluble antioxidant. In addition 

,it supplies protection to   cell membranes from free 

radicals damage .Moreover, it influences  IL-2 

production and natural killer cell cytotoxic activity 

.(59), (60) 

 

 

Table 1: Modification of dietary fat  

 

Modification of the dietary fat 

 

In the type mainly 

 

Low saturated fats 

 

 To avoid obesity and its risks for COVID  

 

low trans fats 

 

  

In the amount                   Decrease Co2 load 

 

 Low CHO                      

                                                                                               Decrease the glycolytic metabolism reducing COVID 

replication 

 

Ketogenic diet    

  

                                                              Inhibits NLRP3/inflammatose activation       

 

 Increasing OHB   

                        T cell   expansion 

Supplement 
 Improve pulmonary compliance  

 Omega  

  Decrease inflammatory markers 

 

 

Vitamin D  modulate immune mechanism  
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Conclusion:  

Modification of the dietary fat can protect or decrease 

the severity of COVID -19 in pediatrics. obesity has 

comorbid risk factors, so a diet that could decrease 

the possibility of obesity can reduce the subsequent 

susceptibility to severe Covid-19 course. In addition, 

raising the amount of the dietary fat in relation to 

other macronutrients - as it occurs via the ketogenic 

diet – can yield anti-inflammatory signals as OHB 

that reduces the severity of cytokine storms. 

Furthermore, fat soluble vitamins and supplement 

such as omega have great roles in raising the 

immunity against COVID-19.  

Recommendations  

Attention should be paid to the healthy food pyramid. 

First , the macronutrients could  be modified . To 

illustrate , simple carbohydrates should be avoided 

due its link with the undesirable lipid profile with 

subsequent raised inflammatory status. In addition, 

the caloric percentage of fat could be increased at the 

expense of carbohydrates in cases of chronic lung 

affection to decrease carbon dioxide load  . Second , 

the micronutrients could be also modified . For 

example, foods  rich in vitamin D  and vitamin A  

such as oily fish and egg yolk should be considered. 

Egg yolk is rich in omega  as well . Besides, foods 

rich in vitamin E such as green leafy vegetables and 

nuts are preferred.  The   main aim of this 

modification of micronutrients is to increase the 

antioxidants level boosting the immunity. 

No external funding. 

Disclosure 

The author reports that no conflicts of interest in this 

work are present. 

References: 

1. World Health Organization. Director-

General's remarks at the media briefing on 2019-

nCoV on 11 February 2020. 

http://www.who.int/dg/speeches/detail/who-director-

general-s-remarks-at-the-media-briefing-on-2019-

ncov-on-11-february-2020 (Accessed on February 

12, 2020). 

2. Centers for Disease Control and Prevention. 

2019 Novel coronavirus, Wuhan, China. Information 

for Healthcare Professionals. 

https://www.cdc.gov/coronavirus/2019-

nCoV/hcp/index.html (Accessed on February 14, 

2020). 

3. World Health Organization. Novel 

Coronavirus (2019-nCoV) technical guidance. 

https://www.who.int/emergencies/diseases/novel-

coronavirus-2019/technical-guidance (Accessed on 

February 14, 2020). 

4.Dong Y, Mo X, Hu Y, et al. Epidemiology of 

COVID-19 Among Children in China. Pediatrics 

2020; 145. 

5.Lu X, Zhang L, Du H, et al. SARS-CoV-2 Infection 

in Children. N Engl J Med 2020; 382:1663. 

6.Wei M, Yuan J, Liu Y, et al. Novel Coronavirus 

Infection in Hospitalized Infants Under 1 Year of 

Age in China. JAMA 2020; 323:1313. 

7.CDC COVID-19 Response Team. Coronavirus 

Disease 2019 in Children - United States, February 

12-April 2, 2020. MMWR Morb Mortal Wkly Rep 

2020; 69:422. 

8.Zimmermann P, Curtis N. Coronavirus Infections 

in Children Including COVID-19: An Overview of 

the Epidemiology, Clinical Features, Diagnosis, 

Treatment and Prevention Options in Children. 

Pediatr Infect Dis J 2020; 39:355. 

9.de Lusignan S, Dorward J, Correa A, et al. Risk 

factors for SARS-CoV-2 among patients in the 

Oxford Royal College of General Practitioners 

Research and Surveillance Centre primary care 

network: a cross-sectional study. Lancet Infect Dis 

2020; 20:1034. 

10.Viner RM, Mytton OT, Bonell C, et al. 

Susceptibility to SARS-CoV-2 Infection Among 

Children and Adolescents Compared With Adults: A 

Systematic Review and Meta-analysis. JAMA Pediatr 

2021; 175:143. 

11.Munro APS, Faust SN. Addendum to: Children 

are not COVID-19 super spreaders: time to go back 

to school. Arch Dis Child 2021; 106:e9. 

12.Li F, Li YY, Liu MJ, et al. Household 

transmission of SARS-CoV-2 and risk factors for 

susceptibility and infectivity in Wuhan: a 

retrospective observational study. Lancet Infect Dis 

2021. 

13.Wu Z, McGoogan JM. Characteristics of and 

Important Lessons From the Coronavirus Disease 

2019 (COVID-19) Outbreak in China: Summary of a 

Report of 72 314 Cases From the Chinese Center for 

Disease Control and Prevention. JAMA 2020; 

323:1239. 

14.Statistica. Distribution of Coronavirus cases in 

Italy as of February 3, 2021, by age group. Available 

at: www.statista.com/statistics/1103023/coronavirus-

cases-distribution-by-age-group-italy/ (Accessed on 

February 10, 2021). 

 



 H. A. A. Ibrahim 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65 No 3 (2022) 

 

 

696 

15.Age distribution of coronavirus (COVID-19) 

cases in South Korea as of January 26, 2021. 

www.statista.com/statistics/1102730/south-korea-

coronavirus-cases-by-age/ (Accessed on January 27, 

2021). 

16.Posfay-Barbe KM, Wagner N, Gauthey M, et al. 

COVID-19 in Children and the Dynamics of 

Infection in Families. Pediatrics 2020; 146. 

17.Docherty AB, Harrison EM, Green CA, et al. 

Features of 20 133 UK patients in hospital with 

covid-19 using the ISARIC WHO Clinical 

Characterisation Protocol: prospective observational 

cohort study. BMJ 2020; 369:m1985. 

18.Stokes EK, Zambrano LD, Anderson KN, et al. 

Coronavirus Disease 2019 Case Surveillance - United 

States, January 22-May 30, 2020. MMWR Morb 

Mortal Wkly Rep 2020; 69:759. 

19.CDC COVID data tracker. Demographic trends of 

COVID-19 cases and deaths in the US reported to the 

CDC. Available at: www.cdc.gov/covid-data-

tracker/index.html#demographics (Accessed on 

February 10, 2021). 

20.American Academy of Pediatrics. Children and 

COVID-19: State-Level Data Report. Available at: 

services.aap.org/en/pages/2019-novel-coronavirus-

covid-19-infections/children-and-covid-19-state-

level-data-report/ (Accessed on February 10, 2021). 

21. Son  M.B.F , Friedman K , .COVID-19: 

Multisystem inflammatory syndrome in children 

(MIS-C) clinical features, evaluation, and diagnosis. 

UpToDate Terms of Use. ©2021 UpToDate, Inc. 

22. Atef Abdelsattar Ibrahim H, Abdel-Raouf R, Zeid 

AS et al. Development of a simple and valid nutrition 

screening tool for pediatric hospitalized patients with 

acute illness [version 1; peer review: 2 approved, 1 

approved with reservations, 1 not approved]. 

F1000Research 2021, 

10:173(https://doi.org/10.12688/f1000research.51186

.1 

23. El Shafie AM, El-Gendy FM, Allahony DM, 

Hegran HH, Omar ZA, Samir MA, et al. 

Development of LMS and Z Score Growth 

References for Egyptian Children From Birth Up to 5 

Years. 2021; 8(935). 

24.  El Shafie AM, El-Gendy FM, Allahony DM, 

Omar ZA, Samir MA, El-Bazzar AN, et al. 

Establishment of Z Score Reference of Growth 

Parameters for Egyptian School Children and 

Adolescents Aged From 5 to 19 Years: A Cross 

Sectional Study. 2020; 8(368). 

25.Onder G, Rezza G, Brusaferro S. Case‐fatality rate 

and characteristics of patients dying in relation to 

COVID‐19 in Italy [published online March 23, 

2020]. JAMA 2020. 

doi:10.1001/jama.2020.4683.Crossref PubMed Web 

of Science®Google Scholar 

26. Stefan N ,  Birkenfeld  A.l,  Schulze M.B. Global 

pandemics interconnected - obesity, impaired 

metabolic health and COVID-19. Nat Rev 

Endocrinol. 2021  

27. Shekerdemian LS, Mahmood NR, Wolfe KK, 

Riggs BJ, Ross CE, McKiernan CA, et al. 

Characteristics and outcomes of children with 

coronavirus disease 2019 (COVID-19) infection 

admitted to US and Canadian pediatric intensive care 

units. JAMA Pediatr. 2020;174:868-73. 

28. Zachariah P, Johnson CL, Halabi KC, Ahn D, 

Sen AI, Fischer A, et al. Epidemiology, clinical 

features, and disease severity in patients with 

coronavirus disease 2019 (COVID-19) in a children’s 

hospital in New York City, New York. JAMA 

Pediatr. 2020:e202430 [Epub ahead of print] 

29.Muscogiuri G, Pugliese G, Barrea L, Savastano S, 

Colao A. Obesity: the “Achilles heel” for COVID-

19? Metabolism. 2020;108:154251. 

30. Bladbjerg EM, Stolberg CR, Juhl CB. Effects of 

obesity surgery on blood coagulation and 

fibrinolysis: a literature review. Thromb Haemost. 

2020;120(4):579–91. 

31. Zhou YJ, Zheng KI, Wang XB, Yan HD, Sun QF, 

Pan KH, et al. Younger patients with MAFLD are at 

increased risk of severe COVID-19 illness: a 

multicenter preliminary analysis. J Hepatol. 

2020;73(3):719–21. 

32. Li MY, Li L, Zhang Y, Wang XS. Expression of 

the SARS-CoV-2 cell receptor gene ACE2 in a wide 

variety of human tissues. Infect Dis Poverty. 

2020;9(1):45. 

33. Kassir R. Risk of COVID-19 for patients with 

obesity. Obes Rev. 2020;21(6):e13034. 

34.  Ryan    P. M  and Caplice N .M . Is Adipose 

Tissue a Reservoir for Viral Spread, Immune 

Activation, and Cytokine Amplification in 

Coronavirus Disease 2019?. Obesity (Silver Spring). 

2020 May 31 : 10.1002/oby.22843. 

35. Scholz A , Navarrete‐Muñoz E .M  , 

García‐de‐la‐Hera  M, Fernandez‐Somoano A, 

Tardon A , Santa‐Marina L, Pereda‐Pereda  E , 

Romaguera D, Guxens M, Beneito A , Iñiguez,Jesus 

C. Association between trans fatty acid intake and 



 NUTRITIONAL FAT MODULATION AS A NON-PHARMACOLOGICAL APPROACH... 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem 65, No 3 (2022) 

 

697 

overweight including obesity in 4 to 5‐year‐old 

children from the INMA study. pediatric Obesity. 

2019;e12528 

36. Pauley  M et al., Carbohydrate-Restricted Diet: A 

Successful Strategy for Short-Term Management in 

Youth with Severe Obesity—An Observational 

Study. Metab Syndr Relat Disord. 

2021.https://doi.org/10.1089/met.2020.0078. 

37. Bojkova D, Klann K, Koch B, Widera M, Krause 

D, Ciesek S, et al. Proteomics of SARS-CoV-2-

infected host cells reveals therapy targets. Nature. 

2020;583(7816):469–72. 

38. Jensen  N.J , Wodschow H.Z , Nilsson M and 

Rungby J. Effects of Ketone Bodies on Brain 

Metabolism and Function in Neurodegenerative 

Diseases. Int. J. Mol. Sci. 2020, 21, 8767. 

39. Gangitano, E.; Tozzi, R.;Gandini, O.; Watanabe, 

M.; Basciani, S.; Mariani, S.; Lenzi, A.; Gnessi, L.; 

Lubrano, C. Ketogenic Diet as a 

Preventive and Supportive Care for COVID-19 

Patients. Nutrients 2021, 13, 1004. 

https://doi.org/10.3390/nu13031004 

40. Codo AC, Davanzo GG, de Brito Monteiro L, 

Fabiano de Souza G, Muraro SP, Virgilio-da-Silva 

JV, et al. Title: elevated glucose levels favour SARS-

CoV-2 infection and monocyte response through a 

HIF-α/glycolysis dependent axis. Cell Metab. 

2020;32:498–9. 

41. Soliman S, Faris ME, Ratemi Z, Halwani R. 

Switching host metabolism as an approach to dampen 

SARS-CoV-2 infection. Ann Nutr Metab. 2020. https 

://doi.org/10.1159/00051 0508. 

42. de Cabo R, Mattson MP. Effects of intermittent 

fasting on health, aging, and disease. N Engl J Med. 

2019;381(26):2541–51. 

43. Sukkar SG. Bassetti M Induction of ketosis as a 

potential therapeutic option to limit hyperglycemia 

and prevent cytokine storm in COVID-19. Nutrition. 

2020. https ://doi.org/10.1016/j.nut.2020.11096 7. 

44.  Sukkar S.G  and Bassetti M . Induction of ketosis 

as a potential therapeutic option to limit 

hyperglycemia and prevent cytokine storm in 

COVID-19. Nutrition. 2020.   79−80 ..110967 

45. Gracia-Hernandez M,  Sotomayor E.M and  

Villagra. A. Targeting Macrophages as a Therapeutic 

Option in Coronavirus Disease 2019. Front. 

Pharmacol., 2020. 

https://doi.org/10.3389/fphar.2020.577571 

46. Huang X, Xiu H, Zhang S, Zhang G. The role of 

macrophages in the pathogenesis of ALI/ARDS. 

Mediat Inflamm. 2018;2018:1264913. 

47. McCarty M.F ,  Assanga S.B.I, Luján L.L 

,O’Keefe  J.H , DiNicolantonio J.J. Nutraceutical 

Strategies for Suppressing NLRP3 Inflammasome 

Activation: Pertinence to the Management of 

COVID-19 and Beyond. Nutrients 2021, 13(1), 47; 

https://doi.org/10.3390/nu13010047 

48. Swanson KV, Deng M, Ting JP. The NLRP3 

inflammasome: molecular activation and regulation 

to therapeutics. Nat Rev Immunol. 2019;19(8):477–

89. 

49. Chen IY, Moriyama M, Chang MF, Ichinohe T. 

Severe acute respiratory syndrome coronavirus 

viroporin 3a activates the NLRP3 inflammasome. 

Front Microbiol. 2019;10:50. 

50. Bradshaw P.C ,  Seeds  W.A,   Miller  A.C , 

Mahajan  V.R , and  Curtis  W.M. COVID-19: 

Proposing a Ketone-Based Metabolic Therapy as a 

Treatment to Blunt the Cytokine Storm. Oxidative 

Medicine and Cellular Longevity . Volume 2020, 

Article ID 6401341, 34 page 

51. Goldberg EL, Molony RD, Kudo E, Sidorov S, 

Kong Y, Dixit VD, et al. Ketogenic diet activates 

protective gammadelta T cell responses against 

influenza virus infection. Sci Immunol. 

2019;4(41):eaav2026. 

52. Patrick C. Bradshaw,  William A. Seeds, 

Alexandra C. Miller,  Vikrant R. Mahajan,  and 

William M. Curtis . COVID-19: Proposing a Ketone-

Based Metabolic Therapy as a Treatment to Blunt the 

Cytokine Storm. Oxid Med Cell Longev. 2020; 2020: 

6401341. 

53.  Paoli A,  Gorini S, and  Caprio M. The dark side 

of the spoon - glucose, ketones and COVID-19: a 

possible role for ketogenic diet?. J Transl Med. 2020; 

18: 441. 

54.RAHMEL T, HÜBNER M, KOOS B, ET AL. 

IMPACT OF CARBOHYDRATE-REDUCED 

NUTRITION IN SEPTIC PATIENTS ON ICU: 

STUDY PROTOCOL FOR A PROSPECTIVE 

RANDOMISED  CONTROLLED TRIAL. BMJ 

OPEN 2020;10:E038532. DOI:10.1136/BMJOPEN-

2020-038532  

55.Donald Hathaway D et al   . Omega 3 Fatty Acids 

and COVID-19: A Comprehensive Review.  Infect 

Chemother. 2020 Dec; 52(4): 478–495. Published 

online 2020 Dec 8. doi: 10.3947/ic.2020.52.4.478 

56. El-Asheer O.M ,etal .   Serum vitamin D and IgE 

levels in infants and children under 2 years of age 



 H. A. A. Ibrahim 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65 No 3 (2022) 

 

 

698 

with  recurrent chest wheezeEgypt J Pediatr Allergy 

Immunol 2016;14(1):15-21. 

57.Feketea  G, Vlacha    V,  Bocsan   .L.C ,  

Vassilopoulou. E   , Luminita Stanciul.A ,  Zdrenghea  

M. Vitamin D in Corona Virus Disease 2019 

(COVID-19) Related Multisystem Inflammatory 

Syndrome in Children (MIS-C). Front. Immunol. 

2021. https://doi.org/10.3389/fimmu.2021.648546 

58.  Yılmaz K , Şen V. Is vitamin D deficiency a risk 

factor for COVID‐19 in children? Pediatric 

Pulmonology. 2020;55:3595–3601. 

59. Micronutrient Information Center. Immunity in 

Depth. Available online: 

http://lpi.oregonstate.edu/mic/health-

disease/immunity (accessed on 17 April 2018) 

60. Jovic T.H,   Could Vitamins Help in the Fight 

Against COVID-19? Nutrients. 2020 Sep; 12(9): 

2550.Published online 2020 Aug 23. doi: 

10.3390/nu12092550 

 


	Disclosure

