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In around 10% of SARS-CoV-2 infected patients, coronavirus disease-2019 symptoms are complicated with a severe lung damage called Acute Respiratory Distress Syndrome (ARDS), which is often lethal. ARDS is mainly associated with an uncontrolled overproduction of immune cells and cytokines, called "cytokine storm syndrome"; it appears 7-15 days following the onset of symptoms, leading to systemic inflammation and multiple organ failure. Because they are well-known metabolic precursors of specialized pro-resolving lipid mediators (SPMs), omega-3 long-chain polyunsaturated fatty acids (omega-3 LC-PUFAs) could help improve the resolution of the inflammatory balance, limiting therefore the level and duration of the critical inflammatory period. Omega-3 LC-PUFAs may also interact at different stages of the viral infection, notably on the virus entry and replication. In the absence of demonstrated treatment and while waiting for vaccine possibility, the use of omega-3 LC-PUFAs deserve therefore to be considered, based on previous clinical studies suggesting that omega-3 supplementation could improve clinical outcomes of critically ill patients at the acute phase of ARDS. In this context, it is crucial to remind that the omega-3 PUFA dietary intake levels in Western countries remains largely below the current recommendations, considering both the omega-3 precursor α-linolenic acid (ALA) and long chain derivatives such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). An optimized omega-3 PUFAs status could be helpful to prevent infectious diseases, including Covid-19.

Introduction

The viral epidemic caused by the new Coronavirus SARS-CoV-2 is responsible for the Coronavirus-2019 disease . Upon binding via its Spike (S) protein, SARS-CoV-2 uses the angiotensin-converting enzyme 2 (ACE2) as an entry receptor in several cell types, including lung alveolar epithelial cells (type 1 and type 2 pneumocytes). This receptormediated endocytosis is followed by the activation of the S protein in the viral envelope by the transmembrane serine protease 2 (TMPRSS2), a membrane-bound enzyme localized near the ACE2 receptor [START_REF] Ballout | The lysosome: A potential juncture between SARS-CoV-2 infectivity and Niemann-Pick disease type C, with therapeutic implications[END_REF]. Alternatively, direct proteolytic cleavage of the viral S protein by TMPRSS2 on the surface of host cells has been described to induce the fusion of the viral and plasma membranes, leading to the release of the viral single stranded-RNA into the cytoplasm [START_REF] Mahmoud | SARS-CoV-2 entry in host cellsmultiple targets for treatment and prevention[END_REF]. Once in endosomes or cytoplasm, the viral RNA activate nucleic acid sensing systems like Toll-like receptors (TLR7 and 9) which initiate the anti-viral response of the innate immune system by triggering first the expression of type 1 interferons, followed by activation of NF-kB and proinflammatory cytokines.

In 10-15% of all cases, Covid-19 is complicated by severe pneumonia requiring hospitalization, with a high risk of developing an Acute Respiratory Distress Syndrome (ARDS), which can lead the patient to the intensive care unit (ICU) and is often lethal. ARDS is mainly associated with an uncontrolled overproduction of immune cells and cytokines, called "cytokine storm syndrome", which appears 7-15 days following the onset of symptoms, leading to systemic inflammation and multiple organ failure. Covid-19 general mortality rate is about 2% and hospital mortality rate is about 10% [START_REF] Guo | The origin, transmission and clinical therapies on coronavirus disease 2019 (COVID-19) outbreak-A n update on the status[END_REF]. To date, there is no vaccine and only the antiviral prodrug Remdesivir has been approved as an effective drug therapy to treat the disease [START_REF]Coronavirus (COVID-19) Update: FDA Issues Emergency Use Authorization for Potential COVID-19 Treatment | FDA[END_REF][START_REF]First COVID-19 treatment recommended for EU authorisation | European Medicines Agency[END_REF]. Additionally, little is known to prevent its progression to a serious condition.

The global burden of infection being high and worldwide, all kind of treatments, including J o u r n a l P r e -p r o o f dietary supplementation and pharmaconutrition trials, deserve to be tested [START_REF] Rogero | Potential benefits and risks of omega-3 fatty acids supplementation to patients with COVID-19[END_REF]. Background from other coronaviruses, like SARS-CoV-1 and MERS-CoV are also important to remind.

In this context, it is well admitted that adequate supply and balance of nutrients are required for proper functioning of both the innate and adaptive immune system. Essential PUFAs coming from the diet have a very special role in this process, because they participate to control chronic and acute inflammations. Because they are well-known metabolic precursors of specialized pro-resolving lipid mediators (SPMs), omega-3 long-chain polyunsaturated fatty acids (omega-3 LC-PUFAs) could notably help improve the resolution of the inflammatory balance, limiting therefore the level and duration of the critical inflammatory period [START_REF] Calder | Optimal nutritional status for a well-functioning immune system is an important factor to protect against viral infections[END_REF]. Omega-3 LC-PUFAs may also interact at different stages of the viral infection, notably on the virus entry and replication. Therefore, the nutritional status for PUFAs is particularly important in tissue inflammatory status and overall immune response [START_REF] Calder | Optimal nutritional status for a well-functioning immune system is an important factor to protect against viral infections[END_REF][START_REF] Messina | Functional role of dietary intervention to improve the outcome of COVID-19: A hypothesis of work[END_REF]. In this context, it is crucial to remind that the omega-3 PUFA dietary intake levels in Western countries remain largely below the current recommendations, considering both the omega-3 precursor α-linolenic acid (ALA) and long chain derivatives such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) [START_REF] Anses | Avis relatif à la 3ème étude individuelle nationale des consommations alimentaires[END_REF][START_REF] Anses | Actualisation des apports nutritionnels conseillés pour les acides gras[END_REF].

In this Hypothesis article, we suggest that omega-3 PUFA dietary supplementation may be beneficial to reduce the risk of coronavirus complications, progressing to serious outcomes like ARDS, with the need for artificial ventilation in ICU. The rational for such Hypothesis is based on the following data. An increased intake level (long-term supplementation for prevention against infection or short-term supplementation in acute inflammation phase) of omega-3 PUFAs, including both α-linolenic acid (ALA) as precursor and long-chain derivatives (EPA, DPA docosapentaenoic acid and DHA) may increase their overall tissue storage. This higher cell and tissue omega-3 status could lead to a better conversion to SPMs, leading in turn to a more rapid resolution of inflammation, improving J o u r n a l P r e -p r o o f the severity of the cytokine storm, and improving finally the outcome of Covid-19 infected patients.

To support these hypotheses, we first present the demonstrated and putative molecular mechanisms involving omega-3 PUFAs in the prevention from viral infection and in the inflammation resolution. Then, we review the data obtained in animal experiments, human clinical trials and epidemiological studies supporting an interesting role of omega-3 PUFA supplementation against viral infection-associated inflammation.

Omega-3 PUFAs may interfere with virus entry and replication

Omega-3 PUFAs may modulate membrane rafts where ACE2 and TMPRSS2 are mainly expressed

ACE2 and TMPRSS2 are described to be mainly present in lipids rafts [START_REF] Ballout | The lysosome: A potential juncture between SARS-CoV-2 infectivity and Niemann-Pick disease type C, with therapeutic implications[END_REF], which are cholesterol and sphingolipid-enriched membrane microdomains within the lipid bilayer. It was previously shown that lipid rafts were involved in SARS-CoV entry into Vero E6 cells [START_REF] Lu | Lipid rafts are involved in SARS-CoV entry into Vero E6 cells[END_REF]. In addition, Glende et al. [START_REF] Glende | Importance of cholesterol-rich membrane microdomains in the interaction of the S protein of SARS-coronavirus with the cellular receptor angiotensin-converting enzyme 2[END_REF] suggested that lipid raft modulation may be an option to reduce ACE2-mediated virus infection.

As constitutive part of the membrane phospholipids, omega-3 PUFAs can regulate membrane properties, such as membrane fluidity and protein complex assembly in lipid rafts.

The number and size of raft and non-raft domains may also modulate the expression, stability and enzymatic activities of ACE2 and TMPRSS2. Among omega-3 LC-PUFAs, DHA is described to directly regulate the formation of lipid rafts [START_REF] Wassall | Docosahexaenoic acid regulates the formation of lipid rafts: A unified view from experiment and simulation[END_REF].

Omega-3 PUFAs may counteract the viral activation of SREBP1/2

Viruses are known to manipulate cell metabolism to facilitate their replication cycle. A described virus strategy is to reprogram host lipid metabolism, in order to provide enough J o u r n a l P r e -p r o o f lipid molecules required for the synthesis of the virion replication membranes. The isomers of the transcription factor SREBP (Sterol Regulatory Element Binding Protein) are involved in this metabolic reprogramming. For instance, MERS-CoV has been shown to manipulate host cellular lipid metabolism and reprogram the de novo SREBP-dependent lipogenesis pathway, to ensure its replication [START_REF] Yuan | SREBP-dependent lipidomic reprogramming as a broad-spectrum antiviral target[END_REF]. SREBPs has also been shown to be activated during flavivirus infection [START_REF] Pombo | Perturbation of intracellular cholesterol and fatty acid homeostasis during flavivirus infections[END_REF]. Therefore, SREBP1/2 was defined as a potential broad-spectrum antiviral target for therapeutic intervention.

In this context, one can speculate that, since omega-3 LC-PUFAs are well-known intracellular inhibitors of SREBP transcription and maturation, a higher cellular impregnation level may counteract the activating effect of the virus and lower its replication duration. Indeed, EPA and DHA inhibit SREBP1 conversion from its inactive form to its active mature form and increase the degradation of SREBP-1c mRNA. This inhibition results in overall decrease in cellular concentration of the mature form of SREBP and less transcription of lipogenic genes coding notably for Acetyl-CoA Carboxylase, Fatty Acid Synthase and Stearoyl-CoA Desaturase [START_REF] Deckelbaum | n-3 Fatty acids and gene expression[END_REF]. It was suggested that the cholesterol and fatty acid biosynthesis pathways play a role in Hepatitis C Virus (HCV) RNA replication and infection [START_REF] Kapadia | Hepatitis C virus RNA replication is regulated by host geranylgeranylation and fatty acids[END_REF]. In connection with the previous hypothesis on lipid rafts, omega-3 LC-PUFAs may also inhibit SREBP2-induced cholesterol synthesis, mainly via the transcription level of HMG-CoA reductase.

Omega-3 PUFAs may help improve the resolution phase of inflammation

LC-PUFAs play a critical role in inflammatory processes and innate immune response, thereby affecting human health and diseases. As a first step of the immune response, inflammation is a biological defense against physical, biological or infectious injury to body cells. It involves a series of processes, like leucocyte recruitment, whose first purpose is to J o u r n a l P r e -p r o o f eliminate the causes and aggressors. This first phase is called the "promotion" phase. Then, the second phase tries to restore the affected cell and tissue homeostasis and is called the "resolution" phase.

Inflammation begins in particular with the release of PUFAs in phospholipid sn-2 position from the cell membranes, under the action of the enzyme phospholipase A2 (PLA2) [START_REF] Murakami | Regulatory functions of phospholipase A2[END_REF]. Arachidonic acid (ARA) is the main precursor for this synthesis, leading to the production of cellular mediators promoting inflammation, like leukotrienes (LTB4 and LTC4) and prostaglandins (PGE2 and PGD2), through the action of cyclooxygenases (COX1 and 2), lipoxygenases (LOX) and cytochrome P450 [START_REF] Choque | Linoleic acid: Between doubts and certainties[END_REF][START_REF] Serhan | Resolvins and protectins in inflammation resolution[END_REF]. Therefore, PUFAs of the omega-6 series are described to activate the promotion phase of inflammation.

Omega-3 PUFAs are now described to activate the resolving phase, directly in the site of inflammation [START_REF] Calder | Omega-3 polyunsaturated fatty acids and inflammatory processes: Nutrition or pharmacology?[END_REF][START_REF] Ortega-Gómez | Resolution of inflammation: An integrated view[END_REF][START_REF] Serhan | Resolving inflammation: Dual antiinflammatory and pro-resolution lipid mediators[END_REF]. EPA and DHA are the main precursors for those resolving inflammation [START_REF] Calder | Omega-3 polyunsaturated fatty acids and inflammatory processes: Nutrition or pharmacology?[END_REF]. Indeed, the specialized pro-resolving mediators (SPMs) issued from EPA and DHA, known as resolvins, maresins and protectins inhibit the synthesis of proinflammatory cytokines through the down-regulation of the NF-κB pathway [START_REF] Basil | Specialized pro-resolving mediators: Endogenous regulators of infection and inflammation[END_REF]. So, they play an efficient role for inflammation resolution processes. E-series resolvins from EPA, Dseries resolvins and protectins from DHA have a significant anti-inflammatory effect by limiting leucocytes infiltrations in damaged tissues [START_REF] Serhan | Resolving inflammation: Dual antiinflammatory and pro-resolution lipid mediators[END_REF][START_REF] Serhan | Resolvins, docosatrienes, and neuroprotectins, novel omega-3-derived mediators, and their endogenous aspirintriggered epimers[END_REF]. Maresins derived from DHA can also induce macrophages phagocytosis of neutrophils to resolve inflammation [START_REF] Rius | Resolution of inflammation in obesity-induced liver disease[END_REF]. Recently, another minor omega-3 LC-PUFA, the docosapentaenoic acid (C22:5 n-3, omega-3-DPA) has also been suggested to be important in inflammatory resolution in the lung [START_REF] Morin | Docosapentaenoic acid monoacylglyceride reduces inflammation and vascular remodeling in experimental pulmonary hypertension[END_REF].

An optimal resolution of acute inflammation, as well as the control of chronic lowgrade inflammation [START_REF] Hotamisligil | Inflammation and metabolic disorders[END_REF], is therefore based on the cellular availability of these omega-3 fatty acids exclusively provided by the diet and in particular on the dietary intake level of ALA, EPA and DHA.

J o u r n a l P r e -p r o o f

Omega-3 PUFA dietary intake levels are largely below the recommendations

In this context, it is crucial to remind that the omega-3 PUFA dietary intake levels in Western countries remains largely below the current recommendations, considering both the omega-3 precursor α-linolenic acid (ALA) and long chain derivatives such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) [START_REF] Legrand | Update of French nutritional recommendations for fatty acids[END_REF]. Linked to great changes in agricultural production and consumption habits these last 50 years, today's consumption of omega-6 PUFAs is at least equal to the current recommendation and often excessive (depending on the countries) while the omega-3 PUFA's intake is almost always in deficit in western countries [START_REF] Ailhaud | Temporal changes in dietary fats: role of n-6 polyunsaturated fatty acids in excessive adipose tissue development and relationship to obesity[END_REF][START_REF] Blasbalg | Changes in consumption of omega-3 and omega-6 fatty acids in the United States during the 20th century[END_REF]. This leads to a high (10 and more) omega-6/omega-3 ratio since the 80s [START_REF] Ailhaud | Temporal changes in dietary fats: role of n-6 polyunsaturated fatty acids in excessive adipose tissue development and relationship to obesity[END_REF].

In France for instance, the advised dietary intake recommends 2.2 g of ALA daily intake (1% of energy intake per day) and 500 mg for EPA + DHA (in which 250 mg of DHA minimum) [START_REF] Anses | Actualisation des apports nutritionnels conseillés pour les acides gras[END_REF]. However, the French INCA 3 consumption study reported in 2017 the mean omega-3 consumption as follows: 1 g/day of ALA instead of the 2.2 recommended, and 286 mg/day of EPA + DHA instead of 500 recommended. Therefore, only 15% of the French population meet DHA intake recommendation, only 8% for EPA and only 1.6% for ALA [START_REF] Anses | Avis relatif à la 3ème étude individuelle nationale des consommations alimentaires[END_REF][START_REF] Dubuisson | The Third French Individual and National Food Consumption (INCA3) Survey 2014-2015: Method, design and participation rate in the framework of a European harmonization process[END_REF]. Breast milk composition is also a good biomarker for PUFAs intake levels. As expected, it exhibits a lack of omega-3 in most of the western countries [START_REF] Tressou | Very low inadequate dietary intakes of essential n-3 polyunsaturated fatty acids (PUFA) in pregnant and lactating French women: The INCA2 survey[END_REF].

In a large range of other countries (38 countries) [START_REF] Hibbeln | Healthy intakes of n-3 and n-6 fatty acids: estimations considering worldwide diversity[END_REF], the omega-3 LC-PUFA intake varied from 0.02% of total energy in Bulgaria (corresponding to about 40 mg/day) to 0.44% of total energy in Iceland (corresponding to 900 mg/day). For the authors of this study, only a few number of countries have an optimal intake of omega-3 LC-PUFAs over 0.2% of total energy (corresponding to about 410 mg/day): Portugal (0.203%, i.e. 420 mg/day), South Korea (0.218%, i.e. 450 mg/day), Finland (0.228%, i.e. 470 mg/day), Norway (0.244%, i.e.

J o u r n a l P r e -p r o o f 10 500 mg/day), Malaysia (0.341%, i.e. 700 mg/day), Japan (0.374%, i.e. 760 mg/day) and Iceland (0.435%, i.e. 900 mg/day).

These abundant and consensual deficit data deserve our attention in the context of this pandemic and its inflammatory complications. Indeed, countries with a high omega-3 LC-PUFA intake (0,2% of total energy intake) have a very low number of victims related to the population: more than 4 times lower than the average of the 31 other countries (36 versus 175 deaths per million in June 2020) [START_REF]Coronavirus COVID-19[END_REF].

Taking into consideration (i) the role of omega-3 LC-PUFAs in the virus entry, replication and in the resolution phase of inflammation; (ii) the inflammatory processes leading to ARDS; (iii) the large and general deficit in omega-3 LC-PUFAs in the western population, it is possible to raise the hypothesis of a link between omega-3 LC-PUFA consumption deficiency and Covid-19 excessive inflammatory complication (Figure 1) .

Animal data, clinical trials and epidemiological studies supporting an interesting role of omega-3 LC-PUFA supplementation in ARDS

Omega-3 PUFA supplementation in animal models

In animal studies, omega-3 LC-PUFA supplementation clearly led to increased levels of tissue omega-3, including the lung. For instance, rats fed semi-synthetic diets supplemented with 1% total lipids of EPA, DPA and DHA in ethyl esters form from weaning to 6 weeks clearly increased the omega-3 LC-PUFA level in all studied tissues, including the lung [START_REF] Drouin | Comparative effects of dietary n-3 docosapentaenoic acid (DPA), DHA and EPA on plasma lipid parameters, oxidative status and fatty acid tissue composition[END_REF].

Similarly, maternal omega-3 LC-PUFA (ALA, EPA and DHA) supplementation during the perinatal period (from embryonic day 15 to day 20 after parturition) increased the level of total omega-3 in breast milk as well as the lung tissue of the rat pups and protected them against hyperoxia-induced pulmonary hypertension [START_REF] Zhong | Maternal omega-3 PUFA supplementation prevents hyperoxiainduced pulmonary hypertension in the offspring[END_REF].

J o u r n a l P r e -p r o o f

Animal experiments have also shown a beneficial impact of high omega-3 diets against acute pneumonia when animals were exposed to microbial infection. Sharma et al. [START_REF] Sharma | Dietary supplementation with omega-3 polyunsaturated fatty acids ameliorates acute pneumonia induced by Klebsiella pneumoniae in BALB/c mice[END_REF] used mice infected by Klebsiella pneumoniae with control or omega-3 PUFA enriched diets. They reported that the dietary supplementation of omega-3 LC-PUFAs can exert an overall beneficial effect through the upregulation of the host's specific and nonspecific immune defenses. It is interesting to underline that the beneficial effect exists whatever the type of omega-3 LC-PUFA supplementation (ALA, EPA or DHA diets). Hinojosa et al [START_REF] Hinojosa | Omega-3 fatty acids in contrast to omega-6 protect against pneumococcal pneumonia[END_REF] used mice intranasally infected with Streptococcus pneumoniae. Survival rate increased significantly in omega-3 diet's group when bacterial burden decreased. In omega-3 LC-PUFA-fed animal tissues, it was possible to measure a significant decrease in the levels of pro-inflammatory cytokines.

Omega-3 PUFA supplementation in humans

In 2018, the European Society for clinical nutrition and metabolism (ESPEN) expert group recommended the use of omega-3 rich fish oil in enteral and parenteral nutrition, for its general clinical benefits due to its anti-inflammatory and immune-modulating effects [START_REF] Calder | Lipids in the intensive care unit: Recommendations from the ESPEN Expert Group[END_REF]: reduction in infection rate, and length of hospital stay in medical and surgical patients admitted to the ICU. Indeed, in humans, supplementation with EPA and DHA was shown to lead to the incorporation of both omega-3 LC-PUFA in body lipid pools [START_REF] Browning | Incorporation of eicosapentaenoic and docosahexaenoic acids into lipid pools when given as supplements providing doses equivalent to typical intakes of oily fish1-4[END_REF]. The rate of incorporation varied between sample types, with the time to maximal incorporation ranging from days (plasma phosphatidylcholine) to months (mononuclear cells), and higher for adipose tissue [START_REF] Browning | Incorporation of eicosapentaenoic and docosahexaenoic acids into lipid pools when given as supplements providing doses equivalent to typical intakes of oily fish1-4[END_REF]. In addition, several plasma EPA-and DHA-derived SPMs were shown to respond linearly with the increased intake of EPA and DHA [START_REF] Ostermann | Plasma oxylipins respond in a linear dose-response manner with increased intake of EPA and DHA: results from a randomized controlled trial in healthy humans[END_REF].

J o u r n a l P r e -p r o o f

In connection with these interesting results, various SPMs synthesized from EPA and DHA have already shown protection and resolution of acute lung lesions in ARDS [START_REF] Hamilton | Lipid Mediators in the Pathogenesis and Resolution of Sepsis and ARDS[END_REF].

Omega-3 PUFA, in the form of fish oil, mostly rich in EPA and DHA, have also been used as a treatment in several clinical trials in enteral and parenteral nutrition with ARDS patients.

Recent meta-analyses [START_REF] Langlois | Omega-3 polyunsaturated fatty acids in critically ill patients with acute respiratory distress syndrome: A systematic review and meta-analysis[END_REF][START_REF] Dushianthan | Immunonutrition for acute respiratory distress syndrome (ARDS) in adults[END_REF][START_REF] Dushianthan | Immunonutrition for adults with ARDS: Results from a cochrane systematic review J o u r n a l P r e -p r o o f and meta-analysis[END_REF] demonstrated a beneficial impact of these omega-3 supplementation, especially when the supplementation was limited to enteral nutrition [START_REF] Langlois | Omega-3 polyunsaturated fatty acids in critically ill patients with acute respiratory distress syndrome: A systematic review and meta-analysis[END_REF].

Even if the doses were different and if various other supplementation (such as antioxidants) occurred in the different trials, the authors highlighted significant benefits obtained in only a few days (28 days) on mortality (-36%), as well as on the duration of ventilation, the length of stay in ICU [START_REF] Langlois | Omega-3 polyunsaturated fatty acids in critically ill patients with acute respiratory distress syndrome: A systematic review and meta-analysis[END_REF] with enteral supplementation of omega-3 [START_REF] Calder | Omega-3 polyunsaturated fatty acids and inflammatory processes: Nutrition or pharmacology?[END_REF][START_REF] Langlois | Omega-3 polyunsaturated fatty acids in critically ill patients with acute respiratory distress syndrome: A systematic review and meta-analysis[END_REF][START_REF] Dushianthan | Immunonutrition for acute respiratory distress syndrome (ARDS) in adults[END_REF]. In these trials, omega-3 PUFA was provided at high doses to patients with ARDS (from 5 to 20 times the recommended nutritional intake for EPA and DHA).

Considering all these results, administering omega-3 PUFAs appears a reasonable strategy in ARDS. A recent review suggested the systematic use of omega-3 LC-PUFAs if enteral or parenteral nutrition is indicated in the Covid-19 patients admitted in the ICU [START_REF] Thibault | Nutrition of the COVID-19 patient in the intensive care unit (ICU): a practical guidance[END_REF].

In addition to EPA and DHA, recent epidemiological and mechanistic data also suggest a specific role for omega-3 DPA in lung tissue [START_REF] Morin | Docosapentaenoic acid monoacylglyceride reduces inflammation and vascular remodeling in experimental pulmonary hypertension[END_REF][START_REF] Drouin | Comparative effects of dietary n-3 docosapentaenoic acid (DPA), DHA and EPA on plasma lipid parameters, oxidative status and fatty acid tissue composition[END_REF][START_REF] Leng | Dietary nutrients associated with preservation of lung function in hispanic and Non-Hispanic white smokers from New Mexico[END_REF]. Indeed, little studied so far, omega-3 DPA seems to be the starting point for specific routes of synthesis of pro-resolution mediators at the level of the lung [START_REF] Morin | Docosapentaenoic acid monoacylglyceride reduces inflammation and vascular remodeling in experimental pulmonary hypertension[END_REF].

Conclusion: on the way to clinical trials

Although scientific research on drug treatment are progressing, the ARDS experts recommend now, not only for Covid-19 derived ARDS, to give more attention on prevention in addition to treatment [START_REF] Spragg | Beyond mortality: Future clinical research in acute lung injury[END_REF]. In this context, we can raise the hypothesis that increasing the level of omega-3 LC-PUFAs in the diet or as a pharmaconutrient in addition to artificial Some questions are still opened. What should be the quantity of total omega-3 and LC-PUFA supplementation/intake? For the general population and in primary prevention, the data presented in this article, in addition to all the arguments previously developed concerning the prevention of other pathologies, support the crucial and urgent need to meet (at least) the nutritional recommendations (2.2 g/day for ALA and 500 mg/day for EPA+DHA). In secondary prevention, and for patients with symptoms and/or which are tested positive for Covid-19, the optimal doses for both ALA and omega-3 LC-PUFAs are not known. Meeting the nutritional recommendation of 2.2 g/day of ALA appears crucial, as well. Concerning omega-3 LC-PUFAs, it has been suggested that enteral nutrition enriched with 3.5g/day EPA and DHA can be administered in Covid-19 patients, not in a bolus [START_REF] Thibault | Nutrition of the COVID-19 patient in the intensive care unit (ICU): a practical guidance[END_REF]. Higher amounts of omega-3 LC-PUFAs, up to 9 g/day in the form of fish oil, have been administered safely [START_REF] Kristine) Koekkoek | Current evidence on ω-3 fatty acids in enteral nutrition in the critically ill: A systematic review and meta-analysis[END_REF].

What is the relative impact of the different fatty acids of the omega-3 family? Probably all the fatty acids of the omega-3 family seem have a role to play. EPA, omega-3 DPA and DHA are direct substrates for pro-resolution mediator synthesis. ALA is the initial dietary precursor of these LC-PUFAs by successive elongation and desaturation. Although it is well known that the overall conversion of ALA to DHA is weak [START_REF] Burdge | Conversion of alpha-linolenic acid to longer-chain polyunsaturated fatty acids in human adults[END_REF], ALA may have its own effect on inflammation resolution, as seen above, in ARDS animal trial in case of microbial infection [START_REF] Sharma | Dietary supplementation with omega-3 polyunsaturated fatty acids ameliorates acute pneumonia induced by Klebsiella pneumoniae in BALB/c mice[END_REF]. Other authors compared the effect of ALA or DHA diets on heart J o u r n a l P r e -p r o o f function [START_REF] Ayalew-Pervanchon | Long-term effect of dietary α-linolenic acid or decosahexaenoic acid on incorporation of decosahexaenoic acid in membranes and its influence on rat heart in vivo[END_REF][START_REF] Brochot | Effects of alpha-linolenic acid vs. docosahexaenoic acid supply on the distribution of fatty acids among the rat cardiac subcellular membranes after a short-or long-term dietary exposure[END_REF] and found no differences. They additionally observed an accumulation of omega-3 DPA in the membranes of the cardiac cells in the ALA-fed rats.

To conclude, two clinical trials are on their way in Covid-19 patients and in older people with the aims to evaluate whether omega-3 PUFA diet enrichment could protect patients against severe forms of Covid-19, and to increase the awareness of the scientific community towards the beneficial role of good nutrition as a "barrier diet" against future pandemic. It is a limiting step for the synthesis of lipid mediators from PUFAs. EPA is a substrate for COX enzymes and also lipoxygenases (LOX). PGE3 and E-series resolvins are produced from EPA and have anti-inflammatory properties. DHA is a substrate for LOX and produces D-series resolvins, protectins and maresins that have anti-inflammatory properties. These specialized pro-resolving mediators from EPA and DHA, in a case of acute inflammation by activation of NF-κB, will activate peroxisome proliferator-activated receptor (PPAR)-γ. PPAR-γ inhibit NF-κB. Consequently, the production of pro-inflammatory cytokines is reduced and may prevent cytokine storm. 

J o u r n a l P r e -p r o o f

  J o u r n a l P r e -p r o o f nutrition, could reduce the impact of inflammation caused by viral infectious diseases, such as the Covid-19. The biochemical mechanisms described here, reinforced by clinical, animal and epidemiological data suggest that the effect of nutritional supplementation could accelerate recovery, reduce hospitalization, duration of stay in ICU and finally reduce mortality due to the new Coronavirus SARS-Cov-2. Omega-3 LC-PUFAs could play a central role in prevention of the cytokine storm (Figure 1), at least maybe by decreasing the intensity of inflammation and risk of mortality for patients with Covid-19.

Figure 1 -

 1 Figure 1 -Expected mechanisms of the anti-inflammatory effect of omega-3 long chain

Figure 1 J

 1 Figure 1

Author contribution

PW, CP, PL, VR, RT contributed to literature search, analysis of data, writing and editing the manuscript. PW, PL, RT contributed to the conception of the clinical trial. All authors have approved the final version of the article.

Conflict of interest

Pierre Weill was former president of Valorex, a feed and food company dedicated to protein and oleaginous seeds processing.

Ronan Thibault received consulting and conference fees: Aguettant, Baxter, BBraun, Fresenius-Kabi, Nutricia, Roche; conference fees: Astra-Zeneca, Homeperf, Lactalis, Nestlé, Shire; research grants: Valorex, Bleu-Blanc-Coeur.

The other authors declare no conflict of interest.