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Abstract 26 

In around 10% of SARS-CoV-2 infected patients, coronavirus disease-2019 (Covid-19) 27 

symptoms are complicated with a severe lung damage called Acute Respiratory Distress 28 

Syndrome (ARDS), which is often lethal. ARDS is mainly associated with an uncontrolled 29 

overproduction of immune cells and cytokines, called “cytokine storm syndrome”; it appears 30 

7-15 days following the onset of symptoms, leading to systemic inflammation and multiple 31 

organ failure. Because they are well-known metabolic precursors of specialized pro-resolving 32 

lipid mediators (SPMs), omega-3 long-chain polyunsaturated fatty acids (omega-3 LC-33 

PUFAs) could help improve the resolution of the inflammatory balance, limiting therefore the 34 

level and duration of the critical inflammatory period. Omega-3 LC-PUFAs may also interact 35 

at different stages of the viral infection, notably on the virus entry and replication. In the 36 

absence of demonstrated treatment and while waiting for vaccine possibility, the use of 37 

omega-3 LC-PUFAs deserve therefore to be considered, based on previous clinical studies 38 

suggesting that omega-3 supplementation could improve clinical outcomes of critically ill 39 

patients at the acute phase of ARDS. In this context, it is crucial to remind that the omega-3 40 

PUFA dietary intake levels in Western countries remains largely below the current 41 

recommendations, considering both the omega-3 precursor α-linolenic acid (ALA) and long 42 

chain derivatives such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). An 43 

optimized omega-3 PUFAs status could be helpful to prevent infectious diseases, including 44 

Covid-19. 45 

 46 
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Abbreviations: ALA, α-linolenic acid; ARA, arachidonic acid; ARDS, Acute Respiratory 50 

Distress Syndrome; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, 51 

eicosapentaenoic acid; LC-PUFA, long-chain polyunsaturated fatty acid; SPM, specialized 52 

pro-resolving lipid mediators; SREBP, Sterol Regulatory Element Binding Protein. 53 

Jo
urn

al 
Pre-

pro
of



4 
 

1. Introduction 54 

The viral epidemic caused by the new Coronavirus SARS-CoV-2 is responsible for the 55 

Coronavirus-2019 disease (Covid-19). Upon binding via its Spike (S) protein, SARS-CoV-2 56 

uses the angiotensin-converting enzyme 2 (ACE2) as an entry receptor in several cell types, 57 

including lung alveolar epithelial cells (type 1 and type 2 pneumocytes). This receptor-58 

mediated endocytosis is followed by the activation of the S protein in the viral envelope by 59 

the transmembrane serine protease 2 (TMPRSS2), a membrane-bound enzyme localized near 60 

the ACE2 receptor [1]. Alternatively, direct proteolytic cleavage of the viral S protein by 61 

TMPRSS2 on the surface of host cells has been described to induce the fusion of the viral and 62 

plasma membranes, leading to the release of the viral single stranded-RNA into the cytoplasm 63 

[2]. Once in endosomes or cytoplasm, the viral RNA activate nucleic acid sensing systems 64 

like Toll-like receptors (TLR7 and 9) which initiate the anti-viral response of the innate 65 

immune system by triggering first the expression of type 1 interferons, followed by activation 66 

of NF-kB and proinflammatory cytokines. 67 

In 10-15% of all cases, Covid-19 is complicated by severe pneumonia requiring 68 

hospitalization, with a high risk of developing an Acute Respiratory Distress Syndrome 69 

(ARDS), which can lead the patient to the intensive care unit (ICU) and is often lethal. ARDS 70 

is mainly associated with an uncontrolled overproduction of immune cells and cytokines, 71 

called “cytokine storm syndrome”, which appears 7-15 days following the onset of symptoms, 72 

leading to systemic inflammation and multiple organ failure. Covid-19 general mortality rate 73 

is about 2% and hospital mortality rate is about 10% [3]. To date, there is no vaccine and only 74 

the antiviral prodrug Remdesivir has been approved as an effective drug therapy to treat the 75 

disease [4,5]. Additionally, little is known to prevent its progression to a serious condition. 76 

The global burden of infection being high and worldwide, all kind of treatments, including 77 
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dietary supplementation and pharmaconutrition trials, deserve to be tested [6]. Background 78 

from other coronaviruses, like SARS-CoV-1 and MERS-CoV are also important to remind. 79 

In this context, it is well admitted that adequate supply and balance of nutrients are 80 

required for proper functioning of both the innate and adaptive immune system. Essential 81 

PUFAs coming from the diet have a very special role in this process, because they participate 82 

to control chronic and acute inflammations. Because they are well-known metabolic 83 

precursors of specialized pro-resolving lipid mediators (SPMs), omega-3 long-chain 84 

polyunsaturated fatty acids (omega-3 LC-PUFAs) could notably help improve the resolution 85 

of the inflammatory balance, limiting therefore the level and duration of the critical 86 

inflammatory period [7]. Omega-3 LC-PUFAs may also interact at different stages of the viral 87 

infection, notably on the virus entry and replication. Therefore, the nutritional status for 88 

PUFAs is particularly important in tissue inflammatory status and overall immune response 89 

[7,8]. In this context, it is crucial to remind that the omega-3 PUFA dietary intake levels in 90 

Western countries remain largely below the current recommendations, considering both the 91 

omega-3 precursor α-linolenic acid (ALA) and long chain derivatives such as 92 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) [9,10]. 93 

In this Hypothesis article, we suggest that omega-3 PUFA dietary supplementation 94 

may be beneficial to reduce the risk of coronavirus complications, progressing to serious 95 

outcomes like ARDS, with the need for artificial ventilation in ICU. The rational for such 96 

Hypothesis is based on the following data. An increased intake level (long-term 97 

supplementation for prevention against infection or short-term supplementation in acute 98 

inflammation phase) of omega-3 PUFAs, including both α-linolenic acid (ALA) as precursor 99 

and long-chain derivatives (EPA, DPA docosapentaenoic acid and DHA) may increase their 100 

overall tissue storage. This higher cell and tissue omega-3 status could lead to a better 101 

conversion to SPMs, leading in turn to a more rapid resolution of inflammation, improving 102 
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the severity of the cytokine storm, and improving finally the outcome of Covid-19 infected 103 

patients.  104 

To support these hypotheses, we first present the demonstrated and putative molecular 105 

mechanisms involving omega-3 PUFAs in the prevention from viral infection and in the 106 

inflammation resolution. Then, we review the data obtained in animal experiments, human 107 

clinical trials and epidemiological studies supporting an interesting role of omega-3 PUFA 108 

supplementation against viral infection-associated inflammation.  109 

 110 

2. Omega-3 PUFAs may interfere with virus entry and replication 111 

2.1. Omega-3 PUFAs may modulate membrane rafts where ACE2 and TMPRSS2 are 112 

mainly expressed 113 

 ACE2 and TMPRSS2 are described to be mainly present in lipids rafts [1], which are 114 

cholesterol and sphingolipid-enriched membrane microdomains within the lipid bilayer. It 115 

was previously shown that lipid rafts were involved in SARS-CoV entry into Vero E6 cells 116 

[11]. In addition, Glende et al. [12] suggested that lipid raft modulation may be an option to 117 

reduce ACE2-mediated virus infection. 118 

 As constitutive part of the membrane phospholipids, omega-3 PUFAs can regulate 119 

membrane properties, such as membrane fluidity and protein complex assembly in lipid rafts. 120 

The number and size of raft and non-raft domains may also modulate the expression, stability 121 

and enzymatic activities of ACE2 and TMPRSS2. Among omega-3 LC-PUFAs, DHA is 122 

described to directly regulate the formation of lipid rafts [13].  123 

 124 

2.2. Omega-3 PUFAs may counteract the viral activation of SREBP1/2 125 

Viruses are known to manipulate cell metabolism to facilitate their replication cycle. A 126 

described virus strategy is to reprogram host lipid metabolism, in order to provide enough 127 
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lipid molecules required for the synthesis of the virion replication membranes. The isomers of 128 

the transcription factor SREBP (Sterol Regulatory Element Binding Protein) are involved in 129 

this metabolic reprogramming. For instance, MERS-CoV has been shown to manipulate host 130 

cellular lipid metabolism and reprogram the de novo SREBP-dependent lipogenesis pathway, 131 

to ensure its replication [14]. SREBPs has also been shown to be activated during flavivirus 132 

infection [15]. Therefore, SREBP1/2 was defined as a potential broad-spectrum antiviral 133 

target for therapeutic intervention. 134 

In this context, one can speculate that, since omega-3 LC-PUFAs are well-known 135 

intracellular inhibitors of SREBP transcription and maturation, a higher cellular impregnation 136 

level may counteract the activating effect of the virus and lower its replication duration. 137 

Indeed, EPA and DHA inhibit SREBP1 conversion from its inactive form to its active mature 138 

form and increase the degradation of SREBP-1c mRNA. This inhibition results in overall 139 

decrease in cellular concentration of the mature form of SREBP and less transcription of 140 

lipogenic genes coding notably for Acetyl-CoA Carboxylase, Fatty Acid Synthase and 141 

Stearoyl-CoA Desaturase [16]. It was suggested that the cholesterol and fatty acid 142 

biosynthesis pathways play a role in Hepatitis C Virus (HCV) RNA replication and infection 143 

[17]. In connection with the previous hypothesis on lipid rafts, omega-3 LC-PUFAs may also 144 

inhibit SREBP2-induced cholesterol synthesis, mainly via the transcription level of HMG-145 

CoA reductase. 146 

 147 

3. Omega-3 PUFAs may help improve the resolution phase of inflammation 148 

 LC-PUFAs play a critical role in inflammatory processes and innate immune response, 149 

thereby affecting human health and diseases. As a first step of the immune response, 150 

inflammation is a biological defense against physical, biological or infectious injury to body 151 

cells. It involves a series of processes, like leucocyte recruitment, whose first purpose is to 152 
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eliminate the causes and aggressors. This first phase is called the "promotion" phase. Then, 153 

the second phase tries to restore the affected cell and tissue homeostasis and is called the 154 

"resolution" phase. 155 

Inflammation begins in particular with the release of PUFAs in phospholipid sn-2 156 

position from the cell membranes, under the action of the enzyme phospholipase A2 (PLA2) 157 

[18]. Arachidonic acid (ARA) is the main precursor for this synthesis, leading to the 158 

production of cellular mediators promoting inflammation, like leukotrienes (LTB4 and LTC4) 159 

and prostaglandins (PGE2 and PGD2), through the action of cyclooxygenases (COX1 and 2), 160 

lipoxygenases (LOX) and cytochrome P450 [19,20]. Therefore, PUFAs of the omega-6 series 161 

are described to activate the promotion phase of inflammation. 162 

 Omega-3 PUFAs are now described to activate the resolving phase, directly in the site 163 

of inflammation [21–23]. EPA and DHA are the main precursors for those resolving 164 

inflammation [21]. Indeed, the specialized pro-resolving mediators (SPMs) issued from EPA 165 

and DHA, known as resolvins, maresins and protectins inhibit the synthesis of pro-166 

inflammatory cytokines through the down-regulation of the NF-κB pathway [24]. So, they 167 

play an efficient role for inflammation resolution processes. E-series resolvins from EPA, D-168 

series resolvins and protectins from DHA have a significant anti-inflammatory effect by 169 

limiting leucocytes infiltrations in damaged tissues [23,25]. Maresins derived from DHA can 170 

also induce macrophages phagocytosis of neutrophils to resolve inflammation [26]. Recently, 171 

another minor omega-3 LC-PUFA, the docosapentaenoic acid (C22:5 n- 3, omega-3-DPA) 172 

has also been suggested to be important in inflammatory resolution in the lung [27]. 173 

An optimal resolution of acute inflammation, as well as the control of chronic low-174 

grade inflammation [28], is therefore based on the cellular availability of these omega-3 fatty 175 

acids exclusively provided by the diet and in particular on the dietary intake level of ALA, 176 

EPA and DHA. 177 
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 178 

4. Omega-3 PUFA dietary intake levels are largely below the recommendations 179 

In this context, it is crucial to remind that the omega-3 PUFA dietary intake levels in 180 

Western countries remains largely below the current recommendations, considering both the 181 

omega-3 precursor α-linolenic acid (ALA) and long chain derivatives such as 182 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) [29]. Linked to great changes 183 

in agricultural production and consumption habits these last 50 years, today’s consumption of 184 

omega-6 PUFAs is at least equal to the current recommendation and often excessive 185 

(depending on the countries) while the omega-3 PUFA’s intake is almost always in deficit in 186 

western countries [30,31]. This leads to a high (10 and more) omega-6/omega-3 ratio since 187 

the 80s [30]. 188 

In France for instance, the advised dietary intake recommends 2.2 g of ALA daily 189 

intake (1% of energy intake per day) and 500 mg for EPA + DHA (in which 250 mg of DHA 190 

minimum) [10]. However, the French INCA 3 consumption study reported in 2017 the mean 191 

omega-3 consumption as follows: 1 g/day of ALA instead of the 2.2 recommended, and 286 192 

mg/day of EPA + DHA instead of 500 recommended.  Therefore, only 15% of the French 193 

population meet DHA intake recommendation, only 8% for EPA and only 1.6% for ALA 194 

[9,32]. Breast milk composition is also a good biomarker for PUFAs intake levels. As 195 

expected, it exhibits a lack of omega-3 in most of the western countries [33]. 196 

In a large range of other countries (38 countries) [34], the omega-3 LC-PUFA intake 197 

varied from 0.02% of total energy in Bulgaria (corresponding to about 40 mg/day) to 0.44% 198 

of total energy in Iceland (corresponding to 900 mg/day). For the authors of this study, only a 199 

few number of countries have an optimal intake of omega-3 LC-PUFAs over 0.2% of total 200 

energy (corresponding to about 410 mg/day): Portugal (0.203%, i.e. 420 mg/day), South 201 

Korea (0.218%, i.e. 450 mg/day), Finland (0.228%, i.e. 470 mg/day), Norway (0.244%, i.e. 202 
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500 mg/day), Malaysia (0.341%, i.e. 700 mg/day), Japan (0.374%, i.e. 760 mg/day) and 203 

Iceland (0.435%, i.e. 900 mg/day). 204 

 These abundant and consensual deficit data deserve our attention in the context of this 205 

pandemic and its inflammatory complications. Indeed, countries with a high omega-3 LC-206 

PUFA intake (0,2% of total energy intake) have a very low number of victims related to the 207 

population: more than 4 times lower than the average of the 31 other countries (36 versus 175 208 

deaths per million in June 2020) [35].  209 

Taking into consideration (i) the role of omega-3 LC-PUFAs in the virus entry, 210 

replication and in the resolution phase of inflammation; (ii) the inflammatory processes 211 

leading to ARDS; (iii) the large and general deficit in omega-3 LC-PUFAs in the western 212 

population, it is possible to raise the hypothesis of a link between omega-3 LC-PUFA 213 

consumption deficiency and Covid-19 excessive inflammatory complication (Figure 1)  .  214 

 215 

5. Animal data, clinical trials and epidemiological studies supporting an interesting role 216 

of omega-3 LC-PUFA supplementation in ARDS 217 

5.1. Omega-3 PUFA supplementation in animal models  218 

In animal studies, omega-3 LC-PUFA supplementation clearly led to increased levels 219 

of tissue omega-3, including the lung. For instance, rats fed semi-synthetic diets supplemented 220 

with 1% total lipids of EPA, DPA and DHA in ethyl esters form from weaning to 6 weeks 221 

clearly increased the omega-3 LC-PUFA level in all studied tissues, including the lung [36]. 222 

Similarly, maternal omega-3 LC-PUFA (ALA, EPA and DHA) supplementation during the 223 

perinatal period (from embryonic day 15 to day 20 after parturition) increased the level of 224 

total omega-3 in breast milk as well as the lung tissue of the rat pups and protected them 225 

against hyperoxia-induced pulmonary hypertension [37]. 226 
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Animal experiments have also shown a beneficial impact of high omega-3 diets 227 

against acute pneumonia when animals were exposed to microbial infection. Sharma et al. 228 

[38] used mice infected by Klebsiella pneumoniae with control or omega-3 PUFA enriched 229 

diets. They reported that the dietary supplementation of omega-3 LC-PUFAs can exert an 230 

overall beneficial effect through the upregulation of the host’s specific and nonspecific 231 

immune defenses. It is interesting to underline that the beneficial effect exists whatever the 232 

type of omega-3 LC-PUFA supplementation (ALA, EPA or DHA diets). Hinojosa et al [39] 233 

used mice intranasally infected with Streptococcus pneumoniae. Survival rate increased 234 

significantly in omega-3 diet’s group when bacterial burden decreased. In omega-3 LC-235 

PUFA-fed animal tissues, it was possible to measure a significant decrease in the levels of 236 

pro-inflammatory cytokines. 237 

 238 

5.2. Omega-3 PUFA supplementation in humans  239 

In 2018, the European Society for clinical nutrition and metabolism (ESPEN) expert 240 

group recommended the use of omega-3 rich fish oil in enteral and parenteral nutrition, for its 241 

general clinical benefits due to its anti-inflammatory and immune-modulating effects [40]: 242 

reduction in infection rate, and length of hospital stay in medical and surgical patients 243 

admitted to the ICU. 244 

Indeed, in humans, supplementation with EPA and DHA was shown to lead to the 245 

incorporation of both omega-3 LC-PUFA in body lipid pools [41]. The rate of incorporation 246 

varied between sample types, with the time to maximal incorporation ranging from days 247 

(plasma phosphatidylcholine) to months (mononuclear cells), and higher for adipose tissue 248 

[41]. In addition, several plasma EPA- and DHA-derived SPMs were shown to respond 249 

linearly with the increased intake of EPA and DHA [42].  250 
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In connection with these interesting results, various SPMs synthesized from EPA and 251 

DHA have already shown protection and resolution of acute lung lesions in ARDS [43]. 252 

Omega-3 PUFA, in the form of fish oil, mostly rich in EPA and DHA, have also been used as 253 

a treatment in several clinical trials in enteral and parenteral nutrition with ARDS patients. 254 

Recent meta-analyses [44–46] demonstrated a beneficial impact of these omega-3 255 

supplementation, especially when the supplementation was limited to enteral nutrition [44]. 256 

Even if the doses were different and if various other supplementation (such as antioxidants) 257 

occurred in the different trials, the authors highlighted significant benefits obtained in only a 258 

few days (28 days) on mortality (-36%), as well as on the duration of ventilation, the length of 259 

stay in ICU [44] with enteral supplementation of omega-3 [21,44,45]. In these trials, omega-3 260 

PUFA was provided at high doses to patients with ARDS (from 5 to 20 times the 261 

recommended nutritional intake for EPA and DHA).  262 

Considering all these results, administering omega-3 PUFAs appears a reasonable 263 

strategy in ARDS. A recent review suggested the systematic use of omega-3 LC-PUFAs if 264 

enteral or parenteral nutrition is indicated in the Covid-19 patients admitted in the ICU [47]. 265 

In addition to EPA and DHA, recent epidemiological and mechanistic data also suggest a 266 

specific role for omega-3 DPA in lung tissue [27,36,48]. Indeed, little studied so far, omega-3 267 

DPA seems to be the starting point for specific routes of synthesis of pro-resolution mediators 268 

at the level of the lung [27]. 269 

 270 

6. Conclusion: on the way to clinical trials 271 

Although scientific research on drug treatment are progressing, the ARDS experts 272 

recommend now, not only for Covid-19 derived ARDS, to give more attention on prevention 273 

in addition to treatment [49]. In this context, we can raise the hypothesis that increasing the 274 

level of omega-3 LC-PUFAs in the diet or as a pharmaconutrient in addition to artificial 275 
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nutrition, could reduce the impact of inflammation caused by viral infectious diseases, such as 276 

the Covid-19. The biochemical mechanisms described here, reinforced by clinical, animal and 277 

epidemiological data suggest that the effect of nutritional supplementation could accelerate 278 

recovery, reduce hospitalization, duration of stay in ICU and finally reduce mortality due to 279 

the new Coronavirus SARS-Cov-2. Omega-3 LC-PUFAs could play a central role in 280 

prevention of the cytokine storm (Figure 1), at least maybe by decreasing the intensity of 281 

inflammation and risk of mortality for patients with Covid-19. 282 

Some questions are still opened. What should be the quantity of total omega-3 and 283 

LC-PUFA supplementation/intake? For the general population and in primary prevention, the 284 

data presented in this article, in addition to all the arguments previously developed concerning 285 

the prevention of other pathologies, support the crucial and urgent need to meet (at least) the 286 

nutritional recommendations (2.2 g/day for ALA and 500 mg/day for EPA+DHA). In 287 

secondary prevention, and for patients with symptoms and/or which are tested positive for 288 

Covid-19, the optimal doses for both ALA and omega-3 LC-PUFAs are not known. Meeting 289 

the nutritional recommendation of 2.2 g/day of ALA appears crucial, as well. Concerning 290 

omega-3 LC-PUFAs, it has been suggested that enteral nutrition enriched with 3.5g/day EPA 291 

and DHA can be administered  in Covid-19 patients, not in a bolus [47]. Higher amounts of 292 

omega-3 LC-PUFAs, up to 9 g/day in the form of fish oil, have been administered safely [50]. 293 

What is the relative impact of the different fatty acids of the omega-3 family? 294 

Probably all the fatty acids of the omega-3 family seem have a role to play. EPA, omega-3 295 

DPA and DHA are direct substrates for pro-resolution mediator synthesis. ALA is the initial 296 

dietary precursor of these LC-PUFAs by successive elongation and desaturation. Although it 297 

is well known that the overall conversion of ALA to DHA is weak [51], ALA may have its 298 

own effect on inflammation resolution, as seen above, in ARDS animal trial in case of 299 

microbial infection [38]. Other authors compared the effect of ALA or DHA diets on heart 300 
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function [52,53] and found no differences. They additionally observed an accumulation of 301 

omega-3 DPA in the membranes of the cardiac cells in the ALA-fed rats. 302 

To conclude, two clinical trials are on their way in Covid-19 patients and in older 303 

people with the aims to evaluate whether omega-3 PUFA diet enrichment could protect 304 

patients against severe forms of Covid-19, and to increase the awareness of the scientific 305 

community towards the beneficial role of good nutrition as a “barrier diet” against future 306 

pandemic.  307 
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Figure legend 513 

 514 

Figure 1 – Expected mechanisms of the anti-inflammatory effect of omega-3 long chain 515 

polyunsaturated fatty acids (omega-3 LC-PUFAs) and cytokine storm prevention during 516 

the Coronavirus disease-2019. General population has deficiency in Omega-3 LC-PUFAs 517 

that increases proportion of arachidonic acid (ARA) from Omega-6 PUFA family in 518 

phospholipid membranes of the cells. ARA is liberated from its sn-2 position by the 519 

phospholipase A2 (PLA2) and become a substrate for cyclooxygenase enzymes (COX1 and 520 

COX2). Prostaglandins E2 (PGE2) is synthesised from ARA and is pro-inflammatory by 521 

activating NF-κB and lead to systemic chronic low-grade inflammation and a higher response 522 

to severe acute inflammation. A nutritional supplementation in omega-3 fatty acids may 523 

decrease or even remove the deficiency in population. This supplementation will increase 524 

eicosapentaenoic acid (EPA), omega-3 DPA and docosahexaenoic acid (DHA) proportion in 525 

phospholipid membranes of the cells. EPA, DPA and DHA are, like ARA, liberated by PLA2. 526 

It is a limiting step for the synthesis of lipid mediators from PUFAs. EPA is a substrate for 527 

COX enzymes and also lipoxygenases (LOX). PGE3 and E-series resolvins are produced 528 

from EPA and have anti-inflammatory properties. DHA is a substrate for LOX and produces 529 

D-series resolvins, protectins and maresins that have anti-inflammatory properties. These 530 

specialized pro-resolving mediators from EPA and DHA, in a case of acute inflammation by 531 

activation of NF-κB, will activate peroxisome proliferator-activated receptor (PPAR)-γ. 532 

PPAR-γ inhibit NF-κB. Consequently, the production of pro-inflammatory cytokines is 533 

reduced and may prevent cytokine storm.  534 

 535 

 536 
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Highlights 

• Covid-19 disease is responsible for cytokine storm and systemic inflammation 
• Omega-3 PUFA are precursors of specialized pro-resolving lipid mediators  

• Omega-3 PUFA could modulate the Covid-19 anti-inflammatory response 
• Clinical trials should evaluate the effect of omega-3 PUFA in Covid-19 patients 
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