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Abstract: Background: The main nutritional consequences of COVID-19 include reduced food 
intake, hypercatabolism, and rapid muscle wasting. Some studies showed that malnutrition is a 
significant problem among patients hospitalized due to COVID-19 infection, and the outcome of 
patients with SARS-CoV-2 is strongly associated with their nutritional status. The purpose of this 
study was to collect useful information about the possible elements of nutritional and probiotic 
therapy in patients infected with the SARS-CoV-2 virus. Methods: A narrative review of the 
literature, including studies published up to 13/09/2021. Results: Probiotics may support patients 
by inhibiting the ACE2 receptor, i.e., the passage of the virus into the cell, and may also be effective 
in suppressing the immune response caused by the proinflammatory cytokine cascade. In patients’ 
diet, it is crucial to ensure an adequate intake of micronutrients, such as omega-3 fatty acids (at 2–4 
g/d), selenium (300–450 μg/d) and zinc (30–50 mg/d), and vitamins A (900–700 μg/d), E (135 mg/d), 
D (20,000–50,000 IU), C (1–2 g/d), B6, and B12. Moreover, the daily calorie intake should amount to 
≥1500–2000 with 75–100 g of protein. Conclusion: In conclusion, the treatment of gut dysbiosis 
involving an adequate intake of prebiotic dietary fiber and probiotics could turn out to be an 
immensely helpful instrument for immunomodulation, both in COVID-19 patients and 
prophylactically in individuals with no history of infection. 
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1. Introduction 
The latest data from the World Health Organization (WHO, 13 September, 2021) show 

that 224,511,226 people have tested positive for SARS-CoV-2 globally. Unfortunately, 
4,627,540 deaths associated with COVID-19 infection were also reported around the world 
[1]. Prognostic models and initial epidemiological data show that new variants of SARS-
CoV-2 are associated with higher transmissibility [2,3]. On the other hand, the number of 
vaccinated individuals is rapidly growing. WHO reports that 5,776,127,976 vaccine doses 
have been administered worldwide [1]. It can be expected that the aforementioned virus 
transmits less efficiently during the warmer months. However, the mechanisms regarding 
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this aspect have not been well investigated. Moreover, currently, SARS-CoV-2 should not 
be assessed as a seasonal entity [4]. 

Nutritional status impacts infectious diseases through multiple mechanisms. Among 
others, overweight/obesity contributes to the overproduction of proinflammatory IL-6 
and reduces cytotoxicity of natural killer cells. A worse outcome was observed in obese 
patients with H1N1 influenza [5]. Malnutrition is also associated with a decrease in 
protein stores and affects the immune system. Both obesity and malnutrition have an 
impact on the outcome of COVID-19 [6]. Below, we discuss the link between nutritional 
status and COVID-19-related aspects. As summarized in Ochoa’s review, three main 
phenotypes have been identified as having an increased risk of severe infection: older and 
frail, polymorbid or with a chronic illness, and severely obese [7]. Despite the fact that 
most infections are asymptomatic or mild, more and more data show possible long-term 
consequences of the disease [8]. Even in low-risk patients, chronic symptoms of COVID-
19 may be observed. In the COVERSCAN study, 42% of adults who had recovered from 
COVID-19 and were followed up after at least 4 weeks had 10 or more symptoms, and 
60% had severe post-COVID-19 syndrome with single-organ (70%) and multiorgan (29%) 
impairment [9]. In another study, 47,780 patients were monitored after hospital stay due 
to COVID-19. The mean follow-up time was 140 days. Precisely 29.4% required 
readmission (mainly due to diabetes, cardiovascular event, chronic kidney, or liver 
disease), and 12.3% died after the discharge [10]. 

Some studies showed that malnutrition is a significant problem among patients 
hospitalized due to COVID-19 infection. In Yu’s study on the Wuhan population, 
malnutrition graded according to the GLIM criteria [11] was associated with longer 
hospital stay [12]. Zhao’s data showed that in the ICU, an NRS 2002 score over 3 was 
correlated with a higher mortality rate and prolonged hospital stay [13]. Nutritional 
assessment with mNUTRIC score was also proven to predict the outcome of patients with 
a critical illness due to COVID-19 [14]. Consequently, nutritional screening in the 
ambulatory setting and during hospitalization is acknowledged as an important issue 
[15]. Moreover, some markers of inflammation and malnutrition are proven to be helpful 
for mortality prediction. In Zinellu’s meta-analysis, it was shown that low-serum 
prealbumin levels were associated with severity and mortality of COVID-19 patients [16]. 
Several potential effects of micronutrients in supporting the treatment of COVID were 
also studied [17]. Analyses showed that vitamin D deficiency was found in more than 
two-thirds of admitted patients, and 42% were selenium deficient [18]. 

The initial phase of the pandemic forced the introduction of new guidelines on 
medical treatment. The European Society for Clinical Nutrition and Metabolism (ESPEN) 
published recommendations on clinical nutrition in light of the COVID-19 pandemic [19]. 
More than one year of the pandemic crisis worldwide has exposed many scientific 
questions and future strategies for researchers [20], as well as new perspectives for 
practical challenges of nutritional support. The review by Thibault underlined some 
feedback “from the field” of the pandemic war, confronting the guidelines in the practical 
setting [21]. The proposed algorithm suggested that enteral nutrition (EN) may not always 
be feasible in the intensive care unit (ICU), especially for patients requiring high-volume 
oxygen support, and total or supplementary parenteral nutrition (PN) support may be 
useful. Additionally, ease of use and feasibility of nutrition protocols are essential, 
considering the shortage of healthcare professionals. The authors of the report suggest 
that measurement of energy expenditure may not always be possible with indirect 
calorimetry due to problems with the decontamination of equipment, and predictive 
equations may be helpful in such situations. 

Guidelines for patients who recovered from infection stress the need for nutritional 
surveillance and community support [22]. Although SARS-CoV-2 infection is mainly 
associated with respiratory problems, a retrospective analysis of 1141 cases of COVID-19 
patients showed that 16% had only gastrointestinal (GI) symptoms [23]. A recent meta-



Nutrients 2021, 13, 3385 3 of 18 
 

 

analysis confirmed that 11.8% with mild and 17.1% with a severe course of infection had 
GI symptoms [24]. 

Notably, the link between gut dysbiosis and respiratory tract infections has been 
observed [25]. The potential gut–lung axis is regarded as one of the target mechanisms to 
control the infection and support treatment. Some patients with COVID-19 present 
decreased levels of probiotic bacteria, such as Lactobacillus and Bifidobacterium, in the gut 
[26]. Zuo et al. have shown that fecal metagenomes of high SARS-CoV-2 infectivity 
patients are characterized by the abundance of opportunistic pathogens (Collinsella 
aerofaciens, Collinsella tanakaei, Streptococcus infantis, and Morganella morganii) [27]. These 
bacteria affect the immune system both locally and systemically [28]. Microbiota 
modulation is a promising strategy to improve immunological mechanisms and limit the 
effect of viral infections [29,30]. Probiotic strains increase regulatory T cells, decrease the 
production of proinflammatory cytokines, increase the release of anti-inflammatory 
mediators, and ameliorate antiviral defense [27,28]. Moreover, probiotics enhance 
mucosal immunity and improve both the intestinal and lung barrier, helping to maintain 
homeostasis [27,31]. Probiotics enhance the immune system and reduce the inflammatory 
status then may contribute to act against SARS-CoV-2 [32,33]. In addition, a potential 
probiotic-induced inhibitory effect on the angiotensin-converting enzyme 2 (ACE2) has 
been hypothesized [27,34]. The modification of ACE2 expression via microbes has an 
impact on the entrance of SARS-CoV-2 into cells [34]. Notably, ACE2 is highly expressed 
in the pulmonary and gut tissues. The spike protein of the aforementioned virus targets 
ACE2 as the binding receptor for cell entry. Probiotics that are given orally provide 
antiviral effects through the gut–lung axis [35]. Gut microbiota may modulate the 
immunological activity of the lung through bacterial metabolites and bacterial 
lipopolysaccharides [36]. Notably, bacterial metabolites, such as short-chain fatty acids, 
lipopolysaccharides, and exopolysaccharides, provide an indirect antiviral effect via 
modulation of the host immune system (the impact on IFN-γ, IgA, IL-12, NK cells, and 
many others) [37]. The human microbiota–miRNA axis may also be used as a therapeutic 
approach for patients with COVID-19 [32]. Recently, in 2021, it was shown that there is a 
link between the use of probiotics, omega-3 fatty acids, multivitamin and vitamin D 
supplements, and reduce the risk of testing positive for SARS-CoV-2 in the case of women 
(this observation was not confirmed in men) [38]. Probiotics contribute to the restoration 
of gut microbiota balance and functional homeostasis and prevent the invasion of 
pathogenic microbes through, among others, increasing the secretion of mucins [35,38–
40]. Therefore, the aforementioned studies suggest that gut microbiota modification 
through the administration of probiotic strains appears to be much needed in COVID-19 
patients. In the present narrative review, we present the immunomodulatory properties 
of probiotics and their association with COVID-19. Initial studies show that microbiota 
alterations are specific to COVID-19 infection and may be related to the severity of the 
disease [41]. 

2. Materials and Methods 
The literature review was conducted by all authors. Studies published up to 

13/09/2021 were included. The search words were: (“coronavirus” OR “severe acute 
respiratory syndrome coronavirus 2” OR “severe acute respiratory syndrome coronavirus 
2” OR “sars cov 2” OR “SARS-CoV-2” OR “COVID-19” OR “severe acute respiratory 
syndrome coronavirus 2”) AND (“Nutrition” OR “Diet” OR ”Home nutrition” OR 
“Enteral nutrition” OR “parenteral nutrition” OR “probiotics” OR “probiotic mixtures”). 
The inclusion criteria were articles published up to 13/09/2021 containing the search 
words listed above. The exclusion criteria were articles published after this date and/or 
not containing the above-mentioned search words and/or physical therapy associated 
with probiotic ingestion and/or prebiotic ingestion. 
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2.1. Nutritional Support and Nutritional Status of Patients with SARS-CoV-2 Infection 
2.1.1. Nutritional Status 

The main nutritional consequences of COVID-19 include reduced food intake, 
hypercatabolism, and rapid muscle wasting. Several factors contribute to reduced food 
intake, such as dyspnea, anorexia, and stress [42]. Furthermore, gastrointestinal 
symptoms, for instance nausea, diarrhea, and abdominal pain/discomfort, also contribute 
to the worsening of patients’ nutritional status [43]. Notably, most patients who are 
admitted to the intensive care unit (ICU) are at high risk of malnutrition. Therefore, the 
nutritional status of COVID-19 patients should be assessed regularly. The assessment of 
nutritional status should also take into consideration the possibility of sarcopenia 
development [42]. Zhou et al. have noted that COVID-19 is related to negative outcomes 
in elderly and hypoalbuminemic patients [44]. Albumin is a negative acute-phase protein. 
The decrease of its concentration in blood serum not only depends on the presence of 
malnutrition, but it is also associated with inflammation [45]. The reduction of prealbumin 
levels may be related to the prediction of acute respiratory distress syndrome progression. 
Lymphopenia is also a negative prognostic factor in these patients [44]. 

As mentioned above, according to recently published studies, the outcome of 
patients with SARS-CoV-2 is strongly associated with their nutritional status [46,47]. In 
the study by Hyoung Im et al., the nutritional status of 50 hospitalized COVID-19 patients 
regarding vitamins (B1, B6, B12, D) and minerals (selenium, folate, zinc) was measured 
[18]. The deficiency of vitamin D was observed in 76% of patients (severe deficiency—a 
cut-off of ≤10 ng/dL—24% of patients in the COVID-19 group and 7.3% in the control 
group). Additionally, low selenium was noted in 42% of patients. No significant 
deficiencies were observed for the other measured parameters. However, it was noted 
that all severely ill patients had a deficiency of more than one nutrient. Overall, these 
results indicate that a deficiency of both vitamin D and selenium is associated with 
weakened immunity in COVID-19 patients. The authors also suggest that nutritional 
deficiencies may favor the onset of this disease and increase its severity [18]. Notably, 
vitamin D, which plays a significant role in human immunity, decreases acute respiratory 
infections and pneumonia [48,49]. Alexander et al. recommend early nutritional 
interventions with nutrients (i.e., zinc, selenium, and vitamin D) to raise the antiviral 
resistance against COVID-19 [50]. These supplementations should be introduced 
particularly in areas with a high risk of COVID-19 development or as soon as possible 
when suspecting a SARS-CoV-2 infection [50]. 

It is recommended to assess patients’ nutritional status using appropriate tools, for 
instance Nutritional Risk Screening 2002 (NRS 2002) [51]. Moreover, nutritional 
evaluation should be based on new criteria established for the diagnosis of malnutrition, 
i.e., Global Leadership Initiative on Malnutrition 2019 (GLIM 2019) [42]. These criteria 
may be very useful due to the fact that they take into account many nutritional aspects 
and allow assessing the severity of malnutrition. Furthermore, GLIM 2019 criteria are 
based on a global consensus and should thus be well suited to the COVID-19 epidemic 
[42]. 

2.1.2. Nutrition Support 
The introduction of appropriate nutrition support in patients suffering from COVID-

19 depends on their nutritional status and disease severity. The oral diet is preferred in 
the case of confirmed mild COVID-19 infections. Additionally, it is preferred to provide 
nutritional counseling, monitor oral feeding, and introduce oral nutritional supplements 
(ONS) if necessary [51]. The oral high-calorie and high-protein diet enriched with ONS is 
preferred if patients can be fed effectively orally [52]. 

It should be emphasized that EN is preferred over PN in COVID-19 patients due to 
the promotion of gut integrity and immune functions [42,52]. EN should be introduced 
early after the admission of patients with SARS-CoV-2 to the ICU. Due to the fact that EN 
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may cause adverse events, it is recommended to start enteral formula administration with 
trophic doses and increase dosage systematically, taking into account patient tolerance, 
hemodynamic stability, and metabolic aspects [53]. Currently, it is recommended to use 
the standard isomolar polymeric formula in this case. The average energy and protein 
administration should be around 25 kcal/kg/d and 1.3 g/kg/d, respectively [42,53]. 
Nevertheless, the EN should be started carefully due to the high risk of refeeding 
syndrome. Therefore, the increase of enteral formula should be conducted via the 
following schedule: Day I, 10 kcal/kg/d; Day II, 15 kcal/kg/d; Day III, 20 kcal/kg/d; Day 4, 
25 kcal/kg/d [42]. Additionally, in the case of acute respiratory distress syndrome (ARDS), 
the enrichment of EN with omega-3 fatty acids (at 3.5 g of eicosapentaenoic acid and 
docosahexaenoic acid) is currently recommended [42]. 

PN should be initiated in the case of a high risk of aspiration, enteral formula 
intolerance, insufficient enteral feeding, and when the gut is not functioning effectively 
[42,53]. The introduction of PN should be considered if the energy and protein 
requirements, i.e., <70% of the needs, are not covered enterally. Supplemental PN should 
not be applied before Day 4 [42]. The parenteral formula (similarly to EN) may be enriched 
with omega-3 fatty acids [42]. 

Summarizing the aspects of nutritional status and nutrition support in COVID-19 
patients, it should be emphasized that all of the patients should be considered at risk of 
malnutrition. The evaluation of their nutritional status should be conducted using 
standardized methods. The GLIM 2019 criteria can be useful in the context of the 
epidemic. Nutrition support, such as EN and particularly PN, requires careful assessment 
before introduction due to the high risk of refeeding syndrome. The type of nutrition 
support should be based on patients’ nutritional status and the severity of COVID-19 
disease. 

2.2. Patient Nutrition in Mild Course of SARS-CoV-2 Infection at Home 
While there are no strict guidelines in this regard, it appears that nutrition should be 

built (just like in the case of a more severe course) around a balanced diet, containing the 
optimal amounts of proteins and other nutrients and providing adequate amounts of 
vitamins and macro- and microelements [52]. 

In the course of the disease, it is essential that the patient should maintain all the 
metabolic functions, normal body weight, and muscle mass, hence a high-calorie, high-
protein diet is recommended. The daily calorie intake should amount to ≥1500–2000, with 
75–100 g/d of protein. If the patient has no appetite, they should be provided within 24–
48 h with medical nutrition products, also known as foods for special medical purposes 
or oral nutrition supplements (ONS), to satisfy their nutritional requirements. Nutridrinks 
should be administered for ≥1 month, providing ≥400 kcal per day and ≥30 g protein per 
day [52,54,55]. 

3. Results 
3.1. Diet as a Factor in Boosting the Immune System 

Research has shown that vitamin and mineral deficiencies have an adverse effect on 
the efficacy of treatment in the course of viral infections [56]. Nutritional supplements 
enhance immunity [57]. Micronutrients that are of particular importance in patient care 
include omega-3 fatty acids (EPA and DHA), selenium and zinc, and vitamins A, E, D, C, 
B6, and B12. Notably, vitamin C, D, zinc, selenium, and others inhibit the production of 
inflammatory mediators during viral infection [56]. In a recent paper, Khatiwada and 
Subedi described selenium as a powerful immune factor in the fight against SARS-CoV-
2, at the same time emphasizing the role of other micronutrients mentioned above [58]. 
The ESPEN guidelines affirm the positive role of these immunostimulating food 
components while observing that, with few available studies, it is difficult to recommend 
dosage in COVID-19 patients. It would appear that dietary intake of these nutrients in 
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patients should be increased to well beyond the recommended dietary allowances 
(RDAs). For more information, please refer to the papers by Di Rezno et al. and Calder et 
al. [58,59]. 

3.1.1. Vitamin D 
Vitamin D has immunostimulating effects due to the presence of the vitamin D 

receptor in monocytes, macrophages, and dendritic cells. Additionally, it also stimulates 
the production of antimicrobial proteins, such as cathelicidin and β-defensin. By 
participating in their synthesis, vitamin D promotes the normal composition of intestinal 
microbiota, upregulating the expression of tight junction proteins in intestinal epithelial 
cells. Its major sources include oily fish, liver, eggs, and wild mushrooms [60]. The 
prophylactic dose of vitamin D amounts to 2000 IU/d (50 μg/d), 1600–4000 IU in obese 
adults, and 1200–2000 IU in obese children and adolescents. The dose of 20,000–50,000 IU 
is suggested to be supportive in respiratory tract infections [61,62]. 

3.1.2. Vitamin A 
Vitamin A is regarded as one of the most important micronutrients. Its principal role 

is in maintaining a mechanical barrier against pathogens by participating in the 
differentiation of epithelial tissue and skin. In the form of retinoic acid, it participates in 
the differentiation and proliferation of immune cells [63]. Additionally, it enhances the 
intestinal immune response. In the form of provitamin A, it can be found in vegetables, 
such as carrot, parsley leaf, spinach, kale, and broccoli, as well as fruit, notably apricot 
and peach. Beta-carotene is present in small quantities in milk and milk products such as 
butter. The daily prophylactic dose and that suggested in support of infections amounts 
to 900–700 μg/d [61]. 

3.1.3. Vitamin C 
Vitamin C is an essential water-soluble antioxidant, protecting immune cells against 

oxidative stress. Moreover, it is involved in cell signaling and epigenetic processes [63]. It 
has been associated with a shorter duration and less severe symptoms of upper and lower 
respiratory tract infections, at the same time lowering the risk of infection. Requirements 
for vitamin C are increased during infection, and its deficiency impairs phagocytosis [63]. 
Foods rich in vitamin C include parsley leaf, bell peppers, cabbage and relatives (Brassica), 
and citrus fruit [60]. The prophylactic dose amounts to 200 mg/d, and the supportive dose 
in respiratory tract infections is 1–2 g/d [61,62]. 

3.1.4. Vitamin E 
Vitamin E exists mainly in the form of tocopherols abundantly present in nuts and 

vegetable oils. In the form of tocotrienols, it can be found in some seeds and grains. In a 
lipid milieu, it acts as an antioxidant. It protects cell membranes from reactive oxygen 
species, supports the integrity of epithelial barriers, and stimulates T cells [63]. It is 
particularly important because of its role in regulating the body’s susceptibility to 
infectious diseases, including respiratory tract infections [63,64]. It reduces the risk of 
infection in healthy adults aged over 60 years. The prophylactic dose in men amounts to 
10 mg and in women 8–11 mg of α-tocopherol equivalent/person/d. The dose suggested 
in support of respiratory tract infections is 135 mg/d [61]. 

3.1.5. Zinc 
Zinc deficiency, especially in children, is associated with an increased risk of diarrhea 

and development of pneumonia. It is particularly important for T cells, as it is needed for 
their maturation [63]. The dietary sources of zinc include shellfish, meat, liver, cheese, 
some cereals (buckwheat), and wholegrain bread [60]. The daily prophylactic dose is 8–11 
mg/d, and in the course of respiratory tract infections, 30–50 mg/d is suggested [61]. 
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3.1.6. Selenium 
Selenium is a nutrient of key importance for the immune system. It plays an 

important antioxidant role, affects leukocyte and natural killer (NK) cell function, and 
consequently modulates the antioxidant host defense system. Selenium is found in fish, 
shellfish, meat, eggs, and some nuts, notably Brazil nuts [58]. Currently, the recommended 
selenium intake for adults ranges between 25 and 100 μg/d, averaging at 60 μg/d for men 
and 53 μg/d for women. The tolerable upper intake level was established at 300–450 μg/d 
[61]. 

3.1.7. Omega-3 Fatty Acids 
The amount of omega-3 fatty acids recommended for prophylaxis is approximately 

250 g/d, and in the case of infection, the suggested intake is 2–4 g/d [61]. Their main health 
benefits are attributable to their anti-inflammatory and antiplatelet effects due to their 
conversion in the body to active metabolites, namely resolvins and protectins [65]. They 
include linolenic acid (ALA), found primarily in seed oils, notably linseed oil, flaxseed, 
and chia. ALA is converted into other polyunsaturated acids: eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA). ALA cannot replace fish oils, in spite of being an EPA 
and DHA precursor, because of the low rate of conversion, which is inadequate to satisfy 
human nutritional requirements for those acids [66]. 

EPA and DHA are readily available from oily fish, algae, and seafood. Please note, 
however, that their content differs depending on fish species (Table 1). High amounts can 
be found in cold-water fatty fish, including such species as salmon, anchovies, herring, 
mackerel (Atlantic and Pacific), tuna (bluefin tuna and albacore), and sardines, with one 
of the highest levels of beneficial fatty acids. Algae are another good source, e.g., Chlorella 
vulgaris (CV) and Fucus sp. [67]. On the other hand, there are practically no omega-3 fatty 
acids in shrimp, lobster, scallop, tilapia, or cod. 

Table 1. In order to supply 250 mg/d of EPA and DHA (for prophylactic purposes), one should eat 
[54]. 

Scheme 1 Quantity (g/d) Amount 
Supplied 

Frequency Omega-3 Fatty 
Acids 

Mackerel pâté 100 g 4.7 g Daily EPA + DHA 
Salmon and sardines 142 g 4.5 g Daily EPA + DHA 

Baked herring 150 g 1.2 g 3 days/week EPA + DHA 
Sea trout 150 g 3.2 g Daily EPA + DHA 

Cod 150 g 0.3 g Daily EPA + DHA 
EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid. 

Omega-3 fatty acids can also be supplied in the form of (fish oil) supplements, 
although according to the literature data, the majority do not provide satisfactory amounts 
of these valuable oils while containing contaminants dissolved in oil (Table 2) [68]. Most 
supplements labeled as fish oils contain as little as 12% DHA, 18% EPA, and more than 
70% vegetable oil. On the other hand, fish oils with medicine status, e.g., Omacor, contain 
more than 40% DHA, more than 50% EPA, and just 6% of other omega-3 fatty acids [68]. 
Other recommendable omega-3 fatty acid preparations with medicine status include 
Omtryg, Epanova, and Vascepa. 

Table 2. EPA and DHA content of commonly used supplements [54]. 

Supplement Content Supplement 
Cod liver oil 200 mg EPA and DHA More EPA than DHA, not medicine grade 

Standard fish oil 300 mg EPA and DHA More EPA than DHA, not medicine grade 
Concentrated fish oil 450–600 mg EPA and DHA More EPA than DHA, not medicine grade 



Nutrients 2021, 13, 3385 8 of 18 
 

 

Algae oil 400 mg Mainly DHA, not medicine grade 
Linseed oil No information Mainly alpha-linolenic acid, not medicine grade 

Omacor 460 mg EPA and 380 mg DHA medicine grade 

3.1.8. Curcumin 
Curcumin is a natural therapeutic option. In a randomized trial (ClinicalTrials.gov 

identifier: CTRI/2020/05/025482), it was shown that oral curcumin (dose of 525 mg twice 
daily) with piperine (2.5 mg) may be used as adjuvant therapy for patients with COVID-
19 [69]. 

3.2. Elements of Immunonutrition as a Potential Adjunct Therapy for COVID-19 Patients 
In the context of immunonutrition, it is worth considering polyphenols. They are 

colorful substances with antioxidant [70] and anti-inflammatory properties [71,72] and 
documented effects on the condition of gut microbiota [73]. Good sources of polyphenols 
are cocoa products, darkly colored berries, seeds (for instance flaxseed), nuts (such as 
hazelnut, chestnut), vegetables, various species, and dried herbs [74]. Research has 
confirmed their positive participation in metabolic processes. For instance, they affect 
lipid metabolism, through inter alia reducing LDL cholesterol, increasing HDL 
cholesterol, and normalizing dyslipidemia [75]. Additionally, they activate the anti-
inflammatory Nrf2 pathway [76] and inhibit NF-κB and AP-1-mediated proinflammatory 
cascades. It is important to note their beneficial role in the prevention of influenza 
infections [77,78]. It has been documented that polyphenols are capable of modifying cell 
signaling pathways and reducing viral replication [71,78]. A study carried out by Lin et 
al. investigated polyphenols found in grapes (Vitis vinifera), Huzhang (Japanese 
knotweed, Polygonum cuspidatum), and cranberry (Vaccinium macrocarpon) and found that 
they inhibited the replication of another virus, MERS, in an in vitro model [79]. 

Immunostimulating effects have also been observed in amino acids recognized as 
immunonutrients: glutamine and arginine [58,80,81]. Arginine regulates immune function 
and impacts metabolism. According to the literature data, its optimal intake is crucial 
when fighting inflammation in infections, fibrotic diseases, and immune regulation in 
general, seeing as it supports immune cell metabolism [58]. In the case of infection, the 
recommended intake is 25–35 g/d [82,83]. Glutamine, on the other hand, is the most 
versatile amino acid in our body. Glutamine consumption by immune cells is on par with 
that of glucose. In addition, it is an essential element in lymphocyte proliferation and 
neutrophil activation. Its depletion impairs immune function and increases susceptibility 
to infectious diseases [58]. 

3.3. Microbiota in COVID-19 
The human gastrointestinal tract is inhabited by 1014 microorganisms, including 

bacteria, viruses, fungi, and archaea [84]. There are four other major phyla: Proteobacteria, 
Fusobacteria, Actinobacteria, and Verrucomicrobia [85–87]. 

Microbiota has a number of functions that are vital to human health and life. Gut 
bacteria participate in digestion and play an important role in healthy fatty acid 
metabolism. They also produce certain health-promoting nutrients, notably valuable 
short-chain fatty acids (SCFAs), vitamins, and amino acids [88]. The gt microbiome 
modulates the immune system and affects the metabolism of xenobiotics [89]. Moreover, 
commensal bacteria compete with other microorganisms for space and resources and 
produce antimicrobial proteins (AMPs), preventing the adhesion of pathogens and 
promoting intestinal barrier integrity [90,91]. Short-term modifications of eating habits 
have a negligible effect on bacterial composition, unlike antibiotic treatments, the impact 
of which is powerful, resulting in loss of taxonomic diversity and increased counts of 
potentially pathogenic bacteria [92]. This may lead to a state of dysbiosis and increased 
intestinal permeability [93]. 
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Dysbiosis affects patients suffering from inflammatory bowel disease (IBD), irritable 
bowel syndrome (IBS), celiac disease, colorectal cancer, hepatic encephalopathy, and 
neurodegenerative diseases [94]. Over time, adverse changes in microbiota composition 
have also been confirmed in patients with type 2 diabetes mellitus, cardiovascular disease, 
and depression [95–97]. 

However, the effects of dysbiosis are not limited to the visceral area, seeing as 
gastrointestinal dysbiosis has been associated with respiratory diseases of inflammatory 
origin, i.e., allergy, asthma, and chronic obstructive pulmonary disease [98,99]. Substances 
produced by microbiota in the gut, for instance SCFAs, stimulate elements of the immune 
system, which are transported to the lungs through the lymphatic system [100,101]. 
Another controlled study in mice demonstrated that viral lung infection leads to 
unfavorable alterations in gut microbiota composition, manifesting with an increase in 
Bacteroidetes and decrease in Firmicutes abundance [102]. Gut microbiota may be a 
promising target for viral infection therapy [103,104]. Notably, gut microbiota (depending 
on its composition and activity) may both promote or prevent viral infections by 
regulating the immune response [103]. 

Recently, another item could be added to the list of factors affecting gut health, 
namely the SARS-CoV-2 pandemic. Intestinal disturbances observed in a severe course of 
SARS-CoV-2 infection are associated with gut dysbiosis. Hospitalized COVID-19 patients 
present with nausea, vomiting, loss of appetite, and diarrhea [105]. Notably, diarrhea 
affected from 1.3% to 29.3% of patients hospitalized due to a SARS-CoV-2 infection [105]. 
What is more, it was noted that patients with severe COVID-19 were more likely to 
manifest gastrointestinal symptoms than those with a milder course [106]. It has been 
proposed that diarrhea in these patients can be attributed to altered function of the ACE2 
receptor due to the interaction between SARS-CoV-2 and ACE2 in the intestine [107]. 
ACE2 is present in many organs, including lung tissue, nasopharyngeal mucosa, brain, 
stomach epithelium, duodenum, small intestine, and colon, which renders the small and 
large intestine highly susceptible to SARS-CoV-2 infection [108–110]. ACE2 is a significant 
part of the renin–angiotensin system [111]. SARS-CoV-2 is mainly replicated in 
respiratory epithelial cells. It can infect immune cells, such as macrophages, monocytes, 
activated T cells, and dendritic cells [111]. SARS-CoV-2 uses the ACE2 receptor to enter 
cells [112]. After ACE2 binding, the virus enters host cell cytosol through cleavage of S 
protein [113]. This protein is one of the four structural proteins located on the outer surface 
of this virus, and it regulates the interactions of the virus with the host cell-surface 
receptors. It should be emphasized that SARS-CoV-2 shares 80% of its genome with other 
types of human coronavirus [113]. Recently, it was shown that SARS-CoV-2 and SARS-
CoV use different regions in the S protein receptor-binding motif and present different 
interactions for binding ACE2 [113]. 

Both the incidence of diarrhea and high mortality rates among the elderly due to 
COVID-19 can be related to gut dysbiosis and the concept of the gut–lung axis [114]. As a 
result of adverse alterations in gut microbiota composition and impaired integrity of the 
intestinal epithelium, intestinal immune responses are upregulated, subsequently leading 
to the development of intestinal inflammation. This phenomenon is related to the already 
mentioned increased intestinal permeability, colloquially referred to as “leaky gut”, 
allowing for the passage of bacterial metabolites and bacteria to enter the bloodstream 
[114]. 

Currently, it is already known that lungs, like intestines, have their own microbial 
community, the function of which is to maintain respiratory system homeostasis, while a 
state of dysbiosis in this organ may confer susceptibility to lung disorders [115,116]. What 
is more, adverse alterations in respiratory microbiota also have a detrimental effect on gut 
microbiota. According to the scientific literature, viral infections of the respiratory tract 
decrease the relative counts of Lactobacilli and Lactococci, simultaneously increasing 
Enterobacteriaceae within the intestinal microbiota [117,118]. In COVID-19 patients, gut 
microbiota was found to be disturbed even in the absence of symptoms and following 
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recovery [119]. Gu et al. noted that SARS-CoV-2 infection was associated with a marked 
decline in intestinal bacterial diversity and a significant increase in opportunistic 
pathogens: Rothia, Actinomyces, Veillonella, and Streptococcus [120]. Following the report 
from the study by Trompette et al., we now know that healthy gut microbiota supports 
immunity of the respiratory tract due to the fermentation of plant fiber and production of 
SCFAs, which may increase the number of dendritic cells in pulmonary tissue, thus 
dampening allergic responses, while low SCFA levels are associated with higher rates of 
allergic airway diseases [101]. Moreover, dysbiosis may allow the migration of SARS-
CoV-2 from the lungs to the intestinal epithelium cells via the ACE2 receptor. It has been 
suggested that intestinal microbiota disorders may be of key importance in the recovery 
of patients with severe COVID-19 [41,114]. In a pilot study, significant adverse alterations 
in the composition of gut microbiota, which persisted longer than the symptoms of 
COVID-19 and SARS-CoV-2 infection were observed. Patients presented with higher 
amounts of Coprobacillus, Clostridium hathewayi, and Clostridium ramosum compared to the 
control group, while the abundance of the anti-inflammatory bacterium Faecalibacterium 
prausnitzii declined in relation to the increasing disease severity [41]. Interestingly, there 
is an inverse correlation between the strains of Bacteroides dorei, Bacteroides ovatus, 
Bacteroides thetaiotaomicron, and Bacteroides massiliensis, which downregulate ACE2 
expression in murine gut, and SARS-CoV-2 levels in fecal samples from hospitalized 
patients [41]. It appears that the use of appropriate microbes inhibiting the activity of the 
ACE2 receptor may help reduce viral invasion of human cells and thus dampen the 
inflammatory process [26]. For instance, Lactobacillus and Bifidobacterium spp. synthesize 
proteins that are ACE inhibitors, with a potential for downgrading the severity of 
inflammation in patients with respiratory tract infections [121]. Meanwhile, there have 
been reports of decreasing abundance of those bacteria in patients infected with the SARS-
CoV-2 virus [122,123]. No specific reason has been established for gut microbiota 
disturbances in COVID-19 patients, and it is uncertain whether they are caused by 
antiviral pharmacotherapy, the combination of disease symptoms, or the infection itself 
[124]. It would appear that another reason why severe COVID-19 is dangerous for patients 
may lie in the significant loss of appetite. A certain relationship has been observed 
between appetite loss and calorie reduction in mice and a significant increase in the ratio 
of Bacteroidetes to Firmicutes abundance, which was also noted in a study of microbiota 
alterations during respiratory viral infection [103,125]. The reduction of energy intake 
from food (which is observed in COVID-19 patients due to significant loss of appetite) 
may contribute to worsening their condition [126]. 

Apart from the viral infection, which may exacerbate the condition of COVID-19 
patients by inducing intestinal inflammation and dysbiosis, scholars also mention 
antibiotic therapies, which are in widespread use in Western countries. Antibiotics taken 
for therapeutic purposes affect all bacteria, increasing the risk of gut colonization by 
pathogenic biota, consequently damaging the intestinal barrier. There are many 
publications discussing the adverse dysbiotic effects of antibiotics [92,127–130]. 

The academic literature exploring the role of probiotics in inhibiting the activity of 
viruses suggests there is real potential for the use of certain bacterial strains to improve 
survival rates in infected patients. However, our current knowledge of the specific 
mechanisms underlying the antiviral activity of bacteria remains uncertain. According to 
the FAO/WHO definition, probiotics are live microorganisms that, when administered in 
adequate amounts, provide health benefits to the host [131]. It has been hypothesized that 
the mechanisms may include the production of metabolites, bacteriocins, and antiviral 
compounds, hindering the adsorption and cell internalization of the virus and 
immunomodulation enhancing immunity to the virus [132]. The COVID-19 infection 
affects lung tissue then activates an inflammatory response, increasing the release of 
proinflammatory mediators, such as IFN-γ and TNF-α. Probiotics may regulate immune 
response in the respiratory system [133]. The immunostimulating properties of probiotics 
are determined by their components, i.e., cytokine-activating substances such as 
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lipoteichoic acid, peptidoglycan, Toll-like receptor (TLR) ligands, and muramyl dipeptide 
[134]. 

Probiotics may support patients by inhibiting the ACE2 receptor, i.e., the passage of 
the virus into the cell, and may also be effective in suppressing the immune response 
caused by the proinflammatory cytokine cascade [134]. Patients with COVID-19 have 
elevated levels of various cytokines such as IL-2, IL-4, IL-6, and IL-10, TNF-α, IFN-γ and 
may present with the so-called cytokine storm [135]. Moreover, it has been observed that 
elevated levels of these cytokines in patients represent a risk factor for a severe disease 
course and may require hospitalization in an ICU [135]. It is worth noting that Lactobacillus 
casei demonstrates stimulating effects on the cells of gut-associated lymph tissue (GALT) 
to produce immunoglobulin A (IgA). Pediatric patients with diarrhea received 2 × 108 
colony-forming units (CFU)/250 mg orally twice daily for seven days by intravenous fluid 
hydration [136]. Secretory IgA is recognized as one of the most crucial components of 
innate immunity during infection [137]. Intestinal colonization by probiotic bacteria 
results in higher B cell counts and, consequently, increased IgA expression in lymph nodes 
and colon, as well as higher counts of Th cells and dendritic cells, responsible for IL-23 
expression. These reactions decrease the occurrence of respiratory viral infections and 
attenuate their symptoms [135]. Interestingly, Lactobacillus paracasei contains ACE2 [138]. 
Oral administration of ACE2 in Lactobacillus paracasei could serve as protection against 
COVID-19 by binding SARS-CoV-2 and thus preventing its interaction with ACE2 
receptors in human cells and the resulting infection [139]. In a systematic review and 
meta-analysis of randomized controlled trials, it was suggested that probiotics and 
prebiotics enhance immunogenicity. They impact seroconversion and seroprotection rates 
in influenza-vaccinated adults [140]. Kullar et al. showed that a multistrain probiotic 
mixture may be effective in reducing the incidence of diarrhea related to COVID-19 [141]. 
However, this was confirmed in one trial. The authors reviewed the literature up to March 
2021. Additionally, a study registered in the ClinicalTrials.gov system (Identifier: 
NCT04517422) assessed the usage of a probiotic mixture, including Lactobacillus plantarum 
CECT7481, Lactobacillus plantarum CECT 7484, Lactobacillus plantarum CECT 7485, and P. 
acidilactici CECT 7483, in COVID-19 patients. The current status of this trial is “completed” 
as of 06/05/2021, and the results will be published soon. 

A range of different probiotics has been examined to date in terms of their health 
benefits in respiratory diseases [142]. The most prominent among them, lactic acid 
bacteria (LAB) Lactobacillus spp. and Bifidobacteria, have been studied most extensively in 
this regard. The largest number of studies on the health effects of LAB investigated their 
activity in viral infections with H1N1 and RSV. It was demonstrated that Lactobacillus 
plantarum L-137, L. plantarum DK119, L. rhamnosus CLR1505, L. gasseri TMC0356, 
Bifidobacterium longum BB536, and B. animalis ssp. Lactis BB12 participates in antiviral 
defense, modulating immune response and cytokine production. Moreover, all of the 
above-mentioned probiotics shortened the duration and reduced the severity of infections 
and improved intestinal health and overall immunity [143]. The results of randomized 
double-blind placebo-controlled studies in humans show a beneficial effect of probiotic 
therapy on respiratory tract infections (RTIs). Administration of L. rhamnosus GG (108 
CFUs) ingested in milk 3× daily for 7 months, a combination of L. acidophilus (min. 
109/capsule) and B. bifidum (min. 109/capsule) (strain information not provided) in 
capsules 2× daily for 3 months, and a mixture of L. acidophilus (min. 109/capsule) and B. 
bifidum (min. 109/capsule) (strain information not provided) in capsules 2× daily or L. casei 
DN 114001 2 × daily in fermented yogurt were associated with a reduced risk of RTIs and 
duration of RTI episodes, reduced cough, risk of fever, and rhinorrhea in children and 
adults [132]. Antiviral action was also demonstrated in Lactobacillus fermentum ACA-
DC179, Enterococcus faecium PCK38, Lactobacillus pentosus PCA227, and Lactobacillus 
plantarum PCA236 and PCS22 [144]. Please note, however, that gut microbiota is much 
more diverse and is not limited to the bacterial genera Bifidobacteria and Lactobacillus spp. 
For this reason, more research should be available on other types of probiotic bacteria in 
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order to provide for the optimal prevention and treatment of viral infections, including 
those caused by SARS-CoV-2 [142]. Moreover, the appropriate doses of particular 
probiotics in these cases are not yet well established. Due to the fact that the 
administration of probiotics in COVID-19 is a relatively undiscovered field, there is a need 
to conduct further studies, also addressing the potential adverse events of probiotic 
consumption. 

As mentioned above, the gut microbiota is strongly linked to the functioning of the 
immune system. Some respiratory infections are related to dysbiotic alterations of gut 
microbiota. Hegazy et al. investigated the role of nutritional and lifestyle habits in the 
context of modulation of gut microbiota and COVID-19 outcomes [145]. This study 
included 200 COVID-19 patients. It was noted that daily consumption of foods containing 
prebiotics, as well as less sugar, regular physical activity, and adequate sleep, is associated 
with milder disease and rapid clearance of the virus. The authors concluded that the 
aforementioned factors can potentially modulate the gut microbiome, and the severity of 
the disease may be reduced [145]. 

4. Conclusions 
In conclusion, the treatment of gut dysbiosis involving an adequate intake of 

prebiotic dietary fiber and probiotics could turn out to be an immensely helpful 
instrument for immunomodulation, both in COVID-19 patients and prophylactically in 
individuals with no history of infection [143,146]. A balanced diet implemented at the 
right moment is a powerful tool supporting the patient’s body. The use of a 
probiotic/prebiotic therapy in patients with diarrhea appears to be a beneficial adjunct 
therapy (Figure 1). The use of specific probiotics demonstrating potential for reducing 
viral pathogenicity and severity of symptoms caused by SARS-CoV-2 may provide 
significant support for patients, but detailed guidelines need to be developed [147]. 
Without a doubt, an increased intake of proteins, vitamins, and micronutrients will 
promote immune function in those who have been infected. In addition, anti-
inflammatory dietary components such as fatty acids EPA and DHA and polyphenols are 
capable of alleviating the proinflammatory effects of the virus. 

 
Figure 1. Immunonutrition patients with COVID-19. 



Nutrients 2021, 13, 3385 13 of 18 
 

 

Author Contributions: Conceptualization, E.S. and J.S.-P., writing—original draft preparation, 
V.H., D.L.-K., L.S. and K.K.-S.; writing—review and editing, E.S. and M.F.; supervision, M.P. All 
authors have read and agreed to the published version of the manuscript. 

Funding: The project is financed from the program of the Minister of Science and Higher Education 
under the name “Regional Initiative of Excellence” in 2019–2022 Project Number 002/RID/2018/19 
amount of financing 12,000,000 PLN. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. WHO Coronavirus (COVID-19) Dashboard|WHO Coronavirus (COVID-19) Dashboard with Vaccination Data. Available 

online: https://covid19.who.int/ (accessed on 21 September 2021). 
2. Davies, N.G.; Abbott, S.; Barnard, R.C.; Jarvis, C.I.; Kucharski, A.J.; Munday, J.D.; Pearson, C.A.B.; Russell, T.W.; Tully, D.C.; 

Washburne, A.D.; et al. Estimated Transmissibility and Impact of SARS-CoV-2 Lineage B.1.1.7 in England. Science 2021, 372, 
eabg3055, doi:10.1126/science.abg3055. 

3. Volz, E.; Mishra, S.; Chand, M.; Barrett, J.C.; Johnson, R.; Geidelberg, L.; Hinsley, W.R.; Laydon, D.J.; Dabrera, G.; O’Toole, Á.; et al. 
Assessing Transmissibility of SARS-CoV-2 Lineage B.1.1.7 in England. Nature 2021, 593, 266–269, doi:10.1038/s41586-021-03470-x. 

4. Maciorowski, D.; Sharma, D.; Kunamneni, A. Environmental factors and their role in the transmission of SARS-CoV-2. Biosaf. 
Health 2021, doi:10.1016/j.bsheal.2021.07.005. 

5. Hagau, N.; Slavcovici, A.; Gonganau, D.N.; Oltean, S.; Dirzu, D.S.; Brezoszki, E.S. Clinical aspects and cytokine response in 
severe H1N1 influenza A virus infection. Crit. Care 2010, 14, R203, doi:10.1186/cc9324. 

6. Fedele, D.; De Francesco, A.; Riso, S.; Collo, A. Obesity, malnutrition, and trace element deficiency in the coronavirus disease 
(COVID-19) pandemic: An overview. Nutrition 2021, 81, 111016, doi:10.1016/j.nut.2020.111016. 

7. Ochoa, J.B.; Cárdenas, D.; Goiburu, M.E.; Bermúdez, C.; Carrasco, F.; Correia, M.I.T.D. Lessons Learned in Nutrition Therapy 
in Patients With Severe COVID-19. J. Parenter. Enter. Nutr. 2020, 44, 1369–1375. 

8. Palmer, K.; Monaco, A.; Kivipelto, M.; Onder, G.; Maggi, S.; Michel, J.P.; Prieto, R.; Sykara, G.; Donde, S. The Potential Long-
Term Impact of the COVID-19 Outbreak on Patients with Non-Communicable Diseases in Europe: Consequences for Healthy 
Ageing. Aging Clin. Exp. Res. 2020, 32, 1189–1194. 

9. Dennis, A.; Wamil, M.; Alberts, J.; Oben, J.; Cuthbertson, D.J.; Wootton, D.; Crooks, M.; Gabbay, M.; Brady, M.; Hishmeh, L.; et 
al. Multiorgan Impairment in Low-Risk Individuals with Post-COVID-19 Syndrome: A Prospective, Community-Based Study. 
BMJ Open 2021, 11, e048391, doi:10.1136/bmjopen-2020-048391. 

10. Ayoubkhani, D.; Khunti, K.; Nafilyan, V.; Maddox, T.; Humberstone, B.; Diamond, I.; Banerjee, A. Post-Covid Syndrome in 
Individuals Admitted to Hospital with Covid-19: Retrospective Cohort Study. BMJ 2021, 372, n693, doi:10.1136/bmj.n693. 

11. Cederholm, T.; Jensen, G.L.; Correia, M.I.T.D.; Gonzalez, M.C.; Fukushima, R.; Higashiguchi, T.; Baptista, G.; Barazzoni, R.; 
Blaauw, R.; Coats, A.; et al. GLIM Criteria for the Diagnosis of Malnutrition—A Consensus Report from the Global Clinical 
Nutrition Community. Clin. Nutr. 2019, 38, 1–9, doi:10.1016/j.clnu.2018.08.002. 

12. Yu, Y.; Ye, J.; Chen, M.; Jiang, C.; Lin, W.; Lu, Y.; Ye, H.; Li, Y.; Wang, Y.; Liao, Q.; et al. Malnutrition Prolongs the Hospitalization 
of Patients with COVID-19 Infection: A Clinical Epidemiological Analysis. J. Nutr. Health Aging 2021, 25, 369–373, 
doi:10.1007/s12603-020-1541-y. 

13. Zhao, X.; Li, Y.; Ge, Y.; Shi, Y.; Lv, P.; Zhang, J.; Fu, G.; Zhou, Y.; Jiang, K.; Lin, N.; et al. Evaluation of Nutrition Risk and Its 
Association With Mortality Risk in Severely and Critically Ill COVID-19 Patients. J. Parenter. Enter. Nutr. 2021, 45, 32–42, 
doi:10.1002/jpen.1953. 

14. Zhang, P.; He, Z.; Yu, G.; Peng, D.; Feng, Y.; Ling, J.; Wang, Y.; Li, S.; Bian, Y. The Modified NUTRIC Score Can Be Used for 
Nutritional Risk Assessment as Well as Prognosis Prediction in Critically Ill COVID-19 Patients. Clin. Nutr. 2021, 40, 534–541, 
doi:10.1016/j.clnu.2020.05.051. 

15. Ali, A.M.; Kunugi, H. Approaches to Nutritional Screening in Patients with Coronavirus Disease 2019 (Covid-19). Int. J. Environ. 
Res. Public. Health 2021, 18, 2772. 

16. Zinellu, A.; Mangoni, A.A. Serum Prealbumin Concentrations, COVID-19 Severity, and Mortality: A Systematic Review and 
Meta-Analysis. Front. Med. 2021, 8, 14, doi:10.3389/fmed.2021.638529. 

17. Alexander, J.; Tinkov, A.; Strand, T.A.; Alehagen, U.; Skalny, A.; Aaseth, J. Early Nutritional Interventions with Zinc, Selenium 
and Vitamin D for Raising Anti-Viral Resistance against Progressive COVID-19. Nutrients 2020, 12, 2358. 

18. Im, J.H.; Je, Y.S.; Baek, J.; Chung, M.H.; Kwon, H.Y.; Lee, J.S. Nutritional Status of Patients with COVID-19. Int. J. Infect. Dis. 
2020, 100, 390–393, doi:10.1016/j.ijid.2020.08.018. 

19. Barazzoni, R.; Bischoff, S.C.; Breda, J.; Wickramasinghe, K.; Krznaric, Z.; Nitzan, D.; Pirlich, M.; Singer, P. ESPEN Expert Statements 
and Practical Guidance for Nutritional Management of Individuals with SARS-CoV-2 Infection. Clin. Nutr. 2020, 39, 1631–1638. 



Nutrients 2021, 13, 3385 14 of 18 
 

 

20. Mechanick, J.I.; Carbone, S.; Dickerson, R.N.; Hernandez, B.J.D.; Hurt, R.T.; Irving, S.Y.; Li, D.Y.; McCarthy, M.S.; Mogensen, 
K.M.; Gautier, J.B.O.; et al. Clinical Nutrition Research and the COVID-19 Pandemic: A Scoping Review of the ASPEN COVID-
19 Task Force on Nutrition Research. J. Parenter. Enter. Nutr. 2021, 45, 13–31, doi:10.1002/jpen.2036. 

21. Thibault, R.; Coëffier, M.; Joly, F.; Bohé, J.; Schneider, S.M.; Déchelotte, P. How the Covid-19 Epidemic Is Challenging Our 
Practice in Clinical Nutrition—Feedback from the Field. Eur. J. Clin. Nutr. 2021, 75, 407–416, doi:10.1038/s41430-020-00757-6. 

22. Cawood, A.L.; Walters, E.R.; Smith, T.R.; Sipaul, R.H.; Stratton, R.J. A Review of Nutrition Support Guidelines for Individuals 
with or Recovering from COVID-19 in the Community. Nutrients 2020, 12, 3230, doi:10.3390/nu12113230. 

23. Luo, S.; Zhang, X.; Xu, H. Don’t Overlook Digestive Symptoms in Patients With 2019 Novel Coronavirus Disease (COVID-19). 
Clin. Gastroenterol. Hepatol. 2020, 18, 1636–1637, doi:10.1016/j.cgh.2020.03.043. 

24. Cheung, K.S.; Hung, I.F.N.; Chan, P.P.Y.; Lung, K.C.; Tso, E.; Liu, R.; Ng, Y.Y.; Chu, M.Y.; Chung, T.W.H.; Tam, A.R.; et al. 
Gastrointestinal Manifestations of SARS-CoV-2 Infection and Virus Load in Fecal Samples From a Hong Kong Cohort: System-
atic Review and Meta-Analysis. Gastroenterology 2020, 159, 81–95, doi:10.1053/j.gastro.2020.03.065. 

25. Chan, C.K.Y.; Tao, J.; Chan, O.S.; Li, H.B.; Pang, H. Preventing Respiratory Tract Infections by Synbiotic Interventions: A Systematic 
Review and Meta-Analysis of Randomized Controlled Trials. Adv. Nutr. 2020, 11, 979–988, doi:10.1093/advances/nmaa003. 

26. Bottari, B.; Castellone, V.; Neviani, E. Probiotics and Covid-19. Int. J. Food Sci. Nutr. 2021, 72, 293–299, 
doi:10.1080/09637486.2020.1807475. 

27. Zuo, T.; Liu, Q.; Zhang, F.; Lui, G.C.Y.; Tso, E.Y.; Yeoh, Y.K.; Chen, Z.; Boon, S.S.; Chan, F.K.; Chan, P.K.; et al. Depicting SARS-
CoV-2 faecal viral activity in association with gut microbiota composition in patients with COVID-19. Gut 2021, 70, 276–284, 
doi:10.1136/gutjnl-2020-322294. 

28. Kaźmierczak-Siedlecka, K.; Roviello, G.; Catalano, M.; Polom, K. Gut Microbiota Modulation in the Context of Immune-Related 
Aspects of Lactobacillus spp. and Bifidobacterium spp. in Gastrointestinal Cancers. Nutrients 2021, 13, 2674, 
https://doi.org/10.3390/nu13082674. 

29. Chattopadhyay, I.; Shankar, E.M. SARS-CoV-2-Indigenous Microbiota Nexus: Does Gut Microbiota Contribute to Inflammation 
and Disease Severity in COVID-19? Front. Cell. Infect. Microbiol. 2021, 11, 96, doi:10.3389/fcimb.2021.590874. 

30. De Oliveira, G.L.V.; Oliveira, C.N.S.; Pinzan, C.F.; de Salis, L.V.V.; Cardoso, C.R.d.B. Microbiota Modulation of the Gut-Lung 
Axis in COVID-19. Front. Immunol. 2021, 12, 214. 

31. Jeżewska-Frąckowiak, J.; Łubkowska, B.; Sobolewski, I.; Skowron, P.M. Probiotics in the times of COVID-19. Acta Biochim. Pol. 
2021, 68, 393–398, doi:10.18388/abp.2020_5691. 

32. Hong, B.S.; Kim, M-R. Interplays between human microbiota and microRNAs in COVID-19 pathogenesis: A literature review. 
Phys. Act. Nutr. 2021, 2, 1–7, doi:10.20463/pan.2021.0008. 

33. Santacroce, L.; Inchingolo, F.; Topi, S.; Del Prete, R.; Di Cosola, M.; Charitos, I.A.; Montagnani, M. Potential beneficial role of 
probiotics on the outcome of COVID-19 patients: An evolving perspective. Diabetes Metab Syndr. 2021, 15, 295–301, 
doi:10.1016/j.dsx.2020.12.040. 

34. Mulak, A. The impact of probiotics on interactions within the microbiota-gut-lung triad in COVID-19. Int. J. Food Sci. Nutr. 2021, 
4, 577–578, doi:10.1080/09637486.2020.1850651. 

35. Hung, Y.-P.; Lee, C.C.; Lee, J.C.; Tsai, P.-J.; Ko, W-C. Gut Dysbiosis during COVID-19 and Potential Effect of Probiotics. Micro-
organisms 2021, 9, 1605, doi:10.3390/microorganisms9081605. 

36. Santacroce, L.; Man, A.; Charitos, I.A.; Haxhirexha, K.; Topi, S. Current knowledge about the connection between health status 
and gut microbiota from birth to elderly. A narrative review. Front. Biosci. 2021, 26, 135–148, doi:10.52586/4930. 

37. Lee, N.-K.; Paik, H-D. Prophylactic effects of probiotics on respiratory viruses including COVID-19: A review. Food Sci. Biotech-
nol. 2021, 30, 1–9, doi:10.1007/s10068-021-00913-z. 

38. Louca, P.; Murray, B.; Klaser, K.; Graham, M.S.; Mazidi, M.; Leeming, E.R.; Thompson, E.; Bowyer, R.; Drew, D.A.; Nguyen, 
L.H.; et al. Modest effects of dietary supplements during the COVID-19 pandemic: Insights from 445 850 users of the COVID-
19 Symptom Study app. BMJ Nutr. Prev. Health 2021, 4, 149–157, doi:10.1136/bmjnph-2021-000250. 

39. Peng, J.; Zhang, M.; Yao, G.; Kwok, L.-Y.; Zhang, W. Probiotics as Adjunctive Treatment for Patients Contracted COVID-19: 
Current Understanding and Future Needs. Front. Nutr. 2021, 8, 669808, doi:10.3389/fnut.2021.669808. 

40. Santacroce, L.; Charitos, I.A.; Carretta, D.M.; De Nitto, E.; Lovero, R. The human coronaviruses (HCoVs) and the molecular 
mechanisms of SARS-CoV-2 infection. J. Mol. Med. 2021, 99, 93–106, doi:10.1007/s00109-020-02012-8. 

41. Zuo, T.; Zhang, F.; Lui, G.C.Y.; Yeoh, Y.K.; Li, A.Y.L.; Zhan, H.; Wan, Y.; Chung, A.C.K.; Cheung, C.P.; Chen, N.; et al. Alterations 
in Gut Microbiota of Patients With COVID-19 During Time of Hospitalization. Gastroenterology 2020, 159, 944–955.e8, 
doi:10.1053/j.gastro.2020.05.048. 

42. Thibault, R.; Seguin, P.; Tamion, F.; Pichard, C.; Singer, P. Nutrition of the COVID-19 Patient in the Intensive Care Unit (ICU): 
A Practical Guidance. Crit. Care 2020, 24, 447, doi:10.1186/s13054-020-03159-z. 

43. Kaźmierczak-Siedlecka, K.; Vitale, E.; Makarewicz, W. COVID-19—Gastrointestinal and Gut Microbiota-Related Aspects. Eur. 
Rev. Med. Pharmacol. Sci. 2020, 24, 10853–10859, doi:10.26355/eurrev_202010_23448. 

44. Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical Course and Risk Factors for 
Mortality of Adult Inpatients with COVID-19 in Wuhan, China: A Retrospective Cohort Study. Lancet 2020, 395, 1054–1062, 
doi:10.1016/S0140-6736(20)30566-3. 

45. Kaźmierczak-Siedlecka, K.; Folwarski, M.; Ruszkowski, J.; Skonieczna-Żydecka, K.; Szafrański, W.; Makarewicz, W. Effects of 
4 Weeks of Lactobacillus Plantarum 299v Supplementation on Nutritional Status, Enteral Nutrition Tolerance, and Quality of 



Nutrients 2021, 13, 3385 15 of 18 
 

 

Life in Cancer Patients Receiving Home Enteral Nutrition—A Double-Blind, Randomized, and Placebo-Controlled Trial. Eur. 
Rev. Med. Pharmacol. Sci. 2020, 24, 9684–9694, doi:10.26355/eurrev_202009_23059. 

46. Laviano, A.; Koverech, A.; Zanetti, M. Nutrition Support in the Time of SARS-CoV-2 (COVID-19). Nutrition 2020, 74, 110834, 
doi:10.1016/j.nut.2020.110834. 

47. Mehta, S. Nutritional Status and COVID-19: An Opportunity for Lasting Change? Clin. Med. 2020, 20, 270–273, 
doi:10.7861/clinmed.2020-0187. 

48. Zemb, P.; Bergman, P.; Camargo, C.A.; Cavalier, E.; Cormier, C.; Courbebaisse, M.; Hollis, B.; Joulia, F.; Minisola, S.; Pilz, S.; et 
al. Vitamin D Deficiency and the COVID-19 Pandemic. J. Glob. Antimicrob. Resist. 2020, 22, 133–134, 
doi:10.1016/j.jgar.2020.05.006. 

49. Ali, N. Role of Vitamin D in Preventing of COVID-19 Infection, Progression and Severity. J. Infect. Public Health 2020, 13, 1373–1380, 
doi:10.1016/j.jiph.2020.06.021. 

50. Mohan, M.; Cherian, J.J.; Sharma A. Exploring links between vitamin D deficiency and COVID-19. PLoS Pathog. 2020, 16, 
e1008874, doi:10.1371/journal.ppat.1008874. 

51. Stachowska, E.; Folwarski, M.; Jamioł-Milc, D.; Maciejewska, D.; Skonieczna-Żydecka, K. Nutritional Support in Coronavirus 
2019 Disease. Medicina 2020, 56, 289, doi:10.3390/medicina56060289. 

52. Aguila, E.J.T.; Cua, I.H.Y.; Fontanilla, J.A.C.; Yabut, V.L.M.; Causing, M.F.P. Gastrointestinal Manifestations of COVID-19: Im-
pact on Nutrition Practices. Nutr. Clin. Pract. 2020, 35, 800–805, https://doi.org/10.1002/ncp.10554. 

53. Martindale, R.; Patel, J.J.; Taylor, B.; Arabi, Y.M.; Warren, M.; McClave, S.A. Nutrition Therapy in Critically Ill Patients with 
Coronavirus Disease (COVID-19). J. Parenter. Enter. Nutr. 2020, 44, 1174–1184, doi:10.1002/jpen.1930. 

54. Stachowska, E. Jak żywić pacjenta z COVID w domu? Kluczowe Zalecenia 2020, 27, 258–263. (In Polish) 
55. Semba, R.D.; Tang, A.M. Micronutrients and the Pathogenesis of Human Immunodeficiency Virus Infection. Br. J. Nutr. 1999, 

81, 181–189, doi:10.1017/s0007114599000379. 
56. Khatiwada, S.; Subedi, A. A Mechanistic Link Between Selenium and Coronavirus Disease 2019 (COVID-19). Curr. Nutr. Rep. 

2021, 1–12, doi:10.1007/s13668-021-00354-4. 
57. Yaseen, M.O.; Jamshaid, H.; Saif, A.; Hussain, T. Immunomodulatory role and potential utility of various nutrients and dietary 

components in SARS-CoV-2 infection. Int. J. Vitam. Nutr. Res. 2021, doi:10.1024/0300-9831/a000715. 
58. Di Renzo, L.; Gualtieri, P.; Pivari, F.; Soldati, L.; Attinà, A.; Cinelli, G.; Leggeri, C.; Caparello, G.; Barrea, L.; Scerbo, F.; et al. 

Eating Habits and Lifestyle Changes during COVID-19 Lockdown: An Italian Survey. J. Transl. Med. 2020, 18, 229, 
doi:10.1186/s12967-020-02399-5. 

59. Calder, P.C.; Carr, A.C.; Gombart, A.F.; Eggersdorfer, M. Optimal Nutritional Status for a Well-Functioning Immune System Is 
an Important Factor to Protect against Viral Infections. Nutrients 2020, 12, 1181, doi:10.3390/nu12041181. 

60. Jarosz, M.; Rychlik, E.; Stoś, K.; Charzewska, J. Normy Żywienia dla Populacji Polski i ich Zastosowanie; Narodowy Instytut Zdrowia 
Publicznego-Państwowy Zakład Higieny: Warsaw, Poland, 2020; p. 465. 

61. Di Renzo, L.; Gualtieri, P.; Pivari, F.; Soldati, L.; Attinà; A.; Leggeri, C.; Cinelli, G.; Tarsitano, M.G.; Caparello, G.; Carrano, E.; et al. 
COVID-19: Is there a role for immunonutrition in obese patient?. J. Transl. Med. 2020, 18, 415, doi:10.1186/s12967-020-02594-4. 

62. Bold, J.; Harris, M.; Fellows, L.; Chouchane, M. Nutrition, the digestive system and immunity in COVID-19 infection. Gastroen-
terol. Hepatol. Bed Bench. 2020, 13, 331–340. 

63. Elmadfa, I.; Meyer, A.L. The Role of the Status of Selected Micronutrients in Shaping the Immune Function. Endocr. Metab. 
Immune Disord. Drug Targets 2019, 19, 1100–1115, doi:10.2174/1871530319666190529101816. 

64. Lewis, E.D.; Meydani, S.N.; Wu, D. Regulatory Role of Vitamin E in the Immune System and Inflammation. IUBMB Life 2019, 
71, 487–494, doi:10.1002/iub.1976. 

65. Innes, J.K.; Calder, P.C. Marine Omega-3 (N-3) Fatty Acids for Cardiovascular Health: An Update for 2020. Int. J. Mol. Sci. 2020, 
21, 1362, doi:10.3390/ijms21041362. 

66. Chilton, F.H.; Dutta, R.; Reynolds, L.M.; Sergeant, S.; Mathias, R.A.; Seeds, M.C. Precision Nutrition and Omega-3 Polyunsatu-
rated Fatty Acids: A Case for Personalized Supplementation Approaches for the Prevention and Management of Human Dis-
eases. Nutrients 2017, 9, 1165, doi:10.3390/nu9111165. 

67. Merino, J.J.; Parmigiani-Izquierdo, J.M.; Toledano Gasca, A.; Cabaña-Muñoz, M.E. The Long-Term Algae Extract (Chlorella and Fucus 
Sp) and Aminosulphurate Supplementation Modulate SOD-1 Activity and Decrease Heavy Metals (Hg++, Sn) Levels in Patients with 
Long-Term Dental Titanium Implants and Amalgam Fillings Restorations. Antioxidants 2019, 8, 101, doi:10.3390/antiox8040101. 

68. Hilleman, D.E.; Wiggins, B.S.; Bottorff, M.B. Critical Differences Between Dietary Supplement and Prescription Omega-3 Fatty 
Acids: A Narrative Review. Adv. Ther. 2020, 37, 656–670, doi:10.1007/s12325-019-01211-1. 

69. Pawar, K.S.; Mastud, R.N.; Pawar, S.K.; Pawar, S.S.; Bhoite, R.R.; Bhoite, R.R.; Kulkarni, M.V.; Deshpande, A.R. Oral Curcumin 
With Piperine as Adjuvant Therapy for the Treatment of COVID-19: A Randomized Clinical Trial. Front. Pharmacol. 2021, 12, 
669362, doi:10.3389/fphar.2021.669362. 

70. Franco, M.N.; Galeano-Díaz, T.; López, O.; Fernández-Bolaños, J.G.; Sánchez, J.; De Miguel, C.; Gil, M.V.; Martín-Vertedor, D. Phenolic 
Compounds and Antioxidant Capacity of Virgin Olive Oil. Food Chem. 2014, 163, 289–298, doi:10.1016/j.foodchem.2014.04.091. 

71. Iddir, M.; Brito, A.; Dingeo, G.; Fernandez Del Campo, S.S.; Samouda, H.; La Frano, M.R.; Bohn, T. Strengthening the Immune 
System and Reducing Inflammation and Oxidative Stress through Diet and Nutrition: Considerations during the COVID-19 
Crisis. Nutrients 2020, 12, 1562, doi:10.3390/nu12061562. 



Nutrients 2021, 13, 3385 16 of 18 
 

 

72. Somerville, V.; Bringans, C.; Braakhuis, A. Polyphenols and Performance: A Systematic Review and Meta-Analysis. Sports Med. 
2017, 47, 1589–1599, doi:10.1007/s40279-017-0675-5. 

73. Cardona, F.; Andrés-Lacueva, C.; Tulipani, S.; Tinahones, F.J.; Queipo-Ortuño, M.I. Benefits of Polyphenols on Gut Microbiota 
and Implications in Human Health. J. Nutr. Biochem. 2013, 24, 1415–1422, doi:10.1016/j.jnutbio.2013.05.001. 

74. Pérez-Jiménez, J.; Neveu, V.; Vos, F.; Scalbert, A. Identification of the 100 richest dietary sources of polyphenols: An application 
of the Phenol-Explorer database. Eur. J. Clin. Nutr. 2010, 64, 112–120, doi:10.1038/ejcn.2010.221. 

75. Cicerale, S.; Lucas, L.; Keast, R. Biological Activities of Phenolic Compounds Present in Virgin Olive Oil. Int. J. Mol. Sci. 2010, 
11, 458–479, doi:10.3390/ijms11020458. 

76. González-Gallego, J.; Sánchez-Campos, S.; Tuñón, M.J. Anti-Inflammatory Properties of Dietary Flavonoids. Nutr. Hosp. 2007, 
22, 287–293. 

77. Luganini, A.; Terlizzi, M.E.; Catucci, G.; Gilardi, G.; Maffei, M.E.; Gribaudo, G. The Cranberry Extract Oximacro® Exerts in Vitro 
Virucidal Activity Against Influenza Virus by Interfering With Hemagglutinin. Front. Microbiol. 2018, 9, 1826, 
doi:10.3389/fmicb.2018.01826. 

78. Bahramsoltani, R.; Sodagari, H.R.; Farzaei, M.H.; Abdolghaffari, A.H.; Gooshe, M.; Rezaei, N. The Preventive and Therapeutic 
Potential of Natural Polyphenols on Influenza. Expert Rev. Anti-Infect. Ther. 2016, 14, 57–80, doi:10.1586/14787210.2016.1120670. 

79. Lin, S.-C.; Ho, C.-T.; Chuo, W.-H.; Li, S.; Wang, T.T.; Lin, C.-C. Effective Inhibition of MERS-CoV Infection by Resveratrol. BMC 
Infect. Dis. 2017, 17, 144, doi:10.1186/s12879-017-2253-8. 

80. Kim, H. Glutamine as an Immunonutrient. Yonsei Med. J. 2011, 52, 892–897, doi:10.3349/ymj.2011.52.6.892. 
81. Efron, D.; Barbul, A. Role of Arginine in Immunonutrition. J. Gastroenterol. 2000, 35 (Suppl. 12), 20–23. 
82. Cruzat, V.; Macedo Rogero, M.; Noel Keane, K.; Curi, R.; Newsholme, P. Glutamine: Metabolism and Immune Function, Sup-

plementation and Clinical Translation. Nutrients 2018, 10, 1564, doi:10.3390/nu10111564. 
83. Böger, R.H.; Bode-Böger, S.M. The Clinical Pharmacology of L-Arginine. Annu. Rev. Pharmacol. Toxicol. 2001, 41, 79–99, 

doi:10.1146/annurev.pharmtox.41.1.79. 
84. Gill, S.R.; Pop, M.; DeBoy, R.T.; Eckburg, P.B.; Turnbaugh, P.J.; Samuel, B.S.; Gordon, J.I.; Relman, D.A.; Fraser-Liggett, C.M.; Nelson, 

K.E. Metagenomic Analysis of the Human Distal Gut Microbiome. Science 2006, 312, 1355–1359, doi:10.1126/science.1124234. 
85. Eckburg, P.B.; Bik, E.M.; Bernstein, C.N.; Purdom, E.; Dethlefsen, L.; Sargent, M.; Gill, S.R.; Nelson, K.E.; Relman, D.A. Diversity 

of the Human Intestinal Microbial Flora. Science 2005, 308, 1635–1638, doi:10.1126/science.1110591. 
86. Lagier, J.-C.; Million, M.; Hugon, P.; Armougom, F.; Raoult, D. Human Gut Microbiota: Repertoire and Variations. Front. Cell. 

Infect. Microbiol. 2012, 2, 136, doi:10.3389/fcimb.2012.00136. 
87. Thursby, E.; Juge, N. Introduction to the Human Gut Microbiota. Biochem. J. 2017, 474, 1823–1836, doi:10.1042/BCJ20160510. 
88. Bäckhed, F.; Ley, R.E.; Sonnenburg, J.L.; Peterson, D.A.; Gordon, J.I. Host-Bacterial Mutualism in the Human Intestine. Science 

2005, 307, 1915–1920, doi:10.1126/science.1104816. 
89. Seksik, P.; Landman, C. Understanding Microbiome Data: A Primer for Clinicians. Dig. Dis. 2015, 33 (Suppl. 1), 11–16, 

doi:10.1159/000437034. 
90. Khosravi, A.; Yáñez, A.; Price, J.G.; Chow, A.; Merad, M.; Goodridge, H.S.; Mazmanian, S.K. Gut Microbiota Promotes Hema-

topoiesis Tocontrol Bacterial Infection. Cell Host Microbe 2014, 15, 374–381, doi:10.1016/j.chom.2014.02.006. 
91. Moens, E.; Veldhoen, M. Epithelial Barrier Biology: Good Fences Make Good Neighbours. Immunology 2012, 135, 1–8, 

doi:10.1111/j.1365-2567.2011.03506.x. 
92. Lange, K.; Buerger, M.; Stallmach, A.; Bruns, T. Effects of Antibiotics on Gut Microbiota. Dig. Dis. 2016, 34, 260–268, 

doi:10.1159/000443360. 
93. Mosca, A.; Leclerc, M.; Hugot, J.P. Gut Microbiota Diversity and Human Diseases: Should We Reintroduce Key Predators in 

Our Ecosystem? Front. Microbiol. 2016, 7, 455, doi:10.3389/fmicb.2016.00455. 
94. Rinninella, E.; Raoul, P.; Cintoni, M.; Franceschi, F.; Miggiano, G.A.D.; Gasbarrini, A.; Mele, M.C. What Is the Healthy Gut 

Microbiota Composition? A Changing Ecosystem across Age, Environment, Diet, and Diseases. Microorganisms 2019, 7, 14, 
doi:10.3390/microorganisms7010014. 

95. Gurung, M.; Li, Z.; You, H.; Rodrigues, R.; Jump, D.B.; Morgun, A.; Shulzhenko, N. Role of Gut Microbiota in Type 2 Diabetes 
Pathophysiology. EBioMedicine 2020, 51, 102590, doi:10.1016/j.ebiom.2019.11.051. 

96. Tang, W.H.W.; Kitai, T.; Hazen, S.L. Gut Microbiota in Cardiovascular Health and Disease. Circ. Res. 2017, 120, 1183–1196, 
doi:10.1161/CIRCRESAHA.117.309715. 

97. Zalar, B.; Haslberger, A.; Peterlin, B. The Role of Microbiota in Depression—A Brief Review. Psychiatr. Danub. 2018, 30, 136–141, 
doi:10.24869/psyd.2018.136. 

98. Fujimura, K.E.; Lynch, S.V. Microbiota in Allergy and Asthma and the Emerging Relationship with the Gut Microbiome. Cell 
Host Microbe 2015, 17, 592–602, doi:10.1016/j.chom.2015.04.007. 

99. Budden, K.F.; Gellatly, S.L.; Wood, D.L.A.; Cooper, M.A.; Morrison, M.; Hugenholtz, P.; Hansbro, P.M. Emerging Pathogenic 
Links between Microbiota and the Gut-Lung Axis. Nat. Rev. Microbiol. 2017, 15, 55–63, doi:10.1038/nrmicro.2016.142. 

100. Anand, S.; Mande, S.S. Diet, Microbiota and Gut-Lung Connection. Front. Microbiol. 2018, 9, 2147, doi:10.3389/fmicb.2018.02147. 
101. Trompette, A.; Gollwitzer, E.S.; Pattaroni, C.; Lopez-Mejia, I.C.; Riva, E.; Pernot, J.; Ubags, N.; Fajas, L.; Nicod, L.P.; Marsland, 

B.J. Dietary Fiber Confers Protection against Flu by Shaping Ly6c- Patrolling Monocyte Hematopoiesis and CD8+ T Cell Metab-
olism. Immunity 2018, 48, 992–1005.e8, doi:10.1016/j.immuni.2018.04.022. 



Nutrients 2021, 13, 3385 17 of 18 
 

 

102. Groves, H.T.; Cuthbertson, L.; James, P.; Moffatt, M.F.; Cox, M.J.; Tregoning, J.S. Respiratory Disease Following Viral Lung 
Infection Alters the Murine Gut Microbiota. Front. Immunol. 2018, 9, 182, doi:10.3389/fimmu.2018.00182. 

103. Yang, M.; Yang, Y.; He, Q.; Zhu, P.; Liu, M.; Xu, J.; Zhao, M. Intestinal Microbiota-A Promising Target for Antiviral Therapy? 
Front. Immunol. 2021, 12, 676232, doi:10.3389/fimmu.2021.676232. 

104. Walton, G.E.; Gibson, G.R.; Hunter, K.A. Mechanisms linking the human gut microbiome to prophylactic and treatment strate-
gies for COVID-19. Br. J. Nutr. 2021, 126, 219–227, doi:10.1017/S0007114520003980. 

105. Lee, I.-C.; Huo, T.-I.; Huang, Y.-H. Gastrointestinal and Liver Manifestations in Patients with COVID-19. J. Chin. Med. Assoc. 
2020, 83, 521–523, doi:10.1097/JCMA.0000000000000319. 

106. Guan, W.-J.; Ni, Z.-Y.; Hu, Y.; Liang, W.-H.; Ou, C.-Q.; He, J.-X.; Liu, L.; Shan, H.; Lei, C.-L.; Hui, D.S.C.; et al. Clinical Charac-
teristics of Coronavirus Disease 2019 in China. N. Engl. J. Med. 2020, 382, 1708–1720, doi:10.1056/NEJMoa2002032. 

107. Hoffmann, M.; Kleine-Weber, H.; Schroeder, S.; Krüger, N.; Herrler, T.; Erichsen, S.; Schiergens, T.S.; Herrler, G.; Wu, N.-H.; 
Nitsche, A.; et al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven Protease 
Inhibitor. Cell 2020, 181, 271–280.e8, doi:10.1016/j.cell.2020.02.052. 

108. Hamming, I.; Timens, W.; Bulthuis, M.L.C.; Lely, A.T.; Navis, G.J.; van Goor, H. Tissue Distribution of ACE2 Protein, the Func-
tional Receptor for SARS Coronavirus. A First Step in Understanding SARS Pathogenesis. J. Pathol. 2004, 203, 631–637, 
doi:10.1002/path.1570. 

109. Yan, R.; Zhang, Y.; Li, Y.; Xia, L.; Guo, Y.; Zhou, Q. Structural Basis for the Recognition of SARS-CoV-2 by Full-Length Human 
ACE2. Science 2020, 367, 1444–1448, doi:10.1126/science.abb2762. 

110. Liang, W.; Feng, Z.; Rao, S.; Xiao, C.; Xue, X.; Lin, Z.; Zhang, Q.; Qi, W. Diarrhoea May Be Underestimated: A Missing Link in 
2019 Novel Coronavirus. Gut 2020, 69, 1141–1143, doi:10.1136/gutjnl-2020-320832. 

111. Liang, Y.; Wang, M.L.; Chien, C.S.; Yarmishyn, A.A.; Yang, Y.P.; Lai, W.Y.; Luo, Y.H.; Lin, Y.T.; Chen, Y.J.; Chang, P.C.; et al. 
Highlight of Immune Pathogenic Response and Hematopathologic Effect in SARS-CoV, MERS-CoV, and SARS-Cov-2 Infection. 
Front. Immunol. 2020, 11, 1022, doi:10.3389/fimmu.2020.01022. 

112. Wan, Y.; Shang, J.; Graham, R.; Baric, R.S.; Li, F. Receptor Recognition by the Novel Coronavirus from Wuhan: An Analysis 
Based on Decade-Long Structural Studies of SARS Coronavirus. J. Virol. 2020, 94, e00127-20, doi:10.1128/JVI.00127-20. 

113. Hatmal, M.M.M.; Alshaer, W.; Al-Hatamleh, M.A.; Hatmal, M.; Smadi, O.; Taha, M.O.; Oweida, A.J.; Boer, J.C.; Mohamud, R.; 
Plebanski, M. Comprehensive Structural and Molecular Comparison of Spike Proteins of SARS-CoV-2, SARS-CoV and MERS-
CoV, and Their Interactions with ACE2. Cells 2020, 9, 2638, doi:10.3390/cells9122638. 

114. Aktas, B.; Aslim, B. Gut-Lung Axis and Dysbiosis in COVID-19. Turk. J. Biol. 2020, 44, 265–272, doi:10.3906/biy-2005-102. 
115. Sze, M.A.; Dimitriu, P.A.; Hayashi, S.; Elliott, W.M.; McDonough, J.E.; Gosselink, J.V.; Cooper, J.; Sin, D.D.; Mohn, W.W.; Hogg, 

J.C. The Lung Tissue Microbiome in Chronic Obstructive Pulmonary Disease. Am. J. Respir. Crit. Care Med. 2012, 185, 1073–1080, 
doi:10.1164/rccm.201111-2075OC. 

116. Yang, D.; Xing, Y.; Song, X.; Qian, Y. The Impact of Lung Microbiota Dysbiosis on Inflammation. Immunology 2020, 159, 156–166, 
doi:10.1111/imm.13139. 

117. Wang, J.; Li, F.; Wei, H.; Lian, Z.-X.; Sun, R.; Tian, Z. Respiratory Influenza Virus Infection Induces Intestinal Immune Injury 
via Microbiota-Mediated Th17 Cell-Dependent Inflammation. J. Exp. Med. 2014, 211, 2397–2410, doi:10.1084/jem.20140625. 

118. Hanada, S.; Pirzadeh, M.; Carver, K.Y.; Deng, J.C. Respiratory Viral Infection-Induced Microbiome Alterations and Secondary 
Bacterial Pneumonia. Front. Immunol. 2018, 9, 2640, doi:10.3389/fimmu.2018.02640. 

119. Kim, H.S. Do an Altered Gut Microbiota and an Associated Leaky Gut Affect COVID-19 Severity? mBio 2021, 12, e03022-20. 
doi:10.1128/mBio.03022-20.  

120. Gu, S.; Chen, Y.; Wu, Z.; Chen, Y.; Gao, H.; Lv, L.; Guo, F.; Zhang, X.; Luo, R.; Huang, C.; et al. Alterations of the Gut Microbiota 
in Patients with COVID-19 or H1N1 Influenza. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2020, doi:10.1093/cid/ciaa709. 

121. Ettinger, G.; MacDonald, K.; Reid, G.; Burton, J.P. The Influence of the Human Microbiome and Probiotics on Cardiovascular 
Health. Gut Microbes 2014, 5, 719–728, doi:10.4161/19490976.2014.983775. 

122. Mak, J.W.Y.; Chan, F.K.L.; Ng, S.C. Probiotics and COVID-19: One Size Does Not Fit All. Lancet Gastroenterol. Hepatol. 2020, 5, 
644–645, doi:10.1016/S2468-1253(20)30122-9. 

123. XU Kaijin, C.H.; XU Kaijin, C.H. Management of COVID-19: The Zhejiang experience. J. Zhejiang Univ. Med. Sci. 2020, 49, 147–157, 
doi:10.3785/j.issn.1008-9292.2020.02.02. 

124. Aguila, E.J.T.; Lontok, M.A.D.C.; Aguila, E.J.T. Letter: Role of Probiotics in the COVID-19 Pandemic. Aliment. Pharmacol. Ther. 
2020, 52, 931–932, doi:10.1111/apt.15898. 

125. Wang, S.; Huang, M.; You, X.; Zhao, J.; Chen, L.; Wang, L.; Luo, Y.; Chen, Y. Gut Microbiota Mediates the Anti-Obesity Effect 
of Calorie Restriction in Mice. Sci. Rep. 2018, 8, 13037, doi:10.1038/s41598-018-31353-1. 

126. Groves, H.T.; Higham, S.L.; Moffatt, M.F.; Cox, M.J.; Tregoning, J.S. Respiratory Viral Infection Alters the Gut Microbiota by 
Inducing Inappetence. mBio 2020, 11, e03236-19, doi:10.1128/mBio.03236-19. 

127. Zaura, E.; Brandt, B.W.; Teixeira de Mattos, M.J.; Buijs, M.J.; Caspers, M.P.M.; Rashid, M.-U.; Weintraub, A.; Nord, C.E.; Savell, 
A.; Hu, Y.; et al. Same Exposure but Two Radically Different Responses to Antibiotics: Resilience of the Salivary Microbiome 
versus Long-Term Microbial Shifts in Feces. mBio 2015, 6, e01693-15, doi:10.1128/mBio.01693-15. 

128. Neuman, H.; Forsythe, P.; Uzan, A.; Avni, O.; Koren, O. Antibiotics in Early Life: Dysbiosis and the Damage Done. FEMS 
Microbiol. Rev. 2018, 42, 489–499, doi:10.1093/femsre/fuy018. 



Nutrients 2021, 13, 3385 18 of 18 
 

 

129. Vangay, P.; Ward, T.; Gerber, J.S.; Knights, D. Antibiotics, Pediatric Dysbiosis, and Disease. Cell Host Microbe 2015, 17, 553–564, 
doi:10.1016/j.chom.2015.04.006. 

130. Kim, S.; Covington, A.; Pamer, E.G. The Intestinal Microbiota: Antibiotics, Colonization Resistance, and Enteric Pathogens. 
Immunol. Rev. 2017, 279, 90–105, doi:10.1111/imr.12563. 

131. Reid, G.; Jass, J.; Sebulsky, M.T.; McCormick, J.K. Potential Uses of Probiotics in Clinical Practice. Clin. Microbiol. Rev. 2003, 16, 
658–672, doi:10.1128/CMR.16.4.658-672.2003. 

132. Lehtoranta, L.; Pitkäranta, A.; Korpela, R. Probiotics in Respiratory Virus Infections. Eur. J. Clin. Microbiol. Infect. Dis. 2014, 33, 
1289–1302, doi:10.1007/s10096-014-2086-y. 

133. Gohil, K.; Samson, R.; Dastager, S.; Dharne, M. Probiotics in the prophylaxis of COVID-19: Something is better than nothing. 3 
Biotech 2021, 11, 1, doi:10.1007/s13205-020-02554-1. 

134. Kanauchi, O.; Andoh, A.; AbuBakar, S.; Yamamoto, N. Probiotics and Paraprobiotics in Viral Infection: Clinical Application and 
Effects on the Innate and Acquired Immune Systems. Curr. Pharm. Des. 2018, 24, 710–717, 
doi:10.2174/1381612824666180116163411. 

135. Han, H.; Ma, Q.; Li, C.; Liu, R.; Zhao, L.; Wang, W.; Zhang, P.; Liu, X.; Gao, G.; Liu, F.; et al. Profiling Serum Cytokines in 
COVID-19 Patients Reveals IL-6 and IL-10 Are Disease Severity Predictors. Emerg. Microbes Infect. 2020, 9, 1123–1130, 
doi:10.1080/22221751.2020.1770129. 

136. Lai, H.-H.; Chiu, C.-H.; Kong, M.-S.; Chang, C.-J.; Chen, C.-C. Probiotic Lactobacillus Casei: Effective for Managing Childhood 
Diarrhea by Altering Gut Microbiota and Attenuating Fecal Inflammatory Markers. Nutrients 2019, 11, 1150, 
doi:10.3390/nu11051150. 

137. Matricardi, P.M.; Dal Negro, R.W.; Nisini, R. The First, Holistic Immunological Model of COVID-19: Implications for Prevention, 
Diagnosis, and Public Health Measures. Pediatr. Allergy Immunol. Off. Publ. Eur. Soc. Pediatr. Allergy Immunol. 2020, 31, 454–470, 
doi:10.1111/pai.13271. 

138. Verma, A.; Xu, K.; Du, T.; Zhu, P.; Liang, Z.; Liao, S.; Zhang, J.; Raizada, M.K.; Grant, M.B.; Li, Q. Expression of Human ACE2 
in Lactobacillus and Beneficial Effects in Diabetic Retinopathy in Mice. Mol. Ther. Methods Clin. Dev. 2019, 14, 161–170, 
doi:10.1016/j.omtm.2019.06.007. 

139. Rizzo, P.; Vieceli Dalla Sega, F.; Fortini, F.; Marracino, L.; Rapezzi, C.; Ferrari, R. COVID-19 in the Heart and the Lungs: Could 
We “Notch” the Inflammatory Storm? Basic Res. Cardiol. 2020, 115, 31, doi:10.1007/s00395-020-0791-5. 

140. Lei, W.T.; Shih, P.C.; Liu, S.J.; Lin, C.Y.; Yeh, T.L. Effect of Probiotics and Prebiotics on Immune Response to Influenza Vaccina-
tion in Adults: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Nutrients 2017, 9, 1175, 
doi:10.3390/nu9111175. 

141. Kullar, R.; Johnson, S.; McFarland, L.V.; Goldstein, E.J.C. Potential Roles for Probiotics in the Treatment of COVID-19 Patients and 
Prevention of Complications Associated with Increased Antibiotic Use. Antibiotics 2021, 4, 408, doi:10.3390/antibiotics10040408. 

142. Akour, A. Probiotics and COVID-19: Is there any link? Lett. Appl. Microbiol. 2020, 71, 229–234. doi:10.1111/lam.13334.  
143. Dhar, D.; Mohanty, A. Gut Microbiota and Covid-19- Possible Link and Implications. Virus Res. 2020, 285, 198018, 

doi:10.1016/j.virusres.2020.198018. 
144. Maragkoudakis, P.A.; Chingwaru, W.; Gradisnik, L.; Tsakalidou, E.; Cencic, A. Lactic Acid Bacteria Efficiently Protect Human and 

Animal Intestinal Epithelial and Immune Cells from Enteric Virus Infection. Int. J. Food Microbiol. 2010, 141 (Suppl. 1), S91–S97, 
doi:10.1016/j.ijfoodmicro.2009.12.024. 

145. Hegazy, M.A.E.; Ashoush, O.A.; Hegazy, M.T.; Wahba, M.; Lithy, R.M.; Abdel-Hamid, H.M.; Abdelfatah, D.; Ibrahim, M.H.E.D.; 
Abdelghani, A. Beyond probiotic legend: ESSAP gut microbiota health score to delineate SARS-COV-2 infection severity. Br. J. 
Nutr. 2021, doi:10.1017/S0007114521001926. 

146. Sencio, V.; Machado, M.G.; Trottein, F. The Lung–Gut Axis during Viral Respiratory Infections: The Impact of Gut Dysbiosis 
on Secondary Disease Outcomes. Mucosal Immunol. 2021, 14, 1–9, doi:10.1038/s41385-020-00361-8. 

147. Shahbazi, R.; Yasavoli-Sharahi, H.; Alsadi, N.; Ismail, N.; Matar, C. Probiotics in Treatment of Viral Respiratory Infections and 
Neuroinflammatory Disorders. Molecules 2020, 25, 4891, doi:10.3390/molecules25214891. 

 


