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Abstract

:

Background: The SARS-COV 2 pandemic has hit on our lives since early 2020. During different contagion waves, both malnutrition and overweight significantly correlated with patient mortality. Immune-nutrition (IN) has shown promising results in the clinical course of pediatric inflammatory bowel disease (IBD) and in both the rate of extubation and mortality of patients admitted to an intensive care unit (ICU). Thus, we wanted to assess the effects of IN on a clinical course of patients admitted to a semi-intensive COVID-19 Unit during the fourth wave of contagion that occurred at the end of 2021. Methods: we prospectively enrolled patients admitted to the semi-intensive COVID-19 Unit of San Benedetto General hospital. All patients had a biochemical, anthropometric, high-resolution tomography chest scan (HRCT) and complete nutritional assessments at the time of admission, after oral administration of immune-nutrition (IN) formula, and at 15 days interval follow-up. Results: we enrolled 34 consecutive patients (age 70.3 ± 5.4 years, 6 F, BMI 27.0 ± 0.5 kg/m2). Main comorbidities were diabetes (20%, type 2 90 %), hyperuricemia (15%), hypertension (38%), chronic ischemic heart disease (8 %), COPD (8%), anxiety syndrome (5%), and depression (5%). 58% of patients were affected as moderately-to-severely overweight; mini nutritional assessment (MNA) score (4.8 ± 0.7) and phase angle (PA) values (3.8 ± 0.5) suggestive of malnutrition were present in 15% of patients, mainly with a history of cancer. After 15 days upon admission, we recorded 3 deaths (mean age 75.7 ± 5.1 years, BMI 26.3 ± 0.7 kg/m2) and 4 patients were admitted to the ICU. Following IN formula administration, inflammatory markers significantly decreased (p < 0.05) while BMI and PA did not worsen. These latter findings were not observed in a historical control group that did not receive IN. Only one patient needed protein-rich formula administration. Conclusions: in this overweight COVID-19 population immune-nutrition prevented malnutrition development with a significant decrease of inflammatory markers.
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1. Introduction


From January 2020, the novel corona virus (SARS-CoV2) disease, firstly believed to be characterized by pneumonia only (namely, COVID-19), spread around the world. A terrible pandemic has caused healthcare systems to crash with a high damage in terms of lives and morbidity to humanity. Wave after wave of COVID-19 pandemic helped researchers to understand and assemble a clearer and clearer knowledge of this hyper-inflammatory syndrome. In fact, it was true that a significant percentage of patients developed a serious bilateral pneumonia, resembling severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS), but other symptoms and clinical manifestations were prevalent also. For example, several patients were developing pulmonary thrombo-embolism, encephalitis, and hemorrhage [1]. Interestingly, COVID-19 pneumonia is often associated with gastrointestinal disorders that do not allow the patient to be adequately fed, especially in the pre-Intensive Care Unit (ICU) stages [1,2].



Although the severity of the clinical condition has been reported to be milder than SARS with a mortality rate ranging from 4.3 to 11%, the latter has been a huge wound for our societies [2]. In detail, there is a direct correlation between inflammatory status, incidence of comorbidities, and mortality in COVID-19 patients [2]. Looking at physiology, main defensive mechanisms in the human body against viruses, in general, and SARS-CoV2, specifically, are the physical barriers (namely, skin, and mucosal membranes): stomach acid content and digestive enzymes, gut microbiome, and innate and acquired immunity [2]. Many of the reactions maintaining these mechanisms need vitamins A, D, B, iron, and zinc as coenzymes. This is one of the main reasons why setting an appropriate nutritional strategy as a part of the treatment is crucial for survival of these patients [2].



There is a clear correlation between obesity and mortality in COVID-19 patients. In fact, sarcopenia as feature of malnutrition, typical of obesity, is significantly associated with micro-inflammation and major allowance of SARS-CoV 2 entrance into target cells [3].



To date, there are limited therapeutic remedies available for the treatment of COVID-19. Thus, nutritional modulation of the immune system function has been investigated both as a preventive and curative option [4,5]. In fact, there is a growing number of recently published key studies suggesting promising effects of immuno-nutrition on acute respiratory infections [6,7]. Indeed, immuno-nutrition can be defined as “modulation of either the activity of the immune system or modulation of the consequences of activation of the immune system by nutrients or specific food items fed in amounts above those normally encountered in the diet” [8]. Recently, specific immuno-nutrients have been proposed as effective items for both or add-on treatments of COVID-19 vs. evidence-based standard therapy, promising results for the reduction of innate and adaptive immune response responsible of “cytokines’ storm” typical of COVID-19 patients [9].



In ICU patients, the inflammatory status is associated with an increased mortality [3,4]. For example, the higher is the Nutritional Risk Score (NRS), the higher the incidence of acquired healthcare-associated infections and the mortality risk index [3,5].



The ICU COVID-19 patient is a frail one with multiple comorbidities, affected by hypoxia, inflammation, high body temperature, increased oxygen demand, and often prone to malnutrition. In the early stages of COVID-19, patients experience anorexia exacerbated by severe coughing, fever, dyspnea, anosmia, hypoxia, and fatigue, causing difficulties to maintain an appropriate nutritional oral intake. Moreover, before ICU admission, the patients are often treated with Continuous Positive Airway Pressure (CPAP) or Non-invasive Ventilation (NIV) that do not allow oral feeding in a large percentage.



Previous data from our study group demonstrated the efficacy of whey-protein-rich enteral feeding formula in ICU ventilated COVID-19 patients with earlier extubation time and improved nutritional status [10].



Thus, this prospective observational exploratory single-center study aims to evaluate the nutritional and anti-inflammatory effects of an outlined nutritional protocol based on immuno-nutrition (IN) in COVID-19 patients admitted to the semi-intensive COVID-19 unit.




2. Materials and Methods


2.1. Study Protocol


In this single-center perspective exploratory study, we consecutively enrolled COVID-19 adult patients admitted at the semi-intensive Unit of “Madonna del Soccorso“ General Hospital, San Benedetto del Tronto, Italy between 1 September and 31 December 2021. We respected regional Ethical Committee rules for patients’ enrollment (Ethical Committee Marche, Italy). Inclusion criteria were: age > 18 years, confirmed diagnosis of SARS-CoV2 infection, and need for non-invasive mechanical ventilation for at least 48 h. Patients were treated according to the updated guidelines for COVID-19 [11].



All patients had a biochemical, anthropometric, high-resolution tomography chest scan (HRCT) and complete nutritional assessments (MNA test and bioimpedance vector analysis (BIVA)) at the time of admission and at 15 days interval follow-up, namely after daily oral administration of immune-nutrition (IN) formula.



The study group was compared with historical COVID-19 patients not administered with IN formula.




2.2. Inclusion and Exclusion Criteria


We included consecutive patients admitted to the semi-intensive Unit of San Benedetto General Hospital in need of NIV because of SARS-CoV 2 infection.



Exclusion criteria were: pregnancy, artificial nutrition in the previous 15 days upon admission, allergy to the immuno-nutrition components, major GI tract surgery, malapsorption syndromes, inflammatory bowel disease, GI motility disorders, acute or chronic pancreatitis, immudepression (e.g., acquired immunodepression syndrome (HIV)), hematologic disease, and cognitive status impairment.




2.3. Immune-Nutrition Administration Scheme


The immune-unutrition (IN) formula used in the study is a powdered oral nutritional supplement designed for patients affected by inflammatory bowel disease. In fact, there is much evidence confirming its anti-inflammatory effect, especially in inflammatory bowel disease in children [12].



Its composition consists of: proteins 3.5 g/100 mL (consisting exclusively of casein naturally rich in TGF-ß2); fats 4.6 g/100 mL (milk fat, MCT, corn oil, soy lecithin. MCT: 25% of total lipids, in order to facilitate rapid replenishment; essential fatty acids equivalent to 4.6% of total calories; limited content of linoleic acid (n-6)); carbohydrates 11 g/100 mL (maltodextrin (61%) and sucrose (39%).



The powder is reconstituted at 20%—1 Kcal/mL: 200 g of powder in 850 mL of water, to re-constitute 1 L of IN formula (1000 Kcal). Later, it is possible to increase the concentration up to 30%-1.5 Kcal/mL: 300 g of powder in 750 mL of water to reconstitute 1 L (1500 Kcal) [12].



The formula was administered once daily (in detail, 300 g of powder in 750 mL of water to reconstitute 1 L (1500 Kcal)) together with the diet of the patient, delivering on average 30–40% of the total calories of the daily diet.




2.4. Nutritional Assessment


2.4.1. Mini Nutritional Assessment (MNA) Test


The Mini Nutritional Assessment is a multidimensional screening tool, validated in many clinical settings. More specifically, it is an integrated nutrition index that evaluates different nutritional parameters in order “to obtain a synthetic information and a more accurate nutritional diagnosis” [13]. MNA has 96% sensitivity, 98% specificity, and 97% predictive value to describe nutritional status of patients [14]. Moreover, MNA is easily repeatable and can be used also by non-trained nutritionists [2].



MNA can be used both as a first-level screening and for follow-ups in elderly patients [15]. Interestingly, in hospitalized elderly patients, MNA scores can help predict healthcare costs, length of stay, and short-term and long-term mortality. In fact, MNA test shows an inverse correlation with these variables [16,17].



MNA test is a reliable index of muscle disability and motility and, also a complementary tool for nutritional status assessment in patients [18].



The MNA test is composed by 18 items divided into three sections: one for anthropometry and weight changes; one that evaluates quality and quantity of food intake; one measuring disabilities and cognitive status [19].



There are two steps:




	-

	
Screening (maximum score of 14 out of six variables): story of weight loss in the previous three months, food intake, motility, acute stress, cognitive status, and Body Mass Index (BMI) assessment. In particular, score of 0–7 is predictive of malnutrition, a score of 8–11 suggests that patients are at risk of malnutrition, and a score of 12–14 indicates that the person is well nourished and needs no further investigation. If the score is less than 11 it is strongly recommended to continue with the remaining test items.A MNA score higher than 24 indicates the patient is well-nourished, a score between 17–23.5 suggests a risk of malnutrition and scores lower than 17 clearly highlight malnutrition.




	-

	
Self-Global Assessment (history of drugs assumption, food habits, fluid intake, residence place, and patient’s considerations on personal health status and on nutritional status).










2.4.2. Bioimpedance Vector Analysis


Bioelectrical impedance analysis (BIA) is a non-invasive tool to assess human body composition (i.e., analysis of fat, bone, water, and muscle content). BIA delivers a low frequency electrical current and is based on the principle that fluid and cellular structures present different levels of resistance to an electrical current when it passes through a living system [20]. In particular, BIA measures: Resistance (R-Ohms), assessing cellular hydration; Reactance (Xc—Ohms), assessing tissue integrity and Phase Angle (PA—degrees), representing the arc tangent between R and Xc. Thus, BIA serves to evaluate hydration and nutrition in humans [21].



Bioelectrical impedance vector analysis (BIVA) assesses body composition in advanced illness such as intensive care admitted patients. In fact, statistical vector analysis of BIA data leads to human body composition measurements in this particular subset of patients [22]. Bioelectrical impedance vector analysis (BIVA) is made with graphical vectors to analyze BIA data. Thus, impedance (Z) is plotted as a vector from its components R (X-axis) and Xc (Y-axis), after being standardized by height (H). The RXc graph represents the sex- and race-specific tolerance intervals of a comparative reference population. Tolerance ellipses are plotted on the RXc graph to represent the 50%, 75%, and 95% centiles (i.e., confidence intervals) for the population in study. This method allows a simultaneous assessment of changes in tissue hydration or soft tissue mass, independent of regression equations, or body weight. For these reasons, BIVA can be interpreted accurately also in critically ill ICU patients that are at extremes of weight or volume distribution.





2.5. Data Collection


We prospectively collected antropometric, clinical and laboratory tests’ data from the patient’s medical file. In detail, we collected general and demographic variables on the day of semi-intensive unit admission. All the other data and parameters measured were recorded daily for the entire patients’ stays, starting from admission to discharge/death. In particular, we recorded inflammation and infection markers (CRP, IL-6, white blood cells count and formula, procalcitonin, and erythrocyte sedimentation rate), renal and hepatic function indices, and blood gas analysis variables. The collected data were filled in a database guaranteeing the anonymity of the patients.




2.6. Statistical Analysis


Statistical analysis was performed with SPSS Software 21 (IBM, New York, NY, USA). Preliminarily, quantitative variables’ distribution was assessed with the Kolmogorov-Smirnov normality test. All data are presented as mean ± standard deviation (SD) or median [interquartile range, IQR] according to the normal or not normal distribution. Parametric (Student’s t-test) and non-parametric tests (Mann-Whitney U test) were applied to describe the differences between groups for the variables of interest, when appropriate. The alpha level of significance was set at 0.05 [23].





3. Results


From 1 September and 31 December 2021, we consecutively enrolled 34 COVID-19 adult patients admitted at the semi-intensive Unit of “Madonna del Soccorso” General Hospital, San Benedetto del Tronto, Italy.



Mean age of the she study population (namely, COVID-19 IN) was 70.3 ± 5.4 years, 5 females, BMI 27.0 ± 0.5 kg/m2.



Main comorbidities were diabetes (20%, type 2 90 %), hyperuricemia (15%), hypertension (38%), chronic ischemic heart disease (8%), chronic obstructive pulmonary disease (COPD) (8%), anxiety (5%), and depression (5%).



Considering inflammatory markers at enrollment, median CRP was 19 [5.6–31] mg/L; IL-6 101 pg/mL; white blood cells count 8070 (6263–11,000).



HRCT scan results were as following: mild pneumonitis (30%), moderate pulmonary parenchima involvement (45%), and severe involvement (25%).



Control group (n = 20) (COVID-19 patients not giving informed consent to IN) characteristics shown in Table 1.



Comorbidities prevalence (data not shown) and other antropometric, nutritional, and inflammatory characteristics were comparable except for female sex representation and BMI (p = 0.05). In addition, MNA test results and BIVA confirmed a statistical difference for overweight representation between study and control group (both, p < 0.05) (Figure 1).



During semi-intensive unit stay all IN and control group patients were treated with guidelines-guided treatments (namely, remdesevir, metilprednisolone, piperacillin/tazobactam, and levofloxacin). There was no statistical difference among groups for medications used (p = NS). There was no difference on non-invasive mechanic ventilation type duration used among groups (p = NS).



Figure 2 shows inflammatory markers values in IN group according to their nutritional status at T0. Control group showed a similar behavior (data not shown) at T0. In both groups, malnutrition and overweight were significantly associated with higher CRP and IL-6 values (both, p < 0.05).



After 15 days of semi-intensive unit stay (namely T1), we observed 3 deaths (mean age 75.7 ± 5.1, 1F, BMI 26.3 kg/m2) and two patients were moved to ICU care in the IN group because of respiratory performance worsening. The latter was associated with worsened HRCT pneumonitis findings.



In the control group, at T1 we observed 2 deaths (mean age 70.1 ± 3.1, 1F, BMI 23.5 kg/m2) and two patients were moved to ICU care because of respiratory performance worsening. The latter was associated with worsened HRCT pneumonitis findings.



After 2 weeks of IN formula administration, we observed a significant reduction of inflammatory markers (PCR, IL-6), for both *, **, *** p < 0.05 in the IN group (Figure 3). In the control group, a similar trend was observed, without reaching statistical significance (p = NS) (data not shown). Glycemic assessment was not affected by IN nutrition (data not shown, p = NS).



Figure 4 describes nutritional status change in the IN and control group at T1. Immuno-nutrition administration was able to prevent nutritional status worsening in the treatment vs. control group (* p < 0.05).



Semi-intensive unit days of stay were not affected by IN use (p = NS).




4. Discussion


In this single-center perspective pilot study, COVID-19 patients admitted to a semi-intensive unit of our hospital were evaluated for the impact of immuno-nutrition on nutritional status and inflammatory response vs. a historical control group of COVID-19 patients not administered with IN formula.



We have shown, for the first time, that immuno-nutrition is able to prevent worsening of nutritional status in COVID-19 patients with a consensual inflammatory response reduction. A similar trend was observed for inflammatory markers only, as well as in the control group.



These findings are in line with the previous report from our study group, although in those investigation, patients were administered with whey protein-rich formula and treated in the ICU ward [10]. The finding of prevention of malnutrition development observed in the present study can be explained by an accurate nutritional assessment operated in these semi-intensive patients in our secondary care center. In fact, COVID-19 patients are difficult to assess because of difficulties related to individual protective disposables use. Only a fine organization allows health care operators to prevent malnutrition development in SARS-CoV2 patients, improving their respiratory performance and reducing their morbidity and mortality [10].



In the present study there was not a significant correlation between prevention of malnutrition development and improved mortality or prevention of worsened clinical course (namely, need for ICU admission). This finding can be explained by the small sample size and short follow-up time of the population in study that do not allow further speculation on the impact of IN administration on prognosis of COVID-19 patients.



There is solid evidence showing the positive impact of nutritional assessment and use of specific protein-rich food nutrient supplement on COVID-19 patients’ morbidity and mortality [24]. In detail, in the literature there are reports that evaluated the impact of nutrition in ICU COVID-19 patients with early manifestations of malnutrition and, sarcopenia [25]. Both of these conditions are significantly associated with morbidity and mortality rate of critical and rehabilitation patients [20,26].



In this study we explored the impact of a formula rich in casein used with success in pediatric IBD populations [12]. We hypothesized that this formula with IN properties was able to reproduce effects described in gastrointestinal tract inflammatory conditions such as Chron disease and ulcerative colitis. In fact, COVID-19 is characterized by hyper-inflammatory state. Thus, we went over the study of the impact of adequate nutritional status care in COVID-19 patients.



In fact, several reports from literature have shown how the use of pre-, pro-, and postbiotics is able to be efficient as add-on treatment for steroids, antibiotics, and antivirals against the entrance of SARS-CoV2 into our body cells [27,28]. Moreover, these remedies can help reducing the cytokines’ storm typical of COVID-19 [29]. However, some data are available on immuno-nutrition in ICU and non-ICU patients, respectively.



To date, we found only one report from Brazil evaluating the impact of hyper-proteic normo-caloric diet with or without IN formula add-on on the inflammatory response and related lymphopenia in non-ventilated COVID-19 patients [30]. On the other hand, our investigation evaluated patients under non-invasive ventilation in the semi-intensive ward. Thus, these patients had a higher inflammatory response and more severe pulmonary involvement than the study by Pimentel et al. Moreover, the other investigation did not report significant effects of IN formula administration on nutritional status.



Although in the control group a similar trend was observed for the reduction of inflammatory markers, only the group of patients treated with IN demonstrated a statistically significant reduction of IL-6 and CRP. Thus, these findings support an anti-inflammatory effect of IN. In particular, omega-3 fatty acids are essential in the prevention and treatment of cardiovascular and auto-inflammatory disease [31,32].



For example, both diabetic and septic patients showed a reduction of CRP and other inflammatory cytokines after ω -3 fatty acids administration (another IN formula). Specifically, in a 2020 trial performed in Iran, 128 COVID-19 ICU patients were randomized to standard diet with/without add-on of ω -3 fatty acids. Compared with those who did not receive omega-3 fatty acids, treated patients presented a significant improvement of renal function and a reduction of systemic inflammatory response. This anti-inflammatory effect can be explained by the “competition” between fatty acids and SARS-CoV-2 for cell entrance. In fact, ω -3 fatty acids can bind viral spike protein and modify its spatial conformation, resulting in a lower viral load for the infected host [33].



In another study from France, 26 COVID-19 patients admitted to the ICU ward showed a significantly higher myeloid-derived suppressor (MDSC) cell activation, associated with the typical COVID-19-driven lymphopenia. After administration of arginine, these patients showed a significant reversal of lymphopenia. However, the sample size of study was too small to drive definitive conclusions [34].



More in detail, arginine seems to be able to reduce SARS-CoV-2 infectivity. Further evidence on this capability is derived from molecular biology data: isoleucine replacement with arginine in the 407 position of spike protein worsen its interaction with the human Angiotensin-Converting Enzyme 2 (ACE2). The latter is crucial for the virus cell infection.



The IN formula used in this study has particular characteristics. It has been successfully used in pediatric inflammatory bowel disease (IBD) patients [12]. In fact, the add-on use of bioactive peptides to the industrial diet may favor mucosal healing in Crohn disease (CD) patients because of their anti-inflammatory effect [12,35]. In detail, bioactive peptides are specific growth factors such as transforming growth factor-β (TGF-β). The latter belongs to the group of multifunctional regulatory peptides produced by various cell types. Particularly, TGF-β controls the processes of lymphocytes, macrophages, and dendritic cells differentiation, proliferation, and activation. Thus, TGF-β has a strong anti-inflammatory effect and can prevent the development of autoimmune diseases [34]. In CD, in particular, and IBD patients, in general, inflammation reduction obtained through this IN formula administration has been assessed endoscopically and by fecal calprotectin (FC) dosage [12,34]. Thus, local immunomodulation has been confirmed in this subset of patients. In our study, systemic hyper-inflammation state is present and IN administration can help in down-regulating this process (e.g., as expressed by the significant decrease of CRP and IL-6). However, more data are needed to confirm this preliminary finding, perhaps with the dosage of FC also.



Our study has several limitations. First, the sample size was small, according to the pilot design of the study. Second, our study took into consideration the third wave of the SARS-CoV 2 pandemic where virus strain, vaccine, and antivirals use had changed the clinical and laboratory characteristics of the disease. Third, our cohort in treatment had a low representation of female sex and high representation of obese people. The latter could have conditioned the prevalence of sarcopenia, and therefore have conditioned the results.




5. Conclusions


In conclusion, data from this pilot single-center perspective study showed that immuno-nutrition is able to prevent malnutrition development in COVID-19 patients admitted in semi-intensive unit, together with a significant reduction of pro-inflammatory cytokines’ storm. The potential relationship between risk of malnutrition reduction and fall of hyper-inflammatory response in these patients needs to be further investigated. However, these promising results are conditioned by the small sample size of patients enrolled in a single-center secondary hospital. Thus, larger sample size and multi-centric randomized placebo-controlled studies are needed to confirm these results.







Author Contributions


Conceptualization was performed by M.S., E.S. and L.A.; methodology was written and controlled by M.S., M.Z. and E.S.; data validation was made by, C.R., S.P., E.R., E.S. and L.A.; formal analysis was made by C.R., E.D.R., E.S.; investigation was conducted by M.S., E.S. and K.R.; data curation was performed by S.P., R.C., R.M. and E.S.; writing—original draft preparation was made by M.S., E.S., L.A. and M.Z.; writing—review and editing was made by E.S., L.A. and M.Z.; visualization of data was performed by S.P., P.M., R.C., K.R. and E.S.; supervision of the study was made by M.S, E.S. and L.A.; project administration was made by M.S., E.S., L.A. and M.Z. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Regional Ethics Committee of Marche, Ancona, Italy, (Ethical Committee Marche, Italy, provisional CERM 2021333IN21012, September 2021).




Informed Consent Statement


Informed consent was obtained from all subjects or relatives involved in the study. Written informed consent has been obtained from the patient(s) or relatives to publish this paper.




Data Availability Statement


Data supporting these results can be found in the patients’ files database of “Madonna del Soccorso General Hospital”, San Benedetto del Tronto, Italy.




Acknowledgments


We thank Stefano Marcelli for the strong support during this investigation. Indeed, we must acknowledge the sacrifice and restless work of all the personnel operating in the semi-intensive unit of “Madonna del Soccorso” general hospital during the COVID-19 pandemic.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Lai, C.; Hsu, C.; Hsueh, S.; Yen, M.; Ko, W.; Hsueh, P. Multisystem inflammatory syndrome in adults: Characteristics, treatment, and outcomes. J. Med. Virol. 2022, 95, 28426. [Google Scholar] [CrossRef] [PubMed]

	



Li, M.; Guo, L.; Feng, L. Interplay between swine enteric coronaviruses and host innate immune. Front. Veter Sci. 2022, 9, 1083605. [Google Scholar] [CrossRef] [PubMed]

	



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 immuno-nutrition in obese patient? J. Transl. Med. 2020, 18, 415. [Google Scholar] [CrossRef] [PubMed]

	



Subedi, L.; Tchen, S.; Gaire, B.P.; Hu, B.; Hu, K. Adjunctive Nutraceutical Therapies for COVID-19. Int. J. Mol. Sci. 2021, 22, 1963. [Google Scholar] [CrossRef]

	



Shakoor, H.; Feehan, J.; Al Dhaheri, A.S.; Ali, H.I.; Platat, C.; Ismail, L.C.; Apostolopoulos, V.; Stojanovska, L. Immune-boosting role of vitamins D; C; E; zinc; selenium and omega-3 fatty acids: Could they help against COVID-19? Maturitas 2021, 143, 1–9. [Google Scholar] [CrossRef]

	



Derbyshire, E.; Delange, J. COVID-19: Is there a role for immuno-nutrition; particularly in the over 65s? BMJ Nutr. Prev. Health 2020, 3, 100–105. [Google Scholar] [CrossRef]

	



Jovic, T.H.; Ali, S.R.; Ibrahim, N.; Jessop, Z.M.; Tarassoli, S.P.; Dobbs, T.D.; Holford, P.; Thornton, C.A.; Whitaker, I.S. Could Vitamins Help in the Fight Against COVID-19? Nutrients 2020, 12, 2550. [Google Scholar] [CrossRef]

	



Grimble, R.F. Basics in clinical nutrition: Immuno-nutrition—Nutrients which influence immunity: Effect and mechanism of action. Eur. E-J. Clin. Nutr. Metab. 2009, 4, e10–e13. [Google Scholar] [CrossRef]

	



Bae, M.; Kim, H. Mini-Review on the Roles of Vitamin C, Vitamin D, and Selenium in the Immune System against COVID-19. Molecules 2020, 25, 5346. [Google Scholar] [CrossRef]

	



Scarcella, M.; Scarpellini, E.; Ascani, A.; Commissari, R.; Scorcella, C.; Zanetti, M.; Parisi, A.; Monti, R.; Milic, N.; Donati, A.; et al. Effect of Whey Proteins on Malnutrition and Extubating Time of Critically Ill COVID-19 Patients. Nutrients 2022, 14, 437. [Google Scholar] [CrossRef]

	



Coronavirus Disease 2019 (COVID-19) Treatment Guidelines; National Institutes of Health (US): Bethesda, MD, USA, 2021.

	



Matuszczyk, M.; Meglicka, M.; Landowski, P.; Czkwianianc, E.; Sordyl, B.; Szymańska, E.; Kierkuś, J. Oral exclusive enteral nutrition for induction of clinical remission, mucosal healing, and improvement of nutritional status and growth velocity in children with active Crohn’s disease—A prospective multicentre trial. Prz. Gastroenterol. 2021, 16, 346–351. [Google Scholar] [CrossRef] [PubMed]

	



Cereda, E. Mini nutritional assessment. Curr. Opin. Clin. Nutr. Metab. Care 2012, 15, 29–41. [Google Scholar] [CrossRef] [PubMed]

	



Lundin, H.; Sääf, M.; Strender, L.E.; Mollasaraie, H.A.; Salminen, H. Mini nutritional assessment and 10-year mortality in free-living elderly women: A prospective cohort study with 10-year follow-up. Eur. J. Clin. Nutr. 2012, 66, 1050–1053. [Google Scholar] [CrossRef] [PubMed]

	



Cederholm, T.; Barazzoni, R.; Austin, P.; Ballmer, P.; Biolo, G.; Bischoff, S.C.; Compher, C.; Correia, I.; Higashiguchi, T.; Holst, M.; et al. ESPEN guidelines on definitions and terminology of clinical nutrition. Clin. Nutr. 2017, 36, 49–64. [Google Scholar] [CrossRef] [PubMed]

	



Chima, C.S.; Barco, K.; Dewitt, M.L.; Maeda, M.; Teran, J.; Mullen, K.D. Relationship of Nutritional Status to Length of Stay, Hospital Costs, and Discharge Status of Patients Hospitalized in the Medicine Service. J. Am. Diet. Assoc. 1997, 97, 975–978. [Google Scholar] [CrossRef] [PubMed]

	



Gentile, S.; Lacroix, O.; Durand, A.C.; Cretel, E.; Alazia, M.; Sambuc, R.; Bonin-Guillaume, S. Malnutrition: A highly predictive risk factor of short-term mortality in elderly presenting to the emergency department. J. Nutr. Health Aging 2013, 17, 290–294. [Google Scholar] [CrossRef]

	



Shidfar, F.; Babaii Darabkhani, P.; Yazdanpanah, L.; Karkheiran, S.; Noorollahi-Moghaddam, H.; Haghani, H. Assessment of nutritional status in patients with Parkinson’s disease and its relationship with severity of the disease. Med. J. Islam. Repub. Iran 2016, 30, 454. [Google Scholar]

	



Bauer, J.M.; Kaiser, M.J.; Anthony, P.; Guigoz, Y.; Sieber, C.C. The Mini Nutritional Assessment—Its history; today’s practice; and future perspectives. Nutr. Clin. Pract. 2008, 23, 388–396. [Google Scholar] [CrossRef]

	



Moonen, H.P.F.X.; Van Zanten, A.R.H. Bioelectric impedance analysis for body composition measurement and other potential clinical applications in critical illness. Curr. Opin. Crit. Care 2021, 27, 344–353. [Google Scholar] [CrossRef]

	



Mulasi, U.; Kuchnia, A.J.; Cole, A.J.; Earthman, C.P. Bioimpedance at the bedside: Current applications; limitations; and opportunities. Nutr. Clin. Pract. 2015, 30, 180–193. [Google Scholar] [CrossRef]

	



Peacock, I.W.F. Use of Bioimpedance Vector Analysis in Critically Ill and Cardiorenal Patients. Contrib. Nephrol. 2010, 165, 226–235. [Google Scholar] [CrossRef]

	



Niederer, L.E.; Miller, H.; Haines, K.L.; Molinger, J.; Whittle, J.; MacLeod, D.B.; McClave, S.A.; Wischmeyer, P.E. Prolonged progressive hypermetabolism during COVID-19 hospitalization undetected by common predictive energy equations. Clin. Nutr. ESPEN 2021, 45, 341–350. [Google Scholar] [CrossRef] [PubMed]

	



Alizadehsani, R.; Sani, Z.A.; Behjati, M.; Roshanzamir, Z.; Hussain, S.; Abedini, N.; Hasanzadeh, F.; Khosravi, A.; Shoeibi, A.; Roshanzamir, M.; et al. Risk factors prediction, clinical outcomes, and mortality in COVID-19 patients. J. Med. Virol. 2021, 93, 2307–2320. [Google Scholar] [CrossRef] [PubMed]

	



Ahmadi, S.; Firoozi, D.; Dehghani, M.; Zare, M.; Mehrabi, Z.; Ghaseminasab-Parizi, M.; Masoumi, S.J. Evaluation of Nutritional Status of Intensive Care Unit COVID-19 Patients Based on the Nutritional Risk Screening 2002 Score. Int. J. Clin. Pract. 2022, 2022, 2448161. [Google Scholar] [CrossRef] [PubMed]

	



Ting, T.H.Y.; Lo, T.H.M.; Lo, W.W.T.; Ding, Q.; Yuk, D.K.L.; Hui, E.; Tang, M.W.S. Inadequate energy and protein intake; underweight and malnutrition are associated with in-hospital mortality among COVID-19 rehabilitation patients during the omicron outbreak in Hong Kong. Aging Med. (Milton) 2022, 5, 204–210. [Google Scholar] [CrossRef]

	



Vaezi, M.; Ravanshad, S.; Rad, M.A.; Zarrinfar, H.; Kabiri, M. The effect of synbiotic adjunct therapy on clinical and paraclinical outcomes in hospitalized COVID-19 patients: A randomized placebo-controlled trial. J. Med. Virol. 2023, 95, 28463. [Google Scholar] [CrossRef]

	



Khani, N.; Soleimani, R.A.; Noorkhajavi, G.; Soleimani, A.A.; Abbasi, A.; Rad, A.H. Postbiotics as potential promising tools for SARS-CoV-2 disease adjuvant therapy. J. Appl. Microbiol. 2022, 132, 4097–4111. [Google Scholar] [CrossRef]

	



Scarpellini, E.; Rinninella, E.; Basilico, M.; Colomier, E.; Rasetti, C.; Larussa, T.; Santori, P.; Abenavoli, L. From Pre- and Probiotics to Post-Biotics: A Narrative Review. Int. J. Environ. Res. Public Health 2021, 19, 37. [Google Scholar] [CrossRef]

	



Pimentel, R.F.W.; Silva, A.P.; Santana, A.I.C.; Silva, D.S.E.; Ramos, M.S.; Souza, M.C.; Suen, V.M.M.; Maduro, I.P.N.N.; Ribas Filho, D.; D’Oliveira Júnior, A.; et al. Effect of immuno-nutrition on serum levels of C-reactive protein and lymphocytes in patients with COVID-19: A ran-domized; controlled; double-blind clinical trial. Nutr. Hosp. 2022, 39, 20–26. [Google Scholar]

	



Ruiz-León, A.M.; Lapuente, M.; Estruch, R.; Casas, R. Clinical Advances in Immuno-nutrition and Atherosclerosis: A Review. Front. Immunol. 2019, 10, 837. [Google Scholar] [CrossRef]

	



Di Renzo, L.; Franza, L.; Monsignore, D.; Esposito, E.; Rio, P.; Gasbarrini, A.; Gambassi, G.; Cianci, R.; De Lorenzo, A. Vaccines; Microbiota and Immuno-nutrition: Food for Thought. Vaccines 2022, 10, 294. [Google Scholar] [CrossRef] [PubMed]

	



Naghibi, T.; Shafigh, N.; Mazloomzadeh, S. Role of omega-3 fatty acids in the prevention of delirium in mechanically ventilated patients. J. Res. Med. Sci. 2020, 25, 10. [Google Scholar] [CrossRef] [PubMed]

	



Reizine, F.; Lesouhaitier, M.; Gregoire, M.; Pinceaux, K.; Gacouin, A.; Maamar, A.; Painvin, B.; Camus, C.; Le Tulzo, Y.; Tattevin, P.; et al. SARS-CoV-2-Induced ARDS Associates with MDSC Expansion; Lymphocyte Dysfunction; and Arginine Shortage. J. Clin. Immunol. 2021, 41, 515–525. [Google Scholar] [CrossRef] [PubMed]

	



Fell, J.M. Control of systemic and local inflammation with transforming growth factor beta containing formulas. J. Parenter. Enteral. Nutr. 2005, 29, S126–S128. [Google Scholar] [CrossRef] [PubMed]








[image: Nutrients 15 01250 g001 550] 





Figure 1. Nutritional status according to MNA test and BIVA assessment in IN and control group; WN: well-nourished; MN: malnourished; OV: overweight; * p < 0.05. 
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Figure 2. CRP and IL-6 values according to nutritional status (WN: well-nourished; MN: malnourished; OV: overweight) in the IN group at T0. * p < 0.05. 
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Figure 3. Reduction of inflammatory response markers (IL-6 and CRP) according to nutritional status in the IN group (T0 vs. T1; *, **, ***, all p < 0.05). A similar tendency was observed in the control group, without reaching statistical significance. 
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Figure 4. T1 nutritional status changes in the IN and control group. Malnutrition prevalence was significantly higher in the control group vs. IN treated-one. * p < 0.05. 
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Table 1. Characteristics of the study and control populations at T0.
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	IN COVID-19 pts (n = 34)
	Control Group (n = 20)
	p-Value





	Age (years)
	70.3 ± 5.4
	68.0 ± 5.5
	NS



	sex
	6 F
	8 F
	0.05



	BMI (kg/m2)
	27.0 ± 0.5
	23.5 ± 0.6
	<0.05



	MNA test (WN/MN/OV (%))
	27/15/58
	30/22/48
	<0.05



	PA (°) (WN/MN/OV)
	4.5/3.8/8.2
	4.4/3.2/7.8
	<0.05



	CRP (mg/L)
	19 (5.6–31)
	20 (6–33)
	NS



	IL-6 (pg/mL)
	101 (35–133)
	103 (34–136)
	NS



	Semi-intensive unit stay (days)
	18.2 ± 0.4
	18.6 ± 0.6
	NS







Table legend: NS: non-significant; F: female sex; MNA: mini nutritional assessment test; WN: well-nourished; MN: malnourished; OV: over-weight; PA: phase angle obtained through bioimpedance vector analysis (BIVA) measurement; CRP: C reactive protein; IL-6: interleukine 6.
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