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Abstract

Covid-19 is a high prevalence of pneumonia of pathless cause in that started
in 2019 in Wuhan, Hubei Province, China. Five to 10% of the coronavirus SARS-
CoV-2-infected patients, i.e., with new coronavirus disease 2019 (COVID-19),
are presenting with an Acute Respiratory Distress Syndrome (ARDS) requiring
urgent respiratory and hemodynamic support in the Intensive Care Unit (ICU).
However, nutrition is an important element of care. The nutritional assessment
and the early nutritional care management of COVID-19 patients must be
integrated into the overall therapeutic strategy. Absence of treatment for this
new virus, finding alternative methods to prevent and control the disease is
important. Having a well-functioning immune system is essential for the host's
defense against pathogenic organisms. Malnutrition can lead to an impaired
immune system during life. Even though the immune system response to
infection is itself a factor that could lead to nutritional status impairment.
Deficiency of some nutrients can lead to disorders of immune system. Adequate
intake of vitamins (A, D, Bs, C and E), minerals (selenium, zinc and iron) and
omega-3 fatty acids are among the essential factors in proper immune system
function and the international recommendations on nutrition in the ICU should
be followed. Some specific issues about the nutrition of the COVID-19 patients
in the ICU should be emphasized. We propose a flow chart and ten key issues

for optimizing the nutrition management of COVID-19 patients in the ICU.
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Introduction

In December 2019, there was a prevalence of pneumonia of
pathless cause in Wuhan, Hubei Province, China, which affected
more than 70 people on the twentieth of that month. On 31 December,
the Wuhan Municipal Health Committee informed the World
Health Organization (WHO) that 27 people had been diagnosed
with pneumonia of unknown cause, being 7 of them critically ill [1].
Coronavirus is a large family of viruses and a subset of coronaviruses
that range from the common cold virus to the cause of more serious
illnesses such as SARS and MERS coronavirus [2]. SARS-CoV-2
which is a single-stranded RNA and, like SARS and MERS, belongs to
the beta-coronavirus family is a highly contagious disease that can be
transmitted from one person to another through close contact [3,4].
COVID 19 patients most likely to require ICU support tend to be older
, also ~25-40 % have at least one comorbidity such as hypertension,
diabetes, heart disease, or chronic obstructive pulmonary disease and
almost 75% are overweight or obese [5]. Most common reason for
admission to ICU is; respiratory failure and around two-thirds of
patients meeting criteria for a diagnosis of ARDS. The disease can be
asymptomatic or present mild affection of the upper respiratory tract,
while in the most severe cases is characterized by acute respiratory
distress syndrome, heart failure, and septic shock [6]. Nutritional
support using different methods has always played a crucial role in
reducing inflammation and oxidative stress in the prevention, control
and treatment of infectious and pulmonary diseases, and it seems
that meeting the nutritional needs of patients with Covid-19 can help
improve the disease process [7-13]. This mini-review study provides

perspective on the nutritional implications and management of
coronavirus disease 2019 (COVID-19), the resulting illness from
SARS-CoV-2, by drawing on available clinical data for patients with
COVID-19, as well as the literature from Acute Respiratory Distress
Syndrome (ARDS). It considers the implications of a global pandemic
on caseload, resourcing, supply chain shortages, and the logistics of
managing highly infectious patients.

Dietary Nutrients Role on Immune System
Function and COVID-19 Disease

The influence of nutrition in the immune system has been
widely reported. In addition, recent studies have also highlighted the
influence of both, an adequate nutritional status and the appropriate
intake of specific nutrients in COVID-19. Nevertheless, due to the
novelty of the disease, information regarding the effects of some
nutrients is scarce, and in some cases, this information comes from
ecological studies. Therefore, it seems plausible that part of the
information included in this section may be updated in the upcoming
months as the result of the research that is currently ongoing.
Protein deficiency is linked to impaired immune system function,
mainly due to its negative effects on both, the amount of functional
immunoglobulins and Gut-Associated Lymphoid Tissue (GALT)
[14-16]. Besides quantity, the quality of proteins is also an important
factor with regard to the relationship of this macronutrient with
immune system. In this line, it has been highlighted that including
proteins of high biological value (those present in eggs, lean meat,
fish, and dairy) containing all the essential amino acids may exert
an anti-inflammatory effect. In addition, some amino acids, such as
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arginine and glutamine are well known for their ability to modulate
the immune system [14].

Protein-Energy Malnutrition

When addressing COVID-19 disease, the study of nutritional
status is very relevant since it plays an important role on the
functionality of immune system, necessary to face the virus infection.
Indeed, malnutrition is associated with immune dysfunction and thus
it is likely to assume that this condition could make individuals more
vulnerable to the viral infection [1]. On the other hand, nutritional
status can be negatively affected by the SARS-CoV-2 itself, as well as by
the applied treatments. Hospitalized patients with COVID-19 tend to
present malnutrition at the time of hospitalization. Chronic diseases
that are commonly present in patients with COVID-19 (mainly
diabetes, chronic obstructive pulmonary disease, renal insufficiency,
cardiovascular diseases or dementia), as well as other risk factors
such as socio-economic status or frailty, have negative effects on the
nutritional status of these patients. In addition, during hospital stay,
the prolonged immobilization, mainly in long stays in Intensive Care
Units (ICU), leads to muscle mass losses, making the recovery of
these subjects harder. Furthermore, the need for assisted breathing
during prolonged periods also contributes to the development of
sarcopenia and malnutrition [1]. This deteriorated nutritional status
seems to be involved in the virulence of the virus, and probably in
the clinical outcome. In this regard, studies conducted in Italy have
demonstrated the importance of maintaining/recovering an adequate
nutritional status in the clinical outcomes of the patients [17]. Due
to fluid administration and rapid wasting of lean tissues, weight and
BMI changes do not accurately reflect malnutrition in COVID-19
patients. Thus, the loss of lean body mass is of more concern than
that of the BMI. Indeed, loss of muscle and sarcopenia have to be
detected, since the larger the muscle mass decrease is, the more
severe the malnutrition will be [17]. Malnutrition is probably due to
anorexia, nausea, vomiting, and diarrhea (which impair food intake
and absorption), hypoalbuminemia, hypermetabolism, and excessive
nitrogen loss [18]. These effects are clearly associated with the increase
in pro-inflammatory cytokines observed in these patients. Moreover,
anorexia can also be related to dysgeusia. Lechien et al. conducted
a study devoted to analyzing the effect of COVID-19 infection on
gustatory disorders [19]. For this purpose, 417 mild-to-moderate
COVID-19 patients (164 males and 263 females) with a mean age
of 37 years old were recruited from 12 European hospitals. More
than 88% of the patients reported gustatory dysfunction, which was
characterized by impairment of salty, sweet, bitter, and sour tastes.
When data were adjusted for age, sex, presence of co-morbidities
and BMI, NRS 2002, MNA-sf, and NRI methods demonstrated that
patients from the nutritional risk group showed longer hospital stay,
lower appetite, and worse severity of the disease, and greater weight
loss than the patients in the normal group. By using NRS 2002 and
NRI methods, patients with nutritional risk also showed higher
hospital expenses than normal patients.

Nutritional Treatment

Although nowadays, the knowledge regarding the nutritional
support during hospital stay of COVID-19 patients is still limited,
nutritional therapy appears as first-line treatment and should be
implemented into standard practice [20]. In spite of that, due to the

priority assigned to urgent pathologies like respiratory issues, the
nutritional status of patients has been relegated to a second place. In
fact, almost half of the hospitalized polymorbid and 23-60% of patients
in acute care are not correctly nourished [21]. Other facts that have
also exacerbated this situation are that medical teams cannot invest
enough time to grant an optimal nourishment due to work overload,
staff shortages (healthcare personnel have suffered a high infection
rate) or insufficient availability of personal protective equipment.
Additionally, a restriction to family visits has been applied in most
affected countries, removing a support in nourishment. Moreover, in
most hospitals clinical teams and structures have been reorganized
resulting in provisional limitations of dietetic support. The general
recommendation for COVID-19 patients is to follow healthy diets
to maintain a correct immune function [22]. Optimal intake of all
nutrients, mainly those that play crucial roles in immune system,
should be assured through a diverse and well-balanced diet. However,
current data suggest that there is a prevalent micronutrient and
omega-3 fatty acid deficiency in several population groups [23]. On
the other hand, in the review reported by Calder et al. [24], based on
several meta-analysis [25]. The authors state that in order to promote
the optimum functioning of the immune system and to reduce the risk
and consequences of infections, the intakes for some micronutrients
may exceed the recommended dietary allowances since infections and
other stressors can reduce micronutrient status. Thus, supplements
may help restoring their normal blood levels [24,26,27]. With regard
to supplementation, it is important to advise the general public to
always consult a medical doctor prior consuming such products, as
they can interact with other nutrients, drugs, and medical treatments;
indeed, they can turn into toxic elements causing several disorders
and aggravating certain conditions.

Nutritional SupportinCritically HICOVID-19
Patients

Some evidence suggests that the development of GI symptoms
indicates greater disease severity. The presence of viral RNA
components has been documented in the feces and respiratory
specimens of such patients. Although the exact mechanism of
COVID-19-induced GI symptoms largely remains elusive, when
present early use of PN should be considered, transitioning to
EN when GI symptoms subside [5]. Critically ill patients with
COVID-19 disease have been reported to be older with multiple
comorbidities. Such patients are often at-risk of refeeding syndrome.
Thus, identifying pre-existing malnutrition or other risk factors
for refeeding syndrome in critically ill patients is vital. If refeeding
syndrome risk is present, we recommend starting at approximately
25% of caloric goal, in either EN or PN fed patients, combined with
frequent monitoring of serum phosphate, magnesium and potassium
levels as calories are slowly increased and first 72 hours of feeding is
the period of highest risk. Feeding should be initiated with low dose
EN, defined as hypocaloric or trophic, advancing to full dose EN
slowly over the first week of critical illness to meet energy goal of 15-
20 kcal/kg Actual Body Weight (ABW)/day (which should be 70-80 %
of caloric requirements) and protein goal of 1.2-2.0 gm/kg ABW/day
[5,28]. If PN is necessary, conservative dextrose content and volume
should be used in the early phase of critical illness, slowly advancing
to meet the same energy goals Nutrition requirements should take
into consideration the use of propofol in terms of lipid calories and
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EN should be held and PN strongly considered in patients with

gastrointestinal intolerance as manifested

significant
abdominal

Diarrhea
distention

Figure 1: Conditions that require parenteral nutrition in critical ill Covid-19
patients.

total calories needed (Figure 1) [28,29].

Some COVID-19 patients experience respiratory
symptoms and/or multi-organ failure, being very ill at hospital
admission and thus needing specialized support [30]. Indeed, acute
respiratory complications, requiring prolonged ICU stays, are a
major cause of morbidity and mortality in COVID-19 patients. Most
of these patients rapidly progress from cough to dyspnea, and then
to respiratory failure requiring mechanical ventilation. Consequently,
the timing of nutritional intervention appears to be critical [31].
Therefore, nutritionists should choose the most appropriate way to
recover the subject’s health. As with any other critically ill patients,
nutritional management is an integral component of good supportive
care. The European Society for Clinical Nutrition and Metabolism
(ESPEN) has recently published some guidelines for the nutritional
management of patients with SARS-CoV-2 infection. In these
guidelines specific recommendations are included for patients
hospitalized in ICUs, among them early enteral nutrition (when
possible), use of agents that promote gastric emptying, initiation of
peripheral nutrition in situations in which enteral nutrition is not
possible/tolerated and use of enteral nutrition after extubation when
oral feeding is not tolerated. According to these ESPEN guidelines,
enteral nutrition is preferred for patients in the ICU who receive
mechanical ventilation [17]. However, the specific needs of patients
with COVID-19 may require the adoption of prone ventilation
or neuromuscular blockade, and consequently enteral nutrition
implementation in daily practice could be difficult [32]. Further, a
delay of enteral nutrition can be mandatory when life-threatening
hypoxemia occurs [32]. On the other hand, the changes induced
by the disease itself in the gastrointestinal tract of the patients,
along with the elevated sedation required for these patients, makes
difficult to provide adequate nutritional support. Bearing this in
mind, Arkin et al. (2020) provided information regarding several of
the considerations that have to be taken into account when nutrition
is provided to critically ill patients of COVID-19 [33]. One such
consideration is related to the gastrointestinal hypomotility that is
commonly found in these patients, which in turn results in enteral
feedingintolerance. Indeed, this situation seems not to be derived from
the high-doses of sedatives and opioids that are needed to facilitate
mechanical ventilation, since other patients under similar conditions
do not present feeding intolerance. Thus, the authors suggest that
the enteral feeding intolerance is related to the infection produced
by the SARS-CoV-2. Moreover, despite several pharmacological

severe

agents devoted to promoting gastrointestinal motility are provided
to COVID-19 patients at the time of ICU admission, their intestinal
motility remains impaired. Additionally, even in the cases in which
gastrointestinal motility is maintained/recovered (by studying gastric
residuals and stool output), impaired nutrient absorption has been
described. In the case of the patients in which gastric residuals are
>500mL, the use of a post-pyloric feeding tube is recommended by
the ESPEN guidelines. However, this approach involves technical
challenges in the placement as well as increased exposure of the
staff to viral infection and obvious difficulties when proning of the
patient is required. Besides the gastrointestinal features of critically
ill COVID-19 patients, severe lung injury is also common in these
subjects. This condition makes necessary strategies devoted to
avoiding aspirations. In this regard, the authors suggest holding tube
feeding 1h prior proning as an effective approach to avoid aspirations.
Indeed, the authors state that due to the challenges related to
aspiration in prone patients, continuous tube feeding is maintained
(instead of using bolus tube feeding). As far as diet is concerned, the
ESPEN guidelines recommend hypocaloric nutrition in the first week
of ICU stay. However, since the patients normally spend days/weeks
sick at their homes before being admitted in a hospital, the risk of
developing malnutrition increases. Moreover, the life-threatening
features that are common on these patients at the time of ICU
admission produces further delay in enteral nutrition, increasing
even more the risk of malnutrition. Due to these facts, critically ill
COVID-19 patients may have poor nutritional status, which in turn
may increase the severity of the infection. In this regard, the authors
point towards the necessity of a more aggressive early total parenteral
nutritional support in these patients. Taking all that into account, and
considering that COVID-19 patients need more energy than normal,
the nutritional management of the critically ill patient in the long-
term should avoid underfeeding or overfeeding. It is recommended
to supply around 20 or 30 kcal/kg body weight/day for polymorbid
patients aged >65 years or for severely underweight polymorbid
patients respectively [34,35]. These values should be adjusted with
regard to nutritional status, disease status, and tolerance [36]. It is
important to take into account that in severely underweight patients,
the target of 30kcal/kg body weight/day should be slowly achieved
(in the case of artificial nutrition, target speed must be reached in 3-4
days) due to the high risk of refeeding syndrome of this population
[20]. Protein needs are higher in the critically ill patient due to the
protein catabolism driven by inflammatory mediators [35]. It is
estimated as 1g protein/kg body weight/day in older people (133), or
1.3g protein/kg body weight/day with increased supply of branched
chain amino acids (up to 50% in polymorbid medical inpatients), in
order to prevent muscle loss and to strength respiratory muscles [35].
Other authors increased these recommendations to 1.5g protein/kg
body weight/day [35]. These amounts should be individually adjusted
with regard to nutritional status, disease status, and tolerance [34].
The needs of fat and carbohydrate have to be adapted to the energy
requirements, considering an energy ratio from fat and carbohydrates
between 30:70 % for individuals with no respiratory deficiency and to
50:50 % for ventilated patients [20]. Fat requirement in the critically
ill patient is around 1.5g/kg body weight/day, giving priority to the
usage of medium and long chain fatty acids. As far as carbohydrates
requirement is concerned, a supply of 2g/kg body weight/day, not
exceeding 150g/day, must be considered. This is due to their high
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CO, production rate that should be limited in case of respiratory
failure [20]. With regard to micronutrients in ICU patients, mineral
and vitamin supply with routine supplements must be considered
depending on the nutritional therapy used. Administration of doses
higher than recommendations of vitamin D can be used because of
their positive effects [20]. Certainly, it has been reported that high
doses of Vitamin D in infected patients may improve immunologic
recovery during antiretroviral treatment, levels of
inflammation and immune activation, and increase immunity against
pathogens [37]. In turn, vitamin C supplementation significantly
reduces mortality in critically ill patients [37]. In the case of enteral
nutrition, attention must be paid to the needs of specific nutrients
to be included in the formula. Thus, enteral diets containing EPA,
gamma-linolenic acid, and antioxidant agents may offer a clinical
benefit in oxygenation and days of ventilation in patients with acute
respiratory distress syndrome [17]. Further, specific lipid emulsions
could offer additional benefits over corticosteroid and anti-IL-6
drugs in the modulation of the inflammatory response. However,
COVID-19 patients’ response to specific enteral diets remains to be
determined [31].

reduce

Conclusion

Patients who are admitted to the ICU with COVID-19 are at high
nutritional risk, due to their presenting condition, the intensive care
management strategies required to treat the disease and the likely
course of the treatment. Alteration in metabolism and gastrointestinal
function, coupled with nutritional deficits during critical illness and
following, are all likely to contribute to a decline in nutrition status
and poorer functional ability. Also optimized nutrition care of the
critical ill COVID-19 patients is important to maintain GI tract
function, sustain immune defenses, and avoid severe loss of muscle
mass and function. As for any other ICU patients, the latter is crucial
to promote short- and long-term recovery. Dedicated studies about
the nutrition in the COVID-19 patients are now awaited to enrich
our knowledge about the metabolism of this new disease and adapt
the nutrition support strategy.
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