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Abstract

Purpose of Review As of 13 September 2020, almost 28 million confirmed cases of COVID-19 including more than 920,000
deaths have been reported to the World Health Organization. The SARS-CoV-2 pandemic represents a potential threat to patients
and healthcare systems worldwide. Patients with the worst outcomes and higher mortality are reported to include older adults,
polymorbid individuals, and malnourished people in general. The purpose of this review is to provide concise guidance for the
nutritional management of individuals with COVID-19 based on the current literature and focused on those in the non-ICU
setting or with an older age and polymorbidity, which are independently associated with malnutrition and its negative impact on
mortality.

Recent Findings Prolonged hospital stays are reported to be required for individuals with COVID-19, and longer acute setting
stays may directly worsen or cause malnutrition, with severe loss of skeletal muscle mass and function, which may lead to poor
quality of life and additional morbidity. Nutritional therapy is among the mainstay of therapeutic principles and one of the core
contents of comprehensive treatment measures.

Summary The current COVID-19 pandemic is unprecedented. The prevention, diagnosis, and treatment of malnutrition should
therefore be routinely included in the management of individuals with COVID-19.

Keywords SARS-CoV-2 - Nutrition therapy - Malnutrition - Oral nutritional supplements - Immunonutrition

Introduction were initially reported in Wuhan, China, at the end of
December 2019. Since then, several thousand cases have been
reported in China, and the disease has spread worldwide. As

of 14 September 2020, almost 29 million confirmed cases of

Numerous cases of pneumonia caused by a new virus, severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
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COVID-19 including more than 920,000 deaths have been
reported to World Health Organization [1]. Although many
comparisons to other coronavirus epidemics have been made,
the potential impact of this coronavirus remains unknown.
The purpose of this review is to summarize what is known
about SARS-CoV-2 infection and provide possible and poten-
tial nutritional interventions on novel coronaviruses for
clinicians.

Coronaviruses are widespread mainly by birds and mam-
mals. The widest varieties of genotypes infect bats, but two
subtypes infect humans: alpha and beta coronaviruses [2].
Beta coronaviruses include severe acute respiratory syndrome
coronavirus (SARS-CoV), Middle East respiratory syndrome
coronavirus (MERS-CoV), and the coronavirus variant that
causes COVID-19, all of which are members of the
Coronaviridae family of the order Nidovirales [3].
Currently, there is no registered treatment or vaccine for the
disease. Given the absence of specific treatment for this novel
infection, there is a growing need to find alternatives and
potential solutions to prevent and control the infection to im-
prove both short- and long-term prognosis.

Screening and Assessment of Malnutrition

Older adults and polymorbid individuals suffering from
chronic and acute disease conditions are at increased risk for
poor outcomes and higher mortality following infection with
the COVID-19-causing virus. Furthermore, identification of
risk and the presence of malnutrition should be an early and
routine step in the general evaluation of all patients.

Some scores, such as the NRS-2002 and MUST, have long
been used in hospitalized patients or in specific disease sce-
narios for malnutrition risk screening. Other tools include the
Mini Nutritional Assessment criteria, the Subjective Global
Assessment criteria, and the NUTRIC score criteria for criti-
cally ill patients [4, 5].

Recently, the GLIM (Global Leadership Initiative on
Malnutrition) criteria proposed a two-step approach for mal-
nutrition diagnosis by identifying patients at risk using vali-
dated screening tools (MUST, NRS-2002) with the possibility
of grading the severity of malnutrition [6].

Because poorer outcomes and higher mortality are re-
ported in patients at risk for malnutrition, these consider-
ations seem to be applicable to hospitalized patients at
risk for COVID-19 infection. Nutritional status and
preventing or treating malnutrition are the cornerstones
to reducing complications and aiding patients who might
be infected in the future. In addition, some gastrointestinal
symptoms of SARS-CoV-2 infection, including nausea,
vomiting, and diarrhea, might compromise food intake
and nutrient absorption [7, 8].
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Macronutrients—Energy Needs

Based on the Spanish influenza pandemic of 1918-1919 caus-
ing acute illness in 30% of the world’s population and 40
million deaths and, more recently, the 2009 influenza pan-
demic, all these retrospective analyses of available data re-
vealed that the disease severity depended on viral and host
factors. Some of these included cellular and humoral immune
responses and nutritional and genetic aspects. In addition, a
current challenge is not only to take care of those affected by
undernutrition but also people living with obesity. Some viral
responses, such as virus-specific CD8+ T cells, have been
described in obese patients [9].

The diet counseling process in SARS-CoV-2-infected pa-
tients could be performed using electronic devices when pos-
sible to limit the exposure of the clinician. Patients at nutri-
tional risk should receive nutritional support as soon as possi-
ble, particularly increasing protein intake by consuming oral
nutrition supplements (ONSs) [9]. If available, indirect calo-
rimetry must be used to assess energy needs. Some other al-
ternatives are prediction equations or weight-based formulae.
For polymorbid patients aged > 65 years, the consumption of
a total of 27 kcal/kg body weight per day is recommended. In
the case of severely underweight polymorbid patients, 30 kcal/
kg body weight per day should be considered. A goal of
30 kcal/kg body weight should be slowly achieved to avoid
refeeding syndrome [4, 10].

Protein needs are estimated according to age, nutritional
status, physical activity level, disease status, and tolerance.
Geriatric patients should receive 1 g protein per kg body
weight/day and > 1 g per kg body weight/day in polymorbid
patients to prevent body weight loss and hospital readmission
and reduce the risk of complications [4, 10]. Regarding the
nonprotein calorie (fat and carbohydrate) ratio, in participants
with no acute respiratory distress syndrome, a ratio of approx-
imately 30:70 is recommended. Patients who are not at risk for
malnutrition should maintain adequate protein (1.5 g/d) and
nonprotein caloric (25-30 kcal/d) intake [11¢] (Fig. 1).

Micronutrients
Trace Elements

Trace elements are fundamental for the correct functioning of
our bodies, and they are especially important in disease states.
There are no specific recommendations about how to supple-
ment trace elements in individuals with COVID-19, but here
is some evidence about the benefits of these minerals and their
importance in the proper functioning of the body; these min-
erals should be supplemented in case of deficiency [12¢¢]. Key
dietary components such as vitamins A, C, D, E, iron, zinc,
selenium, and copper have well-established
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Fig. 1 Nutritional
recommendations in hospitalized
individuals with COVID-19 in a
non-critical care setting.
Nutritional goals should be
cautiously and slowly achieved,
as this is a population at high risk
of refeeding syndrome. GLIM:
Global Leadership Initiative on
Malnutrition; MST: Malnutrition
Screening Tool; MUST:
Malnutrition Universal Screening
Tool

High Nutrition Risk
Requiring Enteral or Parenteral Nutrition
Malnutrition or suspected malnutrition (GLIM, MST, MUST)
Body Mass Index <18.5 kg/m2
Recent weight loss > 10%
Anaphylactic food allergy
Considered at high risk of refeeding

Nutrition Associated Problem With COVID-19
Nausea, vomiting, diarrhea, abdominal pain and severe fatigue which impair food
intake and absorption
Side effects of Antiviral drugs (such as Chloroquine)

Treatment of malnutrition in individuals infected with COVID-19

Energy needs:

» For polymorbid patients aged >65 years: 27 kcal/kgBW/day

» For severely underweight polymorbid patients: 30 kcal/lkgBW/day
Protein needs:

« 1 g/kgBW/day in older persons

* > 1 g/kgBW/day in polymorbid medical inpatients in order to prevent body

weight loss, reduce the risk of complications and hospital readmission

Oral feeding
Energy and protein enriched diet
Soft/liquid diet is preferred
When it is insufficient to meet requirement, oral nutritional supplement (ONS)
should be used to provide at least 400 kcal/day including 30 g or more of protein/day
and shall be continued for atleast one month.

Enteral Nutrition Administration
If oral intake is expected to be impossible for more than three days or expected to be
<50% of energy requirements for more than one week.
Infusion of formula into the stomach via 10-12 Fr feeding nasogastric tube.
Initiate with low dose 10-20 ml/h of hypocaloric or trophic, advancing to full dose
enteral nutrition slowly over the first week.

Parenteral Nutrition
Early parenteral nutrition should be initiated as soon as possible in the high-risk
patient for whom early gastric enteral nutrition is not feasible or not achieve target.

Timing of Nutrition Delivery
Start early during hospitalization within 24-48 hours, especially for older and
polymorbid patients.

immunomodulatory effects, with benefits in infectious dis-
ease. Some of these nutrients have also been shown to have
a potential role in the management of COVID-19 [13].

Selenium

Selenium is an essential trace element for mammalian redox
biology [14]. The nutritional status of the host plays a very
important role in the defense against infectious diseases.
Nutritional deficiency impacts not only the immune response
but also the viral pathogen itself. Dietary selenium deficiency,
which causes oxidative stress in the host, can alter a viral
genome so that a normally benign or mildly pathogenic virus
can become highly virulent in the deficient host under oxida-
tive stress conditions [15]. This is because selenium could

assist a group of enzymes that, in concert with vitamin E, work
to prevent the formation of free radicals and prevent oxidative
damage to cells and tissues [16].

Zinc

Zinc is a trace dietary mineral and is important for the main-
tenance and development of immune cells of both the innate
and adaptive immune systems [17]. Zinc has the potential to
increase the cytotoxic activity of NK cells, which can attack
cells that exhibit abnormal or unusual proteins in the plasma
membrane. When NK cells kill infected cells, the microorgan-
isms inside are released and destroyed through phagocytosis
by neutrophils and macrophages, which migrate to infected
areas. The zinc also acts as an anti-inflammatory agent,
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maintaining immune tolerance as it induces the development
of regulatory T cells and mitigates the development of pro-
inflammatory Th17 and Th9 cells, besides being involved in
antibody production, particularly IgG. Zinc deficiency is very
common, particularly within the elderly population, and there
are difficulties in the diagnosis because of the lack of clinical
signs and reliable biochemical indicators, as well as the ab-
sence of a specific and reliable biomarker of zinc status [18].
Increased intracellular Zn2+ concentrations are known to ef-
ficiently impair the replication of several RNA viruses. A
study in 2010 reported that coronavirus replication can be
inhibited by increased Zn2+ levels. The concentration of
2uM Zn2+ inhibited the replication of SARS-coronavirus
(SARS-CoV) in cell culture [19].

Iron

Iron is a nutrient with diverse implications in COVID-19.
First, it is well-known the importance of iron for the correct
functioning of the immune system. However, it is also well-
established that iron-containing enzymes are essential for the
completion of virus replication process, particularly
coronaviruses. Thus, it has been pointed out that iron chelation
could be an alternative adjuvant strategy to treat individuals
with COVID-19, via manipulation of key iron regulators (still
needs further research), venous injection, or oral administra-
tion of iron chelators [20].

Iron participates in several immune processes and is an
essential component for some enzymes involved in crucial
activities of immune cells. Due to its structure, iron also plays
an important role as a mediator of oxidative stress situations
(acting as a redox catalyst) and exerts powerful antimicrobial
effects by forming highly toxic hydroxyl radicals for infection
agents. Therefore, deficient or suboptimal levels of iron are
associated with decreased killer efficiency of NK cells and
lymphocytes as well as with compromised cytokine produc-
tion [21, 22].

Therefore, both iron uptake disturbances and metabolism
are implicated in virulence of airway hospital-acquired infec-
tion and chronic respiratory infections. In contrast, excessive
iron levels can generate harmful cellular toxicity, so their se-
rum levels must be well regulated [23]. In the case of COVID-
19, iron metabolism is clearly disrupted in SARS-CoV-2-
infected patients, especially in patients hardest hit by the dis-
ease; consequently, anemia or hyperferritinemia are typical
manifestations of hospitalized individuals with COVID-19.
Therefore, optimal iron status may be crucial for better disease
prognosis. Populations with lower iron status could be more
prone to suffer a mild to severe (or critical) symptomatology
of COVID-19 and the fact of monitoring patient iron levels
has been proposed as a potential early marker to predict
COVID-19 severity and mortality [23, 24].

@ Springer

Vitamins

It is now known that patients with nutritional deficiencies are
at the highest risk for ventilatory complications. Patients with
malnutrition should ensure sufficient supplementation with
vitamins and minerals. Part of the general treatment for viral
infections is vitamin supplementation to improve the outcome
of the disease [25].

Vitamin A

Many host defenses depend on the adequate supply of this
vitamin, and it has been reported that vitamin A supplemen-
tation reduces the morbidity and mortality of different infec-
tious diseases. It has also been reported that supplementation
with vitamin A offers some protection against the complica-
tions of other life-threatening infections [26-28]. The mecha-
nism by which vitamin A and retinoids inhibit measles repli-
cation is upregulating elements of the innate immune response
in uninfected bystander cells, making them refractory to a
productive infection during subsequent rounds of viral repli-
cation [29]. Vitamin A could be a promising option for the
treatment of this novel coronavirus.

B Vitamins

Each vitamin B has its special functions; vitamin B2
(riboflavin) plays a role in the energy metabolism of all cells.
Keil et al. reported that vitamin B2 and UV light effectively
reduced the titer of MERS-CoV in human plasma products
[30]. Vitamin B3 significantly inhibited neutrophil infiltration
into the lungs with a strong anti-inflammatory effect during
ventilator-induced lung injury when tested against
Staphylococcus aureus infections [31, 32]. Vitamin B6 is
needed for protein metabolism and participates in over 100
reactions in body tissues. As a shortage of B vitamins may
weaken the host immune response, B vitamins could be sup-
plemented to SARS-CoV-2-infected patients to enhance their
immune system.

Vitamin C

Vitamin C is known as an essential antioxidant and enzymatic
co-factor for physiological reactions, such as hormone pro-
duction, collagen synthesis, and immune potentiation, also
improves vasopressor synthesis, improves endovascular func-
tion, and exerts epigenetic immunologic modifications [33].
Vitamin C may also function as a weak antihistamine agent to
provide relief from flu-like symptoms such as sneezing, a
runny or stuffy nose, and swollen sinuses [34]. Humans are
unable to synthesize vitamin C; therefore, they must acquire
vitamin C from dietary sources. The therapeutic use of vitamin
C to prevent inflammatory hyperactivation in myeloid and
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lymphoid cells has been explored. High doses of vitamin C act
as a prooxidant for immune cells but as an antioxidant for lung
epithelial cells, though there is not enough evidence to suggest
its routine use [35, 36]. Recently registered on clincialtrials.
gov (Identifier: NCT04264533), a new clinical trial to
investigate vitamin C infusion for the treatment of severe
2019-nCoV-infected pneumonia began in Wuhan, China.
This is one of the first RCTs to test the effects of IV vitamin
C in patients infected with this virus. In this trial, the investi-
gators will treat 140 patients with a placebo control or intra-
venous vitamin C at a dose of 24 g/day for 7 days. They will
assess requirements for mechanical ventilation and vasopres-
sor drugs, organ failure scores, ICU length of stay, and 28-day
mortality [37].

Vitamin D

In addition to its role in maintaining bone integrity, vitamin D
also stimulates the maturation of many cells, including im-
mune cells [38]. Several reviews have considered the way in
which vitamin D reduces the risk of microbial infection and
death, and those mechanisms can be grouped into three cate-
gories: physical barrier, cellular natural immunity, and adap-
tive immunity. Vitamin D helps maintain tight cell junctions,
gap junctions, and adherens junctions. Many healthy adults
have been reported to have low levels of vitamin D, mostly at
the end of the winter season [39]. The association of vitamin D
deficiency with respiratory tract infections and lung injury has
been widely reported. Indeed, the usage of vitamin D agonists
has shown effectiveness ameliorating the aforementioned con-
ditions. The striking overlap between risk factors for severe
COVID-19 and vitamin D deficiency, including obesity, older
age, and Black or Asian ethnic origin, has led some re-
searchers to hypothesize that vitamin D supplementation
could hold promise as a preventive or therapeutic agent for
COVID-19. There are good reasons to postulate that vitamin
D favorably modulates host responses to severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), both in the early
viremic and later hyperinflammatory phases of COVID-19
[40]. Furthermore, previous investigations have demonstrated
that high-dose supplementation of vitamin D (250,000—
500,000 IU/day) is safe and effective in improving the health
status of mechanically ventilated critically ill patients (enhanc-
ing the capacity of blood for oxygen transport and increasing
hemoglobin levels), which resulted in shorter hospital stays
[20].

Vitamin E

Vitamin E is a lipid-soluble vitamin that plays an important
role in reducing oxidative stress by binding to free radicals as
an antioxidant. Vitamin E is a major fat-soluble antioxidant
that scavenges peroxyl radicals and terminates the oxidation

of polyunsaturated fatty acids (PUFAs). Dietary interventions
with vitamin E at supplemental levels have been shown to
enhance cell-mediated and humoral immune responses in var-
ious species of animals [41]. Increased lymphocyte prolifera-
tion, immunoglobulin levels, antibody responses, natural kill-
er (NK) cell activity, and interleukin (IL)-2 production have
been reported with vitamin E supplementation [42, 43].

In humans, the effects of vitamin E on the natural incidence
of'infectious diseases have been determined in several studies.
Many studies have provided evidence that the
immunostimulatory effects of vitamin E confer improved re-
sistance to infections. However, the magnitudes of the effects
were rather small, and in some studies, positive effects were
only observed in subgroups of participants. A recent study
found a lower incidence of pneumonia among participants
taking 50 mg/day of vitamin E for a median of 6 years [44].

Polyunsaturated Fatty Acids

Long-chain polyunsaturated fatty acids (PUFAs) are impor-
tant mediators of inflammation and adaptive immune re-
sponses. Omega-3 and omega-6 PUFAs predominantly pro-
mote anti-inflammatory and proinflammatory effects. They
are precursors of resolvins/protectins and prostaglandins/leu-
kotrienes, respectively. It has been shown that protectin D1,
an omega-3 PUFA-derived lipid mediator, could markedly
attenuate influenza virus replication via the RNA export ma-
chinery. Omega-3 PUFAs, including protectin D1, could be
considered a potential intervention for COVID-19 [12ee].

Immunonutrition and COVID-19

T cells, B cells, the complement system, and phagocytes com-
pose the immune system. All these are the primary defense
barriers against infections, and any weaknesses could be det-
rimental to the host, and malnutrition can result in weaknesses
of these defensive barriers. It is also known that healthy im-
mune systems are one way of defending against viral infec-
tions [45]. Numerous scientific papers have been published
explaining the role of nutrition in the immune system describ-
ing the declining T cell function attributed to thymic involu-
tion and subsequent reduced output of naive T cells [46],
aging-associated inflammation [47], and poor micronutrient
status—a bidirectional relationship between infection/
immunity and nutrition, whereby changes in one of these
components can impact the other [48]. Gombart et al. identi-
fied that potential synergistic relationships of micronutrients
are required to meet the complex needs of the immune system,
including relationships among vitamins A, D, C, E, B, and
B,,; folate; copper; iron; zinc; and selenium, but the largest
body of evidence comes from vitamins C and D and zinc
[49ee].
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