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Abstract

Background: Coronavirus disease 2019 (COVID-19) is a viral disease that causes a respiratory disorder, started in
December of 2019 in China. Several vitamins and trace elements could help in enhancing host immunity producing
antioxidant or anti-inflammatory action. This work aimed to identify the role of different nutrition, vitamins, and trace
elements on the immunity status of the infected subject and the possibility of the beneficial role of these elements in
the management of COVID-19.

Main body: After collecting (PubMed, scholar, OVID, Embase, Cochrane Library) and investigating published articles,
testing the effect of these elements on viral infection, it was found that most of these elements have a significant
role during viral infection through a different mechanism, like antioxidant, anti-inflammatory, and immunomodula-
tion. Nutritional interventions in COVID-19 infections are very important currently, and it was reported that vitamin C
and D reduce the risk of acute respiratory infections. In addition, low vitamin A diets compromise the effectiveness of
inactivated bovine coronavirus vaccines. Administration of N-acetyl cysteine showed a beneficial inhibitory effect in
viral infections and enhanced glutathione production. The deficiency of selenium on COVID-19 subjects has a signifi-
cant impact on the clinical outcome of the subjects. In addition, supplementation with vitamins proved to enhance
immune response during viral infection. Vitamins and trace elements not only showed a beneficial effect but also
Omega 3 fatty acids showed an immunomodulating effect during infections.

Short conclusions: Assessment of levels for these trace elements at the baseline and providing supplementa-
tion containing different vitamins and elements could result in better control and clinical outcomes in the case of
COVID-19.

Keywords: COVID-19, Coronavirus, Nutrition, Vitamins, Immunity, Traced elements

1 Background

The new coronavirus disease started in China in Decem-
ber of 2019 and has become a worldwide pandemic dis-
ease with millions of confirmed cases. COVID-19 is a
respiratory disorder that is presented by flu-like symp-
toms as fever, dry cough, and fatigue. The severity of the
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COVID-19 ranges from mild cases that represent more
than 80% of confirmed cases to severe cases with respira-
tory limitations that need for intensive care unit support.
Sever COVID-19 cases are mainly old age patients or
those with comorbidities [1, 2].

In 1970, the relationship between the disciplines of
immunology and nutrition was completely established
and reflected by using immunological measures as a
component for the assessment of nutritional status [3,
4]. The COVID-19 pandemic is causing severe threats to
international health and the economy. At the moment,
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there are still no proven therapeutic agents for the dis-
ease and more alternative methods need to be found to
control the virus’s spread and effect. Nutrition may have
a positive impact on the prognosis of COVID-19, 22% of
deaths among adults in 2017 were as a result of poor diet,
and healthy patterns of eating enhance the function of
the immune system and also improve immune metabo-
lism [5].

Malnutrition is a predictor of the prognostic direc-
tion for patients with respiratory failure and those on
mechanical ventilation. Malnutrition could be a result of
different deficiencies; one of them is low albumin level,
which is associated with the case prognosis [6].

Protein synthesis and division of immune cells require a
high amount of amino acids. Hence, protein-energy mal-
nutrition (PEM) is considered the main reason behind
immunodeficiency worldwide [7-9].

Not only proteins have a role in building immunity
against infections but also adequate amounts of elements
like fatty acids, and vitamins have a role. Vitamins that
could influence the immune status are vitamins A, C, D,
and E. Essential elements that play an important role in
enhancing immunity are iron, selenium, and zinc [9-11].

Recently, a few studies recommended the evaluation of
the nutritional status of COVID-19 subjects at the time
of admission to enable the health care workers from bal-
ancing and normalizing the nutritional requirement of
the case [12, 13]. Subjects that are malnourished should
receive nutritional supplementation as early as possible,
especially increasing oral intake of amino acids [12]. An
adequate protein intake of 1.5 g/d should be maintained
for all COVID-19 cases even they are not presenting to
the hospital with signs of malnutrition [12]. Antioxidant
and anti-inflammatory properties of some vitamins and
nutrients could be a reason behind their involvement in
the nutritional plan of the COVID-19 subjects [13].

This article aimed to review and identify the role of
several nutrients in maintaining host immune defense
against COVID-19.

2 Main text

2.1 Amino acids

In cellular proteins, glutathione acts as a barrier against
reactive oxygen species (ROS) produced by several viral
infections including COVID-19, but excessive produc-
tion of ROS results in depletion of the defending pro-
teins and worsening of COVID-19 patient’s condition
[14-16]. A recent study indicated that the glutathione,
glutathione peroxidase activity was lower in COVID-
19 patients compared to the control group as a result of
increased oxidative stress [16]. Glutathione is the main
defensive antioxidant synthesized from three amino acids
involving cysteine, glycine, and glutamic acid. It acts as
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a barrier that interacts with ROS before damaging the
cellular component [14]. The depletion of glutathione
and other antioxidants leads to more viral spread and
replication by providing a more convenient environ-
ment [17-19]. Hence, providing the main amino acids
for producing glutathione is beneficial in enhancing the
immune response in the case of viral infections. Admin-
istration of N-acetyl cysteine resulted in enhanced cell-
mediated immunity also decreased the severity of the
flu-like symptoms and showed beneficial clinical out-
comes for COVID-19 patients [20, 21]. In addition, the
effect of N-acetyl cysteine was also demonstrated on the
coronavirus infection in animals that cause diarrhea and
showed a beneficial effect in reducing the severity of cell
injury [22].

Clinical studies showed a beneficial impact of using
N-acetyl cysteine and glutathione for the management
of COVID-19 patients regarding discharge rate, oxygen
therapy duration, and mortality rate [21, 23-25]. Hence,
focusing on nutritional support and supplementation
with cysteine during the COVID-19 pandemic could lead
to higher control and a good prognosis [26].

2.2 Dietary long-chain polyunsaturated fatty acid

Fatty acids are important mediators that are involved in
the immune response, especially omega-3 dietary long-
chain polyunsaturated fatty acids (n-3 PUFAs) [27]. PUFA
which is derived from fish oil was indicated to enhance
several autoimmune and chronic inflammatory disorders
[28]. Docosahexaenoic acid (DHA) and eicosapentaenoic
acid (EPA) were the most effective acids that have a ben-
eficial effect on the immune system by decreasing the
severity of diseases; however, most supplementation con-
taining PUFA showed a favorable immunological effect
[29, 30]. The mechanism by which PUFA could act on the
immune system during infections is by regulating several
inflammatory processes. Hence, n-3 PUFAs could play
an important role in reducing COVID-19 inflammation
due to having anti-inflammatory properties [31, 32]. The
anti-inflammatory effect of n-3 PUFAs is related to cer-
tain active metabolites such as protectins and resolvins.
The anti-inflammatory action of n-3 PUFAs results from
the ability to prevent translocation of nuclear p65 NF- kB
which leads to decreased activation of NF-kB. Also, n-3
PUFAs have another anti-inflammatory action related
to the reduction of Cyclooxygenase 2 (COX-2) [33]. In
addition to the anti-inflammatory effect, the antioxidant
effect of nutritional supplements could improve the clini-
cal outcome and oxygen saturation of critically ill patients
during intensive care unit stay, particularly in patients
suffering from acute respiratory distress [34, 35]. How-
ever, the role of omega-3 supplementation in the man-
agement of acute respiratory distress syndrome (ARDS)
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should be better clarified by more studies and clinical
trials, but also its vital role in decreasing reactive oxygen
species and pro-inflammatory cytokines, such as IL-1(,
IL-6, and IL-8 [36], is well clarified.

Patient with pneumonia or COVID-19 has limited
lung functions resulting from excessive inflammation
that could be improved by the administration of PUFA
[37, 38]. The up-regulation of specific and nonspecific
immune defenses of the host is considered the main way
by which n-3 PUFA could exert its beneficial effect dur-
ing acute pneumonia [39]. Fish oil is ever more consumed
by the public during the COVID-19 pandemic [40] due
to its potential medical benefits, it could be used for
enhancing the management of several diseases including
COVID-19, and also, it could be helpful for survivors [41,
42]. Some studies have indicated that n-3 PUFAs have
immunosuppressive and immunoregulatory properties
so it may increase the risk of the subject being infected;
however, there are no studies that indicated such effect
in COVID-19 patients [29]. Unlike animal studies, some
human studies tested the effect of fish oil supplementa-
tion on the immune system showed no immunological
effect [43, 44]. Hence, the administration of n-3 PUFA
supplementation could be advantageous for some and
non-beneficial for other people; therefore, it should be
administrated with caution. However, the administra-
tion of n-3 PUFA as a dietary supplement like sardine,
salmon, canola, and soy is recommended [29].

2.3 Vitamins

2.3.1 Vitamin A

Vitamin A is a fat-soluble vitamin that could be present
in several fruits and vegetables such as orange and yellow
vegetables and fruits, and also, it could be found in other
sources like eggs, cod liver oil, fortified skim milk. Vita-
min A has a generally beneficial effect on the human body
like maintaining and promoting mucosal integrity, pro-
moting growth, and maintaining vision, and also, it has a
specific role in enhancing host immunity and regulation
of hormonal responses [45]. Hence, deficiency of vitamin
A is considered a big issue due to its role in enhancing
immunity and fighting against microbes particularly in
developed countries. The level of vitamin A was signifi-
cantly lower for COVID-19 patients suffering from acute
inflammation, ARDS, compared with control [46]. The
deficiency of vitamin A is mainly related to PEM because
it is mainly obtained from animal sources like poultry,
dairy product and, meat, so management of vitamin A
deficiency could be achieved through treatment of PEM
and consumption of a high protein diet [47, 48]. Also,
the administration of vitamin A has beneficial effects
in COVID-19 patients, and it has anti-inflammatory
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properties, enhances immunity, and plays a role against
oxidative stress [49].

Administration of vitamin A (200,000 1.U.), two doses
for two days, showed a significant improvement in
COVID-19 symptoms, duration of illness, deterioration
rate compared with the control group [50]. Besides, the
administration of vitamin A to contacts of COVID-19
patients also showed a beneficial effect related to the inci-
dence of infection [50].

2.3.2 Vitamin C

Vitamin C is a water-soluble vitamin that is commonly
used during respiratory infections due to its ability
to reduce the severity and duration of the disease by
enhancing the immunity of the host [51]. During infec-
tion, vitamin C which presents in leukocytes is rapidly
used up [29]. Vitamin C has antioxidant properties and
also acts as an enzymatic cofactor for several physiologi-
cal reactions, such as enhancing the host immune sys-
tem [52]. Administration of IV vitamin C for COVID-19
patients resulted in a substantial reduction in inflam-
matory markers, including D-dimer and ferritin, and
decreased oxygen requirements [53]. In addition, Kumari
et al. indicated a significant beneficial effect of IV vitamin
C in recovery from COVID-19 symptoms and hospital
stay, but without significant impact on mortality rate or
need for ventilation [54].

A multicenter study was carried on COVID-19 patients
with severe cases, they received high dose IV vitamin C
for 7 days, and the outcomes that had been measured
were patient’s need for ventilation, mortality rate, oxy-
gen status, and inflammation markers. Administration
of vitamin C resulted in significant anti-inflammatory
effect through reduction of IL-6 and the oxygen levels of
patients were improved while ventilation and mortality
rate showed non-significant difference [55]. On the other
hand, other trials indicated no significant differences
were related to adding vitamin C to the traditional regi-
men for COVID-19 subjects [56, 57].

Several observational studies were done for evaluation
of the vitamin C role in the management of COVID-19.
These studies showed a beneficial impact for using vita-
min C in relieving symptoms, hospital stay, and increas-
ing survival rate [54, 58]. Another role of vitamin C
besides its ability to enhance host immunity is the minor
antihistaminic effect which could aid in providing symp-
tomatic treatment of the flu-like symptoms such as swol-
len sinus and sneezing [3, 59, 60].

A recent meta-analysis that analyzed results of eight
clinical trials indicated a significant beneficial impact
of vitamin C on the length of mechanical ventilation by
about a 14% reduction rate [61].
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COVID-19 is a result of the presence of lower respira-
tory tract infection; hence, providing vitamin C to the
patient is recommended particularly through the dietary
intake of vitamin C sources such as fruits and vegetables
[62].

2.3.3 Vitamin D

Vitamin D is highly recommended by several studies to
be involved in the process of COVID-19 management
[63-65]. This recommendation is based on the different
mechanisms of vitamin D that might improve the immu-
nity status of the patient [66—68]. Vitamin D has many
roles in enhancing immunity [68, 69]. It has a proven
beneficial effect related to three different mechanisms:
Cellular natural immunity, antioxidant, and adaptive
immunity [64, 68, 70]. There is considerable evidence to
show that vitamin D insufficiency is linked to COVID-
19 severity and mortality, severity of COVID-19 disease
increases as the level of vitamin D decreased [71-73].

The action of vitamin D on innate immunity is related
to increased expression of defensins, human cathelicidin,
and LL-37 that are antimicrobial peptides acting against
the invasion of microorganisms [74, 75]. These natu-
ral internal peptides cause an upsetting of the infecting
microbes membranes, and also, they could act differently
through reducing microorganism endotoxins activity
[76]. Some of the antimicrobial peptides such as cathelici-
din has broad-spectrum activity against a broad range of
bacteria, fungi, and viruses, and also, it could act against
enveloped and nonenveloped viruses [77]. Besides, anti-
inflammatory cytokines like IL-10 are upregulated by
vitamin D, whereas pro-inflammatory cytokines like IL-1,
IL-6, and tumor necrosis factor-alpha are downregulated.
The likelihood of a cytokine storm in COVID-19 could be
reduced by switching from a pro-inflammatory to anti-
inflammatory condition [78].

The previous meta-analysis by Pal et al. has identified
13 studies that investigated the role of vitamin D admin-
istration before and after the diagnosis of COVID-19
symptoms [75]. The finding of the study reflected the
significant role of vitamin D that had been administered
after diagnosis of COVID-19 on Intensive care unit (ICU)
admission and mortality rate while there was no signifi-
cant beneficial impact on clinical outcomes or prevention
of infection for patients who received vitamin D before
the diagnosis of COVID-19 [75].

Viruses attach human cells and disrupt the integrity
of the junction to facilitate the entrance of the virus,
and this action is opposed by the ability of vitamin D to
maintain a tight junction and act as a supporter of the
physical barrier [79-81]. In a recent single-center, retro-
spective cohort study, it was indicated that low vitamin D
levels were linked to a higher risk of severe COVID-19,
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implying that randomized trials are required to assess
whether vitamin D affects COVID-19 severity [82].
Another study found that the majority of critically ill
COVID-19 ICU patients with low vitamin C and vitamin
D serum levels proved to be co-dependent risk factors for
mortality [83].

2.3.4 Vitamin E

Vitamin E is one of the fat-soluble vitamins which is avail-
able in meat, cheese, shellfish, grains, and cereals [84]. It
has an antioxidant effect besides its ability to modulate
immune responses of the host, and also, its deficiency
is related to enhanced viral antigenicity and decreased
immune responses [84—87]. Besides, lower levels of vita-
min E in COVID-19 subjects could be related to the poor
prognosis of the disease through enhanced oxidative
stress [88]. A previous study indicated that most COVID-
19 patients suffer from micronutrients such as Vitamin
D and E; the deficiency of vitamin E was noted in about
7% of patients, while it was near half regarding vitamin
D [89].

In vivo studies indicated the beneficial role during viral
infections, and its role was expressed by the anti-inflam-
matory effect and decreasing viral load [90]. However, in
contrast to its beneficial effect, other studies have indi-
cated that supplementation of vitamin E might result in
harmful or no significant effects during the incidence of
infectious disease. Regarding the non-significant effect
of vitamin E, a previous study by Medydani et al. showed
that the administration of 200 IU of vitamin E per day
did not result in a significant effect on included subjects
[91]. There are no sufficient studies regarding the use of
vitamin E in COVID-19 cases, while some studies linked
its deficiency to the increased severity of the disease. Its
expected beneficial effect is mainly related to the antioxi-
dant and immunomodulating effect.

2.4 Traced elements

2.4.1 Selenium

Selenium is an important trace element that has anti-
oxidant effects and anti-inflammatory properties [92].
Deficiency of selenium during animal studies showed
that animals were unable to produce sufficient amounts
of selenoproteins which is antioxidant and that leading to
increased severity of the infection by allowing more viru-
lent mutation of the virus [93, 94]. These findings were
consistent with that of COVID-19 patients, and it was
found that the selenium level is directly related to clinical
outcomes and disease severity [95].

Levels of selenium and selenium transporter (SELE-
NOP) for COVID-19 patients were lower than normal as
reported by Moghaddam et al. Besides levels of selenium
were associated with the disease severity, selenium was
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significantly lower for non-survived COVID-19 patients
compared with less severe survived cases [96].

Several studies demonstrated evidence of the antiviral
effects of selenium [97-99]. There are multiple mecha-
nisms by which selenium could influence the viral path-
ogenicity, involving selenium-dependent glutathione
peroxidases [99], thus would lead to the oxidative stress
associated with several viral infections [97-99]. A recent
study showed a significant link between selenium defi-
ciency and the poor clinical outcomes of the COVID-19
subjects [92].

The role of selenium in fighting viral infection has been
well-documented with many previously mentioned stud-
ies, and also, its deficiency effect on clinical outcomes of
COVID-19 subjects [92, 97, 99, 100]. Hence, assessment
of selenium status at baseline for COVID-19 subjects
could be beneficial for more controlled management and
better outcomes.

2.4.2 Zinc

Zinc is an important dietary trace element available in
seafood, red meat, and poultry. It has immunomodu-
lating properties related to both innate and acquired
responses to viruses, and also, it plays an essential role
in growth and development [101, 102]. The deficiency of
zinc has been related to the increased severity of COVID-
19 cases, and its deficiency was associated with reduced
lymphocytic count [16]. Hence, the patient’s zinc status
showed be assessed at baseline as it is an essential fac-
tor that could affect the host immunity toward COVID-
19 infections [16]. A short recovery time for COVID-19
patients who receive high dose oral zinc supplementation
was recently reported [103].

Direct inhibition of viral replication, improved muco-
ciliary clearance of SARSCov2, improved pulmonary
and renal tissue healing after ischemia, reduction of
secondary bacterial infection possibility, restoration of
interferon-alpha production, and immunomodulation
are some of the mechanisms by which zinc may help
COVID19 patients [104, 105].

Regarding the effect of zin supplementation on the
clinical outcomes of respiratory diseases, a previous
study carried on pediatric subjects with pneumonia that
were receiving zinc showed that the group of pediat-
rics that received zinc has a significantly improved out-
come [106]. Finally, zinc supplementation for vulnerable
groups is also recommended through the administration
of adequate amounts of dietary zinc sources [107, 108].

3 Conclusions

Malnutrition is considered a big drawback against
well-controlled management of viral infections, and
these findings were confirmed from many studies that

Page 5 of 8

showed the effect of deficiency of vitamins (A, C, D, E)
and trace elements (Zinc, Selenium) on the prognosis
and clinical outcome in case of COVID-19. The role
of Vitamin D, Vitamin C, and selenium in the case of
COVID-19 is critical. Also, N-acetylcysteine supple-
mentation showed a beneficial inhibitory effect on virus
replication and enhanced glutathione production for
Covid-19 patients. Hence, assessment of levels for these
elements (Selenium and Zinc) and vitamins at baseline
and providing supplementations containing different
vitamins, nutrients, and trace elements could result
in better control and clinical outcomes in the case of
COVID-19. Providing these vitamins and elements to
healthy subjects showed no beneficial impact, while its
significant impact was reported for diagnosed COVID-
19 subjects. Large multicenter trials are still needed to
ensure the role of each element. The role of omega 3
is controversial, and there is no strong evidence for its
inclusion as an adjunct therapy for COVID-19 subjects.
These vitamins and elements should not be used alone
to fight against COVID-19 but to be used as adjunct
therapy with the traditional drug therapy.
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