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FIGURE 1 | Schematic representation of pathogenesis of COVID-19. SARS-CoV-2 infection involves two phases: (1) Asymptomatic carrier phase. (2) Symptomatic

inflammatory phase. The black stars indicate the stage at which food supplements can counteract the pathogenesis of COVID-19. Arrow on the left indicate the

progress of the infection.

unknowingly. Management of individuals in phase 1, along
with mounting specific adaptive immune response, and use of
antivirals is critical to prevent the virus entry, replication as
well as the disease progression to phase 2. Therefore, global
strategies may include administration of external antiviral, and
or immune-boosting food supplements. During the phase 2 of
the infection, in addition to maintaining the general health
condition of affected patients, the line of treatment may be

focused on adapting the strategies including the use of nutritional
supplements that can suppress the ongoing oxidative stress,
acute-inflammation and cytokine storm so that destruction and
damage caused to affected tissues is prevented. In summary,
in addition to symptomatic treatment, strategies to counteract
the SARS-CoV-2 infection is to boost the immune response
in phase 1 while suppressing it in the second phase could
be effective.
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The COVID-19 is an acute and contagious disease characterized by pneumonia

and ARDS. The disease is caused by SARS-CoV-2, which belongs to the family of

Coronaviridae along with MERS-CoV and SARS-CoV-1. The virus has the positive-sense

RNA as its genome encoding for ∼26 proteins that work together for the virus survival,

replication, and spread in the host. The virus gets transmitted through the contact

of aerosol droplets from infected persons. The pathogenesis of COVID-19 is highly

complex and involves suppression of host antiviral and innate immune response,

induction of oxidative stress followed by hyper inflammation described as the “cytokine

storm,” causing the acute lung injury, tissue fibrosis, and pneumonia. Currently, several

vaccines and drugs are being evaluated for their efficacy, safety, and for determination

of doses for COVID-19 and this requires considerable time for their validation. Therefore,

exploring the repurposing of natural compounds may provide alternatives against

COVID-19. Several nutraceuticals have a proven ability of immune-boosting, antiviral,

antioxidant, anti-inflammatory effects. These include Zn, vitamin D, vitamin C, curcumin,

cinnamaldehyde, probiotics, selenium, lactoferrin, quercetin, etc. Grouping some of

these phytonutrients in the right combination in the form of a food supplement may help

to boost the immune system, prevent virus spread, preclude the disease progression to

severe stage, and further suppress the hyper inflammation providing both prophylactic

and therapeutic support against COVID-19.

Keywords: SARS-CoV-2, COVID-19, pathogenesis, food supplements, immune-boosting, antioxidant,

anti-inflammation

SEVERE ACUTE RESPIRATORY SYNDROME-CORONAVIRUS
(SARS-COV)-2 INFECTION

The coronavirus disease (COVID-19) was first reported in late 2019 from Wuhan’s city in China.
Thus far, the infection has spread to almost all countries globally and was declared a pandemic by
the WHO. While writing this review, there were more than 23M confirmed cases and more than
800K deaths. In India, there were more than 3M positive cases, andmore than 57K reported deaths.
The mortality rate of 2–16%, the rapid spread of the disease and high mortality in the susceptible
population (mainly aged over 60 years and also in patients with underlying medical conditions
including diabetes, cardiovascular diseases, etc.,) has resulted in a global lockdown and life has
come to a standstill causing yet another world economic recession after 2008. The incubation period
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Abstract: We aimed to assess the prevalence of and factors associated with anti- severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) positivity in a large population of adult volunteers from five
administrative departments of the Liguria and Lombardia regions. A total of 3609 individuals were
included in this analysis. Participants were tested for anti-SARS-CoV-2 antibodies [Immunoglobulin G
(IgG) and M (IgM) class antibodies] at three private laboratories (Istituto Diganostico Varelli, Medical
Center, and Casa della Salute di Genova). Demographic data, occupational or private exposure to
SARS-CoV-2-infected patients, and prior medical history consistent with SARS-CoV-2 infection were
collected according to a preplanned analysis. The overall seroprevalence of anti-SARS-CoV-2 antibodies
(IgG and/or IgM) was 11.0% [398/3609; confidence interval (CI) 10.0%–12.1%]. Seroprevalence was
higher in female inmates than in male inmates (12.5% vs. 9.2%, respectively, p = 0.002), with the
highest rate observed among adults aged >55 years (13.2%). A generalized estimating equations
model showed that the main risk factors associated with SARS-CoV-2 seroprevalence were the
following: an occupational exposure to the virus [Odd ratio (OR) = 2.36; 95% CI 1.59–3.50, p = 0.001],

J. Clin. Med. 2020, 9, 2780; doi:10.3390/jcm9092780 www.mdpi.com/journal/jcm

J. Clin. Med. 2020, 9, 2780 4 of 9

consistent with influenza-like illness and 0.97% (n = 35/3609) reported loss of smell or taste within the
previous month.

Table 1. Clinical characteristics of the study population.

Characteristics N = 3609 (%)

Sex
Female 2007 (55.6)
Male 1602 (44.4)

Age groups (Years)
18–35 556 (15.4)
36–45 631 (17.4)
46–55 929 (25.7)
>55 1493 (41.4)

Region
Lombardia 3065 (84.9)

Liguria 544 (15.1)

Administrative department
Varese 1430 (39.6)
Pavia 871 (24.1)

Milano 764 (21.2)
Genova 492 (13.6)
Savona 52 (1.4)

Resident in a long-term care facility 207 (5.7)

3.2. Prevalence of Sars-CoV-2 Antibodies

Of the 3609 individuals included in the study population, 398 tested anti-SARS-CoV-2 positive
[11.0% (CI 10.0%–12.1%)]. Seroprevalence was higher among women vs. men (12.5% vs. 9.2%, p= 0.002)
and varied with age. The rate was highest among adults aged >55 years (13.2%), followed by adults
aged 18–35 years (11.9%). As for geographical distribution, the highest prevalence of anti-Sars-COV-2
positivity was reported in the administrative departments of Savona (Figure 1). Table 2 shows estimated
prevalence according to the three di↵erent laboratories.
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Figure 1. Serologically-confirmed cases of SARS-CoV-2 in the general Italian population from 1 March
to 30 April 30 2020. Red and blue lines represent the boarders of the Lombardia and Liguria
regions, respectively. Percentages show the number of positive samples per number tested in each
administrative department.

3.3. Factors Associated with Anti-Sars-CoV-2 Antibodies Positivity

Several factors showed an association with anti-SARS-CoV-2 antibodies positivity with univariable
analysis (Table 3). The variables that showed a p-value < 0.10 were also included in the GEE model
(Table 4). The model showed that the main risk factors associated to SARS-CoV-2 seroprevalence
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consistent with influenza-like illness and 0.97% (n = 35/3609) reported loss of smell or taste within the
previous month.

Table 1. Clinical characteristics of the study population.

Characteristics N = 3609 (%)

Sex
Female 2007 (55.6)
Male 1602 (44.4)

Age groups (Years)
18–35 556 (15.4)
36–45 631 (17.4)
46–55 929 (25.7)
>55 1493 (41.4)

Region
Lombardia 3065 (84.9)

Liguria 544 (15.1)

Administrative department
Varese 1430 (39.6)
Pavia 871 (24.1)

Milano 764 (21.2)
Genova 492 (13.6)
Savona 52 (1.4)

Resident in a long-term care facility 207 (5.7)

3.2. Prevalence of Sars-CoV-2 Antibodies

Of the 3609 individuals included in the study population, 398 tested anti-SARS-CoV-2 positive
[11.0% (CI 10.0%–12.1%)]. Seroprevalence was higher among women vs. men (12.5% vs. 9.2%, p= 0.002)
and varied with age. The rate was highest among adults aged >55 years (13.2%), followed by adults
aged 18–35 years (11.9%). As for geographical distribution, the highest prevalence of anti-Sars-COV-2
positivity was reported in the administrative departments of Savona (Figure 1). Table 2 shows estimated
prevalence according to the three di↵erent laboratories.
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Figure 1. Serologically-confirmed cases of SARS-CoV-2 in the general Italian population from 1 March
to 30 April 30 2020. Red and blue lines represent the boarders of the Lombardia and Liguria
regions, respectively. Percentages show the number of positive samples per number tested in each
administrative department.

3.3. Factors Associated with Anti-Sars-CoV-2 Antibodies Positivity

Several factors showed an association with anti-SARS-CoV-2 antibodies positivity with univariable
analysis (Table 3). The variables that showed a p-value < 0.10 were also included in the GEE model
(Table 4). The model showed that the main risk factors associated to SARS-CoV-2 seroprevalence
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Figure 1. The main immunological response to COVID-19.

2. The Pivotal Role of IL-6 and TNF-↵ in Lung Infections

The first laboratory report about COVID-19 patients indicated several parameters that were found
to be altered in blood samples; for example, D-dimer, neutrophil count, blood urea, and creatinine
levels were significantly higher. In the same way, several cytokines such as IL-6 and TNF-↵ were
overexpressed, indicating the immune status of the patients [14].

IL-6 represents pro-inflammatory signaling produced by adipose tissue; for this reason, this
endocrine cytokine could be important in regulating the host response during acute infection [15].

Several papers have described the essential role of IL-6 in generating a proper immune response
during di↵erent kinds of viral infection in the pulmonary tract. Others link this cytokine to an
exacerbation of viral disease. These latter findings support the hypothesis that IL-6 upregulation
during viral infections may promote virus survival and the exacerbation of the clinical disease [16,17].
Indeed, IL-6 has a pleiotropic function, and it is produced in response to tissue damage and infection.
In particular, at the pulmonary level, innate and adaptative immune cell proliferation is strongly
influenced by this cytokine. After targeting its specific receptor, IL-6 starts a cascade of signaling events
mainly associated with the JAK/STAT3 activation pathway, promoting the transcription of multiple
downstream genes related to cellular signaling processes, including cytokines, receptors, adaptor
proteins, and protein kinase [15]. Furthermore, it has been reported that IL-6 is an essential factor for
the survival of mice with a viral infection. This cytokine promotes the optimal regulation of the T-cell
response, inflammatory resolution, tissue remodeling promoting lung repair, cell migration, and the
phagocytic activities of macrophages, as well as preventing virus-induced apoptosis in lung epithelial
cells. However, experimental scientific evidence also suggests potential adverse consequences that
increased levels of IL-6 might have on the cellular immune response against viruses. In this context,
di↵erent possible mechanisms involving this cytokine might a↵ect viral clearance, ultimately favoring
the establishment of a persistent viral state in infected hosts [18,19].

Tumor necrosis factor is a cell-signaling protein (cytokine) involved in systemic inflammation,
released predominately from macrophages, but it is also released from a variety of other immune cells.
It has been well described that during infection with the influenza virus, the expression of TNF-↵
in lung epithelial cells was higher, exerting powerful anti-influenza virus activity [20]. In an animal
model, it has been demonstrated that TNF-↵ plays a pivotal role in the development of pulmonary
fibrosis. TNF-↵ signals via two receptors, TNF-RI and TNF-RII; the first receptor (TNF-RI) promotes
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Abstract: Background: On the 31 December 2019, the World Health Organization (WHO) was
informed of a cluster of cases of pneumonia of unknown origin detected in Wuhan City, Hubei
Province, China. The infection spread first in China and then in the rest of the world, and on the
11th of March, the WHO declared that COVID-19 was a pandemic. Taking into consideration the
mortality rate of COVID-19, about 5–7%, and the percentage of positive patients admitted to intensive
care units being 9–11%, it should be mandatory to consider and take all necessary measures to
contain the COVID-19 infection. Moreover, given the recent evidence in di↵erent hospitals suggesting
IL-6 and TNF-↵ inhibitor drugs as a possible therapy for COVID-19, we aimed to highlight that a
dietary intervention could be useful to prevent the infection and/or to ameliorate the outcomes during
therapy. Considering that the COVID-19 infection can generate a mild or highly acute respiratory
syndrome with a consequent release of pro-inflammatory cytokines, including IL-6 and TNF-↵, a
dietary regimen modification in order to improve the levels of adiponectin could be very useful both
to prevent the infection and to take care of patients, improving their outcomes.

Keywords: COVID-19; IL-6; adiponectin; !-3 PUFAs; lung infections; diet therapies

1. Background

On the 31 December 2019, the World Health Organization (WHO) was informed of a cluster of
cases of pneumonia of unknown origin detected in Wuhan City, Hubei Province, China. About one
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FIGURE 1 | Schematic representation of pathogenesis of COVID-19. SARS-CoV-2 infection involves two phases: (1) Asymptomatic carrier phase. (2) Symptomatic

inflammatory phase. The black stars indicate the stage at which food supplements can counteract the pathogenesis of COVID-19. Arrow on the left indicate the

progress of the infection.

unknowingly. Management of individuals in phase 1, along
with mounting specific adaptive immune response, and use of
antivirals is critical to prevent the virus entry, replication as
well as the disease progression to phase 2. Therefore, global
strategies may include administration of external antiviral, and
or immune-boosting food supplements. During the phase 2 of
the infection, in addition to maintaining the general health
condition of affected patients, the line of treatment may be

focused on adapting the strategies including the use of nutritional
supplements that can suppress the ongoing oxidative stress,
acute-inflammation and cytokine storm so that destruction and
damage caused to affected tissues is prevented. In summary,
in addition to symptomatic treatment, strategies to counteract
the SARS-CoV-2 infection is to boost the immune response
in phase 1 while suppressing it in the second phase could
be effective.
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The COVID-19 is an acute and contagious disease characterized by pneumonia

and ARDS. The disease is caused by SARS-CoV-2, which belongs to the family of

Coronaviridae along with MERS-CoV and SARS-CoV-1. The virus has the positive-sense

RNA as its genome encoding for ∼26 proteins that work together for the virus survival,

replication, and spread in the host. The virus gets transmitted through the contact

of aerosol droplets from infected persons. The pathogenesis of COVID-19 is highly

complex and involves suppression of host antiviral and innate immune response,

induction of oxidative stress followed by hyper inflammation described as the “cytokine

storm,” causing the acute lung injury, tissue fibrosis, and pneumonia. Currently, several

vaccines and drugs are being evaluated for their efficacy, safety, and for determination

of doses for COVID-19 and this requires considerable time for their validation. Therefore,

exploring the repurposing of natural compounds may provide alternatives against

COVID-19. Several nutraceuticals have a proven ability of immune-boosting, antiviral,

antioxidant, anti-inflammatory effects. These include Zn, vitamin D, vitamin C, curcumin,

cinnamaldehyde, probiotics, selenium, lactoferrin, quercetin, etc. Grouping some of

these phytonutrients in the right combination in the form of a food supplement may help

to boost the immune system, prevent virus spread, preclude the disease progression to

severe stage, and further suppress the hyper inflammation providing both prophylactic

and therapeutic support against COVID-19.

Keywords: SARS-CoV-2, COVID-19, pathogenesis, food supplements, immune-boosting, antioxidant,

anti-inflammation

SEVERE ACUTE RESPIRATORY SYNDROME-CORONAVIRUS
(SARS-COV)-2 INFECTION

The coronavirus disease (COVID-19) was first reported in late 2019 from Wuhan’s city in China.
Thus far, the infection has spread to almost all countries globally and was declared a pandemic by
the WHO. While writing this review, there were more than 23M confirmed cases and more than
800K deaths. In India, there were more than 3M positive cases, andmore than 57K reported deaths.
The mortality rate of 2–16%, the rapid spread of the disease and high mortality in the susceptible
population (mainly aged over 60 years and also in patients with underlying medical conditions
including diabetes, cardiovascular diseases, etc.,) has resulted in a global lockdown and life has
come to a standstill causing yet another world economic recession after 2008. The incubation period
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Abstract 
The coronavirus disease 2019 (COVID-19) pandemic has led to a declaration of a Public Health Emergency of Interna-
tional Concern by the World Health Organization. As of May 18, 2020, there have been more than 4.7 million cases and 
over 316,000 deaths worldwide. COVID-19 is caused by a highly infectious novel coronavirus known as severe acute 
respiratory syndrome coronavirus-2 (SARS-CoV-2), leading to an acute infectious disease with mild-to-severe clini-
cal symptoms such as flu-like symptoms, fever, headache, dry cough, muscle pain, loss of smell and taste, increased 
shortness of breath, bilateral viral pneumonia, conjunctivitis, acute respiratory distress syndromes, respiratory failure, 
cytokine release syndrome (CRS), sepsis, etc. While physicians and scientists have yet to discover a treatment, it is 
imperative that we urgently address 2 questions: how to prevent infection in immunologically naive individuals and 
how to treat severe symptoms such as CRS, acute respiratory failure, and the loss of somatosensation. Previous studies 
from the 1918 influenza pandemic have suggested vitamin D’s non-classical role in reducing lethal pneumonia and 
case fatality rates. Recent clinical trials also reported that vitamin D supplementation can reduce incidence of acute 
respiratory infection and the severity of respiratory tract diseases in adults and children. According to our literature 
search, there are no similar findings of clinical trials that have been published as of July 1st, 2020, in relation to the 
supplementation of vitamin D in the potential prevention and treatment for COVID-19. In this review, we summarize 
the potential role of vitamin D extra-renal metabolism in the prevention and treatment of the SARS-CoV-2 infection, 
helping to bring us slightly closer to fulfilling that goal. We will focus on 3 major topics here: 

1. Vitamin D might aid in preventing SARS-CoV-2 infection:

•  Vitamin D: Overview of Renal and Extra-renal metabolism and regulation.
•  Vitamin D: Overview of molecular mechanism and multifaceted functions beyond skeletal homeostasis.
•  Vitamin D: Overview of local immunomodulation in human infectious diseases.

– Anti-viral infection.
– Anti-malaria and anti-systemic lupus erythematosus (SLE).
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Background
COVID-19 is an infectious disease caused by SARS-
CoV-2, a newly discovered coronavirus that primar-
ily spreads between people during close contact and 
through respiratory droplets when infected individu-
als cough, sneeze, or talk [1–3]. Furthermore, infection 
might occur from the touching of a contaminated surface 
and subsequent contact with the face [3]. SARS-CoV-2 
is an enveloped and single positive-stranded RNA virus 
(~ 30 kb in length) with a nucleocapsid, which undergoes 
endocytosis or membrane fusion to enter the infected 
cells and can cause respiratory, enteric, hepatic, and neu-
rological diseases in different species including humans 
[4]. Mechanistically, SARS-CoV-2 has spike (S) glyco-
proteins comprised of two functional subunits called the 
S1 protein which binds to the host cell receptor and the 
S2 protein which promotes fusion of the viral and cel-
lular membranes [5]. Angiotensin Converting Enzyme 
II Receptor (ACE2) has been identified as a functional 
receptor for SARS-CoV-2 entry into the cell [6–8], and 
ACE2 expression is high in the lung, heart, ileum, kidney 
and bladder [9]. At this time, there are no specific vac-
cines or treatments for COVID-19, and older adults with 
underlying comorbidities are at higher risk for severe 
illness [10]. Thus, important information for most peo-
ple is to know how to enhance their immune system to 
prevent SARS-CoV-2 infection or control the severity of 
disease progression to avoid the next waves of the deadly 
COVID-19 pandemic [11].

The last century’s influenza pandemic (1918–1919) 
claimed between 40 and 50 million lives [12]. A substan-
tial proportion of deaths were found to occur greater than 
2  weeks after symptom onset, suspected to be caused 
by cytokine storms [13]. Unfortunately, the second and 
third waves of the 1918–1919 pandemic were much more 
deadly than the first one because the H1N1 virus had 
mutated to a deadlier form and spread worldwide faster 
[14]. Analyzing data during the 1918–1919 pandemic 
revealed an inverse association between solar ultravio-
let B (UVB) irradiance and case fatality rate, suggesting 
that vitamin D might have played a role in reducing the 

development of pneumonia and improving case fatality 
rates [15]. The lowest pneumonia and case-fatality rates 
were found in the region with the highest solar UVB irra-
diance and lowest latitude in San Antonio, Texas, while 
the highest rates were in New London, Connecticut, 
which had the lowest UVB irradiance and highest lati-
tude. It seems that a similar phenomenon is occurring in 
the first wave of the current COVID-19 pandemic [16].

Vitamin D is a group of fat-soluble  steroids, and the 
most common forms of vitamin D supplementation are 
cholecalciferol (Vitamin  D3) and ergocalciferol (Vita-
min  D2), precursors of 1,25(OH)2D3 (the active form of 
vitamin D) [17]. New developments in measurement of 
vitamin D metabolites for both clinical diagnosis and 
research practice has greatly advanced our understand-
ing of Vitamin D’s role in human health in the last decade 
[18]. Vitamin D is involved in essential biological roles 
(classical) including bone metabolism, calcium and phos-
phorus homeostasis, and recently discovered roles (non-
classical) involving immunomodulation, lung and muscle 
function, cardiovascular health, and infectious disease 
prevention [17, 19, 20]. In COVID-19 patients, type-II 
alveolar epithelial cells (pneumocytes) are the primary 
target of SARS-CoV-2, and their impairment decreases 
the surfactant level and increases the risk of acute res-
piratory distress syndrome (ARDS) [21, 22]. Vitamin D 
has been reported to reduce apoptosis of pneumocytes 
and stimulate surfactant synthesis in these cells to pre-
vent severe lung injuries such as ARDS [23, 24]. Vitamin 
D sufficiency is widely defined as a serum 25-hydroxyvi-
tamin D (25(OH)D) level greater than or equal to 30 ng/
ml (75  nmol/L), while insufficiency is defined as 20 to 
30 ng/ml (50–75 nmol/L), and deficiency is a level lower 
than 20 ng/ml (50 nmol/L) [25]. A low level of vitamin D 
is common in the elderly and has been associated with 
all-cause mortality including sepsis, and that supplemen-
tation of vitamin D could significantly reduce overall 
mortality [26, 27]. Besides geographic and climate fac-
tors, vitamin D deficiency is also more prevalent among 
individuals with darker skin than those with a lighter skin 
color due to the fact that heavy pigmentation reduces 

2. Vitamin D might act as a strong immunosuppressant inhibiting cytokine release syndrome in COVID-19:
•  Vitamin D: Suppression of key pro-inflammatory pathways including nuclear factor kappa B (NF-kB), interleu-

kin-6 (IL-6), and tumor necrosis factor (TNF).
3. Vitamin D might prevent loss of neural sensation in COVID-19 by stimulating expression of neurotrophins like 

Nerve Growth Factor (NGF):
•  Vitamin D: Induction of key neurotrophic factors.

.

Keywords: Coronavirus, COVID-19, Vitamin D, 1,25(OH)2D3, 25(OH)D, Infection, Immunomodulation, Extra-renal, 
Metabolism, NF-kB, IL-6, TNF, NGF
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Innate and adaptive immune responses are influenced not only by oxPLs and cholesterol but also
by the fatty acid profiles of tissues in response to pharmacological agents and diet [92]. Several studies
performed in animal models demonstrated how !-3 PUFA uptake into the lung tissue influences
outcomes associated with infection, promoting the resolution of inflammation [93]. In another study,
!-3 PUFAs reduced the levels of PMNs and lowered IL-6 levels in lung infections [94]. These positive
e↵ects remain controversial; for example, Jones and Roper reported that in their experimental model,
no statistically significant di↵erences were found among the diet regimens, with and without !-3
PUFAs, with respect to the susceptibility of mice to viral infection, morbidity, viral organ titers, recovery
time, or mortality [71].

In conclusion, it is well known that general treatments are very important to enhance the host
immune response against RNA viral infection. In addition, the immune response has often been
shown to be weakened by inadequate nutrition in many model systems as well as in human studies.
However, the nutritional status of the host, until recently, has not been considered as a contributing
factor to the emergence of viral infectious diseases. The recent reports about the pathogenesis of
COVID-19 suggested that one of the most important consequences of this infection is the cytokine
storm syndrome [95], which could be strictly linked with coagulopathy, generating acute pulmonary
embolism caused by in-situ thrombosis [96,97]. Therefore, a great number of clinical trials are ongoing
to define a useful therapy to attenuate cytokine storms [98].

For these reasons, an adequate !-3 PUFA intake may be a valid strategy against viral infection.
Indeed, following the recommended intake of !-3 PUFA, in the range of 0.5% and 2% of total calories
(250 mg/day), may be important to protect against an excessive inflammatory response, also reducing
IL-6 levels. This theory found important support in a recent study that demonstrated that !-3
PUFA-derived lipid mediator protectins can suppress influenza virus replication through a mechanism
that blocks the export of viral mRNA. Moreover, Imai demonstrated that this mediator can be used
in combination with the antiviral peramivir, even at late time points in infection [99]. Nevertheless,
the e�cacy of !-3 PUFAs at the clinical level is under investigation; for example, Hecker et al.
described a beneficial e↵ect for a diet regimen with !-3 PUFAs, describing that the pro-inflammatory
cytokine levels decreased after this diet regimen [100]. The suggested positive role in the outcome and
prevention of the COVID-19 infection is summarized in Figure 2.
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Figure 2. Adiponectin and !-3 PUFAs reduce the lung inflammation that occurs following coronavirus
infection, reducing IL-6 production, ERK1/2, and COX-2 activation and the nuclear translocation of
NF-B.

In addition, adiponectin plays a role in lung diseases and obesity; in the development and
progression of lung disease and cancer, a pathogenic role of adiponectin was defined by both
in vivo and in vitro studies. Recently, immunometabolic pathomechanisms have been identified as
important factors determining and modulating lung function and disease. Particularly, adiponectin
levels have been found to be greater in patients with COPD compared with in control patients,
and adiponectin-deficient mice are protected from several lung diseases [101]. Moreover, it has been



Mrityunjaya et al. Immunomodulation Against SARS-CoV-2 Infection

TABLE 2 | Registered clinical trials of food supplements (Source: ClinicalTrials.gov).

Serial

number

Food

supplements

Registered clinical trials for COVID-19

1 Zinc (Zn) 1. Evaluation of the Relationship Between Zinc Vitamin D and b12 Levels in the COVID-19 positive Pregnant Women (Pinar Yalcin Bahat

Istanbul, Istanbul, Turkey).

2. Zinc with Chloroquine/Hydroxychloroquine in Treatment of COVID-19 (Tanta University hospital Tanta, Egypt).

3. A Study of Hydroxychloroquine, Vitamin C, Vitamin D, and Zinc for the Prevention of COVID-19 Infection (Progena Biome Ventura,

California, United States).

2 Vitamin D (VD) 1. COVID-19 and Vitamin D in Nursing- home (Angers University Hospital Angers, France).

2. Vitamin D Supplementation in Patients with COVID-19 (Clinical Hospital of the School of Medicine, University of São Paulo São Paulo

Brazil).

3. Vitamin D Testing and Treatment for COVID 19 (Arizona State University Tempe, Arizona, United States).

3 Vitamin C

(VC)

1. Administration of Intravenous Vitamin C in the Novel Coronavirus Infection (COVID-19) and Decreased Oxygenation (Hunter Holmes

Mcguire veteran Affairs Medical Center Richmond, Virginia, United States).

2. A Study of Hydroxychloroquine, Vitamin C, Vitamin D, and Zinc for the Prevention of COVID-19 Infection (ProgenaBiome Ventura,

California, United States).

3. The Study of Quadruple Therapy Zinc, Quercetin, Bromelain and Vitamin C on the Clinical Outcomes of Patients Infected With

COVID-19 (Ministry of Health. First health cluster, Riyadh, Riyadh, Saudi Arabia).

4 Curcumin 1. A phase II, Controlled Clinical Study Designed to Evaluate the Effect of ArtemiC in Patients Diagnosed With COVID-19 (Hillel Yaffe

Medica Center Hedera, Haifa, Israel Nazareth Hospital EMMS Nazareth, North, Israel Rambam Health Care Campus Haifa, Israel).

5 Probiotics 1. Effect of Lactobacillus on the Microbiome of Household Contacts Exposed to COVID-19 (Duke University Durham, North Carolina,

United States).

2. Oxygen-Ozone as Adjuvant Treatment in Early Control of COVID-19 Progression and Modulation of the gut Microbial Flora (Francesco

Pugliese Rome, RM Italy).

3. Evaluation of the Probiotic Lactobacillus Coryniformis K8 on COVID-19 Prevention in Healthcare Workers (Raquel Rodrigues Blanque

Granada, Spain).

4. Study to Evaluate the Effect of a Probiotic in COVID-19 (Hospital Universitario de Vinalopo Elache, Alicante, Spain, Hospital

Universitario de Torrevieja Torreviveja, Alicante, Spain).

6 Quercetin 1. Effect of Quercetin on Prophylaxis and Treatment of COVID-19 (Kanuni Sultan Suleyman Training and Research Hospital Istanbul, Turkey).

2. The Study of Quadruple Therapy Zinc, Quercetin Bromelain and Vitamin C on the Clinical Outcomes of Patients Infected With COVID-19

(Ministry of Health. First Health cluster, Riyadh. Riyadh, Saudi Arabia).

3. Estrogen Patch for COVID-19 Symptoms (Stony Brook University Hospital, Stony Brook, New York. USA).

a day for various indications without apparent toxicities. and
can be tried as a potential preventive and therapeutics against
COVID-19 (98).

QUERCETIN

Quercetin is a well-known antioxidant with anti-inflammatory
and antiviral bioactive. It inhibits TNF-α production in LPS-
induced macrophages (101), IL-8 production in lung A549 cells
(102), and mRNA levels of TNF-α and IL-1α in glial cells
(103). It also limits the production of cyclooxygenase (COX)
and lipoxygenase (LOX) enzymes in rat liver epithelial cells
(104). Studies have also shown that quercetin has antiviral
effects on both RNA and DNA viruses. It inhibits the virus
entry and viral-cell fusion (105) and reduces the expression of
pro-inflammatory cytokines and lung inflammation induced by
rhinovirus in mice (106). Further, quercetin metabolite (4’,5-
diacetyloxy-3,3’,7-trimethoxyflavone) has been shown to inhibit
the picornavirus replication by inhibiting the RNA replicase
complex (107). Studies have also found that quercetin-3β-
galactoside due to the presence of hydroxyl group, it binds
to viral protease 3CLpro and inhibits its proteolytic activity
(108). In the context of SARS virus infection, supercomputer
SUMMIT drug-docking screen and gene set enrichment analyses
(GSEA) finds that quercetin, VD, and estradiol interferes

the functioning of 85, 70 and 61% of the SARS-CoV-2
viral proteins in human cells, respectively. Based on these
observations the study also predicts tripartite combination
(quercetin/VD/estradiol) compared to bipartite (VD/quercetin)
of may affect 73% human genes encoding SARS-CoV-2 targets
implicating a robust mitigating agents against the COVID-19
(109). Further, increased ability of estradiol in affecting human
genes encoding SARS-CoV-2 targets compared to testosterone
suggests a plausible explanation of the apparently higher male
mortality in this corona pandemic (109). In line with these
observations, a randomized interventional clinical trial using
estradiol or VD as a mitigating agent have been listed on the
clinical trial (https://clinicaltrials.gov/ct2/show/NCT04359329).

Furthermore, as observed in prediction models that quercetin
binds SARS-CoV-2 S-protein at its host receptor region or
to the S-protein-human ACE2 interface interfering the virus
entry into cells indicating its therapeutic potential (110). This
prediction is consistent with the reports that both quercetin
and a structurally similar luteolin inhibits the SARS-CoV virus
infection (111). Additionally, other studies have also found
that quercetin in combination with VC induces synergistic
antiviral and immunomodulatory effects against COVID-19 (47).
Taken together, various studies suggest that quercetin possesses
potential anti-SARS-CoV-2 effects and can be repurposed as a
preventive and therapeutic candidate to combat COVID-19.
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