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Respiratory Viruses infections (RVI) such as rhinovirus, coronavirus, influenza virus, and adenovirus
affect the respiratory and the immune systems. The role of nutrition in the respiratory and immune
systems has been studied in some studies, and its importance is undeniable. In addition, one of the key
findings in this disease is high inflammation that affects almost all patients. This systematic narrative
review aims to answer the question, “Can an anti-inflammatory diet be effective in preventing or treating
viral respiratory diseases?” A systematic review search was used for the articles extraction. All studies
published in English from 1999 to 2020 investigating dietary inflammatory conditions and RVI were
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?:rt:g:lr?f n included. Food items with anti-inflammatory properties were selected based on the definition of the
Ginger dietary inflammatory index (DII). We used Google Scholar, Pub Med, Scopus, Web of Science, Springer,
Garlic Science Direct, Directory of Open Access Journals, Elsevier, Taylor and Francis, ProQuest, EBSCO, MED-
Zinc LINE, and SciELO databases for extracting articles. Keywords were restricted by DII. Based on DI, food

items/nutrients are involved in inflammation, some of which have anti-inflammatory and some in-
flammatory properties. Some foods/nutrients, in addition to their anti-inflammatory properties, have
antioxidant, antiviral, and immune-enhancing properties. Considering the immune system's involve-
ment, increased inflammation, and involvement of the pulmonary system in RVI and the remarkable role
of the anti-inflammatory foods for counteracting them, it is recommended to use a predominantly anti-

inflammatory diet along with prevention/control and treatment protocols.
An anti-inflammatory diet (based on DII) includes turmeric, ginger, garlic, onions, saffron, dietary
vitamin C, vitamin D, zinc, and omega-3 are recommended to reduce infection symptoms and duration.
© 2021 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.

1. Introduction

Due to the Respiratory Viruses Infections (RVI) nature, viral
pandemics can spread and engage many individuals worldwide
[1]. The spread of RVI is a severe risk to human health and life. So
many people die each year from emerging RVI, and many are
involved [1]. Therefore, there is a considerable cost to the coun-
try's health care system and economy to prevent the spread and
control of the disease [1]. The Coronavirus Disease 2019 (Covid-
19) is one of the emerging pandemics created by the coronavi-
ruses family [2]. Annually, millions are infected, and thousands die
from RVI [3]. The RVI, such as Covid-19 and severe acute
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respiratory syndrome-related coronavirus (SARSr-CoV), belongs
to the coronaviruses' family and recently caused pandemic [4,5].
With the advent of the Covid-19, which has more expansion po-
wer than its family [4], global concerns have increased, and the
World Health Organization (WHO) has described the interna-
tional alert level as very high [6].

Along with other topics, what appears to be meaningful and
controversial is nutrition/diet/food items in the prevention, control,
and even treatment of RV In this regard, nutrition plays an un-
deniable and crucial role in the immune system [7—9]. The intake of
certain micronutrients, such as vitamin (vit) C[10,11], zinc (Zn) [12],
and vit D [13], strengthens the immune system and can protect the
body against diseases. Besides, getting enough protein as a marker
of immune system compounds can be beneficial [14,15]. Previous
epidemics and numerous studies on the relationship between the
immune system and nutrition have yielded acceptable and
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significant results [16,17]. Studies show that the intake of micro-
nutrients such as Zn [18,19] and vit D [20,21] has been implicated in
the prevention, control, and treatment of some RVI. Some studies
have found an insignificant association and some of them raised
issues such as the received dose or the specific micronutrient
deficiency or micronutrient intake through supplementation or
diet [22,23]. However, studies have shown that people who have a
deficiency of a particular micronutrient such as vit D [20,21] and Zn
[18,19] will benefit from taking the supplement. It is sufficient to get
nutrients through the diet at the recommended levels. Therefore,
nutrient-rich food intake is the priority to strengthen the immune
system, not supplements [24]. However, it is fundamental to pay
attention to the whole diet so that the synergistic effects are far
more critical than the intake of a single nutrient or food item
[25,26]. The relationship between the anti-inflammatory diet and
the incidence and risk of some diseases has been well demon-
strated [27,28]. According to the results of more than 10,000
studies, 45 food items are involved in dietary inflammation,
some of which increase or decrease inflammation [27—29]. The
critical issue about the foods on this list is that in addition to their
anti-inflammatory properties, they also can play an essential role
in boosting the immune system, improving lung function, and
detoxification of oxidants [27—29]. Therefore, these properties can
prevent/control or even treat RVI, which is worth considering.

In this study, we aimed to conduct a systematic narrative review
and answer this question; can an anti-inflammatory diet effectively
prevent or treat RVI?

2. Methods

A systematic review search was used for the articles extraction.
All studies published in English from October 1999 to September
2020, having dietary items/inflammatory conditions related to RVI,
were included. Two reviewers other than authors (who worked
independently) initially assessed the title/abstract of 401 papers,
and 66 papers were selected for future assessments. After full re-
view and consideration of the inclusion and exclusion criteria, we
used 31 articles.

In this regard, the question was designed: “Can an anti-
inflammatory diet be effective in preventing or treating RVI?”
According to the research question and study protocol, we used
Pub Med, Google Scholar, Web of Science, Science Direct, Taylor
and Francis, Elsevier, Springer, Directory of Open Access Journals,
ProQuest, Scopus, EBSCO, SciELO, and MEDLINE databases for
extracting articles. Food items with anti-inflammatory properties
were selected based on the definition of the dietary inflammatory
index (DII) [30].

2.1. Search keywords and strategy

“Virus AND diet”; “virus AND inflammation”; “virus AND vita-
mins”; “virus AND minerals”; “virus AND dietary inflamma-
tion”; “virus AND diet AND inflammation”; “virus AND diet
therapy”; “virus AND nutrition”, “virus AND nutrition therapy”;
“virus AND nutrition AND inflammation”; “virus AND CRP”;
“virus AND IL”, “virus AND TNF”; “virus AND vitamin C”; “virus
AND acid ascorbic”; “virus AND zinc”; “virus AND vitamin D”;
“virus AND calcitriol”; “virus AND vitamin E”; “virus AND
tocopherol”; “virus AND vitamin A”; “virus AND retinol”; “virus
AND beta-carotene”; “virus AND carotenoids”; “virus AND
herbal”; “virus AND garlic”; “virus AND allicin”; “virus AND
ginger”; “virus AND onions”; “virus AND fats”; “virus AND fatty
acids”; “virus AND w3”; “virus AND w6”; “virus AND w9”; “virus

AND MUFA”; “virus AND PUFA”; “virus AND monounsaturated
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fatty acids”; “virus AND polyunsaturated fatty acids”; “virus
AND linoleic”; “virus AND oleic”; “virus AND linonelic”; “virus
AND ginger”; “virus AND oxidant”; “virus AND antioxidant”;
“virus AND antiviral”; “virus AND antiviral foods”; “virus AND
antiviral nutrients”; “virus AND antiviral herbs”; “virus AND

turmeric”; “virus AND curcumin”; “virus AND ... ".

In addition, we use advanced research protocols such as
[ti] [author] [Virus*] [viral*]; “viral*[ti] AND diet*[ti]”; “virus*[ti]
AND inflammation*[ti]”.

All searches were done by replacing “virus” with “viral”; “res-
piratory viral”; “respiratory viral disease”; “viral disease”; “viral
infection,” “HRSV”; “HPIV”; “HRV”; “ADV”; “HCoV,” “SARS-CoV";
“HMPV”; “HBoV.”

The results for different types of food items were limited to the
list of foods in the DII. Articles related to food items that were not in
the DII list were excluded.

3. Based on systematic research, the following are some
crucial compounds of the anti-inflammatory diet (based on
the DII) and describe their role in preventing/controlling, or
treatment of RVI and improving lung and/or immune
function

3.1. Food items

3.1.1. Turmeric

One of the influential elements in the anti-inflammatory diet is
turmeric, used as spices in various foods [27,28]. The fundamental
ingredient in turmeric is a polyphenol called curcumin (difluor-
oethyl methane) [31]. In addition to curcumin, many nutrients in
turmeric have beneficial effects on human health [31]. The anti-
inflammatory properties of curcumin are equivalent to the effect
of steroidal and non-steroidal drugs such as phenylbutazone [32].
This drug reveals its anti-inflammatory effect by inhibiting the
biosynthesis of prostaglandins (PGs) [32]. As well as anti-
inflammatory properties, curcumin shows some antiviral effects
[33]. Inosine-5-monophosphate dehydrogenase enzyme due to
rate-limiting activity in the biosynthesis of guanine-nucleotides is
proposed as a therapeutic object for antiviral compounds [33].
Between several polyphenols, curcumin as an Inosine-5’-mono-
phosphate dehydrogenase inhibitor, either noncompetitive or
competitive, is proposed as a potent antiviral compound [33,34].
The survey of the bio-conjugates of curcumin such as di-O-
tryptophanylphenylalanine, di-O-decanoyl, di-O-pamitoyl, di-
O-bis-(7y,y) folyl, C4-ethyl-O-y-folyl, and 4-O-ethyl-O-y-folyl,
facing a diversity of viruses including parainfluenza virus type III,
feline infectious peritonitis virus, herpes simplex virus, and respi-
ratory syncytial virus showed the strong antiviral properties of
curcumin and its bio-conjugates facing various viral pathogens
[35,36]. Besides, di-O tryptophanylphenylalanine curcumin and
di-O-decanoyl curcumin showed remarkable antiviral proper-
ties against RVL. In addition, curcumin showed a significant anti-
influenza activity [35,36]. These studies highlight the critical role
of turmeric in the fight against RVI.

On the other hand, curcumin plays a significant role in the im-
mune system [37]. Curcumin remarkably inhibits cytokine gene
expression at mRNA and/or protein biosynthesis levels, but NF-kB
interferes only with the lower dose of curcumin [37]. In addition,
curcumin makes a significant reduction in the inflammatory infil-
trate and increases collagen content and fibroblastic cell numbers
[37].

According to what has been said, turmeric is an essential part
of an anti-inflammatory diet with antiviral properties. It may play



F. Vahid and D. Rahmani

a role in improving lung function and liver detoxification in RVI
[38].

3.1.2. Ginger

Another important component of the anti-inflammatory diet
is ginger, which has shown significant anti-inflammatory prop-
erties [39]. Ginger is a spice or medicinal herb that belongs to the
curcumin family and is the root of Zingiber Officinale (ZO) [40]. A
study has shown that fresh ZO was dose-dependently effective
against HRSV in HEp-2 and A549 cells [40]. Another study stated
that ginger oil intake results in the reduction of titer HA [41].
Interestingly, ginger oil shows anti-viral activity revealed HA
[42]. This study's conclusion proved that ginger oil is the best
anti-viral activity concentration [39,42]. Another important effect
of ginger is its role in reducing lung inflammation. Studies have
shown that ginger reduced the production of PGE2 and TXA2
41,42, In addition, ginger reduced myeloperoxidase activity and
the number of cells in the bronchoalveolar [42]. The results show
that ginger has an anti-inflammatory effect on the lung [41].
Based on these studies and considering the anti-inflammatory,
antioxidant, and antiviral role, it can be concluded that ginger
can be placed in the food group to counteract the inflammation
caused by RVIL

3.1.3. Garlic

Garlic is an essential food item that has a crucial role in RVI and
has antioxidant and cholesterol-lowering, and anti-inflammatory
effects [43]. One of the most important results that can be
mentioned on garlic's benefits is improving respiratory infections
[44]. Studies have examined the effect of garlic on respiratory
diseases and observed significant results [45,46]. Other garlic uses
include treating fever, cough, headache, abdominal pain, sinus
congestion, asthma, bronchitis, and shortness of breath [44]. Garlic
is high in folic acid, vit C, calcium, iron, magnesium, potassium, and
a small amount of Zn and vit B2, B1, and B3 [44,47]. Garlic is a
potent antifungal, antiviral, and natural antibiotic that contains
potassium and germanium, which improves health [47]. Germa-
nium can neutralize positive ions, facilitate blood flow, increase
energy levels in the body, and relieve pain and cramps [47]. One of
the garlic's strategic ingredients is allicin, a light yellow compound
that produces garlic's unique aroma. One review study reported
that allicin could prevent or control the common cold [48]. This
review study, which included interventional and cohort studies,
concluded that garlic or its extracts also could play an essential role
in RVI [48].

However, in comparison with garlic's antibacterial action, very
little work has been done to exam antiviral effects. Organosulfur
compounds like diallyl trisulfide, allicin, and ajoene are the main
chemicals that impart antiviral properties to garlic [48]. According
to the studies, garlic extracts can pass through the cell's phospho-
lipid membrane and inhibit virus proliferation [49,50]. Serval
studies have shown that garlic demonstrates activity versus influ-
enza, cytomegalovirus, rhinovirus, herpes simplex virus-I and II,
viral pneumonia, and rotavirus [49—51]. Any other way, several
articles have surveyed the aspect of garlic or its products in
strengthening the immune system [52,53]. Also, garlic can block
the biosynthesis of inflammatory markers such as Interleukin (IL)-6
and Tumor necrosis factor (TNF)-a [54]. Garlic extract has the
property to change the NF-kB transcription and DNA binding ac-
tivity [54]. It can also block the expression of NF-kB-mediated pro-
inflammatory target genes [54]. Studies proposed that garlic may
be a promising nominee as a biological immune accountability
modulator, retain the immune system's homeostasis, agitate
required actions, and repress dispensable ones [55]. A variety of
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immunomodulatory effects have been surveyed in different garlic
extracts [55].

3.1.4. Onion

The onion has phytochemical compounds such as phenols,
which are now undergoing fundamental research to determine
their possible effects on human health [44,56]. Like garlic, onion is
one of the constituents of the anti-inflammatory diet, which in
addition to its anti-inflammatory properties has antioxidant, anti-
bacterial, antiviral, and immune-enhancing properties [56]. Orga-
nosulfur compounds such as quercetin and allicin are related to the
deterrence of VIs [57,58]. These compounds can prevent virus
attachment to host cells, change transcription and translation of the
virus genome in the host cell and affect viral aggregation [57,58]. As
an anti-inflammatory compound, quercetin can affect the Entero-
virus and Influenza virus's entry and enclosure on the host cell
[57,58]. Quercetin can inhibit RNA polymerase that is necessary for
viral proliferation. Quercetin also affects how a virus changes
signaling pathways in the host cell [57,58]. Some studies that sur-
veyed the antiviral effect of onion recommend using these plants as
a safe alternative to prevent RVI. One of the crucial concerns in
treating RVI is developing resistance in the virus against antiviral
drugs. The high mutation rate of viral RNA polymerase enhances
this resistance in viruses with an RNA genome. Studies have shown
an inhibitory effect of quercetin on viral proliferation [57,58]. For
instance, quercetin has been verified to inhibit poliovirus RNA's
translation [57,58]. In this regard, SARS-CoV protease, required for
the SARS virus's proliferation, was inhibited by the quercetin
[59,60]. Besides, quercetin increases Zn uptake, which can inhibit
RNA-polymerase [59,60]. The presence of quercetin increases the
phosphorylation of elF2 in response to viral infection and thereby
prevents viral proliferation. Therefore, quercetin's application effi-
ciently enhances the host cells' immune response [59,60]. Quer-
cetin has a strong probability of inhibiting a new progeny virus's
convocation in the host cells [61]. Mechanism of quercetin in host
cell: VIs includes a. Attachment of virus on the host cell membrane,
b. Virus entry in the host cell, e. Reverse transcription, d. Replication
of virus genetic material, f. transcription, h. Translation and g. Viral
assembly [49]. Quercetin can prevent attachment of virus-like
Influenza virus, Ebola, and Enterovirus to hosts cells [49]. As
quercetin plays an important role in imparting antiviral property to
the onion, similarly, allicin is the chemical present in garlic, which
acts against the virus [49].

On the other hand, studies have shown the protective effects of
onions against oxidants in the lung [56]. Studies showed that onion
extract remarkably lowered oxidant markers like Ig-E and IL-4 and
could have remedial potential to be used versus pulmonary diffi-
culties through antioxidant and immune-modulatory procedures
[56]. Given the anti-inflammatory, antioxidant, antiviral, and
beneficial effects on lung function, it can be concluded that onions
can also be considered as an anti-inflammatory component of the
anti-inflammatory diet.

3.2. Micronutrients

In the anti-inflammatory diet (based on DII), some minerals and
vitamins play an essential role. Below we examine the role of the
most important ones of them in reducing inflammation, antioxi-
dant and antiviral effects, and other beneficial effects in RVI:

3.2.1. Vitamin C

Traditionally, vit C has been used to prevent, control, and even
treat RVI [62]. Vit C supplements have been previously recom-
mended for the common cold and flu [62]. Given the number of
pros and cons, it is difficult to conclude whether vitamin C
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supplements help these cases. However, the important point is that
dietary vit C can help, but whether its supplementation is needed
or not needs further investigation [62]. So getting vit C in the
amount that is provided through food is recommended [63]. Major
foods containing vit C include citrus fruits, strawberries, and to-
matoes, will help fight against RVI [63,64]. Some studies have
shown a reverse association between dietary vit C intakes and
inflammation indicators, including C - reactive protein (CRP); IL-6,
fibrinogen, and coagulation factors VII, VIII, and IX; prothrombin
fragments; and thrombin-antithrombin complexes [62—64].

In addition to the anti-inflammatory effects mentioned above,
vit C has a significant role in neutralizing the oxidants produced in
the body [64]. Inflammatory cytokines and CRP are increased in
different stages of RVI and can, thus, be applied as markers for
situations that affect primal endothelial activation and inflamma-
tion [62—64].

Another effect of vit C is its antiviral activities [65,66]. These
effects have been demonstrated by boosting the immune system
and directly against RVI [66]. Studies examined the association
between VIs and vit C involved poliomyelitis, viral hepatitis, mea-
sles, mumps, chickenpox, shingles, infectious mononucleosis, viral
encephalitis, and influenza. Vit C has been demonstrated to con-
fronting both DNA- and RNA-containing viruses that infect humans
[66]. Vit C caused the inactivation of a wide range of viruses,
including herpes simplex, vaccinia, foot-and-mouth disease, rabies,
tobacco mosaic, and bacterial viruses [66]. Vit C caused inactivation
of the virion-associated enzyme, reverse transcriptase, upon pro-
longed incubation of virus particles [66]. Vit C, in condensation
certain to host cells, participated with a continuous multicycle copy
of rhinovirus. In a lymphocytic cell line, most recently infected with
human T-cell leukemia virus, vit C was shown to interfere with
virus proliferation [66]. Besides its direct antiviral and antioxidant
properties, vit C may afford additional protection against RVI by
affecting the immune system [62—64]. Studies suggested that
lymphoid cells could cumulate vit C to concentrations at least 50
times higher than those present in blood plasma [65,66]. Vit C can
influence the motility and chemotaxis of phagocytes [66]. The
antioxidant ability of vit C provides cellular protection to phago-
cytes from oxidative self-damage caused by free radicals without
interfering with their formation during the respiratory burst pro-
cess. Phagocytosis involves the engulfing, ingestion, and destruc-
tion of microorganisms by phagocytic leukocytes [66]. The latter
include polymorph nuclear neutrophils, eosinophils, and
monocytes-macrophages that can ingest and destroy microorgan-
isms [66]. Dietary vit C was also shown to enhance interferon
production after stimulation with murine leukemia virus [66]. Vit C
also demonstrated enhanced interferon production in mouse and
human embryonic fibroblasts [66]. Vit C has been reported to
regenerate vit E from the tocopherol free radical [67]. Studies
suggest that the main effect of vit C may lie in its impact on vit E
levels [67]. Regarding proven antiviral and immunomodulatory
effects of vit C, it should have potential value in controlling RVI.

3.2.2. Vitamin D

Vit D is one of the most effective vitamins in strengthening the
immune system [68], and studies have shown that it can prevent
respiratory infections [68—70], especially in the RVI. However, one
of the most controversial components of the anti-inflammatory
diet is vit D. Because, on the one hand, it has been shown to have
anti-inflammatory and immune-enhancing effects. On the other
hand, too much long-term intake can cause poisoning, like other
fat-soluble vitamins [68]. Another concern about vit D is its high
deficiency prevalence in some countries or areas. For example, in
Iranian women, the prevalence of vit D deficiency is 75.1%, and in
men, 72.1 percent [71], in Hispanic-Americans, 65% and African-
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Americans 87% [72,73]. Given the high prevalence of deficiency,
vit D supplements appear to be helpful in most areas, or at least in
those with high prevalence [74]. Different countries have different
protocols to control deficiency. The protocol of the WHO is as fol-
lows: In people who have a severe deficiency (serum concentration
less than 12 ng/mL) and have a history of vit deficiency in the past
year without supplementation, it is recommended to take vit D
supplements at a dose of 50,000 IU per week for 6—8 weeks. The
daily intake of 800—1000 IU will continue until it reaches the
desired level (higher than 50 ng/mL). It is important to note that
people who are already taking vit D supplements should continue
to take supplements by their treatment protocol. For those with a
moderate deficiency (serum concentration of 20—12 ng/mL), a daily
intake of 800—1000 IU vit D is recommended that should be
continued until it reaches the optimal level (higher than 50 ng/mL).
For those with a mild deficiency (serum concentration of 30-30 ng/
mL), a daily intake of 800—600 IU vit D is recommended that should
be continued until it reaches the optimal level (higher than 50 ng/
mL). It should be noted that oral intake of vit D at low doses and
more often than injectable or single-dose forms at high doses is
more effective in increasing serum levels of vit D.

The mechanisms by which vit D modulates inflammation are
multiplex [68,75,76]. Vit D adjusts the innate and adaptive immune
systems [77]; the all-over consequence is an alteration from the
more inflammatory T-helper1 (Th1)/Th17 respond to the less in-
flammatory Th2/Treg gnomon [77]. In vitro, these consequences
affect the decreased production of pro-inflammatory markers such
as TNF-a, IFN-g, IL-12, IL-17, and IL-21 but with increased anti-
inflammatory production cytokines such as IL-10 [75,76]. Studies
showed that higher vit D is related to decrease condensation of
inflammatory indicators proposed that local autocrine production
of vit D is binding to genes down-regulating pro-inflammatory
cytokines and up-regulating anti-inflammatory ones [75,76]. A re-
view suggests that vit D's effectiveness in lowering inflammation
indicators appears to depend mainly on the disease state studied
and baseline vit D concentrations. Vit D, in highly inflammatory
conditions, found significant beneficial effects [75,76]. Along with
anti-inflammatory effects, vit D also affects the immune system and
appears to strengthen it [77]. It is broadly considered that all im-
mune cell types can react to vit D [77,78]. More specifically, vit D
suggested keeping the activated Th1/Th17 cells in the circulation
and blocking them from passing the blood—brain barrier [77—79].
Activation of Th cells by antigen leads to the production of Th
subgroups with definite cytokine profiles: Thy (IL-2, IFNy, TNF-a)
and Thy (IL-3, IL-4, IL-5, IL-10) that respectively support cell-
mediated and immunity [79]. There are four potential mecha-
nisms by which vit D can influence T-cell function: a) undeviating
effects on T cells mediated via vit D; b) indirect effects on antigen
presentation to T cells mediated via localized DC expression of
CYP27B1 and intracrine synthesis of vita D; ¢) undeviating effects of
vit D on T cells following synthesis of the active form of vit D by
CYP27B1-expressing monocytes or DCs; d) intracranial conversion
of 250HD to 1,25(0OH),;D by T cells [79].

Given the evidence and attention are given to the immune-
enhancing, and anti-inflammatory effects of vit D, one of the
essential components of an anti-inflammatory diet to prevent and/
or control RVI will probably be vit D.

3.2.3. Zinc

Zn is an essential mineral that has potent antioxidant and anti-
inflammatory properties [80]. Zn intake from food sources will help
strengthen the immune system [81]. The particularly important
issue regarding Zn is its crucial role in older adults' immune system,
one of the most influential groups at risk for RVI. As mentioned,
oxidative stress (OS) is an important, significant determinant
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in many chronic diseases [82]. Inflammatory markers such as
TNF-a and IL-1 produced by activated monocytes—macrophages-
generate increased ROS quantities [82]. NF-nB is involved in
expressing a wide range of responsive-specific genes and is acti-
vated by several stimuli such as cytokines, radiation, and OS [80].
Studies showed that Zn could restrain NF-nB activation [80]. A Zn-
finger transactivating factor binds to DNA producing A20 protein,
which inhibits TNF-a-induced NF-nB activation. A20 plays an
important role in reducing IL-1h- and TNF-a-induced NF-nB acti-
vation [82]. Zn impaired situation undergoes OS and DNA damage,
and their ability to repair this damage is also compromised [82,83].
Zn may modulate OS in cells by some conceivable biochemical
mechanisms. One study showed, Zn modulates gene expression of
some inflammatory cytokines such as TNF-a and IL-1h, which can
produce ROS, and this is a further mechanism by which Zn probably
operating as an AO [80]. Zn is an essential micronutrient for normal
evolution and cell-mediating innate immunity, neutrophils, and
natural killer cells [80]. Macrophages, phagocytosis, intracellular
killing, cytokine production, and T and B cells' development and
activity are also affected by Zn deficiency [80]. Zn is required for
DNA biosynthesis and RNA transcription, cell division, and cell
function [80]. Zn deficiency adversely affects cytokines' production
and activity, the immune system's primary markers [80]. Zn acts as
an antioxidant and sustains cell membranes [84]. Studies showed
that the production of INF-y was reduced since the generation of
Thy cytokines IL-4, IL-6, and IL-10 were not influence due to Zn
deficiency [80]. Zn deficiency declined NK cell functions and
affected a reduction in the proportion of CD8+ CD73+ T cells
[80,84]. Zn's antioxidant properties have been demonstrated [84]
and, for the most part, appear to be independent of Zn metal-
loenzyme activity. Therefore, according to the study's results, Zn
can be included as an anti-inflammatory compound in the anti-
inflammatory diet to fight RVL

3.2.4. Omega 3 fatty acids

Omega 3 fatty acids (w-3 FAs), mainly eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), can quell inflammation and
have a remarkable role in divers inflammatory diseases [85]. The w-
3 FAs can inhibit the generation of inflammatory markers, such as
IL-1B. On the other hand, DHA can suppress LPS-induced NF-kB
activation and TNF-a generation. The w-3 FAs suppress NLRP3 or
NLRP1b inflammasome function [86]. NLRP3 inflammasome can be
activated by pathogen-associated molecular patterns and danger-
associated molecular patterns [86]. DHA inhibited caspase-1
cleavage and IL-1B production started by all surveyed agonists,
such as MSU, Alum, R837, and ATP, alike to nigericin [86]. Studies
proposed that w-3 FAs are potent and comprehensive suppressors
of NLRP3 inflammasome activation [86]. The w-3 FAs can signal
through GPRS to inhibit NLRP3 inflammasome activation and
explain the enhanced inflammation [86]. Regarding w-3 FAs intake,
one of the issues discussed is the ratio of w-6 FAs to w-3 FAs [87].
Being high or low in this ratio can impair the w-3 FAs' protective
effects [88]. Also, the favorable property of w-3 FAs on lung function
has been shown in numerous studies [89—91]. In some lung dis-
eases such as cystic fibrosis and asthma, its beneficial effects have
been well demonstrated [91]. The w-3 FAs, EPA, and/or one of the
vegetable sources of omega-3 fatty acids, alpha-linolenic acid
(LNA), increases the levels of EPA in the phospholipids of cell
membranes by up to 10 fold and reduces the synthesis of the pro-
inflammatory cytokines II-1 and TNF [89—91]. In asthmatic ado-
lescents, a moderate fish oil of 1.2 g/day of w-3 FAs and compara-
tively negligible adjustment to the diet-induced a fivefold boost in
blood EPA [92].

Another notable effect of omega-3s is their role in pulmonary
tissue remodeling, which is also important in RVI. A recent survey
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provided evidence for NF-kB activation in severely underweight
COPD patients in muscle biopsies, making it a potentially inter-
esting target for modulation by PUFA [93]. PUFA intake has a pro-
tective effect on COPD development, decreasing risk dose-
dependently and increasing lung function [39]. PUFA as PPAR ac-
tivators promotes circulating fatty acids by cells through the lipo-
protein lipase gene's upregulation. In addition, PPARs control
mitochondrial beta-oxidation and fatty acid import [39]. It is
possible that the increase in exercise burden persuaded by PUFA
could be associated with a PUFA-induced activation of PPAR,
growing fatty acid accessibility, and oxidation. This potential in-
crease in oxidative capacity might be related to changes in fiber
types [39].

Based on the evidence presented, long-chain fatty acids can be a
good option for improving pulmonary function in patients with RVL

4. Discussion

With the outbreak of the Covid-19 that is associated with im-
mune and pulmonary involvement and has affected many coun-
tries, the need to strengthen the immune system and improve
pulmonary function is strongly felt. The role of micronutrients and
food items has been well demonstrated to enhance the immune
system. The role of some micronutrients in improving lung function
and antioxidant activity has been shown in many studies. The part
of anti-inflammatory foods has also been multiplied, as RVI causes a
highly inflammatory status in the patient's body and elevated in-
flammatory markers such as CRP. The foods and micronutrients
listed above have specific anti-inflammatory roles in addition to
their antioxidant, antiviral, immune-boosting, and pulmonary
properties. However, what is at stake is the intake of these foods in
combination. However, it is not recommended to receive them
separately or supplements except for exceptions. For example, in
countries or societies where the prevalence of vit D deficiency is
high, or in young women during pregnancy requiring iron sup-
plementation, or in the elderly who, due to physiological changes,
require Zn or magnesium, for others, taking supplements seems to
be unhelpful. Therefore, the general recommendation for supple-
ments is only when a person has a particular micronutrient defi-
ciency or is at risk for that micronutrient deficiency. However,
recommending a diet that can have anti-inflammatory effects in
addition to preventing, controlling, and treating RVI with an
emphasis on immune-boosting, antioxidant, antiviral, and pulmo-
nary function-enhancing effects is beneficial. Therefore, as indi-
cated by the anti-inflammatory diet, foods and micronutrients with
anti-inflammatory effects are recommended to be obtained
through diet. On the other hand, it is advisable to limit/eliminate
the intake of foods that have inflammatory effects.

Based on studies, significant components of an anti-
inflammatory diet includes 1. turmeric, 2. ginger, 3. garlic, 3. on-
ions, 4. saffron, 5. vit C sources such as citrus fruits, berries, and
tomatoes, peppers, kiwi, papaya, caraway, mango, 6. vit D sources
such as salmon, herring and sardine, enriched orange juice and
milk, 7. food sources of Zn such as beef liver, lentils, oatmeal, her-
ring, and poultry and 8. Omega-3 food sources such as walnuts,
flaxseed, and marine sources such as shrimp and fish. In addition,
according to an anti-inflammatory diet taking caffeine, vit A, sele-
nium, magnesium, folates, B12, and B vitamins groups such as B6,
B2, and B1 and fiber can lead to one's diet is anti-inflammatory.

On the opposite side, the dietary items that increase inflam-
mation include saturated and trans fatty acids, mainly processed
foods and meats, and hydrogenated oils. Therefore, they have no
place in our anti-inflammatory diet, and it is recommended to limit
their consumption. Salt intake also causes inflammation, which is
recommended to reduce it to the lowest recommended level.
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Studies that examined the association between the diets with
various diseases showed that people on an anti-inflammatory diet
are less likely to develop inflammatory diseases/conditions.

5. Conclusion

Given that the drugs used in the treatment of RVI also reduce the
inflammation caused by the virus receiving anti-inflammatory di-
ets and drug therapy would be helpful. Furthermore, the anti-
inflammatory diet components have antioxidant properties,
boosting the immune system, antiviral, and improving lung func-
tion, which can help at various RVI. Therefore, it can help get an
anti-inflammatory diet and proper hygiene, such as regular hand
washing, non-contact with suspicious individuals, distance obser-
vation, disinfection of surfaces, and following treatment protocols.

Ethics approval and consent to participate

Arak University of Medical Science ethics committee approved
Protocol and Methods (IR ARAKMU.REC.1398.177).

Consent for publication
Not applicable.
Availability of data and materials

Data sharing does not apply to this article as no datasets were
generated or analyzed during the current study.

Funding
Not applicable.
Authors’ contributions

Not applicable. All authors have read and approved the
manuscript.

Declaration of competing interest
The authors declare that they have no competing interests.
Acknowledgments

We would like to thank Dr. Diyako Rahmani for the technical
editing of the article.

References

[1] Barker J, Stevens D, Bloomfield SF. Spread and prevention of some common
viral infections in community facilities and domestic homes. ] Appl Microbiol
2001;91(1):7-21.

He F, Deng Y, Li W. Coronavirus Disease 2019 (COVID-19): what we know?
J Med Virol 2020;92(7):719—25. https://onlinelibrary.wiley.com/doi/full/10.
1002/jmv.25766.

Report on the epidemiological features of coronavirus disease 2019 (COVID-
19) outbreak in the Republic of Korea from January 19 to March 2, 2020. ] Kor
Med Sci 2020;35(10):e112.

Tian HY. [2019-nCoV: new challenges from coronavirus]. Zhonghua Yufang
Yixue Zazhi 2020;54:E001. 0.

Lai CC, Shihb TP, Koc WC, Tang HJ, Hsueh PR. Severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) and coronavirus disease-2019 (COVID-
19): the epidemic and the challenges. Int ] Antimicrob Agents 2020;55(3):
105924.

Mahase E. Covid-19: WHO declares pandemic because of “alarming levels” of
spread, severity, and inaction. BMJ 2020;368:m1036.

Alwarawrah Y, Kiernan K, Maclver NJ. Changes in nutritional status impact
immune cell metabolism and function. Front Immunol 2018;9:1055.

[2]

3]

[4

(5

[6

17

14

Clinical Nutrition ESPEN 43 (2021) 9—15

[8] Childs CE, Calder PC, Miles EA. Diet and immune function. Nutrients

2019;11(8).

Wolowczuk I, Verwaerde C, Viltart O, Delanoye A, Delacre M, Pot B, et al.

Feeding our immune system: impact on metabolism. Clin Dev Immunol

2008;2008:639803.

Ang A, Pullar JM, Currie MJ, Vissers MCM. Vitamin C and immune cell function

in inflammation and cancer. Biochem Soc Trans 2018;46(5):1147—59.

Wintergerst ES, Maggini S, Hornig DH. Immune-enhancing role of vitamin C

and zinc and effect on clinical conditions. Ann Nutr Metab 2006;50(2):85—94.

Hojyo S, Fukada T. Roles of zinc signaling in the immune system. J Immunol

Res 2016;2016:6762343.

Prietl B, Treiber G, Pieber TR, Amrein K. Vitamin D and immune function.

Nutrients 2013;5(7):2502—-21.

Mabuchi Y, Frankel TL. Functions of innate and acquired immune system are

reduced in domestic pigeons (Columba livia domestica) given a low protein

diet. R Soc Open Sci 2016;3(3):150408.

Ota F, Yamamoto S, Takeuchi S, Akiyama M, Kido Y, Kishi K, et al. Effects of

protein intake on immune parameters in mice surviving streptococcal infec-

tion. FEMS Microbiol Immunol 1992;4(2):111-22.

Trang NTH, Long NP, Hue TTM, Hung LP, Trung TD, Dinh DN, et al. Association

between nutritional status and dengue infection: a systematic review and

meta-analysis. BMC Infect Dis 2016;16:172.

Yao J, Chang L, Yuan L, Duan Z. Nutrition status and small intestinal bacterial

overgrowth in patients with virus-related cirrhosis. Asia Pac J Clin Nutr

2016;25(2):283—-91.

Science M, Johnstone ], Roth DE, Guyatt G, Loeb M. Zinc for the treatment of

the common cold: a systematic review and meta-analysis of randomized

controlled trials. CMA] (Can Med Assoc J) 2012;184(10):E551—61.

Maares M, Haase H. Zinc and immunity: an essential interrelation. Arch Bio-

chem Biophys 2016;611:58—65.

Gruber-Bzura BM. Vitamin D and influenza-prevention or therapy? Int ] Mol

Sci 2018;19(8).

Cannell JJ, Vieth R, Umhau JC, Holick MF, Grant WB, Madronich S, et al.

Epidemic influenza and vitamin D. Epidemiol Infect 2006;134(6):1129—40.

Sackey ], Zhang FF, Rogers B, Aryeetey R, Wanke C. Implementation of a

nutrition assessment, counseling and support program and its association

with body mass index among people living with HIV in Accra, Ghana. AIDS

Care 2018;30(5):586—90.

Saghayam S, Wanke C. The impact of nutritional status and nutrition sup-

plementation on outcomes along the HIV treatment cascade in the resource-

limited setting. Curr Opin HIV AIDS 2015;10(6):472—6.

[24] Totsch SK, Waite ME, Sorge RE. Dietary influence on pain via the immune

system. Prog Mol Biol Transl Sci 2015;131:435—69.

Hatami M, Vahid F, Akbari ME, Sadeghi M, Ameri F, Eini-Zeinab H, et al. The

vitamins involved in one-carbon Metabolisms are associated with reduced

risk of breast cancer in overall and subtypes. Int ] Vitam Nutr Res
2019;90(1-2):131-40.

[26] Vahid F, Hekmatdoost A, Mirmajidi S, Doaei S, Rahmani D, Faghfoori Z, et al.
Association between index of nutritional quality and nonalcoholic fatty liver
disease: the role of vitamin D and B group. Am ] Med Sci 2019;358(3):212—8.

[27] Abdollahpour I, Jakimovski D, Shivappa N, Hebert JR, Vahid F, Nedjat S, et al.

Dietary inflammatory index and risk of multiple sclerosis: findings from a

large population-based incident case—control study. Clin Nutr 2020;39(11):

3402—7. https://doi.org/10.1016/j.cInu.2020.02.033.

Vahid F, Goodarzi R, Shivappa N, Hebert JR, Fazeli-Moghadam E. Dietary In-

flammatory Index (DII®): a significant association between coronary heart

disease and DII® in Armenian adults. European Journal of Preventive Cardi-
ology 2019;27(19):2235—7. https://doi.org/10.1177/2047487319880030.

Vahid F, Faghfoori Z, Davoodi SH. The impact of the disease trend on the

macro and micro-nutrients intake in patients with gastric cancer. Nutrition

and Cancer; 2019. p. 1-7.

Shivappa N, Steck SE, Hurley TG, Hussey JR, Hebert JR. Designing and devel-

oping a literature-derived, population-based dietary inflammatory index. Publ

Health Nutr 2014;17(8):1689—96.

Kocaadam B, Sanlier N. Curcumin, an active component of turmeric (Curcuma

longa), and its effects on health. Crit Rev Food Sci Nutr 2017;57(13):2889—-95.

Klegeris A, McGeer PL. Non-steroidal anti-inflammatory drugs (NSAIDs) and

other anti- inflammatory agents in the treatment of neurodegenerative dis-

ease. Curr Alzheimer Res 2005;2(3):355—65.

Shu Q, Nair V. Inosine monophosphate dehydrogenase (IMPDH) as a target in

drug discovery. Med Res Rev 2008;28(2):219—32.

Mahmoud HK, Al-Sagheer AA. Dietary curcumin supplement influence on

growth, immunity, antioxidant status, and resistance to Aeromonas hydro-

phila in Oreochromis niloticus. Aquaculture 2017;475:16—23.

Pandey A, Gupta RK, Bhargava A, Agrawal B. Antibacterial activities of cur-

cumin bioconjugates. Int ] Pharmacol 2011;7:874—9.

Zorofchian Moghadamtousi S, Abdul-Kabir H, Hassandarvish P, Tajik H,

Abubakr S, Zandi K. A review on antibacterial, antiviral, and antifungal activity

of curcumin. BioMed Res Int 2014. 2014.

Guimaraes MR, Garcia de Aquino S, Coimbra LS, Spolidorio LC, Kirkwood KL,

Rossa Jr C. Curcumin modulates the immune response associated with LPS-

induced periodontal disease in rats. Innate Immun 2012;18(1):155—63.

Lelli D, Sahebkar A, Johnston TP, Pedone C. Curcumin use in pulmonary dis-

eases: state of the art and future perspectives. Pharmacol Res 2017;115:

133—48.

[9

[10]
[11]
[12]
[13]

[14]

[15]

[16]

[17]

(18]

[19]
[20]
[21]

[22]

[23]

[25]

(28]

[29]

[30]

(31]

[32]

(33]

[34]

(35]

[36]

(371

(38]


http://refhub.elsevier.com/S2405-4577(21)00151-0/sref1
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref1
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref1
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref1
https://onlinelibrary.wiley.com/doi/full/10.1002/jmv.25766
https://onlinelibrary.wiley.com/doi/full/10.1002/jmv.25766
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref3
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref3
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref3
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref4
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref4
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref5
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref5
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref5
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref5
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref6
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref6
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref7
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref7
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref8
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref8
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref9
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref9
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref9
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref10
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref10
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref10
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref11
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref11
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref11
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref12
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref12
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref13
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref13
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref13
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref14
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref14
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref14
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref15
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref15
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref15
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref15
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref16
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref16
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref16
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref17
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref17
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref17
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref17
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref18
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref18
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref18
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref18
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref19
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref19
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref19
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref20
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref20
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref21
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref21
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref21
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref22
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref22
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref22
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref22
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref22
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref23
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref23
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref23
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref23
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref24
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref24
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref24
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref25
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref25
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref25
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref25
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref25
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref25
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref26
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref26
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref26
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref26
https://doi.org/10.1016/j.clnu.2020.02.033
https://doi.org/10.1177/2047487319880030
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref29
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref29
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref29
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref29
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref30
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref30
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref30
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref30
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref31
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref31
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref31
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref31
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref32
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref32
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref32
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref32
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref33
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref33
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref33
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref34
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref34
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref34
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref34
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref35
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref35
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref35
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref36
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref36
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref36
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref37
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref37
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref37
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref37
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref38
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref38
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref38
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref38

E Vahid and D. Rahmani

[39]

[40]

[41]

[42]

[43]
[44]

[45]

[46]

[47]
[48]
[49]
[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]
[62]

[63]

[64]

[65]

Jeena K, Liju VB, Kuttan R. Antioxidant, anti-inflammatory and antinociceptive
activities of essential oil from ginger. Indian ] Physiol Pharmacol 2013;57(1):
51-62.

Sivaraman K, Thankamani CK, Peter KV. Agronomy of ginger (zingiber offici-
nale rosc.). J. spices and Aromatic crops 1996;5(1):1-27.

Aimbire F, Penna SC, Rodrigues M, Rodrigues KC, Lopes-Martins RAB,
Sertié JAA. Effect of hydroalcoholic extract of Zingiber officinalis rhizomes on
LPS-induced rat airway hyperreactivity and lung inflammation. Prostagl
Leukot Essent Fat Acids 2007;77(3):129—38.

Chang JS, Wang KC, Yeh CF, Shieh DE, Chiang LC. Fresh ginger (Zingiber offi-
cinale) has anti-viral activity against human respiratory syncytial virus in
human respiratory tract cell lines. ] Ethnopharmacol 2013;145(1):146—51.
Harris JC, Cottrell SL, Plummer S, Lloyd D. Antimicrobial properties of Allium
sativum (garlic). Appl Microbiol Biotechnol 2001;57(3):282—6.
Corzo-Martinez M, Corzo N, Villamiel M. Biological properties of onions and
garlic. Trends Food Sci Technol 2007;18(12):609—25.

Mathieu SS, Bresnan KS, Garufi L, Hansen S. Does garlic use prevent and treat
viral upper respiratory infections in adults? Evidence-Based Practice
2018;21(9):58—-9.

Yue-Yue S, Xiao S, Zhong-Hua D, Zhong-Xi Z. [Research progress on protective
effects and mechanisms of garlic organosulfur compounds on respiratory
diseases]. Zhongguo Zhongyao Zazhi 2020;45(18):4324—31.

Rana SV, Pal R, Vaiphei K, Sharma KS, Ola RP. Garlic in health and disease. Nutr
Res Rev 2011;24(1):60—71.

Lissiman E, Bhasale AL, Cohen M. Garlic for the common cold. Cochrane
Database Syst Rev 2014;11.

Sharma N. Efficacy of garlic and onion against virus. Int J Res Pharm Sci
2019;10(4):3578—86.

Mehrbod P, Amini E, Tavassoti-Kheiri M. Antiviral activity of garlic extract on
Influenza virus. Iranian Journal of Virology 2009;3(1):19—23.

Tsai Y, Cole LL, Davis LE, Lockwood SJ, Simmons V, Wild GC. Antiviral prop-
erties of garlic: in vitro effects on influenza B, herpes simplex and coxsackie
viruses. Planta Med 1985;51(5):460—1.

Percival SS. Aged garlic extract modifies human
2016;146(2):433S—6S.

Wang D, Feng Y, Liu ], Yan J, Wang M, Sasaki ]I, et al. Black garlic (Allium
sativum) extracts enhance the immune system. Med Aromat Plant Sci Bio-
technol 2010;4(1):37—40.

Jeong YY, Ryu JH, Shin JH, Kang M], Kang JR, Han ], et al. Comparison of anti-
oxidant and anti-inflammatory effects between fresh and aged black garlic
extracts. Molecules 2016;21(4):430.

Pinto JT, Rivlin RS. Antiproliferative effects of allium derivatives from garlic.
J Nutr 2001;131(3):1058S—60S.

Marefati N, Eftekhar N, Kaveh M, Boskabadi ], Beheshti F, Boskabady MH. The
effect of Allium cepa extract on lung oxidant, antioxidant, and immunological
biomarkers in ovalbumin-sensitized rats. Med Princ Pract 2018;27(2):122—8.
Block E. Biological activity of allium compounds: recent results. IV interna-
tional symposium on edible alliaceae 688. 2004.

Naithani R, Huma LC, Holland LE, Shukla D, McCormick DL, Mehta RG, et al.
Antiviral activity of phytochemicals: a comprehensive review. Mini Rev Med
Chem 2008;8(11):1106—33.

Chiow KH, Phoon MC, Putti T, Tan BKH, Chow VT. Evaluation of antiviral ac-
tivities of Houttuynia cordata Thunb. extract, quercetin, quercetrin and
cinanserin on murine coronavirus and dengue virus infection. Asian Pacific
journal of tropical medicine 2016;9(1):1-7.

Ganesan S, Faris AN, Comstock AT, Wang Q, Nanua S, Hershenson MB, et al.
Quercetin inhibits rhinovirus replication in vitro and in vivo. Antivir Res
2012;94(3):258-71.

Calland N, Dubuisson ], Rouillé Y, Séron K. Hepatitis C virus and natural
compounds: a new antiviral approach? Viruses 2012;4(10):2197—-217.
Jariwalla R], Harakeh S. Antiviral and immunomodulatory activities of ascorbic
acid. In: Subcellular biochemistry. Springer; 1996. p. 215—31.
Wannamethee SG, Lowe GDO, Rumley A, Bruckdorfer KR, Whincup PH. As-
sociations of vitamin C status, fruit and vegetable intakes, and markers of
inflammation and hemostasis. Am ] Clin Nutr 2006;83(3):567—74.

Jacob K, Periago M], Bohm V, Berruezo GR. Influence of lycopene and vitamin C
from tomato juice on biomarkers of oxidative stress and inflammation. Br ]
Nutr 2007;99(1):137—46.

Vrijsen R, Everaert L, Boeyé A. Antiviral activity of flavones and potentiation
by ascorbate. ] Gen Virol 1988;69(7):1749—51.

immunity. ] Nutr

15

[66]

[67]
[68]
[69]

[70]

[71]

[72]
(73]
[74]
[75]
[76]
(771

[78]

(791

(80]
(81]
[82]
(83]

[84]
(85]

(86]

(871

[88]

[89]

[90]

[91]

[92]

[93]

Clinical Nutrition ESPEN 43 (2021) 9—15

Jariwalla R], Harakeh S. Antiviral and immunomodulatory activities of ascorbic
acid. In: Harris JR, editor. Subcellular biochemistry: ascorbic acid: biochem-
istry and biomedical cell biology. Boston, MA: Springer US; 1996. p. 215—-31.
Traber MG, Stevens JF. Vitamins C and E: beneficial effects from a mechanistic
perspective. Free Radical Biol Med 2011;51(5):1000—13.

Bartley ]. Vitamin D, innate immunity and upper respiratory tract infection.
J Laryngol Otol 2010;124(5):465-9.

Hughes DA, Norton R. Vitamin D and respiratory health. Clin Exp Immunol
2009;158(1):20—-5.

Charan J, Goyal JP, Saxena D, Yadav P. Vitamin D for prevention of respiratory
tract infections: a systematic review and meta-analysis. ] Pharmacol Pharmac-
other 2012;3(4):300—3.

Moradzadeh K, Larijani B, Keshtkar AA, Hossein-Nezhad A, Rajabian R,
Nabipour I, et al. Normative values of vitamin D among Iranian population: a
population based study. International Journal of Osteoporosis and Metabolic
Disorders 2008;1(1):8—15.

van Schoor N, Lips P. Chapter 59 - worldwide vitamin D status. In: Feldman D,
editor. Vitamin D (fourth edition). Academic Press; 2018. p. 15—40.

Forrest KY, Stuhldreher WL. Prevalence and correlates of vitamin D deficiency
in US adults. Nutr Res (NY) 2011;31(1):48—54.

Holick MF, Chen TC. Vitamin D deficiency: a worldwide problem with health
consequences. Am ] Clin Nutr 2008;87(4):1080S—6S.

Guillot X, Semerano L, Saidenberg-Kermanac’h N, Falgarone G, Boissier MC.
Vitamin D and inflammation. Joint Bone Spine 2010;77(6):552—7.

Cannell JJ, Grant WB, Holick MF. Vitamin D and inflammation. Derm Endo-
crinol 2014;6(1):e983401.

Hewison M. An update on vitamin D and human immunity. Clin Endocrinol
2012;76(3):315—25.

Bitetto D, Fabris C, Fornasiere E, Pipan C, Fumolo E, Cussigh A, et al. Vitamin D
supplementation improves response to antiviral treatment for recurrent
hepatitis C. Transpl Int 2011;24(1):43—-50.

Leow L, Simpson T, Cursons R, Karalus N, Hancox JR. Vitamin D, innate im-
munity and outcomes in community acquired pneumonia. Respirology
2011;16(4):611—-6.

Prasad AS. Zinc: role in immunity, oxidative stress and chronic inflammation.
Curr Opin Clin Nutr Metab Care 2009;12(6):646—52.

Prasad AS. Zinc and immunity. In: Molecular and cellular effects of nutrition
on disease processes. Boston, MA: Springer US; 1998. p. 63—9.

Powell SR. The antioxidant properties of zinc. ] Nutr 2000;130(5):1447S—54S.
Chang JS, Wang KC, Yeh CF, Shieh DE, Chiang LC. Fresh ginger (Zingiber offi-
cinale) has anti-viral activity against human respiratory syncytial virus in
human respiratory tract cell lines. ] Ethnopharmacol 2013;145(1):146—51.
Prasad AS, Bao B, Beck FW], Kucuk O, Sarkar FH. Antioxidant effect of zinc in
humans. Free Radic Biol Med 2004;37(8):1182—90.

Mori TA, Beilin LJ. Omega-3 fatty acids and inflammation. Curr Atherosclerosis
Rep 2004;6(6):461—7.

Yan Y, Jiang W, Spinetti T, Tardivel A, Castillo R, Bourquin C, et al. Omega-3
fatty acids prevent inflammation and Metabolic disorder through inhibition of
NLRP3 inflammasome activation. Immunity 2013;38(6):1154—63.

Mance TC, Kovacevi¢ D, Alpeza-Dunato Z, Stroligo MN, Brumini G. The role
of omega6 to omega3 ratio in development and progression of age-related
macular degeneration. Coll Antropol 2011;35(Suppl 2):307—10.

Noori N, Dukkipati R, Kovesdy CP, Sim ]J, Feroze U, Murali SB, et al. Dietary
omega-3 fatty acid, ratio of omega-6 to omega-3 intake, inflammation, and
survival in long-term hemodialysis patients. Am ] Kidney Dis 2011;58(2):
248-56.

Rice TW, Wheeler AP, Thompson BT, deBoisblanc BP, Steingrub J, Rock P, et al.
Enteral omega-3 fatty acid, gamma-linolenic acid, and antioxidant supple-
mentation in acute lung injury. Jama 2011;306(14):1574—81.

Miyata J, Arita M. Role of omega-3 fatty acids and their metabolites in asthma
and allergic diseases. Allergol Int 2015;64(1):27—34.

Brigham EP, Woo H, McCormack M, Rice ], Koehler K, Vulcain T, et al. Omega-3
and omega-6 intake modifies asthma severity and response to indoor air
pollution in children. Am ] Respir Crit Care Med 2019;199(12):1478—86.
Rice TW, Wheeler AP, Thompson BT, deBoisblanc BP, Steingrub ], Rock P, et al.
Enteral omega-3 fatty acid, y-linolenic acid, and antioxidant supplementation
in acute lung injury. ] Am Med Assoc 2011;306(14):1574—81.

Broekhuizen R, Wouters EFM, Creutzberg EC, Weling-Scheepers CAPM,
Schols AMW]J. Polyunsaturated fatty acids improve exercise capacity in
chronic obstructive pulmonary disease. Thorax 2005;60(5):376—82.


http://refhub.elsevier.com/S2405-4577(21)00151-0/sref39
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref39
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref39
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref39
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref40
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref40
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref40
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref41
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref41
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref41
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref41
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref41
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref41
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref42
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref42
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref42
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref42
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref44
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref44
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref44
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref45
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref45
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref45
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref46
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref46
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref46
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref46
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref47
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref47
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref47
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref47
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref48
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref48
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref48
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref49
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref49
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref50
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref50
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref50
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref51
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref51
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref51
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref52
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref52
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref52
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref52
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref53
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref53
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref53
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref54
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref54
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref54
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref54
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref55
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref55
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref55
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref56
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref56
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref56
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref57
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref57
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref57
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref57
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref58
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref58
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref59
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref59
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref59
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref59
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref60
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref60
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref60
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref60
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref60
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref61
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref61
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref61
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref61
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref62
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref62
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref62
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref62
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref62
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref64
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref64
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref64
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref65
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref65
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref65
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref65
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref66
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref66
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref66
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref66
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref66
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref67
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref67
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref67
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref67
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref68
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref68
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref68
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref68
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref69
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref69
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref69
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref70
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref70
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref70
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref71
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref71
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref71
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref72
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref72
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref72
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref72
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref73
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref73
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref73
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref73
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref73
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref74
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref74
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref74
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref75
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref75
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref75
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref76
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref76
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref76
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref77
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref77
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref77
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref78
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref78
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref79
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref79
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref79
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref80
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref80
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref80
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref80
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref81
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref81
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref81
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref81
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref82
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref82
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref82
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref83
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref83
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref83
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref84
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref84
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref85
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref85
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref85
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref85
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref86
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref86
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref86
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref87
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref87
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref87
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref88
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref88
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref88
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref88
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref89
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref89
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref89
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref89
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref89
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref90
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref90
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref90
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref90
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref90
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref91
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref91
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref91
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref91
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref92
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref92
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref92
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref93
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref93
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref93
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref93
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref94
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref94
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref94
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref94
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref95
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref95
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref95
http://refhub.elsevier.com/S2405-4577(21)00151-0/sref95

	Can an anti-inflammatory diet be effective in preventing or treating viral respiratory diseases? A systematic narrative review
	1. Introduction
	2. Methods
	2.1. Search keywords and strategy

	3. Based on systematic research, the following are some crucial compounds of the anti-inflammatory diet (based on the DII) and ...
	3.1. Food items
	3.1.1. Turmeric
	3.1.2. Ginger
	3.1.3. Garlic
	3.1.4. Onion

	3.2. Micronutrients
	3.2.1. Vitamin C
	3.2.2. Vitamin D
	3.2.3. Zinc
	3.2.4. Omega 3 fatty acids


	4. Discussion
	5. Conclusion
	Ethics approval and consent to participate
	Consent for publication
	Availability of data and materials
	Funding
	Authors’ contributions
	Declaration of competing interest
	Acknowledgments
	References


