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Abstract

The severe acute respiratory syndrome is a viral respiratory infection and commonly called as COVID-19, caused by severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2). It widely transmitted through direct or indirect contact. Currently, no
specific treatment against SARS-CoV-2 are available; only prevention and supportive strategy are the preventive measures.
The present review emphasizes the latest research related to COVID-19 and SARS-CoV-2 virus as well as the current status of
potential inhibitors identified. Recent interest in SARS-CoV-2 has focused on transmission, symptoms, structure, and its struc-
tural proteins that exhibit promising therapeutics targets for rapid identification of potential inhibitors. The quick identification of
potential inhibitors and immune-boosting functional food ingredients are crucial to combat this pandemic disease. We also tried
to give an overview of the functional food components as a nutritional supplement, which helps in boosting our immune system
and could be useful in preventing the COVID-19 and/or to improve the outcome during therapy.
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Introduction

In December 2019, a pandemic outbreak of coronavirus dis-
ease (COVID-19) occurred, it is a global health emergency
caused by novel coronavirus 2019-nCoV. According to the
reports, COVID-19 is emerged from China, giving health
threat to the public around the globe since December 2019
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[1, 2]. COVID-19 is a severe respiratory infectious disease
which transmitted from human to human through respiratory
droplets; it also spreads through airborne droplets and by the
direct contacts of peoples [3, 4]. Individuals exposed to
SARS-CoV-2 infection may require 1 to 14 days before de-
veloping symptoms or may remain asymptomatic [5]. The
most common symptoms of COVID-19 are fever (91%),
tiredness (73%), dry cough (52%) [6] although this disease
can be severe and even fatal. COVID-19 has posed a high risk
to global public health. According to the weekly epidemiolog-
ical update of the World Health Organization, 30,675,675
cases have confirmed, and 954,417 death globally. The coro-
navirus is affecting more than 200 countries and territories
around the world, Americas (15,466,584 cases and 527,837
deaths), South-East Asia (6,073,462 cases and 101,700
deaths), Europe (5,195,853 cases and 229,802 deaths),
Eastern Mediterranean (2,215,733 cases and 57,641 deaths),
Africa (1,145,397 cases and 24,757 deaths), Western Pacific
(577,905 cases and 12,667 deaths), are infected region glob-
ally, as of 20 September 2020 [7]. In the International
Committee on Taxonomy (ICT) of Viruses, a research group
called Coronaviridae Study Group (CSG), which has
established for the classification of virus and taxon nomencla-
ture. This group recognized this new type of virus as a severe
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acute respiratory syndrome-related coronavirus (SARS-CoV-
2), previously it was termed as 2019 novel coronavirus (2019-
nCoV) [8].

Due to this new emerging COVID-19, currently, there is no
specific antiviral drugs or vaccines, and no specific monoclo-
nal antibodies are available for its therapeutics purpose. As the
disease spreads, efforts are being made to decrease its spread
through available public health interventions based on the
isolation, quarantine of patients and tracing of contacts and
travelling history. Antiviral drugs and cocktail of anti-malaria,
anti-swine flu, and anti-HIV drugs managed in a while can
reduce its infectiousness till the onset of next symptom; this
may protect other people by decreasing virus shedding fre-
quency in the respiratory secretions of patients. Several ther-
apeutic possibilities and supportive systems are available for
the treatment of COVID-19 are based on the previously ap-
plied treatment in SARS-CoV and MERS-CoV.

As the cases of COVID-19 infections rising continuously,
a healthy lifestyle along with the daily hygienic precautions
such as washing hands, social distancing, exercising and
getting enough sleep are some essential factors which help
in the declined risk of infection. Intake of a healthy diet will
help to boost our immune system is also a favorable step to
combat this pandemic disease. It is important to note that no
research has evidenced the role of food substituent in fight-
ing, specifically against the COVID-19 infection. However,
some previous studies have found that certain functional
foods intake can improve our health and supports our body
to fight against certain invasive viruses. The immune system
plays an essential role in the protection of the host body from
infectious agents that exist in the environment (bacteria, vi-
ruses, fungi, parasites) and from other noxious insults. As
role of functional food in the strengthening of our immune
system has been marked, frame and focus of research have
been shifted towards the designing of new functional foods
which boost our immunity. In this review, we have explained
the transmission, symptoms, structure of SARS-CoV-2 and
characteristics of the structure protein targets which suggest
its promising therapeutic target and can be used to identify
and develop a potential inhibitor and diet functional compo-
nent in the management of COVID-19 caused by SARS-
CoV-2.

Transmission of COVID-19

Coronavirus disease 2019 (COVID-19) is a pneumonia-like
respiratory disorder caused by a novel coronavirus (also
known as severe acute respiratory syndrome coronavirus 2,
or SARS-CoV-2). The transmission of this severe respiratory
infection occurs mainly by direct contact between person to
person through respiratory droplets, and it can also be trans-
mitted through airborne droplets [3, 4]. China health officials
have approved some evidences of its lateral chain
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transmission and suggest sustained human-to-human trans-
mission by involving four “generations” (where a primary
human source of SARS CoV-2 virus has affected another
individual, who then act as carriers and transmit the infection
to several other individuals) [9, 10]. The respiratory droplet
transmission occurs when potentially infective droplets of a
patient with respiratory symptoms come in close contact
(within 1 m) with a healthy person then their coughs or
sneezes enhances the risk of infection to that person.
Therefore, the spread of COVID-19 virus is possible through
direct contact with infected people and by indirect contact
with the surfaces of the immediate environment or with for-
eign objects used by the infected person [11].

Symptoms of COVID-19

The person infected with COVID-19 may be sick with
SARS-CoV-2 form 1 to 14 days before developing symp-
toms [5]. The most common and mild symptoms of corona-
virus disease (COVID-19) are high body temperature or fe-
ver, tiredness, and dry cough with a rate of expression of 91,
73 and 52%, respectively [6]. In some patients, other uncom-
mon symptoms like aches and pains, nasal congestion, runny
nose, sore throat or diarrhoea have also been observed.
Although, disturbed consciousness, headaches and paraes-
thesia are also seen in COVID-19 patients, the genome se-
quencing analysis of cerebrospinal fluid revealed the pres-
ence of SARS CoV-2 virus in the COVID-19 positive pa-
tients. The pathology of coronavirus invasion is still un-
known but it causes direct injury or indirect injury like hyp-
oxia injury, immune injury and other injuries to the immune
system. These injuries lead to infectious toxic encephalopa-
thy, viral encephalitis, and acute cerebrovascular disease
which take the patient into more severe stage [12].
According to the severity of COVID-19 infection, some pa-
tients require admission to an intensive care unit (ICU), in
which the recovery rate is about 80% without requiring any
special treatment [6]. More rarely, the disease can be severe
and even fatal. Older people and the peoples who have other
medical problems (such as asthma, diabetes, or heart disease)
are more susceptible to becoming severely ill [13, 14].

Structure of SARS-CoV-2

Coronaviruses (SARS-CoV-2) is a member of family
Coronaviridae, from order Nidovirales, and the genus
is Beta coronavirus [8]. It is the seventh coronavirus
known to infect humans in which viruses like SARS-
CoV-2, SARS-CoV, and MERS-CoV are known to
cause severe disease, whereas HKUI1, NL63, OC43
and 229E are known to cause disease with mild symp-
toms [15]. The coronavirus name was derived from the
Latin word “corona” which means “crown” depicting
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the crown-like structure of the viral particle.
Morphologically, coronaviruses have non-segmented
positive-sense, single-stranded ribonucleic acid (ssRNA)
enveloped by structural proteins. The surface of this
virus is associated with the club-shaped protein called
spikes observed under the two-dimensional transmission
electron microscopy [16]. Coronavirus has the largest
genome size among all known RNA viruses, and
SARS-CoV-2 sizes vary from 29.8 to 29.9 (kb) in
length [17, 18]. The SARS-CoV-2 genome is composed
of four major structural proteins (Fig. 1), non-structural
proteins and some other additional proteins which are
essential to produce a structurally whole viral particle
and also required for host cell entry, and subsequent
viral replication causes coronavirus disease 2019 [19].

Structural Proteins

The details of SARS-CoV-2 viral particles contain four main
structural proteins as spike (S) protein, nucleocapsid (N) pro-
tein, membrane (M) protein, and the envelope (E) protein [4,
19, 20].

Spike (S) Protein

SARS-CoV-2 is known as coronavirus, which has covered
their outer membrane surface with a crown-like spikes protein.
Initial work has focused on these spike proteins of SARS-
CoV-2 because they have to play an essential role in the re-
ceptor host recognition, cellular attachment and entry to the
host cells. To form the distinctive “corona”, or crown-like
appearance spike proteins assembled into homo-trimeric units
on the virion surface [21]. The spike proteins contain two
domains: an N-terminal domain denoted as S1, is responsible
for receptor binding, and a C-terminal called S2 domain which
is accountable for the fusion of the viral and cellular

Fig. 1 Structure of SARS-CoV-2

membranes to transfer the virus into the host body [22]. This
Spike protein facilitates the invasion of SARS-CoV-2 to the
host body via attachment mediated by the receptor-binding
domain (RBD) located on head of S1 to an angiotensin-
converting enzyme 2 (ACE2) receptor protein present on the
membrane surface of host cells [23].

Nucleocapsid (N) Protein

SARS-CoV-2 nucleocapsid (N) protein plays a significant
role in the virus replication cycle, modulating the host cell
metabolism and self-assembly to form mature viral particle
[24]. The primary function of nucleocapsid protein is to en-
close 30 kb 5'-capped single positive-strand viral genome
RNA molecule, into the ribonucleoprotein (RNP) complex
which is also known as capsid on N-terminal domain (N-
NTD) [25]. Virus self-assembly is a fundamental part of the
packaging of its protein forming Ribonucleocapsid complex.
In addition to this function, the nucleocapsid protein of the
coronavirus found to serve as regulatory roles in host cell life
cycle and modulate the cellular machinery of a host [26].
Crystal structure of SARS-CoV-2 nucleocapsid (N) protein
N-terminal domain (N-NTD), show the specific target sites
which can help to identify the potential inhibitors for SARS-
CoV-2 nucleocapsid protein.

Membrane (M) Protein

SARS-CoV-2 membrane (M) protein has three surface trans-
membrane domains, and its structure helps to provide flexibil-
ity in the viral membrane curvature, which further binds to the
nucleocapsid protein [27]. However, there is still not known
about the crystal structure of SARS-CoV-2 membrane (M)
protein. It is the most abundant viral protein and has a signif-
icant role in infection and the assembly of mature virus parti-
cles [28].

___—~ Spike Glycoprotein (S)
Nucleoprotein (N)
Membrane Protein (M)

Genomic RNA
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Envelope (E) Protein

SARS-CoV-2 envelope (E) protein is situated near the spike
(S) protein and reported to oligomerize and form ion channels
[29]. In contrast, envelope protein has an essential role in the
assembly of the mature viral particles [30]. This enveloped
protein comprised short hydrophilic terminal followed by
the large hydrophobic transmembrane domain and terminates
with long hydrophilic carboxyl end belong to SARS-CoV-2
virus of the Coronaviridae family [18].

Diagnostic of COVID-19

COVID-19 diagnostic comprises examining samples that in-
dicate the presence or absence of SARS-CoV-2. The two
broad categories of diagnoses are, a viral test for the current
infection through polymerase chain reaction (PCR) and anti-
gen detection in the nasopharyngeal swab, or antibody test for
the past presence of the virus through antibody detection in
serum [31].

Viral Test Polymerase chain reaction (PCR) tests are mainly
used for direct detection of virus present in the sample by a
real-time reverse transcription-polymerase chain reaction
(RT-PCR) which is said to be ‘gold standard’ or confirmatory
test or frontline test for COVID-19. RT-PCR is a qualitative
test performed for the detection of a viral nucleic acid of
SARS-CoV-2 in the sample specimens (where nasal, naso-
pharyngeal or oropharyngeal swabs, sputum are categorized
as upper respiratory sample specimens and lower respiratory
tract are the aspirates, bronchoalveolar lavage, and nasopha-
ryngeal wash/aspirate or nasal aspirate) collected from the
suspected individuals of COVID-19 [32].

Antibody Test It is also known as serological tests and used to
find out the presence of an antibody, which are specific pro-
teins made in response to SARS-CoV-2 infections in our body
[33]. An antibody detection may not be able to display if
individuals suspected have a current infection, because it can
take 1-3 weeks after infection to make antibodies. Antibodies
are immunoglobulin proteins that help to fight off COVID-19
infections and generally provides protection against the dis-
ease in future.

Recent Therapeutics Strategies for COVID-19

The foremost universal strategy to hold the infection is a
“lockdown” approach to breaking a chain reaction of the
virus comes in contact with healthy individuals. Although
more than a million individuals globally remain confirmed
to stay infected with COVID-19, there is not a proven drug
or vaccine available yet to control this pandemic situation.
In COVID-19, SARS-CoV-2 attacks and dysfunctions
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multiple organs such as lungs, heart, intestine and blood
vessels. In severe infection, this virus evades through the
respiratory mucosa and target other cells present in the lin-
ing of lungs, inducing respiratory distress which produces
cytokine storm systemically and this condition causes a
decrease in oxygen levels in the blood and finally to death
[34, 35]. Consequently, timely detection and appropriate
treatment of severe cases are of critical importance.
Treatment of acute and life-threatening infection of
SARS-CoV-2 is accompanied by suggestive therapy and
ventilation care in hospital. No antiviral treatment and clin-
ical trial data are supporting for its cure, and more than a
hundred active clinical trials are still going on. The antiviral
drugs that identified from the previous clinical experience
of managing this severe acute respiratory syndrome and
other virus infection have been used against the confirmed
patients of COVID-19. Several possible treatment thera-
pies, including supportive intervention, antiviral drug,
anti-malarial drugs, anticoagulants immune-modulatory
agents, nutritional supportive care and convalescent plasma
transfusion, have been tentatively applied in the clinical
therapy [36]. However, a number of these therapies have
provided significant therapeutic benefits in the manage-
ment of SARS-CoV-2 infection (Table 1).

Functional Foods to Boost the Immune System

Functional foods are defined as “the dietary items that are
modulated to perform one or more targeted functions in the
body”, so besides providing nutrients and energy, they also
provide their benefits in the diet during effective treatment
in the diseases by enhancing the physiological response
and/or reducing the risk of disease [54]. Many functional
foods and components are naturally occurring compound
scientifically described to have immune-boosting proper-
ties [55]. These natural compounds do not participate in
the direct inhibition response against coronavirus, but com-
plete immunity plays an essential role in preventive defence
against COVID-19. Studies have reported the use of many
prebiotics, probiotics, and ayurvedic products as natural
targets which boost immune response. These products re-
duce the stress level of the body and strengthen the immune
response in our body. These functional food components,
including the probiotics and micronutrient supplement,
helps to maintain the gut healthy by maintaining the micro-
flora and bacterial colonies, claim to immune-boosting
properties (Table 2). The functional food compounds, in-
cluding food ingredients or whole foods, have immune-
enhancing features. Micronutrients, probiotics, flavonoids,
carotenoids and herbs have been reported beneficial to im-
mune health. Spices like turmeric, cumin, coriander and
garlic are also recommended in cooking for boosting the
immune system. These spices are seen as health promoters
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Table 1 Possible synthetic inhibitors for the management of COVID —19

S.  Drug Target Action Reference
No.

1. Chloroquine/Chloroquine sulphate/ ACE2 Chloroquine rises the endosomal pH required for virus/cell fusion, [37-39]

Hydroxychloroquine/ Chloroquine
phosphate

as well as interfering with the glycosylation of cellular receptors of
SARS-CoV-2. Efficacy against COVID-19 pneumonia might be due to

both antiviral and anti-inflammatory properties.

2. Remdesivir

RNA Dependent A nucleoside analogue which incorporates into the nascent viral RNA  [37]

RNA chains and results in premature termination.
Polymerase
3. Fedratinib JAK?2 inhibitor =~ TH17 type reaction play role to the cytokine storm in pulmonary viral ~ [40]
infection which outcomes in tissue damage and probable promotes
pulmonary edema including SARS-CoV-2 infection,
whereas JAK?2 inhibitor Fedratinib can suppress the production of
TH17 signature cytokines (IL6).
4.  Losartan and Telmisartan Angiotensin ACE2 is a binding site for SARS-CoV-2, indicating that angiotensin [41]
receptor 1 receptor blockers could be a therapeutic strategy for SARS-CoV-2
(ATIR) infections.
Lopinavir and Ritonavir Lopinavir-ritonavir treatment reduce mortality with serious COVID-19. [42, 43]
rhACE2 ACE2 blocker ~ Recombinant Human Angiotensin-Converting Enzyme-2 (thACE2) is  [44, 45]
bound to SARS-CoV-2 Spike-protein, thus protects host lungs from
virus attack.
7.  Baricitinib JAK inhibitor Baricitinib attenuates pro-inflammatory response by constraining JAK ~ [46]

and blocks virus entering into the host cells through inhibiting JAK1
and JAK2.

8. Favipiravir RNA-dependent

RNA
polymerase
9.  Elbasvir Main protease
ase.

10. Azithromycin CD147

Patients taking the azithromycin combination with hydroxychloroquine

Favipiravir is a novel RNA-dependent RNA polymerase (RdRp) inhibitor [47, 48]
which has faster viral clearance and better chest imaging change.

Identified to have inhibitory activities against SARS-CoV-2 main prote- [49]

[50, 51]

were virologically cured within six days of treatment.

11.  Tocilizumab IL-6 receptor

Tocilizumab is a humanized recombinant monoclonal antibody that acts [52]

as an IL-6 receptor antagonist.

Glucocorticoid
receptor

12.  Dexamethasone

Dexamethasone effectively alleviated the pulmonary inflammatory [53]
reaction.

as they promote monoamine and gamma-aminobutyric acid
neurotransmission, which are essential part of the nutrition
[56]. Some studies have also suggested the essential need to
develop specific nutrient-based functional foods which may
play a vital role in fighting against metabolic disorders,
infection or diseases [57].

Micronutrients, including vitamins and minerals, are the
biological or biochemical compounds required in relatively
small quantities or in trace amount where they participate in
the metabolic reactions and essential biochemical pathways.
The deficiency of such compounds leads to disturbance in the
function in our body, which results in the weakening of host
immune response [58]. A study reported the deficiency of
micronutrient Selenium (Se) marked by a reduction in im-
mune function [59]. Selenium supplementation has known
for its immune-stimulant effect, which includes enhancement
of activated T cells (cytotoxic lymphocytes) and an NK-cell
activity [60]. Destruction of sensory cells by SARS-CoV in
oral mucosa might be the cause of parageusia. Chelation of
zinc through immune mechanisms results in the alteration of

zinc homeostasis in oral gustatory cells. This mechanism may
result in the taste disturbances as observed by zinc insufficien-
cy [61]. Thus, Zinc supplementation could also play an im-
portant role in prophylaxis and the treatment of COVID-19
[62, 63]. The blood sample reports of COVID-19 positive
patients showed greater alteration in parameters like creati-
nine, neutrophil count and blood urea. They also indicated
elevated concentration of pro-inflammatory cytokines IL-6,
and TNF-a. Moreover, oxidative stress may cause an altered
lung immune response, which leads to severe lung infections.
The dietary supplements are rich source of flavonoids, anti-
oxidants, polyphenols which helps in boost the immune sys-
tem [64—66]. Golden milk is a milk-based drink (half teaspoon
turmeric powder in 150 ml hot milk) - once or twice a day is
said to be an immunity booster. Haridra (Curcuma longa
Linn.), i.e., turmeric has an active constituent of curcumin
which blocks cytokine release, has most notably key pro-
inflammatory cytokines, interleukin-1, interleukin-6 and tu-
mour necrosis factor-cy, which is advisable to take with milk.
The suppression of cytokine release by curcumin correlates
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Table 2  Functional food ingredients reported boosting immune health

S. No. Major food ingredient Mechanism of immune-boosting Reference
1. Micronutrients (Selenium) Effect immunostimulant activities. [60, 74]
2. Probiotics Modulate the immune system [75]

3. Vitamin A, C, E Prevent damage to the immune cells (antioxidant). [55]

4. Vitamin D supplements Reducing the risk of respiratory tract infections by COVID-19. [71]

5. Omega-3 fatty acids supplements Reduce COVID-19 severity and recovery of patients infected with SARS-CoV-2 [68]

(EPA and DHA)

6. Flavonoids Modulate the immune system (antioxidant and anti-inflammation properties). [76, 77]
7. Carotenoids Regulate immune function (antioxidant, gene regulation and apoptosis). [78]

8. Herbs Stimulate immune response. [79]

9. Curcumin Anti-inflammatory compound. [80]

10. Highly viscous polysaccharide Immunomodulatory properties. [81]

11. Dry biofortified phytoactive-protein Immunoprotective compound. [82]

12. Tea components Anti-influenza virus activity. [83]

with clinical improvement in experimental models of flu and
infectious diseases. It can be compared with COVID-19,
where a cytokine storm plays a significant role in the mortality
[67]. Although, higher consumption of omega-3 fatty acids
has evidenced the reduced inflammation induced immune re-
sponse. According to a study, eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) have shown their potential
in reducing the oxygen saturation, treatment days, need for the
ventilators and also the rate of mortality [68]. Prebiotics are
the food supplements ingredients which are composed of ol-
igosaccharide that are not digestible by the host health during
selective stimulation of the growth and activity of gut micro-
biota. Probiotics interact with the host system and gives
strength and resistance in the body through microbiota resid-
ing in our body with a commensal relationship. The role of
probiotics in immune-boosting is supposed to be achieved by
the indirect stimulation of cytokine production and modula-
tion in gastrointestinal function. Probiotic bacteria can interact
with our gut microbiome to reinforce our immune system,
increase the immune response system and promote the specif-
ic immune signalling with several physiological and clinical
importance [69].

Some vitamins like vitamin A, C, E, flavonoids and
carotenoids are readily available in diet and works as an
antioxidant for scavenging the oxidative free radicals.
Vitamin D supplement was safe in preventing acute re-
spiratory tract infections and influenza [70, 71]. Some
naturally occurring functional food compounds, such as
flavonoids and carotenoids have been reported as a po-
tent antioxidant and anti-inflammatory agents, which
helps to strengthen the immune system [72]. The two
fundamental immune-boosting properties associated with
fruit and vegetables are antioxidant and anti-inflamma-
tion, which are considered to be useful biomarkers for
the assessment of human health [73].
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Conclusion

The COVID-19 outbreak spread rapidly worldwide and is
an unprecedented crisis for public health. Fighting with
current pandemic needs is to take steps for its infection
and spread reduction from person to person. However,
COVID-19 transmission among the population can be re-
duced by taking preventive measures. In conclusion, we
follow government guidelines and advisories strictly, to
clean nearby, regular hand wash, use of mask and main-
tain social distancing protocol, these things can break the
COVID-19 spreading chain and prevent the people from
this disease. Lastly, stay at home, stay live and stay aware
of daily information on COVID-19 outbreak, issued by
the national, state and local public health authority. New
drug discovery and drug repurposing against SARS-CoV-
2 is a challenging task but is essential according to the
current scenario. Thus, antiviral drug and vaccine devel-
opment is necessary to counter this pandemic situation.
However, immune-boosting is also another strategy to
fight against this disease. Therefore, micronutrients, func-
tional food ingredients like probiotics, herbs, flavonoids,
and carotenoids can be considered as natural immune-
booster foods. These innovative immune-boosting func-
tional foods fortified with bioactive compounds and anti-
oxidants boost up the immune system. Finally, under-
standing of structural protein of SARS-CoV-2 may be
possibly useful in developing promising therapeutic drugs
for COVID-19.
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