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Covid-19 pandemic and food: present knowledge, risks, consumersfearsand safety

Aleksandra Duda-Chodak, Marcin Lukasiewicz*,
Gabriela Zig¢¢, Adam Florkiewicz, Agnieszka Filipiak-Florkiewicz

Abstract
Background:

COVID-19 is a pandemic disease that has paralyzed socia life and the economy around
the world since the end of 2019, and which has so far killed nearly 300,000 people. The
rapidity of its spread and the lack of detailed research on the course and methods of
transmission significantly impede both its eradication and prevention.

Scope and approach:

Due to the high transmission rate and fatality resulting from COVID-19 disease, the
paper focus on analyzing the current state of knowledge about SARS-CoV-2 aswell asits
potential connection with food as a source of pathogen and infection.

Key findings and conclusions:

There is currently no evidence (scientific publications, WHO, EFSA etc.) that COVID-19
disease can spread directly through food and the human digestive system. However,
according to the hypothesis regarding the primary transmission of the virus, the source of
which was food of animal origin (meat of wild animals), as well as the fact that food is a
basic necessity for humans, it is worth emphasizing that food can, if not directly can be a
carrier of the virus. Particular attention should be paid to this indirect pathway when
considering the potential for the spread of an epidemic and the development of prevention
principles.

Keywords:
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1. The pandemic outbreak — introduction

Viral diseases have plagued Earth since befora#wen of civilization, but only in the
last century have technological advances led twaaacterization of the etiological agents and
their epidemiology (Cook, 2013). Coronaviruses (€p¥re one of the major pathogens that
primarily target the human respiratory system. nev outbreaks of coronavirus diseases
include severe acute respiratory syndrome (SARS$) Mmddle East respiratory syndrome
(MERS) (Rothan & Byrareddy, 2020). In 2002 SARSeuwtfon was confirmed in 8,098
individuals, 774 patients died. The epicenter & thsease was Guangdong, China, from
where it spread internationally to more than tweteentries (Arshad Ali et al., 2020). Two
MERS outbreaks took place, the first epidemic in20aused a total of 2,494 cases with 858
deaths (Arshad Ali et al., 2020), while the second in 2017 had 2,037 laboratory-confirmed
infection cases and 710 deaths (J. Zhou et al.7)20MERS demonstrated clinical features
similar to SARS with prominent gastrointestinal toms and acute kidney failure. It has
been reported that up to 20% of MERS cases coutbsidered as primary infections due to
contact with camels. Camels infected by MERS coromna (MERS-CoV), especially
juvenile camels, were found to shed a large amotithe virus from the upper respiratory
tract. Camel milk may also have played a role mthus transmission; as MERS-CoV can
survive in camel milk for a prolonged period, trensumption of unpasteurized camel milk
was found to be a source of infection in some MEpR&ents (J. Zhou et al., 2017).

At the end of December 2019 patients with pneumafiaunknown etiology were
admitted to Wuhan hospital, then reported to then€de Center for Disease Control and
Prevention and to the World Health Organization @JHCountry Office in China (Arshad

Ali et al., 2020). As infection was caused by aoo@avirus it was provisionally called the
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Wuhan virus, and then 2019 novel coronavirus (20€8V). On 11" February 2020, the
International Committee on Taxonomy of Viruses &8O announced an official name,
which was coronavirus disease 2019 (COVID-19), avitiie pathogen acquired the name
severe acute respiratory syndrome coronavirus R&Eo0V-2).

So far this disease has spread rapidly from Wufiest,to other Chinese districts, and
then to221 216 countries worldwidédronavirus Disease (COVID-2019) Situation Report -
173 2020; D. Wu et al., 2020). The chronology of COM9 infections is as follows. The
first cases were reported in December 2019. Froffi D8cember 2019 through 29
December 2019, five patients were hospitalized aihte respiratory distress syndrome and
one of these patients died (H. Lu, 2020). BYJanuary 2020, 41 patients admitted to hospital
had been identified as having laboratory-confirn®@\VID-19 infection. As of 2% January
2020, a total of 571 cases of the 2019 novel cotioms were reported in 25 provinces in
China (H. Lu, 2020). As of 3bJanuary 2020, 7,734 cases had been confirmediimaGnd
90 other cases had also been reported from othetroes that included Taiwan, Thailand,

Vietnam, Malaysia, Nepal, Sri Lanka, Cambodia, daj@ingapore, the Republic of Korea,
the United Arab Emirates, the United States, thdigpimes, India, Australia, Canada,

Finland, France and Germany. At this time, the datadity rate was calculated to be 2.2%
(170/7824) (Bassetti et al., 2020; Rothan & Byrdyed2020). -According—to—WHO-the

2020). The first case of COVID-19 infection confethin the United States of America

occurred on 29 January2020- ere

Figure 1. Spread of coronavirus around the wodnfiFebruary 2020. (A) Regional pread of
disease and (B) Evolution of cases and deathsduas€oronavirus Disease (COVID-2019)
Situation Report -17,3020)].
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According to WHO data, the spread of the diseasalbnontinents has led to over
twelve million cases and nearly 600,000 deathsufieid.). As of 8 August 2020, most cases
were recorded in USA (4,582,276 cases, 153,75"sdgaBrazil (2,707,877 cases, 93,563
deaths), India (1,803,695 cases, 38,135 deathsRassia (856,264 cases, 14,207 deaths). In

total, 55.53% of cases and 43.64% of deaths oatumréhe four countries mentioned above

Disease (COVID-2019) Situation Report -12820).

2. Is COVID-19 the first respiratory transmitted outbr eak which is foodborne?

The whole world is currently struggling with the ropavirus pandemic, but
epidemiologic investigation has proven that maritiahcases were associated with a ‘wet
market’, the Huanan South Seafood Wholesale Mark&/uhan, China. This suggests that
COVID-19 could be the first respiratory transmitiatbreak which is foodborne. Outbreaks
of infectious diseases are common, and usually dragprough one of several means of
transmission: food, water, person-to-person orrenwmental. Regardless of the initial means
of transmission, outbreaks are followed by spreatlimough direct human contacts (Jalava et
al., 2019). Initial human-to-human transmission Wwasted, and cases clustered around the
Huanan market, mainly among elderly men. Takingéhvo points into account, and given
that coronaviruses are derived from animals, thiggests the possibility of zoonotic
transmission in the first instance.

Because most COVID-19 patients lived around or wdrlat the ‘wet market’ in
Wuhan, where fruit, vegetables, seafood and lifeeifowild) animals were also on sale, it
was suspected that the main mechanism of transmiggs from animal to human (N. Chen
et al., 2020). Consumption of exotic animal meatasimon in China, because it is believed
to have health promoting properties. Therefore,Agian wet markets, alongside fresh
vegetables, live animals can be bought. Such asimalude: chicken, snakes, civets, rats,
giant salamanders, dogs, wolves, pangolins, pheadsats, marmots, deer, rabbits, beavers,
porcupines, hatchling crocodiles and other domesiit exotic fare. These animals are kept
alive in cages, close to each other, and slaughferemeat just before sale and consumption.
Therefore, viruses can easily spread from an iateenimal to another animal or human.
They can also contaminate plant food. Taking atocount the number of cases related to one

location, the exposure may have been substantidlpassibly occurred within a limited time
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period. This would indicate the presence of eithighly viremic animals, contaminated food
or a seafood animal environment. This was why then€se government temporarily closed
the Huanan market starting frorft January 2020. It is worth remembering that theiokp of

the animal markets also played a key role in tempethe scope and duration of the SARS
epidemic (Baric, 2008). Very little information hbsen released on animal or food exposure,
and among the first cases, only a few human-to-imumaamsmission events were reported, and
these were household transmissions. This modeansmnission became more evident later
(D. Wang et al., 2020).

There is, of course, considerable controversy okggrthe source of coronavirus in
humans. Some recent studies have demonstrate@ARS-CoV-2 genes can be detected in
samples collected before the outbreak in Wuhantuflyspublished in April 2020 suggests
that the COVID-19 epidemic had already startedramEe in late December 2019 (Deslandes
et al., 2020). The authors reported the case ofed42-old patient hospitalized in the intensive
care unit of a hospital near Paris. The patient amasinemployed male born in Algeria. He
had lived in France for many years and his lastipr trip was to Algeria in August 2019.
Another example is a study from the Italian Natidnatitute of Health (Istituto Superiore di
Sanita - ISS). They collected forty samples of ggavaater during October 2019 to February
2020 from wastewater treatment plants located mheon Italy. They reported the presence
of SARS-CoV-2 in sewage water from Milan and Tusim the 18th of December 2018§
N°39/2020 - Studio ISS Su Acque Di Scarico, a MilanTorino Sars-Cov-2 Presente Gia a
Dicembre - 1SS2020). . Further studies also show that the wvas found in frozen sewage
water collected in Barcelona (Spain) even in Ma&26i9 (Chavarria-Miré et al., 2020). The
above mentioned studies provide evidence that SBBR®%-2 was present in the environment
before it began to spread rapidly in China. Theeefdt is possible that the Wuhan ‘wet
market' was not the first source of SARS-CoV-2 (Mawzie & Smith, 2020; L. Zhang et al.,
2020).

New findings have been published by a UK reseazamt(Forster et al., 2020), which
analyzed 160 complete SARS-CoV-2 genomes sampted écross the world between'24
December 2019 and"4Vlarch 2020. The authors revealed three distirariants' of SARS-
CoV-2, consisting of clusters of closely relatatehges, which they named ‘A’, ‘B’ and ‘C’.
Variant ‘A’, most closely related to the virus faim both bats and pangolins, is described as
'the root of the outbreak'. Type B of the virusides from variant A, separated by two
mutations, while type C has in turn formed fromeyp. Type A was present in Wuhan, but

was not the city’s predominant virus type. Wuhaigdty contained type B, which was also
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the most common type found in East Asia. It isregéng that this variant didn’t travel much
beyond that region without further mutations, imptysome kind of ‘resistance' against this
type of coronavirus outside East Asia. Type A wasnfl in Chinese individuals and
Americans reported to have lived in Wuhan, and tedtaersions of type A were found in
patients from America and Australia. On the othandy type C is the major variant in
Europe, it is absent in the mainland Chinese sampiewas found in Singapore, Hong Kong,
Taiwan and South Korea.

All these studies suggest the virus may be monider shan we thought, they further
suggest that the virus did not originate in thareimarkets of Wuhan, but probably from
south of Hubei province. Nonetheless, bats and gdarggcan still be considered its animal

source.

3. General characteristics of coronaviruses

SARS-CoV-2 (2019-nCoV during the early stages efgghndemic) is a novel species
from within the group of human coronaviruses (HCpWsat causes COVID-19 disease. As
with other human coronaviruses, SARS-CoV-2 belongsthe family Coronaviridae
(subfamily: Orthocoronavirinae)in the orderNidovirales (Walker et al., 2019). Before the
COVID-19 outbreak there were only six coronavirugeg were known to infect humans and
cause respiratory diseases. Out of them, four (HE29E, HCoV-OC43, HCoV-NL63, and
HCoV-HKU1) are endemic globally and cause only mifgper respiratory disease. In rare
cases some of them can cause severe infectionfaftsnand the elderly. The other two,
SARS ICoV and MERSICoV can infect the lower respiratory tract and eassvere acute

respiratory syndrome in humans (Yu Chen et al.02@2ules et al., 2020).

Coronavirus virions are enveloped and pleomorplisadlly of spherical shape) with a
diameter of 80 nm — 120 nm (Fung & Liu, 2019). Thewe large club-shaped projections
(spikes) composed of a type | glycoprotein callpitkes (S) protein (Lai & Cavanagh, 1997).
The S protein is trimeric, highly glycosylated arides some 20 nm above the virion
envelope, giving the virion the appearance of avar@he origin of the name ‘coronavirus’)
(F. Li, 2016; Masters, 2006). It has a major infloe on viral tropism and pathogenic
phenotype. Some coronaviruses (e.g. human betandroges) also contain an additional
layer of short spikes, which consist of hemagglotesterase (HE) protein, also a type |

glycoprotein (Figurel). Both large and small spikes anchored in the envelope, which is a
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lipid bilayer formed when virion is leaving the ha®ll. The envelope is also associated with
a small integral membrane (M) protein and a smaletpe (E) protein. Inside the envelope
is a ribonucleoprotein (RNP) composed of a singleleocapsid (N) protein bound with the
genomic RNA in a beads-on-a-string fashion formangelical nucleocapsid. Coronaviruses
have nonsegmented, single-stranded positive-seis& @Rai & Cavanagh, 1997). With
lengths ranging from 27.3 kb (HCoV-229E) to 31.3 kimurine coronavirus MHV)
coronavirus genomes are among the largest matuferRilecules known to biology. Almost
two thirds of the entire RNA (20 kb - 22 kb) is apted by the coronavirus polymerase gene
comprising two overlapping open reading frames (0&kBnd ORFIb) (Fung & Liu, 2019;
Hulswit et al., 2016; Masters, 2006; MousavizadelG&asemi, 2020; Weiss & Leibowitz,
2011)

The coronavirus infection cycle includes the foliogy steps: attachment, entry into
the host cell, translation of the replicase-traipgase, replication of the genome and
transcription of mRNAs, and finally the assemblyddudding of newly packaged virions.
Virion attachment to the cell host depends on ihdibg of S protein to the host cell surface

receptor(s)-

The S protein can be functionally divided into teudbunits, subunit S1 is responsible

for host recognition and receptor binding, while 82 subunit is involved in cell membrane
fusion (R. Lu et al., 2020). S1 contains a sigreggtule, followed by an N-terminal domain
(NTD) and receptor-binding domain (RBD), whereasc®8tains conserved fusion peptide
(FP) and heptad repeat regions (HR1 and HR2) (Xng\&t al., 2020) (Figure 2 B). Some
authors also include a transmembrane domain (TM1i2) & cytoplasmic domain (CP) as
components of the S2 subunit (Chan, Kok, et aR020In the natural state, S protein on the
surface of coronavirus is inactive and subunit SBidden inside S1. It has been proven that
receptor binding (the specific interaction betwd®BD in S1 and the cognate host cell
receptor) needs proteolytical activation, whichulssin S1 dissociation. The dissociation of

subunit S1 triggers drastic conformational charlgading to exposure of S2 and the fusion
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peptide, which is followed by interaction betweeRHand HR2 and fusion between the virus

envelope and the cellular membrane (Shang etG10;2X. Wang et al., 2020).

Figure 2. The structure of SARS-CoV-2 on the bagigMousavizadeh & Ghasemi, 2020;
Shang et al., 2020he Enemy Within2020.; X. Wang et al., 2020). (A) The structofea
SARS-CoV-2 particle. (B) A scheme of the structofecoronavirus spike. S1, receptor-
binding subunit; S2, membrane fusion subunit; TMDansmembrane domain; IC,
intracellular tail; VE, viral envelope. The receptbinding domain (RBD) is switching
between a standing-up position (u) and a lying-d@esition (x). FP (fusion peptide), HR1
(heptad repeat 1), and HR2 (heptad repeat 2) auetstal elements in a coronavirus S2

subunit. Arrow shows the protease cleavage site.

binding is the major determinant of host range tsglie tropism for a coronavirus (Table 1).
Among known receptors recognized by HCoVs on calle surface receptors such as
angiotensin converting enzyme 2 (ACE2), dipeptiggptidase 4 (DPP4), aminopeptidase N
(APN), and 9-O-acetylated sialic acid (Fung & LR2§19; Hulswit et al., 2016; Lim et al.,
2016; Masters, 2006). The S2 subunit of SARS-Cah@wed around 93% sequence identity
with bat-SL-CoVZC45 and bat-SL-CoVZXC21, much highikean that of the S1 subunit,
which had only around 68% - 70% identity with thésg-derived viruses (X. Wang et al.,
2020). However, the core domain of RBD is highlynserved and phylogenetic analysis
found that although SARS-CoV-2 was closer to bat€2lvVZC45 and bat-SL-CoVZXC21 at
the whole-genome level, its receptor binding waset to that of SARS-CoV (Chan, Kok, et
al., 2020; R. Lu et al., 2020; X. Wang et al., 20A)so, the HR1 and HR2 domains shared a
92.6% and 100% identity, respectively, with thoE8ARS-CoV (X. Wang et al., 2020).

It is interesting that although the SARS-CoV-2 RB&s a significantly higher human
ACE2 binding affinity than SARS-CoV RBD, the cryteetron microscopy structure of a
SARS-CoV-2 spike revealed that its RBD is mostlyha lying-down state, a state associated
with ineffective receptor binding (Shang et al.,2@D It is possible that hidden RBD
contributes to the immune evasion of SARS-CoV-2as of the conformational masking

strategies.
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fusien, The coronavirus can enter into the targdttbrough two routes (Figure 3), a direct
fusion on the cellular surface (pathway 'a’) or emalocytosis (pathway 'b’), the latter takes
place in the endosomal compartment and is initibteddditional triggers. Some studies have
shown that entry of SARS-CoV may be pH-dependentr(Z¥ang et al., 2004), and that the
endosomal protease cathepsin L (Huang et al., 200§t be involved, suggesting that pH
level and cathepsin L may facilitate virus entryel@izard et al., 2012; Lim et al., 2016; Y.
Zhou et al., 2015). Several human proteases, sscttaasmembrane serine proteinase 2
(TMPRSS2) or furin, can cleave the spike proteid gxaluce its activation. If these proteases
are located near the spike-ACE2 binding interfabey will cleave the glycoprotein S to
expose the S2 region and the fusion peptide re@oect fusion on the cellular membrane is
possible because the fusion peptide region contiltg of hydrophobic amino acids, and
therefore, easily inserts into the lipid-containcedl membrane, enabling fusion between viral
membrane and host cell membrane with subsequentafthe viral genome into the cell. As
TMPRSS2 is expressed by human lung cells, it isghoto play an important part in SARS-
CoV-2 virus entry into respiratory system cells {ang et al., 2020). It has also been shown
that furin (distributed mainly in the Golgi appars} can proteolytically activate the MERS-
CoV spike (S) protein after receptor binding, ahdnt mediate fusion between the viral and
cellular membranes (Millet & Whittaker, 2014). Howeg, a virus cell entry assay and a cell-
cell fusion assay conducted by Matsuyama et al.t{M@ama et al., 2018) provided no

evidence that the S protein was activated by exmgefurin.

Figure 3. The possible routes of SARS-CoV-2 enity the target cell: pathway 'a’ — through
a direct fusion on the cellular surface, pathway-'tvia endocytosis (on the basis dhé
Enemy Within2020)).

After entry, the viral genomic RNA is released ithe cytoplasm, and the uncoated
RNA serves as a transcript to cap-dependent triamsldt begins with the translation of
ORF1l1a and ORF1b into polyproteins ppla (4382 araagids) and pplab (7073 amino acids),
this is due to a ‘slippery’ sequence and an RNAugs&not structure near the end of ORFla
(Fung & Liu, 2019; Y.-R. Guo et al., 2020; Maste2806). Then, with the assembly of the
replicase-polymerase, the full-length positive mtiraf genomic RNA is transcribed to form a

full-length negative-strand template for the systhef new genomic RNAs and overlapping
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subgenomic negative-strand templates. These subgemoRNAs are then transcribed and
translated to produce the structural and accesposteins (Hulswit et al., 2016). New
genomic RNA binds with protein N to form helicalakencapsid, which then interacts with
other viral structural proteins (S, E and M progino form the mature virion, which is

released by budding through the host cell membrane.

Table 1. Comparison of known human coronaviruses

4. Coronaviruses in animals are a potential source foepidemics in humans

Coronaviruses can be classified into four genetph@coronavirus, Betacoronavirus,
Gammacoronavirus and Deltacoronavirus). It seerat liats and birds, the warm blooded
flying vertebrates, are ideal hosts for the coramav gene source, bats mainly for
alphacoronaviruses and betacoronaviruses, whilelsbifor gammacoronaviruses and
deltacoronaviruses (P. C. Y. Woo et al.,, 2012; ¥inWunderink, 2018). However,
coronaviruses or coronavirus-like infections hals® deen reported in swine, cattle, horses,
cats, dogs, rats, ferrets, rabbits and variousliféldpecies, often being asymptomatic (Gong
et al., 2017; Pratelli, 2008; Saif, 2004; Z. ShiHu, 2008). The alphacoronaviruses are
represented by the human pathogen HCoV-NL63 or HZR®E, whereas betacoronaviruses
contain human pathogens like HCoV-OC43, all resim@$or common cold or diarrhea, or
causing asymptomatic infections (van der Hoek, 20alsh et al., 2013; Ye et al., 2020;
Zeng et al, 2018). However, betacoronaviruses aftsude dangerous SARS-CoV
responsible for the severe acute respiratory syndrepidemic 2002 - 2003 (Ksiazek et al.,
2003) and MERS-CoV which caused Middle East regmiyasyndrome in 2012 and 2017
(Table 1). HCoVs can activate apoptotic cascades @using damage in various tissues and
organs (Fung & Liu, 2019; Lim et al., 2016).

The novel SARS-CoV-2 has some similar characteastthen compared to SARS-
CoV and other HCoVs (El Zowalaty & Jarhult, 2020¢@®oskey & Heymann, 2020; Xu et
al., 2020; Y. Yang et al., 2020), however, it in@vel, separate strain. The main human-to-
human transmission pathway of SARS-CoV, MERS-Cod 8ARS-CoV-2 is by droplets
and aerosols (Chan, Yuan, et al.,, 2020; Mesels020)2 However, there is one very
important difference between these viruses. Asympt@ and pre-symptomatic transmission
of SARS-CoV-2 has been reported, this might coantalio its rapid spread around the world
(Chan, Yuan, et al., 2020; C. Li et al., 2020), l&ttransmission of SARS and MERS from an
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asymptomatic patient is extremely rare (Moon & S2@17; Yin & Wunderink, 2018). In
contrast to SARS-CoV, SARS-CoV-2 and MERS-CoV, diteuman-to-human transmission
has not been reported for the other four HCoVs &wWunderink, 2018). This difference is
highly significant in terms of how much potentiaviaus has to cause a pandemic. In 2012
MERS did not become a pandemic disease becaugedhkeof virus shedding occurs after the
onset of symptoms, which means that public heaklasures, such as isolating people with
clinical symptoms, were sufficiently effective imiting the spread of the virus (Anderson et
al., 2004). Similarly with the SARS epidemic, raases of asymptomatic infections, a lower
infectiousness and virus transmission typicallyusdog after disease onset, allowed public
health care to introduce intervention strategies tontrolled the outbreak (Baric, 2008). The
SARS epidemic raised awareness of the importancapad reporting, infection control, and
the tracing and quarantining of contacts in colitrglnew emerging diseases. Conversely,
with influenza, the archetypal pandemic disease,nfajority of virus transmission occurs
before the host realizes that they are ill (DaB42). The same applies to SARS-CoV-2.
Phylogenetic analyses have revealed that SARS-Cavic2 SARS-CoV have high
nucleotide sequence homology (79% - 82%), and wW@s the highest sequence identity
among the six other known pathogenic HCoVs (P. Zetual., 2020). However, the
coronavirus strains isolated from animals seemetanore closely related to SARS-CoV-2.
Genetically diverse SARS-like coronaviruses havenbesolated from various species of
horseshoe bats in China. Moreover, some strainkighty similar to SARS-CoV even in the
spike protein, and are able to use the same racaptBARS-CoV for cell entry (B. Hu et al.,
2015). Some coronavirus isolates obtained from musamples (Wuhan hospital patients)
have an 86.9% nucleotide sequence identity to dhat bat SARS-like coronavirus isolate:
bat-SL-CoVZC45 genome (MG772933.1) (Zhu et al.,®02Vu et al. (F. Wu et al., 2020)
revealed that bat-SL-CoVZC45, that had previouslgrbsampled in China, had a nucleotide
identity of 89.1% with virus isolated from bronclneolar lavage fluid from a patient with
confirmed SARS-CoV-2 infection. In terms of the eded genes (for proteins pplab, ppla,
envelope, matrix, accessory protein 7a, and nuajed), phylogenetic analyses have shown
that SARS-CoV-2 is more closely related to the SARS bat coronavirus than human
SARS-CoV (A. Wu et al., 2020). There are 380 amaoml substitutions between the amino
acid sequences of SARS-CoV-2 and the correspontbingensus sequences of SARS and
SARS-like viruses. Among them, 27 amino acid sistins were found in the spike protein,
including 6 mutations occurring in the receptordairg domain. These changes could affect

the host tropism and transmission property of SARS~2 compared to SARS-CoV. Zhou et

10
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al. (P. Zhou et al., 2020) showed that SARS-CoVad B6.2% overall genome sequence
identity throughout the genome compared to BatCe@M ®&13 (a bat coronavirus detected in
Rhinolophus affinisSrom Yunnan province) and more than 88.1% identiith a bat SARS-
like CoV (bat-SL-CoVZC45R. sinicusfrom Zhejiang province). Chan et al. [2020] repdrt
that the genome of SARS-CoV-2 isolated from a patie Wuhan had 89% nucleotide
identity with bat SARS-like-CoVZXC21 and 82% withatt of human SARS-CoV BJO1 2003
(AY278488) and human SARS-CoV Tor2 (AY274119). Tpleylogenetic trees of their
orfla/b, spike, envelope, membrane and nucleopradsed clustered closely with those of the
bat, civet and human SARS coronaviruses. The Sa@rsbf spike protein of SARS-CoV-2
strain from Wuhan was highly conserved and shaB8d &ientity with those of the two bat
SARS-like CoVs (SL-CoV ZXC21 and ZC45) and humanRSACoV (Chan, Kok, et al.,
2020). Other research has also revealed the sityitdrthe SARS-CoV-2 genome to various
coronavirus genomes from pangolins. Six strainscofonaviruses (GX/P2V, GX/P3B,
GX/P4L, GX/P5E, GX/P1E and GX/P5L) isolated from|Ban pangolinsNlanis javanica
from the Guangxi province of China, had genomesattarized by 85.5% to 92.4% sequence
similarity to SARS-CoV-2 (Lam et al., 2020).

Bats are the only mammals that can fly, thereftrey can easily spread viruses to
other vertebrates even in remote regions (Calishat., 2006). They can migrate for a long
distance, are able to survive hibernation and hegacterized by extreme longevity. Among
the viruses found in bats are rabies virus, Nipahsy Hendra virus, Ebola virus, Marburg
virus and various coronaviruses with SARS-like se&si among them (Calisher et al., 2006;
Fan et al., 2019; Han et al., 2015; L.-F. Wand.e2806). Although SARS-CoV-2 was found
in bats, its transmission route among hosts is aedr, but it appears that the virus is
becoming more transmissible between humans. Morgaveatural reservoir host tends to

coevolve with its viruses, but does not usuallyldig clinical signs of infection.

5. The spread of coronaviruses and transmission to huams

For zoonotic virus transmission to occur from adifé reservoir the following four
events are required: inter-species contact, cnoessiss virus transmission (spillover),
sustained transmission, and virus adaptation withéenspillover species (L.-F. Wang et al.,
2006). The exact mechanism of transmission frorarvesr host to intermediate host is often
unknown. However, the fecal-oral route seems tthbepredominant method of coronavirus

transmission among animals, especially when theanspecies concerned are neighbors. It
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follows that coronavirus transmission between atsnia Chinese ‘wet markets’ was very
plausible, especially so as the live animals keaiges were stressed and therefore practicing
poor hygiene standards. Animal-to-human transmissiquires either direct contact or
occurs through objects/food contaminated with ahifeees, urine, blood or aerosols (L.-F.
Wang et al., 2006).

To infect a new host species, coronaviruses musptaid the receptor of their new
host. This can occur either by mutation or by relsim@tion with a coronavirus infecting their
new host. Bats harbor coronaviruses with great tgedéversity, and they are considered a
main reservoir of mammalian coronaviruses (Fanlet2819; B. Hu et al., 2015). It is
believed that most currently circulating alphac@waruses and betacoronaviruses in different
mammals are linked by evolution to ancestral covooses originating from bats.
Coronaviruses have a strong history of host sigiftemd many HCoVs are recognized as
having an animal reservoir. Phylogenetic analysis $hown that bovine CoV (BCoV) was
the origin for HCoV-OCA43 following a relatively rewt cross-species transmission event. The
natural reservoir of MERS-CoV is presumed to bdrimmedary camels, from which zoonotic
transmissions repeatedly give rise to infectionsthe lower respiratory tract in humans
(Hulswit et al., 2016). Some data suggests that\VHZ20E may actually be transferred from
dromedary camels as is the case with the MERS ewhws (Corman et al., 2018). Four
novel deltacoronaviruses were detected in fecalptssnfrom eight birds of four different
species (Lau et al., 2018), which indicates possibus transmission by the fecal-oral route.
Moreover, genome analysis has provided evidenceeoént inter-species transmission
between birds and their prey, possibly along thedfehain, as well as avian-to-swine
transmission. This suggests that somewhere in dhese of evolution, the food (prey) has
become the source of the pathogen for the predatss, HCoV-NL63, HCoV-229E, SARS-
CoV and MERS-CoV were predicted to have origindtedn bats, while HCoV-OC43 and
HCoV-HKUL1 to have probably originated from rode(B®lles et al., 2011; Cui et al., 2019;
B. Hu et al., 2015; Huynh et al., 2012; Ye et 2020).

In the case of SARS-CoV, the virus appeared in 200&e animal markets in China,
closely related viruses were isolated from Himatapalm civets, raccoon dogs and Chinese
ferrets (Ye et al., 2020). Recent virology and gierstudies indicate that although horseshoe
bats Rhinolophusgenus) are reservoir hosts of SARS-CoV and MERBS;Qlee virus was
spread to humans from palm civets and dromedaryelsamespectively, which were
intermediary hosts during the cross-species evhr(g, 2020). In the case of SARS-CoV-2,

the pangolin seems to be the intermediary hos20k6-2017, swine acute diarrhea syndrome
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(SADS) was observed in pigs in Guangdong provimdty a mortality rate of up to 90% for
piglets 5 days or younger. A novel HKU2-related ci@navirus (SADS-CoV) was identified
as the agent causing the disease, and it was eelvtalt isolates were almost identical (95%)
with Rhinolophudat coronavirus HKU2 (Cui et al., 2019).

The high diversity of coronaviruses is attributatidetheir potentially high mutation
rates associated with RNA replication, estimatedl@3to 10°, offspring differ by 1 — 2
mutations each from their parent (Duffy, 2018). Treeombination frequencies within the
coronavirus family are very high (about 25%) durimgxed infections, this is probably a
result of discontinuous RNA transcription. Moreqwveith the largest RNA genome among
viruses, coronaviruses have an increased opportuioit mutations. These genomic
characteristics create a high diversity of coronesas, and allow for rapid change and
adaptation to novel hosts (mainly due to mutatiorspike proteins), ecological niches, tissue
tropism, and even generation of novel coronavipec®s sometimes causing major zoonotic
outbreaks with disastrous consequences (Bollek, &t(d.1; Duffy, 2018; Lau et al., 2018; P.
C. Y. Woo et al., 2009).

Therefore, the genetic diversity of SARS-like cawinuses in bats, and their high
mutation rates, trigger changes that cause dinéetspecies transmission to humans. Analysis
of receptor binding and the pathogenesis of SARf§ests that SARS-CoV was most likely
generated in bats through sequential recombinaifdmat SARS related coronaviruses, and
that this recombination occurred in bats befor@wgavirus infected civets or other mammals
(Lau et al., 2015). The introduced SARS-CoV undetwapid mutations in S and ORF8 and
successfully spread in market civets. After sevierd¢pendent spillovers to humans, some of
the strains underwent further mutations in S protad became epidemic during the SARS
outbreak 2002 — 2003. The same situation appli®4HERS. The natural reservoirs of MERS-
CoV (or an ancestral MERS-like CoV) are bats. Ihypothesized that bat MERS-like CoV
jumped to camels several decades ago, then the emaived and adapted with accumulating
mutations in camels, which has then been transinitehumans very recently (B. Hu et al.,
2015). A study of Sabir et al. demonstrated thaindrdary camels share three species of
coronavirus with humans and therefore they serveamsimportant reservoir for the
maintenance and diversification of the MERS-CoVd are the source of human infections
with this virus (Sabir et al., 2016).

The outbreak of COVID-19 was first linked to Huan@eafood Wholesale Market,
where non-aquatic live animals, including severialdk of wild animal, were sold. After

introduction to a human organism (probably some thwbefore December 2019) a mutation
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in the virus took place, this enabled human-to-huransmission, which then became the
main route of the virus spreading. However, basedwrent evidence, it is possible that the
market was not the original source of SARS-CoVdhsmission to humans (Mackenzie &
Smith, 2020; W.-B. Yu et al., 2020). The resultsZbfang et al. (L. Zhang et al., 2020)
suggest the outbreak of type Il COVID-19 likely ooed in the Huanan market, while the
initial transmission of the type | virus to humamebably occurred at a different location in
Wuhan. Genomes of type | and Il differ only in #higtes: 8750, 28112 and 29063 (based on
the genome coordinates MN938384.1), and the carnebpg nucleotides are T, C and T/C in
type |, and C, T and C in Type Il, respectivelyp&}y can be further divided into type IA and
IB based on the nucleotide at the site 29063. Titleoss demonstrated that the three sites in
Type IA and two in Type IB are identical to thoseBatCoV RaTG13, suggesting that Type |
may be more closely related to the ancestral humfacting strain than Type II. Type IA
seems to be the earliest transmission sourcet digt hot occur in the Huanan Market [Figure
4].

Figure 4. Possible routes of SARS-CoV-2 evolutioased on (L. Zhang et al., 2020)]

Genomic variations of SARS-CoV-2 analyzed by Yuakt(W.-B. Yu et al., 2020)
identified 58 haplotypes in 93 viral genomes. Bynparing these to the bat-RaTG13-CoV
genome as the outgroup, they found that haplotyiE3 and H38 might be considered as
ancestral haplotypes, and that H1 was derived ftwrintermediate haplotype H3. It should
be noted that all samples from the Huanan Markketniged to H1 or its derived haplotypes,
but none of the available market samples encodedh&Botype. This suggests that H3
haplotype might have originated and spread outtiige market before an early stage of
population expansion. The non-synonymous mutatiomfH3 to H1 would probably have
enhanced the infectiousness of SARS-CoV-2, infebtedans would have transmitted the H1
haplotype of SARS-CoV-2 to workers or sellers ia tharket. The crowded market boosted
rapid transmission of haplotype H1 to buyers at emrly stage of human-to-human
transmission so the virus had spread to the whitjeirc early December 2019. Such an
explanation is supported by other findings of thehars (W.-B. Yu et al., 2020), who
reported 120 substitution sites associated with ¢d8ons, among which 79 were non-
synonymous and 40 synonymous substitutions. Ambag® non-synonymous substitutions
there were 40 which changed the biochemical pregsemf the amino acid, and could

therefore be associated with better virus adaptatidhis is consistent with the study of
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473  Zhang et al. (L. Zhang et al., 2020), which repbfeat mutation at 8750 and 29063 caused
474  higher translational efficiencies for the Type ftasns than for Type I. This enabled faster
475  production of Type Il virus particles resultingeasier spread and leading to its becoming the
476  dominant strain, implying that Type Il is more tsamssible than Type I. This might explain
477 why Type Il strains were more prevalent in Wuhanl #hese results suggest that
478 unrecognized SARS-CoV-2 was circulating before Ddwner 2019, and that it was imported
479  from an unknown location to the Wuhan market, wheguickly and efficiently amplified
480 (Forster et al., 2020; R. Lu et al., 2020; L. Zhangl., 2020).

481 The means of SARS-CoV-2 entry into cells is simimiISARS-CoV. In both cases it
482  requires the recognition of a host receptor, huaragiotensin-converting enzyme 2 (ACE2)
483 and its binding with the spike S protein, but i ttase of SARS-CoV-2 the affinity of S
484  protein to the receptor is 10-fold to 20-fold higifgun Chen et al., 2020; Zheng, 2020). As
485 well as for SARS-CoV-2, ACE2 is also the receptar $ARS-CoV and HCoVNL63 (Table
486 1) (Cuietal., 2019; W. Li et al., 2003; Qiu et, &020). This surface molecule is localized on
487 arterial and venous endothelial cells, arterial sthhomuscle cells, epithelia of the small
488 intestine and epithelia of the respiratory traciwhaver, the highest expression of ACE2 is in
489 lung alveolar epithelial cells and enterocytesha small intestine, causing these tissues and
490 relevant organs to be the most sensitive to irdacivith SARS-CoV-2 (Perlot & Penninger,
491  2013; Yin & Wunderink, 2018). The presence of AGEZs confirmed in pangolin, cat, cow,
492  buffalo, goat, sheep and pigeon, which provided langpportunity for the interspecies
493  transmission of the SARS-CoV-2 from bats both td among these animals (Qiu et al.,
494  2020). Moreover, any of these animals might sesvaraintermediate host for SARS-CoV-2.
495  This should be taken into account in the contraCGVID-19.

496 It has already been reported that a live SARSdibnavirus isolated from bat fecal
497 samples (bat SL-CoV-WIV1), which has typical coranas morphology, used ACE2 from
498 humans, civets and Chinese horseshoe bats foreoel (Ge et al.,, 2013). These results
499 provide the strongest evidence that bats are raesarvoirs of SARS-CoV. In addition to
500 the recent results on MERS-CoV in a Saudi Arabiar) &nd of bat CoVs closely related to
501 MERS-CoV in China, Africa, Europe and North Ameritizese results also suggested that bat
502  coronaviruses remain a substantial global thregutdic health. Moreover, cell entry studies
503 of Hu et al. demonstrated that three newly idesdifSARS-CoVs with different S protein
504 seguences were able to use human ACE2 as the oectpineans that they are close to
505 becoming infectious to humans, so we should be gpegp for future SARS-like disease
506 outbreaks (B. Hu et al., 2017).
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There are several hypotheses on how coronavirusdsaamsmitted to humans (Han et
al., 2015). The first holds that bats, which are ¥irus reservoir, contaminate fruit or plants
with virus from their saliva, feces or urine, thefseit or plants are then consumed by
intermediate hosts, such as pigs, horses and narhpnimates; while humans are infected
by direct contact with animals, or by consumingducs of the intermediate animal hosts.
Coronavirus particles were detected in, among ethte saliva, milk and feces of infected
animals, which are often asymptomatic, and theeetan be transmitted to humans (Azhar et
al., 2014; Guan et al., 2003; Killerby et al., 203@if, 2004; Z. Shi & Hu, 2008; Neeltje van
Doremalen et al., 2014; L.-F. Wang & Anderson, 2J0BARS-CoV-2 genomic material has
been also found in sewage (Medema et al., 2020)riaed water (Guerrero-Latorre et al.,
2020). Aerosol transmission of SARS-CoV-2 from l@ates to humans is also possible
(Franklin & Bevins, 2020). Coronaviruses can alsottansmitted to humans directly from
bats via bites or scratches, or by eating bat rf@ptactice still popular in China) which has
been undercooked (Chan et al., 2013; Han et al5;23. Lu et al., 2015; P. C. Woo et al.,
2006; Xu et al., 2020). Also in the case of SARS/Gmme evidence indicates that eating
meals prepared from infected palm civets could he of the ways that the virus jumps to
humans (Bolles et al., 2011; Hilgenfeld & Peiri13; Lam et al., 2020; L.-F. Wang et al.,
2006; M. Wang et al., 2005). When the COVID-19 oe#lx was analyzed, some papers
indicated pangolin as a source of the virus, ag@ianare used not only for their meat but
also for traditional Chinese medicine (Guan et2003; Ye et al., 2020). Although the whole
genome sequences of CoVs isolated from pangoliteasesimilar to SARS-CoV-2 than bat
CoV (RaTG13), the receptor-binding domain (RBD)}tw§ pangolin virus is identical to that
of SARS-CoV-2 in all 6 of the key amino acids.dthighly probable that the bat virus jumped
to humans several months before the outbreak wiastdd, but was not highly infectious.
Some studies proved that substitution of one orenamnino acids in S protein is enough for
virus introduction into new host species (Belouzetr@l., 2012; Thackray & Holmes, 2004).
Another possibility is that pangolin CoV and bat\Caet in a human host, and thanks to a
high recombination rate they interchanged genedtadew SARS-CoV-2 virus was formed
with a genetic sequence that makes it highly indestto humans (Lam et al., 2020; Zheng,
2020). It is well documented that bats, pangolergets and other animals were sold in the
Wuhan ‘wet market’ where the COVID-19 pandemictsigr

It is also worth considering the possibility of SBRCoV-2 spillover from infected
humans to domestic animals and native wildlife tbatld subsequently serve as new

reservoir hosts for the virus and enable the vapiiback into the human population. The
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viral dissemination from human feces into the emwinent could have occurred via the
wastewater treatment system. Although the impactivastock and wildlife health is yet
unknown, spillover events of zoonotic links areqgfrent in the Coronaviridae family
(Franklin & Bevins, 2020). It is not known whetheildlife species can serve as reservoir
hosts for SARS-CoV-2, but recent research on damasimals indicates that ferrets and cats
are susceptible to SARS-CoV-2, which then repltagéiciently and was transmissible to
naive cats via droplet transmission (J. Shi et2020). Another risk associated with the
establishment of SARS-CoV-2 in a wildlife host pgtion is the possibility of the formation
of novel virus variants by mutation in novel hostsby recombination of SARS-CoV-2 with

other bat coronaviruses (Franklin & Bevins, 2020).

6. Is food a source of SARS-CoV-2 infection in humans?

To date, the detailed SARS-CoV-2 infection pathways still unclear, but studies
indicate the possibility of virus entry not onlyrdngh the respiratory system but also the
digestive tract. This is due to the fact that theRS-CoV-2 entry receptor, ACE2, shows
significant expression in lung AT2 cells, upper daglered epithelial cells, and epithelial
enterocytes from the ileum and colon. This indisateat not only the respiratory system but
also the digestive system are potential routesfettion (H. Zhang et al., 2020; J. Zhou et al.,
2017). It is also worth adding that the intestisiahptoms of SARS-CoV-2 may be associated
with affected enterocytes expressing ACE2. The A@2ptor (for humans hACE?2), besides
being the receptor for some coronaviruses, is ayrea attached to the outer surface (cell
membranes) of cells in various organs of the badgwers blood pressure by catalyzing the
cleavage of angiotensin Il (a vasoconstrictor m)tiinto angiotensin 1-7 (a vasodilator)
(Letko et al., 2020). Studies carried out duringviwus epidemics of coronaviruses, mainly
SARS-CoV, indicate that, on the one hand, the pi@seof the virus in the entire
gastrointestinal tract (biopsy and feces resulsnewm discharge patients) may be a factor
responsible for gastrointestinal symptoms in pasiamd a potential relapse of the disease (Gu
et al., 2020). On the other hand, it is possibl¢raosfer and spread the virus through non-
droplet transmission. This was also confirmed bgesaof SARS-CoV-2 described in the
United States (Holshue et al., 2020) and in HubeiZhang et al., 2020). Detailed patient
tests showed significant gastrointestinal discotrémid the presence of the virus in both the

respiratory tract and feces (Holshue et al., 2@2(g et al., 2020).
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It is worth recalling that vomiting or flushing theilet can generate the aerosols causing
subsequent airborne transmission (Johnson et(dl3; Knowlton et al., 2018). Spreading the
virus through aerosolization and vaporization afafevaste water has been demonstrated for
adenoviruses and torque teno virus as they hagadlrbeen detected in aerosols surrounding
toilets (Verani et al., 2014). But some recent mEsidsuggest that coronavirus can also be
spread by feces aerosolization contaminating varisurfaces (Z.-D. Guo et al., 2020;
McDermott et al., 2020). Furthermore, accordingrécent opinions, the monitoring of
municipal wastewater for the presence of the vinay enable prediction of a new outbreak a
few days before symptoms occur (Mao et al., 2020)js method is much cheaper than
genetic tests of people. All this means that prdpgiene is essential to stop SARS-CoV-2
from spreading as virions can also contaminatehtiieds and clothes of people managing
food.

Data collected in February 2020 by researchers wngH Kong confirmed that
approximately 18% of patients with COVID-19 in teidy group showed gastrointestinal
symptoms (Cheung et al., 2020). However, virus Rh&s detected in the stool samples of
over 48% of patients. Fecal RNA was detected ewvewasses with a negative result for
respiratory samples. The relationship between fithes/respiratory manifestations and the
gastrointestinal tract is not fully understood, s known that patients with respiratory tract
infections usually show bowel dysfunction or seamydbowel complications that are
associated with a more severe clinical course efdisease, which clearly indicates a cross
effect. We currently do not have clinical evidengkich indicates that modulation of the
intestinal microbiota plays a therapeutic role he treatment of COVID-19. However, it is
suggested that influencing intestinal microorgamsisimay be a therapeutic option at least to
alleviate the disease (Gao et al., 2020). Recomatems developed in February 2020 by the
National Health Committee of China and the Natiok@ministration of Traditional Medicine
in China directly suggest that probiotics couldused to treat patients with severe COVID-19
infection to maintain the balance of intestinal rolmota and to prevent secondary bacterial
infection (Gao et al., 2020).

The possibility of oral coronavirus infection wdsademonstrated by previous studies on
twin viruses, especially MERS-CoV. In this casevés found, among other things, that the
route of infection of nearly 1/5 of the MERS caseas direct contact with camels
(Cauchemez et al., 2016). These animals shed @& langount of virus from the upper
respiratory tract, but the possibility of infectiaiso results from other factors. Authors

mention camel milk among them (Memish et al., 20MERS-CoV was detected in 41.9 %
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of camel milk samples (Reusken et al., 2014) wittoreg shelf life. Primary MERS-CoV
infection can occur through breathing droplets andéliva during direct contact with camels
or through the consumption of unpasteurized camk on undercooked camel meat (Durai
et al., 2015). Additionally, studies have also shawat the MERS coronavirus significantly
loses its potential for infection in fasted-stasestyic fluid (low pH). Instead, it is resistant to
gastric fluid after a meal and intestinal fluid tlcantains digestive enzymes and bile salts (J.
Zhou et al., 2017). Studies on the survival ofwhas in milk also concerned other types of
milk, including goat's and cow's milk. In all casése survival of MERS-CoV was found in
unpasteurized milk after more than 48 hours (Neeln Doremalen et al., 2014). This
situation can trigger the transmission mechanismMM&RS coronavirus to humans and
infection of the mouth and later the lower resmirpttract. Pasteurization of milk can prevent
food-borne transmission of SARS-CoV (Rabenau et24105). To inactivate this type of
virus, it is sufficient to warm the milk to a tenrpture of about 60 °C for 30 min (Rabenau et
al., 2005). It is also known that human coronawsublCoV-229E and HCoV-OC43 remain
active in buffer solutions longer than in a dri¢dts and are able to survive in suspension at

room temperature for several days (Sizun et aOp20

There are three main routes for human-to-human @AM transmission: direct or indirect
contact transmission, short range transmissionrbpléets, and long range transmission by
aerosol (Adhikari et al., 2020).

Direct transmission and food

From the beginning of the pandemic, direct transmorsof the virus was indicated as the
main route, and many studies confirmed person-tegue transmission. As was reported
(Auwaerter, 2020) the mean incubation period of SARV-2 is 5 days - 6 days (range 2
days — 12 days). For people quarantined, two weakservation is recommended to exclude
infection, but up to 24 days’ asymptomatic timenir@xposure was described. Moreover,
viral shedding could occur following recovery, butis unclear what role this plays in
transmission. Some suggest that high viral load aguate with disease severity, but studies
to date have not been standardized. Mcintosh (Msmt2020) suggested, on the basis of
literature review, the possibility that patientsgimti be more infectious in the earlier stage of
infection, but additional data is needed to confiims hypothesis. Transmission of SARS-

CoV-2 from a person presenting symptoms as well frasn presymptomatic and
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asymptomatic individuals has been previously doaiete(Chan, Yuan, et al., 2020; Z. Hu et
al., 2020; Rothe et al., 2020; P. Yu et al., 2020).

The possibility of the virus spreading by an inéettperson without symptoms is very
dangerous because this makes isolation impossibis. means that any activity involving
direct contact with another person (e.g. store ketpface, restaurant, transport) is a potential
threat. Results from a study of Kwok et al.(Kwolkaét 2015) showed that people touch their
face about 23 times per hour. Of all face toucle8, involved contact with a mucous
membrane, 36% involved the mouth, 31% involvednibge, 27% involved the eyes, and 6%
were a combination of these regions (Kwok et &15). This means that during normal daily
activities and shaking hands with an asymptomateected person there is a considerable risk

of transmission.

Indirect transmission and food

Transmission of coronaviruses from contaminatedasas (indirect transmission) has
been postulated, this includes self-inoculationmafcous membranes of the nose, eyes or
mouth, emphasizing the importance of a detailecetstdnding of coronavirus persistence on
inanimate surfaces (Kampf et al., 2020). Duringnmairdaily activity all people touch many
things besides their face. Thereby, an infectedsqgrer (either presymptomatic or
asymptomatic) can unknowingly contaminate varioosirenmental surfaces with viruses
which can then be transferred to the fingers oéothdividuals. The frequency and relative
importance of this type of transmission remaindeanc It could be a more probable source of
infection in settings where there is heavy virahtemination (Mcintosh, 2020). It was
confirmed by Winther et al. (Winther et al., 200iat transfer of virus from sites
contaminated with mucus involved fingertip contadhjch is usual in normal daily activities
such as flipping light switches, dialling phone raers or holding a telephone receiver.

Food may become contaminated directly by the utigadi hands of harvesters in farm
fields, processors, and those who prepare and $eogein restaurants and at home (Cook,
2013). Similarly, when shopping, especially whegibg food, people often carefully choose
ripe fruit, undamaged vegetables, they analyzéniedients of the meal on the packaging or
look for data on allergens on the label. Each tihey pick up a product, touch it and either
put it in their shopping cart or return it to tHeeH. Therefore, infected hands of sellers in the
store as well as of clients could be a potentiate® of SARS-CoV-2 transmission.

Taking into account the stability of SARS-CoV-2 warious surfaces (next chapter)

indirect transmission of the virus is thereforetguiossible. Proper hand-washing was one of
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the first recommendations to prevent the sprea€€©WVID-19. Thorough washing of the
surfaces of products could also be a useful integror to reduce virus levels, but some foods,
such as raspberries, strawberries and crinklydeftare difficult to thoroughly wash (Cook,
2013). According to EFSA, there is currently nodevice that food is a likely source or route
of transmission for SARS-CoV-2. Regarding food 8af&/HO has issued precautionary
recommendations including advice on following géydiene practices during food handling
and preparation, such as washing hands, cooking theeoughly and avoiding potential
cross-contamination between cooked and uncookedsfdb is emphasized everywhere that
SARS-CoV-2 is an enveloped virus, so hand washiitlg basic soap for at least 30 seconds
is enough to inactivate the virus.

The possibility of rapid transmission of virusesotigh contaminated hands is already
known for other pathogens. Rhinoviruses are noreleped, positive-stranded RNA viruses
belonging to theEnterovirus genus within thePicornaviridae family, and are the main
causative agent of the common cold, the most fretgiméection worldwide (L'Huillier et al.,
2015). It was demonstrated that rhinoviruses oritigers of volunteers have been efficiently
transferred by contact to the nasal and conjunictruacosa, where they routinely produced
infection. Five out of 10 recipients (50%) develdpmfection after exposure to virus-
contaminated coffee cup handles and 9 out of 166jS6ecame infected after exposure to
contaminated plastic tiles (Gwaltney & Hendley, 2p8Human-to-human transmission of
influenza is mediated mainly by the airborne robid, direct contact via contaminated hands
followed by self-inoculation of the upper respimgtdract is probably equally important.
Nevertheless, it remains difficult to establishether large contaminated respiratory droplets
could lead to finger contamination (Lowen et aQ&; Mubareka et al., 2009; Tellier, 2006,
2009). This may be dependent upon the virus tymeulum size and external conditions (i.e.
temperature, humidity). Thomas et al. (Thomas et28l14) experimentally investigated the
survival of influenza A (H3N2) and A (H1IN1)pdmO9rwses on human fingers. Their
findings could help to set up the promotion of hamgjiene to prevent influenza hand
contamination. A similar conclusion could be takecgonnection with SARS-CoV-2.

At present, no infection with SARS-CoV-2 via meansmission has been detected.
According to the German Federal Institute for RAggsessment BfRGan the New Type of
Coronavirus Be Transmitted via Food and Objec®&®20), livestock used for the production
of meat cannot be infected with SARS-CoV-2, fott tlegeson it is unable to transmit the virus
to humans via this path. Moreover, meat and meadymts are protected by packaging. To

prevent not only COVID-19 but also other pathogansat and poultry should be heated
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sufficiently before consumptionCpronavirus: No Evidence That Food Is a Source or
Transmission Rout020).

Contamination of dairy products has been assocaidd transmission of bacteria and
viruses. Results obtained by van Doremalen eNaeltje van Doremalen et al., 2014) show
that MERS-CoV, when introduced into milk, can suevifor prolonged periods. However,
pasteurization of milk can prevent foodborne trassian. The authors concluded that heat
treatment decreased MERS-CoV below the detectimit lof the titration assay, and this
might function as a relatively easy and cost-effectmeasure to prevent transmission.
According to EFSA and BfRQan the New Type of Coronavirus Be TransmittedRaad
and Objects? 2020; Coronavirus: No Evidence That Food Is a Source can¥mission
Route 2020) no infections with SARS-CoV-2 via milk teanission have been detected to
date.

While COVID-19 can theoretically be transmittedtbuching a contaminated surface and
then touching the nose, mouth or eyes, this isthotight to be its primary mode of
transmission low COVID-19 Spreads2020). However, proper hygiene and hand washing
technique are also important due to the possililita fecal-oral route of virus transmission.
An infective SARS-CoV-2 strain was isolated fromstol specimen of a laboratory-
confirmed COVID-19 severe pneumonia case. This metHmat stool samples may
contaminate hands, food and water, and may cadsetion by invading the oral cavity,

respiratory mucosa or conjunctiva (Y. Zhang et2020).

Droplets and aerosol transmission

SARS-CoV-2 was detected in saliva (To et al., 20&®)people can spread the virus by
coughing, speaking, breathing, sneezing or singasgwell as vomiting or during dental
treatment. All these activities create an aeroswml ipfectious aerosol when it contains
pathogens), which is projected into the surroundimgrigure-2). It is suspected that exhaled
air from both the nose and mouth is able to mixhvéir in the breathing zone of another
person standing nearby (e.g. doctors at the bedsigdgomers in a store or restaurant,
travelers on public transport) (Tang et al., 2008&). wearing a protective face mask was
recommended in many countries as a preventive meaBut a major problem is the lack of
clinical trials on the impact of masks on viralenfion rates. Wearing a face mask probably
does not prevent coronavirus infection, but cantlimfectious aerosols spreading. Either
way, an infected individual causes the virus toeadr(Figure 5), either directly (touching

various objects) or by producing an infectious aetavhich settles on surfaces (fomites).
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An infected person when coughing emits about 3 @@plet nuclei, while one sneeze
produces up to 40,000 droplets (Tang et al., 20D6G)ing normal breathing, exhalation can
project droplets up to 1 m in room air, which may ibhaled by another person nearby
causing disease development. The infectivity ohsaerosol depends on many factors, with
the size of infectious particles being the mainnig€he World Health Organization and other
agencies, such as the Centers for Disease Contibl Paevention, use a dichotomous
classification between large vs small droplets dmuplets vs aerosol. Accordingly, larger
droplets (> 10 um) with more mass are more stroimglyenced by gravity but less so by air
flows, so they move more ‘ballistically’ and fatl the ground more quickly, usually within a
distance < 1 m. Small infectious droplets (5 pn®-dn) are less influenced by gravity and
can travel a distance of about 1 m - 1.5 m. Dropletlei (the airborne residue of a potentially

infectious aerosol from which most of the liquidshevaporated) measuring <-5-pm—Larger

opie A aa 'A'. morae-m A _Maore oaivenced-n\g9g v VARY.ViaTlla a air

evapeorated) can remain suspended in the air veiy &md can be carried even 50 m by air

flows as a ‘cloud’. Viruses usually enter the resfary tract in small droplets and droplet
nuclei (Atkinson et al., 2009; Fernstrom & Goldhl&013;Infection Prevention and Control
of Epidemic- and Pandemic-Prone Acute Respiratofgdtions in Health Care2014; Liu et
al., 2020; Tang et al., 2006).

However, recent work has demonstrated that exbakti sneezes and coughs are
primarily made of a multiphase turbulent gas clgaduff) that entrains ambient air which
traps and carries within it droplets of all siz&d(rouiba, 2020). Moreover, the moist and
warm atmosphere within the turbulent gas cloud qutst the pathogen-bearing droplets
against evaporation for much longer than occurk giblated droplets, hence, the lifetime of
droplets within a 'puff' could be extended to maniutes. Depending on environmental
conditions (temperature and humidity) the gas cleuth pathogen-loaded droplets of all
sizes can travel 7m - 8m and be either directhaleth by a susceptible person, contaminate

other rooms via the ventilation system or settlevarous surfaces and fomites.
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Figure 5. Transmission routes involving direct emtt indirect contact by contaminated

surfaces and fomites, as well as by droplets (slamge) and droplet nuclei (long range)

spreading [on the basis @fang et al., 2006)]

Studies conducted in China, in which 75,465 ca$e8ARS-CoV-2 were analyzed, did not
prove airborne transmission of the virus (Ong gt2820). It had already been confirmed that
transmission of SARS-CoV-2 occurred through smallegtious droplets, from close
proximity (approx. 1.5 m) to an infected personhwiéspiratory symptoms, through fomites
in the immediate vicinity of the infected persom{et al., 2020), or from objects which had
been infected, such as a thermometer, etc. (FemsirGoldblatt, 2013; Pittet et al., 2006). It
seems, therefore, that SARS-CoV-2 can be trangiriiyean infected person to the packaging
of food or by the food itself. It is possible batlaring shopping, when an infected person
without appropriate protective measures touched,feq. bread or fruit, and also during food

production.

The German Federal Institute for Risk AssessmefR)Boes not yet have any information
on infection with SARS-CoV-2 via bakery goods oedin fruit and vegetable transmission.
Coronaviruses can generally reach bakery produdtsiio and vegetables through an infected
person sneezing or coughing directly on them. A amefection to another person then
appears to be possible if the virus is transmisieartly afterwards via the hands or the food
itself to the mucous membranes of the mouth, thooayes. Nowadays, bakery products in
retail stores are usually packed to protect andmuae the risk of contamination. Preparation
of fruit and vegetables requires maintenance ofgereeral rules of hygiene, which include
thorough washing of the food and frequent hand mgstiuring handling@an the New Type
of Coronavirus Be Transmitted via Food and Objecgg20).
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7. Stability of SARS-CoV-2 in the environment and on arious surfaces

It seems reasonable to consider tightening prevemtieasures primarily in food stores.
There are several factors that can make SARS-Cts2 likely to be transmitted via food,
even if the virus is present in the food or whem plerson in contact with the food in the store
(the seller) or the person producing the food fedted. First of all, proper hand hygiene,
cleaning and disinfection of potentially contamethsurfaces are the basic actions aimed at
limiting transmission of the virus, both in healtihe and in the food industry (Ong et al.,
2020). Furthermore, several ways to prevent vigat@mination can be adjusted particularly
to food or their packaging. Firstly, food safetpgedures that are already known and used to
prevent pathogen contamination, such as washingdaidfecting hands, surfaces and all
utensils that come into contact with food or appdyappropriate processing temperatures,
should still be implementedCOVID-19 and Food Safet020a). The staff should also be
healthy, and ideally tested for SARS-CoV-2, as yimggomatic and asymptomatic people can
spread the virus. It is important that all peopleowhandle food, along with managers,
cleaners, maintenance contractors, delivery woylard food inspectors, should be excluded
from work immediately after even suspicion of bemgirus transmitter. Personal protective
equipment, such as masks and gloves, can be gHantreducing the spread of viruses, and
physical distancing should also be introduced withie food industry@GOVID-19 and Food
Safety 2020a). The impact of environmental conditionshswas temperature, relative
humidity, absolute humidity and sunlight on viruakslity and spread is largely unknown
(Aboubakr et al., 2020).

The biology of SARS-CoV-2 is not without signifiaa In contrast to other pathogens
such as noroviruses, SARS-CoV-2 cannot surviveng fzeriod of time (weeks) on a surface,
and its stability differs depending on surfacesadiition, viruses do not multiply on food,
which means that if infectious droplets with virsettle on the surface of the food or its
packaging, the quantity of virus will decrease awae (COVID-19 and Food Safet2020a).

Previously known human coronaviruses such as: SBB%- MERS-CoV or endemic
human coronaviruses are able to survive on vasadaces such as metal, glass or plastic for
several days (Otter et al., 2016; Peng et al., 28200 et al., 2003). Apart from the type of
surface, ambient temperature and relative humichty also affect transmission. It has been

shown that MERS-CoV is most stable at low tempeestiand low humidity; under these
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conditions the virus remained infectious for upd®hours (N. van Doremalen et al., 2013).
Stability of the SARS virus has been analyzed aioua surfaces and in human samples, i.e.
blood, sputum, urine and feces (Duan et al., 2008)as shown that after 60 h incubation the
infectivity in serum began to decrease, and afgé i it was not detectable. In contrast, the
infectivity of SARS virus in urine was significaptllower but persisted, albeit slightly
decreasing, even after 120 hours of incubatiorechidns with SARS-CoV in filtered sputum
fell slightly faster than in unfiltered sputum, lbere was no difference between infectivity of
filtered and unfiltered feces (Duan et al., 200B)e authors found that the highest SARS
stability was on a glass surface, with decreaser @0 hours of incubation at room
temperature. The survival of SARS virus on a woosleriace, in the soil or water was the
lowest, and lasted for 60 hours, whereas afteriti20s it became almost undetectable.

According to scientists from the WHO laboratory wetk, the SARS-CoV-2 virus is
more stable under laboratory conditions than preslioknown coronaviruses. After 21 days
of cultivation at two different temperatures (4 46d 80 °C) only minimal reduction in virus
concentration was found. In addition, SARS-CoV-2siable in feces and urine at room
temperature for at least 1-2 days. It may even mestable for up to four days in stools of a
higher pH ((WHO | First Data on Stability and Resistance of SAFbronavirus Compiled by
Members of WHO Laboratory Netwo2020)).

According to the latest research, the survivahef $ARS-CoV-2 virus on plastic surfaces
at room temperature and 65% relative humidity wasr fdays, and after seven days it
completely lost its ability to become infectioush{€ et al., 2020). Another study showed that
SARS-CoV-2 retained its infectivity for three days a plastic surface at room temperature.
Moreover, it has been shown that there is no diffee between the persistence of SARS-
CoV-2 and SARS-CoV-1 on a plastic surface, and ot virus strains completely lost their
infectivity after four days (Neeltje van Doremaleh al., 2020). Available studies on the
survival of coronaviruses on metal surfaces hawsvehthat survival varies with the type of
metal. In general, coronaviruses survive shorteiogs on copper, nickel and brass than on
stainless steel and zinc surfaces. For example,SSB8&V-1 persisted on copper for eight
hours while it remained infectious for two days siainless steel with complete degradation
after three days (Neeltje van Doremalen et al.0202ARS-CoV-2 showed lower survival on
copper than SARS-CoV-1 (Neeltje van Doremalen.eR8R0).

According to Chin et al. SARS-CoV-2 virus remaingdectious on glass at room
temperature and 65% relative humidity for two daysl became completely undetectable
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after four days (Chin et al., 2020). SARS-CoV-Jametd its infectivity for a long time (four
days) on glass at room temperature. Active viriese also detectable in some cases of 120
h incubation on metal, cloth and filter paper. Tredationship between stability and
temperature was also demonstrated. SARS viruses mere stable at 4 °C than at room
temperature (Duan et al., 2003). Research showschkbidning is not a significant source of
virus transmission. Clothes are made of porous nadge but SARS-CoV-2 lasts longer on
non-porous surfaces (Aboubakr et al., 2020).

Active virions were also detectable in some ca$d20 h incubation on metal, cloth and
filter paper. The relationship between stabilitylaamperature was also demonstrated. SARS
viruses were more stable at 4 °C than at room tegiyne (Duan et al., 2003).

According to the latest research published in Wee England Journal of Medicine,
SARS-CoV-2 is stable for several hours to seveagbsdn aerosols and surfaces (Neeltje van
Doremalen et al., 2020). It has been shown thatvihes was detectable in aerosols up to
three hours after infection, survived four hourscopper, up to 24 hours on cardboard, and 2
- 3 days on plastic and stainless steel (Neeltfe@aremalen et al., 2020). It was also found
that the stability of SARS-CoV-2 appears to be Emio the stability of SARS-CoV under
experimental conditions, but there are some diffees in the epidemiological characteristics
of these viruses. SARS-CoV-2 had a very high t@ed higher potential for virus spread by
asymptomatic carriers (Bai et al., 2020; Y.-C. Ckeal., 2004; Neeltje van Doremalen et al.,
2020). The stability kinetics of SARS-CoV and SARB8V-2 were similar, furthermore,
SARS-CoV and SARS-CoV-2 half-lives were similaraerosols and on copper. In contrast,
on cardboard, the half-life of SARS-CoV-2 was lontj@an SARS-CoV. The longest life span
of both viruses concerned stainless steel andiplaise estimated average half-life of SARS-
CoV-2 and SARS-CoV was 5.6 hours and 4.2 hoursectsely for stainless steel, and 6.8
hours and 7.6 hours respectively for plastic (Neelan Doremalen et al., 2020). In summary,
studies show that SARS-CoV-2 transmission in a¢rasd fomites is plausible as the virus
remains viable, it also remains infectious in ael®gor hours and on surfaces for up to
several days. Moreover, the results suggest th&®SS8oV-2 can be transmitted not only by
droplet transmission but also by touching contameth@bjects, e.g. food packaging.

8. Risk minimization — recommendation

Although to date there is no evidence of virusest ttause respiratory illnesses being

transmitted via food or food packaging, there isnstant consumer concern about food
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safety in the context of a pandemic. Risk minimaabf Covid-19 in relation to the food
chain should be considered in two aspects. Finsthé context of food safety control
systems, and second, in the context of direct coesyprotection.

To preserve the integrity of national food safepntcol systems, support international
trade and the food supply chain, each competehbaty will need to prioritize critically
important services during the ongoing COVID-19 mami. The challenges facing
national health authorities arise from reduced ciép#o maintain a fully functioning food
safety inspection program. This results from treloeation of staff to national COVID-
19 emergency response teams or to changes invabating practices (homeworking).
Moreover, national health authorities also needespond to an increasing number of
gueries from Government, the food industry, conssnaad the mediaCOVID-19 and
Food Safety2020b).

It is imperative for the food industry to reinforpersonal hygiene measures and provide
refresher training on food hygiene principles tomelate or reduce the risk of food
surfaces and food packaging materials becomingacanated with the virus from food
workers. Personal protective equipment (PPE), ssamasks and gloves, can be effective
in reducing the spread of viruses and disease mitie food industry, but only if used
properly. Moreover, the food industry is strongtvsed to introduce physical distancing
and stringent hygiene and sanitation measu@3\V(D-19 and Food Safety2020b;
Modes of Transmission of Virus Causing COVID-2020)(FAO/WHO, 7 April 2020).
WHO emphasized the great importance of frequent Hamgiene, respiratory etiquette
and environmental cleaning and disinfection, asl welthe importance of maintaining
social distancing and avoidance of close, unpretecbntact with people who have fever

or respiratory symptoms.

Interim guidance for the food industr€@QVID-19 and Food Safet020b) recommends
that frequent and effective handwashing and samitathould apply at each stage of food
processing, manufacture and marketing. Moreovexilabe hand sanitizer for consumers
is strongly recommended. Consumers should also faearmasks and gloves as well as
maintaining social distancing. Consumers shoulderaber not to touch their face. Food
products on open self-service displays in retaibred should be placed in
plastic/cellophane or paper packagl@@VID-19 and Food Safety2020b). Both the
entrance to the store and the exit from it shoa@lgpteceded by hand disinfection. One of

the most important safety precautions should bes#imitization of shopping trolleys and
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937 baskets. After completing their shopping shoppéimukl remove packaging then wash

938 their hands and (if possible) the products purathase
939 9. Conclusion
940 In conclusion, although there is no direct and itledevidence that COVID-19 is a

941 foodborne disease, contact with food cannot beidered as completely safe in the context
942  of an ongoing pandemic. In many countries the oplgn stores are those selling food. What's
943 more, it is a product of the first need, and themrethere is a demand for it all the time. It is
944  therefore very important to closely monitor the llieaf staff who handle food, and to test the
945 food as comprehensively as possible for the presehSARS-CoV-2. It is also important to
946 identify all infected people, especially asymptoimatrriers of the virus, thereby preventing
947 its spread. COVID-19 is not a typical foodborneedse, but we can be infected when
948 handling food without proper hygiene and precawiqust as we can by handling any other
949 item that has come into contact with a person ieftby SARS-CoV-2.
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Table 1. Comparison of known human coronaviruses

Genus
Strain

Disease

Receptor on
human cells

Tissue/organ
tropism

Natural host
[reservoir/

Intermediate
host

Symptoms

Alphacor onavirus

HCoV-229E
mild upper

respiratory
tract infection

APN

Monocytic and
granulocytic
lineage;
synaptic
membranes of
the

central nervous
system;
intestinal,
lung
kidney
epithelia cells

and

bats

dromedary
camels,
alpacas
Malaise,
headache,
nasal
discharge,

HCoV-NL63
mild upper
respiratory
tract infection

ACE2

Arterial
venous
endothelium;
arterial smooth
muscle; small
intestine,
respiratory
tract
epithelium;
alveolar
monocytes
and
macrophages
bats

and

palm civets

Cough,
Rhinorrhea,
tachypnea,
fever, hypoxia,

HCoV-OC43 HCoV-HKU1
upper pneumonia

mild
respiratory
tract infection

ASA
Sub-

maxillary
mucin

rodents

cattle

Malaise,
headache,
nasa
discharge,

ASA
Airway

epithelium,
aveolar cells

rodents
mice
Fever,

Nose,
dyspnea

running
cough,

Betacoronavirus
SARS-CoV-2
Coronavirus

SARS-CoV
Severe  acute
respiratory
syndrome
(SARS)

ACE2

Arteria
venous
endothelium;
arterial smooth
muscle; small
intestine,
respiratory tract
epithelium;
alveolar
monocytes

and
macrophages

and

bats

palm Civets,
raccoon dog

Fever, myalgia,
headache,

malaise, dry
cough, dyspnea,

Disease

2019

(COVID-19)

ACE2

bats

pangolin, bats

Fever, dry cough,
dyspnea, myalgia,
headache, diarrhea,

fatigue,

shortness

MERS-CoV
Middle
respiratory
syndrome
(MERS)
DPP4

East

Respiratory tract
epithelium;
kidney,

small intestine;
liver and prostate;
activated
leukocytes

bats

dromedary
camels

Fever, cough,
chills, sore throat,
myalgia,
arthralgia,



Transmission

Transmission
by
asymptomatic
patient

References

sneezing, sore croup

throat,
cough

fever,

Respiratory
droplets,
fomites

not reported

(Belouzard et
a., 2012;
Victor M.
Corman et al.,
2018; Victor
Max Corman
et d. 2015
Fung & Liu,
2019; Lim et
a., 2016; Ye et
a., 2020)

Respiratory
droplets,

fomites

not reported

(Fung & Liu,
2019; Lim et
a., 2016; Yeet
al., 2020)

sneezing,
sore throat,
fever, cough

Respiratory
droplets,
fomites

not reported

(Belouzard et
al., 2012;
Fung & Liu,
2019; Lim et
a., 2016; Ye
et a., 2020)

Respiratory
droplets,
fomites

not reported

(Dijkman et al.,
2013; Fung &
Liu, 2019; X.
Huang et 4a.,
2015; Limet d.,
2016; Ye et d.,
2020)

respiratory
distress,
diarrhea

Respiratory
droplets,
fomites,
ord

very rare

fecal-

(Yun Chen et
a., 2020; Fan et
a., 2019; Fung
& Liu, 2019;
Limet a., 2016;
L.-F. Wang et
al., 2006; L. Xu
et al., 2009; Ye
et a., 2020)

of breath,
throat,
vomiting,
rhinorrhea,
conjunctivitis
Respiratory
droplets, fomites,
fecal-oral

sore
nausea,

often

(Chan et a., 2020;
Fung & Liu, 2019;
Gu et a., 2020; C.
Huang et a., 2020;
C-C. La e 4.,
2020; Lim et 4.,
2016; Lupia €t 4.,
2020; Meng et al.,
undefined/ed;

Meselson, 2020; J.
Wang & Du, 2020;
Ye e da. 2020;
Zheng, 2020)

dyspnea,
pneumonia,
diarrhea and
vomiting, acute
renal impairment
Respiratory
droplets, fomites

no

(Al Hosani et d.,
2019; Alagaili et
a., 2014; Azhar
et a., 2014; Fung
& Liu, 2019; Lim
et a., 2016; Ye et
al., 2020)

APN — aminopeptidase N, ACE2 — angiotensin-comgegnzyme 2, DPP4 — dipeptidyl peptidase 4, ASO-a8etylated sialic a
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Covid-19 pandemic and food: present knowledge, risks, consumersfearsand safety

Aleksandra Duda-Chodak, Marcin Lukasiewicz*,
Gabriela Zi¢¢, Adam Florkiewicz, Agnieszka Filipiak-Florkiewicz

Highlits

* COVID-19 is not transmitted by food itself, but due to high survival rate of virus
on surfaces may be aroute of spreading the disease

» The proper treatment of food and application of hygiene rules in industry, shops
and household may prevent infections

* Food packaging is a key factor that needs attention in order to stop spreading
COVID-19 in human popul ation



