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Virus Occurrence in Food and Food Packaging

SUMMARY

Research background. While it is clear that SARS CoV-2 coronavirus is the primary respi-
ratory virus, there are no entirely clarified ways of transmission. Foodborne transmission
has remained an unexplained path. Therefore, the goals of this paper are to examine and
present an assessment of the most appropriate of the four selected kits for RNA extrac-
tion for the testing and detection of SARS-CoV-2 on food packaging surfaces, food sur-
faces, and in food. This will enable to indicate the possibility of infection through contact
or direct food consumption.

Experimental approach. Finding the best technique is vital as RNA extraction is one of
the essential elements in detecting SARS-CoV-2. This was achieved through an experiment
with four commercial kits following the original manufacturers’ protocols, and with a mod-
ification of the original protocols that included the use of ethanol and isopropanol. The
selected kit was used for RNA extraction from the swabs of packaging surfaces, food sur-
face, and ready-to-eat food samples. The coronavirus was then identified using real-time
reverse transcription-polymerase chain reaction (RT-PCR) assays to determine whether
the SARS-CoV-2 virus or viral particles are present in the food chain with the overall pur-
pose of demonstrating the possibility that food can contribute as a vehicle for the trans-
mission of the virus.

Results and conclusions. The findings of this investigation made the most effective ex-
traction kit and protocol stand out. The results of the applicability of the kit indicated a
significant share of positive samples of viral SARS-CoV-2 virus particles on surfaces from
the environment where infected persons with ‘silent’ COVID-19 infection, with mild symp-
toms or no symptoms, were present. However, according to the findings of the second
part of the study, the virus was not detected on the examined samples of food packaging
surfaces, food surfaces, and food.

Novelty and scientific contribution. The presented results distinguished one of the most
suitable protocols for isolating RNA from environmental surface samples. The main con-
tribution of the study is in the presentation of the results, that is, the examination of sam-
ples that are primarily related to the food chain, food packaging, food surfaces, and ready-
-to-eat food. The results of this study could also be helpful for further determination of
the potential of food as a vector for the transmission of coronaviruses.

Keywords: SARS-CoV-2; food; RT-PCR; coronavirus; foodborne transmission; RNA extrac-
tion

INTRODUCTION

On 11 March 2020, the World Health Organization (WHO) declared the SARS-CoV-2
outbreak a global pandemic (7). The novel SARS-CoV-2 coronavirus led to the emergence
of coronavirus disease (COVID-19), which caused over 6 million mortal cases, making it one
of the deadliest pandemics in history. The WHO stated that it can spread from the mouth
and nose in small liquid particles (2). However, during the SARS epidemic, direct contact
with surfaces and faecal transmission was also reported (3). WHO points out that the SARS-
-CoV-2 virus can remain very stable at 4 °C, just like the SARS-CoV and Middle East
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respiratory syndrome (MERS) coronaviruses, that it is expect-
ed to behave similarly to its predecessors and that it could
remain infectious at —20 °C for up to 2 years (4). In addition,
many extensive studies confirm and clearly show the stabili-
ty and variability of the persistence of SARS-CoV-2 and other
coronaviruses in the environment, depending on different
surfaces and the influence of climatic conditions on their sta-
bility (5-7). A couple of preliminary studies focus specifically
on the importance of isolating and monitoring the occur-
rence of viruses in food and the stability of viruses on the sur-
face of food, specifically salmon, shrimp, frozen chicken
wings and pork (5,8-12).

Although complex transmission modes have not been
fully understood, there are indications that the contamina-
tion of the seafood market could be the source of the COV-
ID-19 outbreak in Wuhan, PR China (72). It is important to high-
light that there are no documents that report the transmission
through foods or packaging materials, but the capability of
the virus to remain infectious on those matrices warns cau-
tion (72). The stability of SARS-CoV-2 in a wide pH range
(pH=3-10) allows its stability in most food products (72). The
study of Huang et al. (13) indicates that the oral cavity is an
important site for SARS-CoV-2 infection and points to saliva
as a potential route of SARS-CoV-2 transmission. Available lit-
erature suggests that more studies are necessary to better
understand transmission modes, especially the role of food
that has the potential to act as a vehicle for the mentioned
virus (72). Field investigation in food retailers concluded that
if preventative measures together with sanitizing protocols
are employed, the risk of exposure to SARS-CoV-2 is low (74).

Most of the research since the beginning of the pandem-
ic was focused on the 'mainstream’ processing of clinical
specimens to detect the virus that is the primary causative
agent of the COVID-19 disease. Therefore, at the time of this
experiment, there were not any standardized protocols or
methodology for detecting SARS-CoV-2 in the environmental
samples available. Corman et al. (15) pointed out that the test-
ing of samples should ideally be carried out in two steps, i.e.
proving the presence of at least two gene sequences, just like
the recommendation of the WHO guide (76). DNA amplifica-
tion and detection methods take advantage of the conserva-
tion of the nucleotide sequence of a viral genome, which en-
ables viral identification with excellent specificity and high
sensitivity (17).

Based on the aforementioned, this study aims to assess,
through comparative tests, the most appropriate and effi-
cient of the four selected kits for RNA extraction, as well as to
provide the most efficient solution for the testing and detec-
tion of SARS-CoV-2 via swabs of packaging surfaces, food sur-
faces, and ready-to-eat food on a wide range of food prod-
ucts available on the Croatian market during the pandemic.
Although the SARS-COV-2 virus was not isolated from the
samples taken from the food chain, the results of the experi-
mental part of the research, in which the applicability of the
kit was tested, indicated a significant proportion of positive

samples from the environment where infected persons with
less pronounced symptoms or no symptoms were present.
Considering that similar studies presented in this paper
showed the possibility of infection through contact or direct
consumption of food, it can be concluded that there is a po-
tential for infection, but it is negligible.

MATERIALS AND METHODS

To test the presence of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) on the surface of food, food pack-
aging and in ready-to-eat food, it was necessary to evaluate
the performance of commercially available kits for the isola-
tion of viral ribonucleic acid (RNA).

Isolation kit efficiency assessment

In order to determine the best isolation kit for the target
RNA, kits from four manufacturers were used, designated as
kit 1, 2, 3, and 4 (Table 1). Kit manufacturers included in the
test are Agilent Technologies (La Jolla, CA, USA), Bioron Diag-
nostics GmbH (Romerberg, Germany), EuroFins Technologies
(Freiburg, Germany), and Qiagen (Venlo, Netherlands), man-
ufacturers are listed alphabetically, kit numbers are random,
and have no relation to the order of the kits in the displayed
table.

Table 1. Overview of extraction kits compared in the study

Manufacturer t(storage)/°C Regulatory Made in
status
. . La Jolla,
Agilent Technologies room RUO CA, USA
Bioron Diagnostics 3 Romerberg,
GmbH room/2-8 CE-IVD Germany
EuroFins Technologies room RUO grelburg,
ermany
Qiagen room Venio,

Netherlands

CE-IVD=European conformity label for in-vitro diagnostics, RUO=
research use only

RNA was isolated according to the manufacturer’s instruc-
tions for each selected kit. Verification of kit procedures com-
prises implementation of the mouse norovirus, because the
commercial standard of SARS-CoV-2 virus was not available
for controlled contamination (murine norovirus, median tissue
culture infectious dose assay (TCIDs,/mL =10® copies/mL).

The standard is integral to VIR Seek Murine Norovirus
(MNV), a quantitative real-time RT-PCR kit for food and envi-
ronmental samples (EuroFins GeneScan Technologies,
Freiburg, Germany). To determine the efficiency of PCR, equal
volumes of MNV standard (10 pL) were added to the lysis buf-
fer with varying virus dilutions (N(MNV)=undiluted, 107, 102
and 107%). The assessment is based on the relative measure of
the number of cycles at which the target analyte (after the
RT-PCR reaction) curve intersects the threshold line, that is,
the quantification cycle (C,) values and other calculations
shown in the statistical processing of the results.
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Protocol modification based on ethanol/isopropanol use

In addition to the original protocol, testing was done with
an alternative protocol in which ethanol (Scharlab, S.L., Sent-
menat, Barcelona, Spain) or isopropanol (J.T. Baker, Deventer,
the Netherlands) is used in the nucleic acid precipitation step.
Modification within kits 1, 2 and 4, after sample lysis, was
made during the RNA binding step; precisely equal volume
of ethanol in the sample tube was replaced with equal vol-
ume of isopropanol, after which the procedure was the same
according to the manufacturer’s protocol. Conversely, modi-
fication within kit 3 was also made after sample lysis, during
the RNA binding step, but this time by adding equal volume
of ethanol in the sample tube instead of equal volume of iso-
propanol.

Confirmation of applicability of the selected kit

The applicability of the kit and method was confirmed
under the conditions that guaranteed the presence of the vi-
rus, firstly by participating in proficiency testing, after which
a pilot test of surface samples (N=84) was conducted. Pilot
test samples were taken in quarantine areas where people
were asymptomatic or had weakly expressed symptoms of
the COVID-19 disease. Such a condition of infected persons is
the basic assumption for the contamination of items, for in-
stance, food packaging in the retail chain, which was dis-
cussed in many studies (8,78-217).

Selection and sampling

Different categories of food were selected and sampled,
direct food surfaces and packaging surfaces of packaged
food: food surface samples (N=60) from the retail chain (pack-
aged, unpackaged, fresh (t=4 °C), frozen (t=-20 °C), imported
and domestic origin) and samples of ready-to-eat (RTE) meals
(N=40), precisely 18 cold and 22 hot ready-to-eat meals. Swab
samples were taken in the refrigerator and freezer of a large
shopping centre as shown in Table S1.

From all surfaces of food samples or surfaces of food
packaging (except ready-to-eat meals), a swab sample was
taken according to the instructions of the I1SO 15216-2:2019
standard (22) and the WHO practical guide (76). Surface sam-
ples were taken using plastic swabs with a synthetic tip, pre-
soaked in a sterile phosphate-buffered saline (PBS) solution.
Wooden sticks and cotton wool should be avoided as they
may result in false negatives. The recommended wiping area
is 25-100 cm?, but whenever possible, an area of 100 cm? was
taken to increase the chance of virus detection.

After labelling the test tubes with swabs, the samples
were immediately transported in refrigerators to the labora-
tory for analysis. Samples of ready-to-eat meals were taken
from the hot-meal department in several retail chains. In ad-
dition, samples were taken of cold and hot ready meals in
bulk, where we know from the experience that the possibili-
ty of microbiological contamination is greater. The sampling
procedure was carried out according to the instructions of

the Nordic Committee on Food Analysis (NMKL) (23), CEN ISO/
TS 17728:2015 (24) and CAC/GL 50-2004 (25). Samples of swabs
and food were transported and kept at (5+3) °C until testing.

RNA extraction from samples

The collected samples were processed using the meth-
ods that proved to be most effective, and RNA was isolated
from the collected samples. Eluates obtained by extraction
were used for a real-time reverse transcription-polymerase
chain reaction (real-time RT-PCR).

Real-time reverse transcriptase-polymerase chain reaction

Real-time RT-PCR starts with the reverse transcription (RT)
of viral RNA into cDNA, which is amplified until the amplicon
appears. EuroFins Technologies detection kits were used for
this study, validated, and designed for testing environmental
samples and food surfaces, which can detect envelope pro-
tein (E-gene), RNA-dependent RNA polymerase (RdRp gene,
inside the Orflab polyprotein gene), and nucleocapsid pro-
tein (N1/N2 gene). All tests were performed in duplicate.

In the initial screening step, the isolated RNA was tested
for the E-gene present in the SARS- and MERS-related coro-
naviruses using the VIRSeek SARS-COV-2 screen kit using spe-
cific SARS-CoV-2 nucleotide sequence primers (EuroFins
Technologies). The kit was developed as an initial screening
test to be used with the VIRSeek SARS-CoV-2 Ident 2 and VIR-
Seek SARS-COV-2 Mplex kits to confirm a positive screening
test. The confirmatory test is performed by detecting the
RdRp gene with the VIRSeek SARS-COV-2 Ident 2 kit (EuroFins
Technologies) or the N-gene sequence (N1 and N2) with the
VIRSeek SARS-COV-2 Mplex kit (EuroFins Technologies). Assay
quality control assurance is provided by an internal positive
control (IPC) for each reaction and using a positive (PC) and
negative control (NC). According to these instructions, all
positive samples were confirmed for at least one more target
gene in this study.

RdRp and N gene PCR kit primer combinations are highly
specific for SARS-CoV-2 and do not cross-react with SARS-
-CoV, MERS-CoV, or seasonal human coronaviruses HKU1,
0C43, NL63 or 229E. In addition, primers from these kits do
not cross-react with cDNA from other common foodborne
viruses, including norovirus genogroups | and ll, hepatitis A
and E, rotavirus, adenovirus, or astrovirus (17).

The PikoReal™ Real-Time PCR System (Thermo Fisher Sci-
entific Oy, Vantaa, Finland) was used for testing. The total re-
action mixture for real-time RT-PCR was prepared from 5 uL
of BasicMix and 15 pL of OligoMix to which 5 pL of the sample
were added. The thermal profile for reverse transcription is
10 min at 50 °C, followed by enzyme activation and reverse
transcriptase inactivation for 3 min at 95 °C.

Thermal cycling was performed at 40 cycles, denatur-
ation for 3 s at 95 °C, annealing, and extension for 30 s at 58
°C.The channel through which fluorescence was detected for

252 FTB|Food Technology & Biotechnology

April-June 2023 | Vol. 61 | No. 2



Food Technol. Biotechnol. 61 (2) 250-258 (2023)

the targeted E-gene is FAM™ and for the internal control
Cy5™. The results are displayed and evaluated through Piko-
Real™ software (26).

Statistical data interpretation

The efficiency of the extraction kit is determined by the
slope (b) of the line of the linear regression, from which the
required level of efficiency (E) >90 % and R?>0.95 are defined.

The calculation formula for the slope is as follows:
Z(x=x)(y-Y)

2(x—Xx)

The formula for the efficiency percentage calculation
from the slope is:

b= /1/

E=-1+10-"® /2/

The formula for the coefficient of determination calcula-
tion:
R =1-—— /3/

where R?is the coefficient of determination, RSS is the sum of
squares of residuals and TSS is the total sum of squares.

The software GraphPad Prism (27) and Microsoft Excel
(28) were used for calculations.

RESULTS AND DISCUSSION

Evaluation of performance characteristics of kits

The focus of the first part of the test was the extraction
kits, i.e. the evaluation of the performance characteristics of
four commercially available kits for isolating viral RNA. How-
ever, considering that these are environmental samples in
which a large amount of targeted viral RNA was not expect-
ed, potential improvement of RNA isolation with the imple-
mentation of the formal, original protocol (O) set by the man-
ufacturer was additionally tested with an alternative modified
protocol (M). Untoro et al. (29) conducted a similar study
where they compared methanol, chloroform, and 2-isopro-
panol as alternative solvents to ethanol in the isolation of
dengue virus type 2 RNA, and concluded that the used meth-
anol and 2-isopropanol gave better results than ethanol. Gen-
erally speaking, the processing of environmental samples
leads to a specific problem. Lever et al. (30) emphasize that all

environmental samples have their peculiarities and may

require a specific fine adjustment of the used components
and their ratios.

In a modification of the protocol within the kits where the
original protocol is based on ethanol, isopropanol was used
(kits 1, 2 and 4). Within the kit that uses isopropanol in the
original instructions, alternatively, ethanol was used (kit 3).
Namely, it has been shown that isopropanol is a more suita-
ble solution in certain analyses, especially when a low con-
centration of RNA/DNA is expected. On the other hand, DNA
is less soluble in solutions containing isopropanol than in
solutions containing ethanol. Precipitation with isopropanol
was performed at room temperature to reduce the risk of sol-
utes such as sucrose or sodium chloride co-precipitating with
DNA/RNA (37). The results in Table 2 show that three extrac-
tion kits gave satisfactory results, while they were absent in
the case of kit number 4, and they were excluded from further
evaluation. The alternative protocol gave significantly better
results in the case of kit 2. Kit 3 gave the second-best result
according to the original protocol, while the alternative pro-
tocol did not provide better results. Overall, kit 1 showed the
best results when following the original protocol.

In addition, the efficiency (E) of the three extraction kits
was tested by real-time RT-PCR detection of a duplicate series
of a 10-fold dilution of the MNV standard. All tests showed
satisfactory efficiency (E), while the R?values of all kits except
kit 3 (in which isopropanol was used) were >0.99, which
meets the pre-defined required level (Fig. 1).

A similar study was conducted by O'Brien et al. (32), but
for wastewater surveillance of SARS-CoV-2. These kits are spe-
cific in that they may contain additional inhibitor removal
steps, so they are not directly comparable. In their study, Am-
brosi et al. (33) also focused on extraction efficiency and dealt
with protocol modification. In that study, proper evaporation
of ethanol (to reduce downstream interference of the RT-PCR
reaction) and extended incubation time during elution and
centrifugation are highlighted as critical steps in RNA extrac-
tion. The mentioned modifications proved effective and are
recommended for application in the study'’s kits to improve
RNA recovery for automatic and manual extraction. Finally, a
study by Ransom et al. (34) shows a comparison of three kits
(systems) for automatic RNA extraction from clinical samples
where it is clear that all three kits are satisfactorily efficient,
but one stands out with slightly better results in terms of

Table 2. Results of the C,values of the tested extraction kits show differences in target extraction efficiency of MNV RNA whether ethanol (EtOH)

or isopropanol (IPA) was used during the extraction

&
N(MNV) Kit 1 Kit 2 Kit 3 Kit 4
EtOH (0) IPA (M) EtOH (0) IPA (M) EtOH (M) IPA (O) EtOH (O) IPA (M)
undiluted 26.30 29.99 33.04 30.29 31.72 28.94 37.83 38.57
107 29.02 33.53 35.81 32.92 33.96 31.48 40.44 41.50
1072 32.49 37.03 39.96 36.59 37.49 34.51 NA NA
1073 36.60 40.35 43.29 39.96 40.79 39.33 NA NA

MNV=murine norovirus standard solution (various dilutions), O=original protocol, M=modified protocol, C;=number of cycles at which the
target analyte (after the RT-PCR reaction) curve intersects the threshold line

FTB|Food Technology & Biotechnology

April-June 2023 | Vol.61|No.2 253



Z.MLINAR et al.: SARS-CoV-2 Virus Detection in Food

a)  50.00
Slope=-3.439
45.00 A E=95%
R?=0.99189
40.00 A
o
= »
35.00
- _,,-{“
30.00 e
25.00 il
’ 1 100 0 107 10
N(MNV)
b) 50.00 -
Slope=-3.456
45,00 E=95 %
R?=0.99978
40.00 Lt
8 T
35.00 -
,—"‘—
3000 {1
25.00 T
N(MNV)
c) 50.00 -
Slope=-3.4895
45.00 E=93 %
R’=0.9948 e
40.00 A
-
3
35.00 P
-
30.00
25.00 . ' . )
1 10™ 10° 10°
N(MNV)

d) 50.00 -
Slope=-3.27
45.00 - E=102 %
R?=0.99093
40.00 - _»
- et
(U] o z—"
35.00 A
s
3000 {4 &
25.00 : . . ,
1 10! 10” 10°
N(MNV)
e) 50.00 -
Slope=-3.0735
45.00 4 E=112%
R’=0.99178 .
4004 - 3
g L
35.00 o
o
30.00
25.00 . . ; ,
1 10" 107 10°
N(MNV)
f)  50.00 -
Slope=-3.4215
45.00 - E=96 %
R?=0.9768
40.00 - $
-
3 -
35.00 - ey
.—“‘/’—-
30.00 -
..?
25.00 : . . ,
1 10" 107 10°
N(MNV)

Fig. 1. Presentation of the results of the efficiency test (E) of the three extraction kits tested by real-time RT-PCR detection of a double series of
10-fold dilution of the murine norovirus standard (MNV): a) kit 1 (ethanol), b) kit 1 (isopropanol), ¢) kit 2 (ethanol), d) kit 2 (isopropanol), e) kit 3
(ethanol) and ) kit 3 (isopropanol). C,=number of cycles at which the target analyte (after the RT-PCR reaction) curve intersects the threshold line

higher Cq values after the RT-PCR test. The authors conclude
that this is likely the result of the use of half the elution vol-
ume and thus a higher RNA concentration. Also, there are
similar studies by van Kasteren et al. (35) and Shen et al. (36),
but about the evaluation of diagnostic kits. Very few studies
have carried out this type of evaluation, and it is impossible
to compare the results of this study directly.

Confirmation of the suitability of the selected kits

The suitability of the selected extraction kit was double
confirmed. The first confirmation of suitability was obtained
by proficiency testing (LGC Standards Proficiency Testing,
Bury, UK), during which three gene sequences: E, RdRp, and
N, were successfully detected in the test sample (37). Fur-
thermore, the method’s suitability was confirmed through
targeted pilot testing under conditions that guaranteed the

presence of the virus (unpublished data). In particular, it was
about testing surfaces in dedicated spaces (quarantine)
where people who were asymptomatic or had weakly ex-
pressed symptoms of the COVID-19 disease were staying. At
least two gene sequences were successfully confirmed in all
samples.

The overall results of the targeted pilot testing are shown
in Fig. 2. Logical conclusion is that the amount of positive
samples is significant (32 %) and those results point to how
important the implementation of all prescribed hygiene
measures as well as those concerning social distancing are.

Namely, the basic assumption and risk arise when such
persons work in the preparation, serving, or in food traffic, as
pointed out by the German Federal Institute for Risk Ass-
essment (BfR) (38), stating that the coronavirus can be found
on cutlery and dishes by direct sneezing or coughing of an
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32%

= Positive
= Negative

68 %

Fig. 2. Ratio of total positive to negative samples from a targeted pilot
testing of the presence of the SARS-CoV-2 virus or virus particles un-
der conditions that guaranteed the presence of the virus

infected person and cause infection if it reaches the mucous
membrane of the nose or eyes. However, it also points out
that they have not recorded such infections so far. This asser-
tion is supported by the fact highlighted in several studies
that viral RNA detected on positive food samples most likely
originates from infected persons within the processing and
distribution chain before packaging. The reason could be that
food processing facilities are often identified as hotspots for
COVID-19 due to overcrowded workplaces, close contact with
colleagues, shared transportation or housing (8,39,40). For ex-
ample, one study found that physical contact and sharing
food during a conference in Singapore resulted in a group of
people suffering from COVID-19 (47).

Ong et al. (42) monitored the air and areas where symp-
tomatic patients with mild and moderate clinical symptoms
were present and showed that as many as 87 % of the sam-
ples were positive. For example, in another study, the results
of environmental samples in intensive care units (ICU) and
COVID units were significantly more pronounced, 54 out of
57,i.e.94.7 % in the ICU, and 9 out of 9, i.e. 100 % in the COVID
unit (43).

Examination of the presence of viruses on packaging
surfaces, food surfaces and ready-to-eat food

After the applicability and suitability of the kit were con-
firmed by successful proficiency testing and targeted pilot
testing under the conditions that guaranteed the presence
of the virus, the kit was used in the testing of samples of food
swabs and food packaging, which are considered to repre-
sent specific categories of food, taking into account diversity
of the storage, storage temperature, and origin. As intended,
RNA was extracted from all swabs and food samples (pre-
pared meals), and the presence of the E-gene was detected
using the VIRSeek SARS-CoV-2 Screen commercial kit. The re-
sults of all tested samples are summarized in Table 3.

As for the screening kit, the settings of the automatic
threshold limit and the criteria from the manufacturer’s in-
structions were used (C,<38). The test results of the swabs of
the samples showed one positive and two more samples with
C,>38. It should be noted that such high values are expected
and usual in environmental samples. For example, in the

Table 3. Presentation of the obtained results of testing surface swabs
and ready-to-eat food

Target Swab Ready-to-eat meal
gene Positive Negative Positive  Negative
E 0 (3 weeks positive) 60 0 40
RdRp 0 (1 week positive) 1 NA NA

N 0 1 NA NA

E=envelope protein, RARp=RNA-dependent RNA polymerase,
N=nucleocapsid protein, NA=not available

study of Ong et al. (42), the average C,value was 36.08. The
samples that showed positive C,values include all three sam-
ples from the category of fresh, refrigerated foods, i.e. fresh
fruits and vegetables. All “positive” results have in common
the absence of a characteristic sigmoid amplification curve,
and as such, they cannot be considered fully valid results.
Eventually, they can be characterized as weak positives. All
“positive” samples, according to the recommendations, were
additionally tested for the presence of the SARS-CoV-2 spe-
cific RARP gene with the VIRSeek SARS-COV-2 Ident 2 kit. Only
one sample had a positive result in terms of the obtained C,
value, but in this one too, the characteristic sigmoid amplifi-
cation curve was absent. The same sample was also tested for
the presence of the N gene with the VIRSeek SARS-COV-2
Mplex kit (EuroFins Technologies). No positive signal was re-
corded, i.e. no C,value was expressed.

All 40 samples of the tested ready-to-eat meals were neg-
ative for E-gene presence. Generally speaking, the successful
detection of viruses in food is a big challenge due to the phys-
ical and chemical properties of food, which include different
matrices and the heterogeneous distribution of virus parti-
cles, low viral load, and very demanding isolation procedures
(71,44), which is why care should be taken of potentially
false-negative results or underestimated amounts of viruses.
There are a large number of diseases caused by food and as-
sociated with viral infections, the most common of which are
hepatitis A virus (HAV), hepatitis E virus (HEV), and norovirus
(NoV), but other viruses, including enterovirus (EV), human
rotavirus (RV), hepatitis E virus (HEV), astrovirus, Aichi virus,
sapovirus, coronavirus, parvovirus, and human adenovirus
have the potential for food transmission (45). In contrast, no
evidence has been found that the ingestion of ready-to-eat
food is the route of transmission of the SARS-CoV-2 virus, as
evidenced by numerous studies and risk assessments
(8,19,44,46-50). Most major food safety bodies, such as EFSA
and FDA, have been obliged to clear any remaining doubts
and closely monitor the situation. It isimportant to highlight
that the early instances and outbreaks were linked to mar-
kets. Still, subsequent cases and outbreaks recurred in areas
that were large warehouses of frozen food from many differ-
ent parts of the world. The theory that the Huanan wholesale
seafood market in Wuhan, PR China, was an early epicentre
of the COVID-19 pandemic received its most considerable
support yet in a comprehensive most recent study by
Worobey et al. (57). However, it should not be forgotten that
the sequencing of the genome of the SARS-CoV-2 virus
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isolated from the Xinfadi market in China confirmed that it is
a European strain of the coronavirus (52), which turns the
whole situation around a bit.

CONCLUSIONS

From this study, it can be concluded that food and the
food chain may have a more significant role in the SARS-
-CoV-2 pandemic than was initially thought. Numerous stud-
ies partially tried to confirm and explain the significance of a
food and food transport role, particularly emphasizing the
cold chain and generally the contact transmission. Among
others, one of the main goals of this study was to define the
most effective extraction kit and the procedure among the
four selected commercially available kits. The study results
showed that in some kits, using isopropanol instead of etha-
nol in the precipitation step can give a higher yield of RNA.
The presented results made it possible to highlight the most
efficient extraction kit for this type of study, and the applica-
bility of the featured kit was further confirmed in two addi-
tional steps. In the first step, through proficiency testing, and
in the second step through a pilot test for the detection of
the SARS-CoV-2 virus on surfaces that guaranteed the exis-
tence of the virus or virus particles, i.e. in quarantine areas
where asymptomatic persons or persons with mild symp-
toms of the disease were staying. The pilot test results
showed that a significant proportion of the tested samples
were positive for viral particles of the SARS-CoV-2 virus. Such
results confirmed the justification of suspicion that similar
results could be achieved if such asymptomatic persons or
persons with less pronounced symptoms worked in the food
chain. The second part of the study presented a relatively
wide range of samples primarily related to the food chain, i.e.
food packaging, food surfaces, and the ready-to-eat food.
The final results of testing the presence of SARS-CoV-2 virus
or viral particles on food packaging surfaces, food surfaces,
and ready-to-eat food showed that the virus is not signifi-
cantly present, and according to the obtained results, it could
be concluded that food does not represent a significant risk
and probability of infection with the SARS-CoV-2 virus. How-
ever, this possibility should not be ruled out considering the
weak positive results.

Systematic monitoring of the virus is recommended to
gain a better insight into the dynamics and possibilities of vi-
rus transmission through food, which is corroborated by the
numerous studies mentioned in this paper. Two focus points
need to be pointed out, firstly, the oral cavity is a significant
site for SARS-CoV-2 infection, and its direct role in virus trans-
mission through the oral cavity requires further research, and
secondly, in legislative frameworks and risk reduction tech-
niques, frozen and chilled foods are largely overlooked as
possible vectors.
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