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A B S T R A C T   

Even though SARS-CoV-2’s primary transmission pathway is person-to-person, the role played by surfaces and 
food contact materials in carrying viral RNA should be further explored. For this purpose, the study aimed to 
investigate the persistence of SARS-CoV-2 using the strain ATCC® VR-1986HK™ on flow pack polyethylene 
(FPP) and polystyrene food trays (PFT). Samples of FPP and PFT were contaminated with heat-inactivated SARS- 
CoV-2 and were incubated at a temperature of 24 ± 1 ◦C and at controlled relative humidity (RH 65%). The 
experimental design included analyses at the time 0, 3, 6, 12, 24, 36, 48 and after every 24 h until the viral RNA 
was no longer detectable. The results showed a significant decrease (P < 0.001) in viral copy numbers on PFT 
within 3 h (24% reduction) and, at 72 h, the viral RNA had fallen below the limit of detection. Regarding the FPP, 
it was necessary to wait 24 h for a significant decrease (P = 0.015) in the viral load (14% reduction), while the 
detection threshold was reached at 96 h. These findings showed that the viral RNA persists longer on flow pack 
polyethylene samples than on polystyrene food trays, thus highlighting the importance of material characteristics 
in the persistence of SARS-CoV-2.   

1. Introduction 

The COVID-19 pandemic is to date a global health crisis that broke 
out in December 2019 in Wuhan, Hubei Province, China, and subse
quently spread worldwide. Counting globally 131.309.792 confirmed 
cases and 2.854.276 deaths (WHO, 2020). 

Currently, the main transmission routes are represented by 
contaminated droplets or aerosols from an infected individual (person- 
to-person transmission) (Rothan & Byrareddy, 2020; van Doremalen 
et al., 2020). Therefore, the diffusion can occur through direct contact 
with infected persons or indirectly by being in the same environment or 
coming into contact with objects and surfaces used by the infected 
person (surface-mediated transmission) (Razzini et al., 2020). About 
this, Anelich et al. (2020) reported that 10% of SARS-CoV-2 trans
missions occur from contaminated surfaces and environments. 

Based on the existing literature, there is no evidence of SARS-CoV-2 
transmission being related to the consumption of contaminated food 
(Anelich et al., 2020; Kingsbury & Lake, 2020), consequently COVID-19 
is not considered a foodborne disease. Nevertheless, food or contami
nated food packaging should be considered an important carrier for the 
indirect transmission of the virus. In fact, the food industry could create 
an environment suitable for cross-contamination and the spread of 
SARS-CoV-2 infection. This is mainly due to its complex structure, which 
generally consists of several food business operators involved in every 
production phase, from handling to transporting the food. Hence, pre
symptomatic or asymptomatic food business operators could be a source 
of infection for the food they handle or the surfaces they come into 
contact with (Thippareddi et al., 2020). On the other hand, food 
chain-related cases of COVID-19 were diverse and numerous. The first 
outbreak occurred on the June 21, 2020 in Xinfadi, the biggest 
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wholesale market in Beijing, where the SARS-CoV-2 was detected on the 
cutting board used to handle imported salmon (Global Times, 2020). 
The following genomic sequencing identified a European strain of 
SARS-CoV-2, pointing to frozen foods as possible virus carriers (Han 
et al., 2020). Subsequently, between July and August 2020, several 
COVID-19 clusters in China were repeatedly linked to imported frozen 
raw food. The presence of the virus was detected in food packaging 
materials (packages of frozen shrimps), food storage environment 
(shipping container), and food surfaces (frozen chicken wings) (Han 
et al., 2020). 

In June 2020, an emerging COVID-19 outbreak related to the food 
industry was confirmed in the UK (BBC News, 2020a). Simultaneously, 
the Public Health Authorities confirmed 204 cases at a chicken factory in 
Llangefni (BBC News, 2020a) and 106 cases at Rowan Foods in Wrex
ham, UK (BBC News, 2020b). In addition, large clusters of COVID-19 
positive cases, linked to the fish processing industry, were identified 
in Portugal (Fisher et al., 2020) and related to slaughterhouses in Ger
many as well as in Australia (ABC News, 2020a, 2020b; DW News, 
2020). 

Given the many cases reported, several authors have investigated the 
persistence of SARS-CoV-2 on food packaging, surfaces and food. In 
particular, Chin et al. (2020) found that the infectivity of SARS-CoV-2 at 
controlled temperature and relative humidity (22 ◦C and RH 65%) was 
no longer detectable after 3 h on printing and tissue papers and after 2 
days on treated wood and cloth. In contrast, the virus was more stable on 
smooth surfaces with a 4 days duration of infectivity on glass and 
banknotes and of 7 days on stainless steel and plastic. 

Another study conducted with a virus closely related to SARS-CoV-2 
(HuCoV-229E), showed that the human coronavirus 229E was able to 
persist at 21 ◦C and with a relative humidity that ranged from 30% to 
40%, on silicone rubber for 3 days and on polytetrafluoroethylene 
(Teflon), polyvinyl chloride (PVC), ceramic tiles and glass for at least 5 
days (Warnes et al., 2015). Regarding the virus infectivity in food, Fisher 
et al. (2020) reported that the SARS-CoV-2 titers did not decline until 
after 3 weeks in chicken, pork and salmon stored at respectively 4, -20 
and − 80 ◦C. 

This study aimed at investigating, through molecular methods, the 
persistence of SARS-CoV-2 (ATCC® VR-1986HK™) on flow pack poly
ethylene (FPP) and polystyrene food trays (PFT), two different food 
contact materials, among those most frequently used for food packaging. 
In fact, as reported by Tiwari et al. (2006), infectivity has a faster bio
logical decay rate than viral RNA persistence, and therefore, if it is 
possible to state that its presence may not be an indicator of viability, it 
is also possible to assert that its total absence defines a situation of ab
solute safety. 

2. Materials and methods 

Heat-inactivated SARS-CoV-2 (ATCC® VR-1986HK™) is a prepara
tion of Severe Acute Respiratory Syndrome related Coronavirus 2 
(SARS-CoV-2), strain 2019-nCoV/USAWA1/2020, which has been 
inactivated by heating at 65 ◦C for 30 min and is therefore unable to 
replicate. 

2.1. Heat-inactivated SARS-CoV-2 (ATCC® VR-1986HK™) stability on 
different surfaces assay 

FPP and PFT samples of 1 cm2 each were contaminated with 5 μL of 
heat-inactivated SARS-CoV-2 containing 3.75 × 105 copies/μL (ATCC® 
VR-1986HK™). The viral inoculum was evenly distributed over the 
entire surface through five droplets by 1 μL each to mimic airborne 
aerosols. 

Throughout the experiment, samples were kept in an incubator that 
provided stable levels of temperature (24 ◦C ± 1) and relative humidity 
(RH 65%). 

The experimental design included analyses at the time 0, 3, 6, 12, 24, 

36, 48 and after every 24 h until the viral RNA was no longer detectable. 
For each desired time point, three (n=3) samples were analyzed and the 
inoculated virus was recovered by adding 135 μL of phosphate-buffered 
saline (PBS). For each sample, the viral RNA extraction was performed 
and then the extracts were analyzed in duplicate through the use of a 
real-time PCR. 

2.2. Viral RNA extraction and Real Time PCR assay 

Viral RNA was extracted with the QIAamp® Viral RNA Mini Kit 
(Qiagen, Milan, Italy), based on spin columns, according to the manu
facturer’s instructions and using Intype IC-RNA as process control 
(Indical Bioscence, Leipzig, Germany) for each sample to evaluate the 
efficiency of extraction method. The RNA obtained was amplified and 
quantified by real-time RT-PCR using the VETfinder “Detection of CoV- 
19 and SARS and Recovery control in environmental sample” detection 
kit (Generon Srl, San Prospero, Modena, Italy). Tenfold serial dilutions 
of heat-inactivated SARS-CoV-2 containing 3.75 × 105 copies/μL 
(ATCC® VR-1986HK™) were made out in PBS, frozen at − 80 ◦C, and 
used only once. Duplicates of standard dilutions and RNA templates 
were simultaneously subjected to real-time analysis. 

Each reaction with a final volume of 25 μL comprised 20 μL of Ready- 
to use Mastermixes and 5 μL of RNA sample or standard dilution. The 
thermal cycle protocol included RT at 55 ◦C for 10 min, activation of Taq 
Polymerase at 95 ◦C for 3 min followed by 45 cycles of 95 ◦C for 15 s and 
58 ◦C for 30 s, according to the manufacturer’s instructions. The RNA 
copy numbers of SARS-CoV-2 was automatically calculated by the CFX 
connect Real Time system, (Bio-Rad Laboratories Srl) based on standard 
curves, plotting the quantification cycle (Cq) values against each stan
dard tenfold dilution. A sample was considered negative when the Cq 
value of the qRT-PCR was ≥ 40. 

2.3. Statistical analysis 

The statistical analysis was performed using the “stats” package of 
the R software (R v.4.0.3). The copy numbers of the SARS-CoV-2 
(ATCC® VR-1986HK™) was compared among the detected hours 
through the pairwise comparisons using t tests. The significance 
threshold was set at P < 0.05. Relative Repeatability Standard Deviation 
(RSDr) was calculated dividing the SDr by the mean of results and the 
data of PCR replicates were evaluated only where RSDr was ≤ 25% 
(Pierboni et al., 2020). 

3. Results and discussion 

The authors, in this first study conducted on two different food 
contact materials used for food packaging, investigated the persistence 
of SARS-CoV-2 on flow pack polyethylene and polystyrene food trays 
using the ATCC® VR-1986HK™ strain inactivated by heat treatment 
(65 ◦C for 30 min) provided by the American Type Culture Collection. 
The use of ATCC SARS-CoV-2 allowed us to perform our experiments in a 
BSL2 laboratory without the problem of viral infectivity (Lista et al., 
2020). Moreover, as reported by several authors (Kim et al., 2020; Lista 
et al., 2020; Pastorino et al., 2020), the heat treatment used for ATCC 
does not interfere with the detection of viral RNA copy numbers. 

The mean detection values of SARS-CoV-2 on PFT and FPP, obtained 
in this study, are shown in Fig. 1 A-B, respectively. As expected, there 
was a significant reduction of the virus on both food contact materials 
during the observation period. However, the persistence of viral RNA at 
room temperature seems to be affected by the type of material on which 
it was deposited. Indeed, although the initial quantification (0 h) of 
dispersed viral nucleic acid was the same (4.32 ± 0.14 and 4.40 ± 0.12 
Log copies/μL for FPP and PFT, respectively; P = 0.487), the mean 
values quantified at each time point on the FPP were always higher than 
on the PFT (P < 0.001). Notably, on the latter, a significant decrease in 
viral copies number was observed within 3 h (0 h vs 3 h: P < 0.001), 
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while on FPP it was necessary to wait 24 h (0 h vs 24 h: P = 0.015). In 
percentage terms, the decrease of virus at 3 h on the PFT was 26.0% 
(1.14 Log reduction), compared with only 3.4% on the FPP (0.15 Log 
reduction) (Fig. 2 A–B). After 24 h, 86.0% of the virus copies initially 
quantified on the surface could still be recovered on flow packs poly
ethylene, while only 51.0% could be recovered on polystyrene food 
trays. Other authors have highlighted the importance of material type in 
the persistence of SARS-CoV-2 but only referred to differences con
cerning the infectious dose (TCID50). Specifically, van Doremalen et al. 
(2020) showed that the virus titer on plastic materials and stainless 
surface was detectable up to 72 h, while on cardboard and copper sur
face the persistence of infectivity was much shorter, 24 h and 4 h 
respectively, even if the authors themselves do not explore the mecha
nism by which these surfaces had an impact on infectivity. 

Therefore, it would appear that, under the same environmental 
conditions, the composition of the material played a crucial role in the 
release of the viral particles over time. 

For these reasons, we assume that the PFT structure may have 
absorbed more of the droplets containing the virus, allowing less SARS- 
CoV-2 RNA to be recovered at each analysis time. After 48 h, on PFT, 
more than half of the viral load (55.0%; 2.42 Log reduction) was no 
longer detectable, while 78.6% was still present on the FPP with a 
similar value to that recorded for PFT after 3 h of observation. At the 72 
h, the amount of viral RNA on the polystyrene food trays had declined 
below the detection limit (Cq value > 40), whereas for the flow pack 
polyethylene this decay was reached after 96 h. 

Chin et al. (2020) evaluated the stability of the infectious virus 
deposited on several porous and non-porous surfaces at 22 ◦C and 65% 
RH, concluding that the virus titer persisted from 2 to 4 days on 
non-porous surfaces and from 30 min to 2 days on porous surfaces, 
highlighting that infectivity would appear to be influenced by surface 
porosity. Indeed, as Tiwari et al. (2006) suggests, surface porosity could 
play a key role in the elution efficiency of the viral particles. 

Therefore, the decrease in infectivity reported by the above- 

Fig. 1. Distribution of the copy numbers of the SARS-CoV-2 (ATCC® VR-1986HK™) detected at different hours; A: flow pack polyethylene (FPP); B: polystyrene food 
trays (PFT). 

Fig. 2. Residual percentage of the copy numbers of the SARS-CoV-2 (ATCC® VR-1986HK™) revealed at different hours; A: flow pack polyethylene (FPP);B: 
polystyrene food trays (PFT). 
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mentioned authors may not be linked to the effective inactivation of the 
virus, but simply to a lower capacity of virus recovery from the surfaces. 
The obtained results in our study support this hypothesis where, at equal 
temperature and RH, the material on which the SARS-CoV-2 is deposited 
would appear to influence the quantity of viral RNA recovered. 

The PFT and FPP tested in this study are synthetic polymers that have 
different chemical structures, morphologies and properties. In partic
ular, expanded polystyrene is not entirely waterproof; its conformation, 
made of interstitial gaps between the expanded pellets that create an 
open network of channels, allows the water to penetrate and to therefore 
become trapped (Gnip et al., 2006). Regarding polyethylene, used for 
plastic films in the food packaging industry, has an excellent mechanical 
strength, hydrophobicity and moisture barrier properties (Tankhiwale & 
Bajpai, 2012). 

Based on these considerations, to precisely understand the role of 
surfaces as a fomite, the evaluation of infectious decay cannot be 
separated from an evaluation of the efficiency of virus recovery from 
surfaces (potential physical losses) (Biryukov et al., 2020). 

4. Conclusion 

Although COVID-19 infection mainly spreads through the conven
tional person-to-person route, during the current pandemic, SARS-CoV- 
2 was detected several times on food and mostly on the packaging ma
terials. In this regard, our experiment showed that SARS-CoV-2 RNA is 
less detectable from PFT than FPP. The latter remains contaminated 
longer and is potentially infectious up to 72 h at room temperature. 
Moreover, the persistence and infectivity of the virus can be further 
prolonged in refrigerated and frozen conditions when these materials 
are exposed to the cold chain in the food industry. Indeed, the increased 
resistance of the virus on cold surfaces would appear to be one of the 
causes of the many outbreaks in slaughterhouses and meat processing 
facilities. For this reason, the strict application of good hygiene practices 
and the conscious use of personal protective equipment (PPE), such as 
masks, gloves, and other PPEs, is essential to limit the spread of infection 
in these contexts. 

Finally, to assess the actual risk of transmission via fomites, we need 
to address the knowledge gaps regarding the stability of SARS-CoV-2 in 
the environment while also obtaining more information on the role of 
food contact materials in viral particle release and persistence of infec
tivity. We suggest that further studies are necessary to understand 
whether the decay in infectivity of the virus, when released into the 
environment, is due to (i) its inactivation, (ii) less release in relation to 
the material characteristic, or (iii) a combination of both. 
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