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Abstract: The transmission of SARS-CoV-2 occurs through direct contact (person to person) and
indirect contact by means of objects and surfaces contaminated by secretions from individuals with
COVID-19 or asymptomatic carriers. In this study, we evaluated the presence of SARS-CoV-2 RNA
on surfaces made of different materials located in university environments frequented by students
and staff involved in academy activity during the fourth pandemic wave (December 2021). A total of
189 environmental samples were collected from classrooms, the library, computer room, gym and
common areas and subjected to real-time PCR assay to evaluate the presence of SARS-CoV-2 RNA
by amplification of the RNA-dependent RNA polymerase (RdRp) gene. All samples gave a valid
result for Internal Process Control and nine (4.8%) tested very low positive for SARS-CoV-2 RNA
amplification with a median Ct value of 39.44 [IQR: 37.31–42.66] (≤1 copy of viral genome). Our
results show that, despite the prevention measures implemented, the presence of infected subjects
cannot be excluded, as evidenced by the recovery of SARS-CoV-2 RNA from surfaces. The monitoring
of environmental SARS-CoV-2 RNA could support public health prevention strategies in the academic
and school world.

Keywords: SARS-CoV-2 RNA; environmental surfaces; high-touch surface; university setting; real-
time RT-PCR multiplex assay

1. Introduction

The coronavirus disease 2019 (COVID-19) outbreak is a global health concern [1],
with a serious impact affecting people’s lives in various aspects, including healthcare,
and economic and social factors [2,3]. Since the onset of the coronavirus disease 2019
(COVID-19) pandemic, there have been over 500 million known cases of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infections [4]. Due to the high infectivity
of SARS-CoV-2 and numerous reported cases and deaths, on 12 March 2020, the World
Health Organization (WHO) declared COVID-19 as a pandemic [5]. The transmission of
SARS-CoV-2 occurs through direct contact (person to person), inhalation of respiratory
droplets smaller than 5 µm in diameter [6] and aerosols expelled from an infected individual
during coughing/sneezing, talking or exhaling. SARS-CoV-2 can also be transmitted via
indirect contact if objects and surfaces are contaminated by secretions from individuals
with COVID-19 or asymptomatic carriers [7]. While aerosolized particles persist in the
air for minutes to hours, exhaled droplets will settle on nearby inanimate objects and
surfaces [8]. Touching these contaminated surfaces, or fomites, by an unsuspecting host
can result in self-inoculation of mucous membranes of the mouth, nose or eyes. In the
hospital setting, SARS-CoV-2 contamination has been detected on numerous high-contact
surfaces, specifically on bed rails, tables, call panels and door handles of rooms housing
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COVID-19 patients [9,10]. In fact, the surfaces, as well as the hands, can represent important
vehicles of contamination and potential sources of transmission of infectious agents. In the
context of this pandemic scenario, the role of environment-to-human COVID-19 spread is
still a matter of debate because mixed results have been reported concerning SARS-CoV-2
stability on high-touch surfaces in real-life scenarios. Up to now, very few studies have
been carried out using cell culture-based systems to evaluate the infectivity of SARS-CoV-2
samples on surfaces and fomites due to limitations such as the low sensitivity and the
need to have access to biosafety level 3 laboratories. Recently published data indicate
that fomite transmission of SARS-CoV-2 may occur, as the virus can remain viable for
days on surfaces under controlled experimental conditions, in a similar way to SARS-
CoV-1 [11]. A study evaluating the duration of the viability of the virus on objects and
surfaces showed that SARS-CoV-2 can be found on plastic and stainless steel for up to
2–3 days, cardboard for up to 1 day and copper for up to 4 h [12]. Knowledge about
environmental contamination during outbreaks and transition phases is important to
enforce public health measures intended to control viral spread from symptomatic and
asymptomatic individuals [13,14]. Concerns about environmental contamination and
the associated risk of indirect transmission can be raised in crowded environments (e.g.,
universities). Surface contamination in non-healthcare settings is still poorly studied. The
presence of viral genetic material on the surfaces is not the same as the presence of infectious
SARS-CoV-2 but reveals the transit and contact of infected individuals. Even if surface
testing is a complement to preventive measures (disinfection programs, social distancing,
employees’ protection, etc.) and environmental monitoring plans, it remains useful as part
of the risk assessment to also ensure employees’ safety. It can be relevant in overcrowded
environments, such as university settings, where cross-contamination between employees,
students and multi-touch surfaces can easily occur through indirect transmission. For
this reason, the present study was conducted during the fourth pandemic wave from 3
to 17 December 2021 inside university settings, aims to evaluate by a real-time Reverse
Transcriptase Polymerase Chain Reaction (RT-PCR) multiplex assay the presence of SARS-
CoV-2 RNA on surfaces and fomites in university classrooms, the library, computer room,
gym and common areas that are crowded environments by working staff and students, as
well as accompanying persons during graduation sessions.

2. Materials and Methods
2.1. Sampling Locations and Methods Applied

The sampling was performed from Monday to Friday between 08.00 and 09.00 a.m.
(n = 189), before the start of teaching activities, the arrival of students or professors, and
then in the afternoon at the end of the working day between 06.00 and 07.00 p.m. (n = 189).
Standard sanitation of all university places was carried out every evening.

The environmental samples were collected in classrooms, the library, computer room,
gym and common areas. As for a typical environmental monitoring program, samplings
were directed to identify high-touch surfaces and fomites in university settings in indoor
areas exposed to human crowding or frequently touched by hands, which included shared
workstations (mouses and keyboards), computer accessories, doorknobs, tabletops, fitness
equipment and vending machines. Sample collection was carried out following the protocol
of the SARS-CoV-2 Surface kit (Diatheva Srl., Cartoceto, Italy). Briefly, environmental
samples were collected using a swab with a synthetic tip and a plastic shaft soaked in
DNAse RNAse-free water. The recommended swab surface area of 25 cm2 was sampled by
swabbing the entire surface horizontally or vertically, rotating the swab throughout [15].

Each swab was then placed in a tube containing a guanidine solution (viral transport
medium, VTM) which inactivates and stabilizes the viral genetic material (Zymo Research,
Irvine, CA, USA or Zybio Inc Chongqing, China, based on availability). Since Zybio swabs
are filled with 3 mL of preservation solution while Zymo has 1 mL, when using the former,
2 mL of liquid was discarded prior to collection in order to have the same amount of liquid
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in all samples. The samples were processed immediately or kept at +4 ◦C until the RNA
extraction step, which was always carried out within 72 h of collection.

In order to produce artificially contaminated surfaces of different materials (plas-
tic, metal, wood and paper), 100 µL SARS-CoV-2 RNA-containing VTM, previously ob-
tained from nasopharyngeal swabs of confirmed SARS-CoV-2 positive patients [16], were
kept in contact with the different surfaces for 15 min, then subjected to sampling and
RNA extraction.

2.2. RNA Extraction

Total RNAs from environmental samples were extracted using a Total RNA Purifica-
tion Kit (Norgen Biotek Corp., Thorold, ON, Canada) starting from 250 µL of VTM and
following the manufacturer’s Supplementary Protocol for Norgen’s Saliva RNA Collection
and Preservation Device. After pipetting the lysis buffer of the sample to be extracted,
0.5 µL (i.e., 1/100 of the elution volume) of a synthetic RNA process control (Internal
Process Control, IPC, Diatheva Srl., Cartoceto, Italy) was added to each sample to evaluate
the RNA extraction efficiency and identify the presence of PCR inhibitors. Purified RNA
was stored at −80 ◦C until analysis.

2.3. Real-Time RT-PCR Multiplex Assay

Reverse Transcriptase Polymerase Chain Reactions (RT-PCR) were carried out in
a 7500 real-time PCR system (Applied Biosystems, Thermo Fisher Scientific Inc., Fos-
ter City, CA, USA) using the SARS-CoV-2 Surface Kit (Diatheva Srl, Cartoceto, Italy), a
molecular test designed according to WHO guidelines for the qualitative detection of
SARS-CoV-2 RNA from environmental surfaces. The assay consists of a one-step real-time
reverse RT-PCR multiplex assay based on fluorescently labeled probes, able to confirm
the presence of SARS-CoV-2 RNA by amplification of the RNA-dependent RNA poly-
merase (RdRp) gene. The primers and probe for the RdRp gene are based on a previously
published “discriminatory assay” specific for SARS-CoV-2 RNA detection [17], and the
sequences are: Primer RdRP_SARSr-F2 5′-GTGARATGGTCATGTGTGGCGG-3′; Primer
RdRP_SARSr-R1 5′-CARATGTTAAASACACTATTAGCATA-3′; Probe RdRP_SARSr-P2
FAM-CAGGTGGAACCTCATCAGGAGATGC-BBQ. The kit provides all the reagents re-
quired for PCR positive and negative controls and IPC amplification. The reaction and
amplification conditions were performed according to the manufacturer’s specifications.
Briefly, 5 µL of extracted RNA was added to 15 µL of the reaction mixture, and the reaction
was incubated at 48 ◦C for 30 min and 95 ◦C for 10 min followed by 45 cycles at 95 ◦C for
15 s and 60 ◦C for 30 s. Fluorescence was detected during the annealing-extension step
on the green channel (FAM dye) for the RdRp target and on the yellow channel (VIC/Cal
Fluor orange 560 dye) for the IPC. The results were considered valid only when the cycle
threshold (Ct) values of the IPC were ≤40. The results were considered positive when the
Ct values of the RdRp target gene were ≥10 and negative when no amplification signal
for RdRp was obtained. Invalid results (IPC undetected in RdRp negative samples) had to
be re-tested.

2.4. Statistical Analysis

Continuous data are given as mean and standard deviation (SD) or median and
interquartile range [IQR], and categorical data are given as counts and percentages. The
analyses and graphs were performed using GraphPad Prism (version 8.4.2, GraphPad
Software, San Diego, CA, USA).

3. Results
3.1. Validation of the Assay

Four specific matrices: plastic, metal, wood and paper, were artificially contaminated
using VTM from nasopharyngeal swabs already diagnosed as SARS-CoV-2 positive to
evaluate RNA recovery from the different materials and to verify the absence of PCR



Int. J. Environ. Res. Public Health 2022, 19, 5560 4 of 9

inhibition by the material itself. None of the four tested materials affected RNA isolation,
SARS-CoV-2 RNA detection or inhibited PCR, as revealed by the positive amplification
signals of both the IPC and RdRp gene (mean Ct values (SD): 32.67 (2.08) and 36.32 (2.82)
for IPC and RdRp, respectively), (Appendix A, Figure A1(A.1,A.2)).

3.2. Detection of SARS-CoV-2 RNA on Surfaces

Between 3 and 17 December 2021, the environmental samples were collected at the
University of Urbino Carlo Bo. The sampling sites were classified as low, medium and
high crowding on the basis of the number of people present: between 10 and 20 (e.g., exam
room), between 20 and 50 (e.g., classrooms, laboratories, common areas) and between 50
and 100 (e.g., lecture Hall, graduation room), respectively. As a control for the sanitary
procedures, a subgroup of 90 samples (ten per day) collected in the morning (before any
academic activities) were analyzed and tested negative for viral RNA, demonstrating
the SARS-CoV-2 RNA absence in the surfaces analyzed before the entry of students and
academic staff.

All samples (189/189, 100%) collected in the afternoon (after the academic activities)
gave a valid result for Internal Process Control (IPC Ct ≤ 40 according to the supplier’s
indications) with a median Ct value of 31.17 [IQR: 30.89–31.94], (Figures 1 and A1(A.3)).
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Figure 1. Results from qPCR in 189 environmental samples; all samples gave a valid Ct value (≤40,
dotted line) for the Internal Process Control (IPC), and 9 gave a positive amplification for RdRp gene
of SARS-CoV-2 RNA. Red lines represent the median and 25th to 75th percentiles.

Nine samples tested positive for SARS-CoV-2 RNA (9/189, 4.8%; Figure 2) and gave a
Ct value for the RdRp gene (median [IQR] 39.44 [37.31-42.66]) (Figure 1 and Table 1).
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Table 1. Characteristics of positive environmental samples for SARS-CoV-2 RNA.

ID Date Sampling Location Crowding IPC Ct RdRp Ct

Pos_1 n 31 06/12/2021 Doorknob in toilet area ~30 students 31.03 43.21

Pos_2 n 18 06/12/2021 Snack and drink
vending machine ~50 students 31.90 36.10

Pos_3 n 19 06/12/2021 Gym facility ~80 students
(after activities) 31.47 41.54

Pos_4 n 58 09/12/2021 Door handle in an area
with frequent passage ~60 students 32.11 39.44

Pos_5 n 66 09/12/2021 Doorknob in toilet
area/flush toilet ~60 students 33.59 42.94

Pos_6 n 64 09/12/2021 Aula Magna 1 83 students
(after activities) 30.77 42.37

Pos_7 n 106 13/12/2021 Aula Magna 2 ~30 students 30.92 34.81

Pos_8 n 126 14/12/2021 Classroom during exams 21 students during
exam and their teacher 31.87 38.52

Pos_9 n 155 17/12/2021
Door handle of the

graduation room during
a graduation session

~100 students and their
accompanying persons

and 8 teachers
31.59 39.30

Median 31.59 39.44

IQR 30.98–32.01 37.31–42.66

Just 1 of them had a Ct value approaching the single copy of target (Ct 34.81) while the
remaining 8 were very low positive samples (according to AMCLI indications for sample
Ct > 35, [18,19]): 4 had a Ct value between 35 and 40 and 4 greater than 40 (less than one
copy) [20], (Figures 1 and A1(A.4)). These samples were negative for the viral RNA in the
paired morning test.

The PCR-negative samples were obtained from five different areas: computer station
(n = 27), classroom desk (n = 87), toilet (n = 30) and the snack and drink vending machine
(n = 27), gym facility (n = 9) and had a median IPC Ct value of 31.17 [30.89–31.96]. The
positive PCR control always gave an amplification signal (mean (SD) 29.40 (1.65) and 32.52
(0.18) for IPC and RdRp genes, respectively), and the negative PCR control always gave
no amplification signal for both IPC and RdRp genes, confirming the accuracy of the PCR
experimental procedure. A summary table shows the number of SARS-CoV-2 RNA positive
and negative samples by type of surface with the positivity rate (Table 2).

Table 2. Number of SARS-CoV-2RNA positive and negative samples by type of surface and the
positivity rate.

Type of Surface n Positive Negative Positivity Rate (%)

Plastic 69 3 66 4.3%

Metal 34 3 31 8.8%

Wood 60 3 57 5.0%

Paper 26 0 26 0.0%

Total 189 9 180 4.8%

4. Discussion

In this study, we assessed environmental contamination with SARS-CoV-2 RNA in an
academic setting frequented by students and teaching staff. Although the presence of viral
RNA does not necessarily mean the presence of the infectious virus, its detection on surfaces
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of indoor environments could be an indicator of viral shedding from infected subjects or
ineffective cleaning and disinfection. The role of contact, via contaminated surfaces, in the
indirect transmission of SARS-CoV-2 is not clear, and the minimum viral load that may
lead to the disease onset by contact with an infected surface is still unknown [21], just
like how the contact transmission could be influenced by virus survival time on different
surfaces [11,22]. The present research was carried out at the University of Urbino Carlo
Bo (northern area of the Marche region, Italy) in December 2021, at the beginning of the
fourth wave of COVID-19, during a significant daily increase in the number of new cases
(Rt = 1.30 in Italy, [23]). Over this period, during academic lessons, many students from the
various geographical areas of Italy attended university classrooms, laboratories, service
halls and toilets, where indirect transmission can easily occur due to cross-contamination
between employees, students and multi-touch surfaces. Although the access to university
facilities, allowed only to Italian Green Pass certificate holders, wearing a face mask and
with a temperature below 37.5 ◦C, hinders the entrance to symptomatic infected people,
the environmental contamination of surfaces and objects can be ascribed to asymptomatic
subjects since it has been demonstrated that these people can have a viral load similar to
symptomatic ones [24,25]. In fact, the presence of asymptomatic infected subjects among
vaccinated, particularly in subjects who have not yet received the third dose [26] or in
subjects with a false-negative result by antigen test [27,28], cannot be excluded. In our study,
9 samples out of a total of 189 environmental surfaces sampled (4.8%) resulted positive for
SARS-CoV-2 RNA. Excluding the 4 samples with <1 copy of the viral genome, the positivity
rate in our study is reduced to less than 3%, and in any case, all samples were in the range
of 1 copy of viral RNA. This result is in agreement with previous reports that analyzed
environmental surfaces (4.26–5.25%) [29,30]. However, a direct comparison between our
findings and those from similar studies is difficult since, to the best of our knowledge, there
are no studies monitoring a university setting. In fact, most of the research has focused
on RNA detection in hospitals and healthcare facilities [10,31–33], and only a few studies
have explored the presence of viral RNA in non-medical environments [34–36]. We found
positive samples from surfaces of various areas: the study allowed the identification of
some critical points, such as the toilet area, the snack and drink vending machine, the
handles in areas with frequent passage and big classrooms (Aula Magna) after academic
activity. Other studies have also identified computer keyboards and/or mouses as at
risk for SARS-CoV-2 RNA contamination [31,37]. In this investigation, the surfaces that
resulted positive for SARS-CoV-2 RNA were steel, wood and plastic and the SARS-CoV-2
can remain viably infectious in these surfaces from a few hours to a few days [11]. This
research has some limitations. Firstly, the presence of SARS-CoV-2 RNA in environmental
samples does not necessarily indicate the presence of a viable virus. Thus, viral culturing
should be performed to demonstrate viability. Furthermore, no conclusions can be reached
regarding SARS-CoV-2 RNA persistence over time since the sampling was limited to a
single academic setting during a limited period of 2 weeks. Moreover, repeated sampling
would increase knowledge of viral RNA persistence and the effectiveness of the cleaning
procedures. Indeed, all samples were collected before the disinfection operations. However,
our results show that, despite the preventive measures implemented, the presence of
infected subjects cannot be excluded, as evidenced by the recovery of SARS-CoV-2 RNA
from surfaces. Finally, routine and extended investigations would be needed to confirm
these preliminary results.

5. Conclusions

The containment measures adopted to avoid the introduction and spread of SARS-CoV-2
in the university environment, although efficient and adhere to the ministerial guidelines,
cannot rule out the risk, most likely due to the presence of asymptomatic subjects. Although
the evidence on the transmissibility of the virus through contact with contaminated surfaces
is not fully understood, this possibility cannot be excluded. Hence, the rapid and efficient
disinfection of indoor surfaces plays a crucial role in counteracting the contamination by the
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infective SARS-Cov-2 virus and should be implemented on certain surfaces and in specific
periods of the academic environment. However, environmental monitoring of SARS-CoV-2
RNA could effectively support public health prevention strategies in the academic and
school world.
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SARS-CoV-2 RNA in samples from 4 different artificially contaminated surfaces (plastic, metal, 

wood and paper); data from one representative experiment of 3 independent experiments are 

Figure A1. (A.1) Amplification plot of Internal Process Control (IPC) and (A.2) of RdRp gene of
SARS-CoV-2 RNA in samples from 4 different artificially contaminated surfaces (plastic, metal, wood
and paper); data from one representative experiment of 3 independent experiments are presented.
(A.3) Amplification plot of IPC and (A.4) of RdRp gene of SARS-CoV-2 RNA in environment samples;
in (A.3) 94 samples are represented (all those that can be analysed simultaneously in a 96-well PCR
plate); in (A.4) 5 of the 9 positive samples found are represented (two plots overlap).

References
1. Lomont, A.; Boubaya, M.; Khamis, W.; Deslandes, A.; Cordel, H.; Seytre, D.; Alloui, C.; Malaure, C.; Bonnet, N.; Carbonnelle, E.; et al.

Environmental Contamination Related to SARS-CoV-2 in ICU Patients. ERJ Open Res. 2020, 6, 00595–02020. [CrossRef] [PubMed]
2. Haleem, A.; Javaid, M.; Vaishya, R. Effects of COVID-19 Pandemic in Daily Life. Curr. Med. Res. Pract. 2020, 10, 78–79. [CrossRef]

[PubMed]
3. Donthu, N.; Gustafsson, A. Effects of COVID-19 on Business and Research. J. Bus. Res. 2020, 117, 284–289. [CrossRef] [PubMed]
4. Johns Hopkins Coronavirus Resource Center (2021) COVID-19 Map. Available online: https://coronavirus.jhu.edu/map.html

(accessed on 22 February 2022).
5. Krishan, K.; Kanchan, T. Aerosol and Surface Persistence: Novel SARS-CoV-2 versus Other Coronaviruses. J. Infect. Dev. Ctries.

2020, 14, 748–749. [CrossRef] [PubMed]

http://doi.org/10.1183/23120541.00595-2020
http://www.ncbi.nlm.nih.gov/pubmed/33257911
http://doi.org/10.1016/j.cmrp.2020.03.011
http://www.ncbi.nlm.nih.gov/pubmed/32292804
http://doi.org/10.1016/j.jbusres.2020.06.008
http://www.ncbi.nlm.nih.gov/pubmed/32536736
https://coronavirus.jhu.edu/map.html
http://doi.org/10.3855/jidc.12887
http://www.ncbi.nlm.nih.gov/pubmed/32794465


Int. J. Environ. Res. Public Health 2022, 19, 5560 8 of 9

6. World Health Organization Status of Environmental Surveillance for SARS-CoV-2 Virus: Scientific Brief, 5 August 2020. Available
online: www.who.int/newsroom/commentaries/detail/status-of-environmental-surveillance-for-sars-cov-2-virus (accessed
on 22 February 2022).

7. Ong, S.W.X.; Tan, Y.K.; Chia, P.Y.; Lee, T.H.; Ng, O.T.; Wong, M.S.Y.; Marimuthu, K. Air, Surface Environmental, and Personal
Protective Equipment Contamination by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) From a Symptomatic
Patient. JAMA 2020, 323, 1610–1612. [CrossRef]

8. Center for Disease Control and Prevention SARS-CoV-2 Is Transmitted by Exposure to Infectious Respiratory Fluids. 2021.
Available online: http://cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html (accessed on 22 April 2022).

9. Santarpia, J.L.; Rivera, D.N.; Herrera, V.L.; Morwitzer, M.J.; Creager, H.M.; Santarpia, G.W.; Crown, K.K.; Brett-Major, D.M.;
Schnaubelt, E.R.; Broadhurst, M.J.; et al. Aerosol and Surface Contamination of SARS-CoV-2 Observed in Quarantine and
Isolation Care. Sci. Rep. 2020, 10, 12732. [CrossRef]

10. Chia, P.Y.; Coleman, K.K.; Tan, Y.K.; Ong, S.W.X.; Gum, M.; Lau, S.K.; Lim, X.F.; Lim, A.S.; Sutjipto, S.; Lee, P.H.; et al. Detection of
Air and Surface Contamination by SARS-CoV-2 in Hospital Rooms of Infected Patients. Nat. Commun. 2020, 11, 2800. [CrossRef]

11. van Doremalen, N.; Bushmaker, T.; Morris, D.H.; Holbrook, M.G.; Gamble, A.; Williamson, B.N.; Tamin, A.; Harcourt, J.L.;
Thornburg, N.J.; Gerber, S.I.; et al. Aerosol and Surface Stability of SARS-CoV-2 as Compared with SARS-CoV-1. N. Engl. J. Med.
2020, 382, 1564–1567. [CrossRef]

12. Guo, Z.-D.; Wang, Z.-Y.; Zhang, S.-F.; Li, X.; Li, L.; Li, C.; Cui, Y.; Fu, R.-B.; Dong, Y.-Z.; Chi, X.-Y.; et al. Aerosol and Surface
Distribution of Severe Acute Respiratory Syndrome Coronavirus 2 in Hospital Wards, Wuhan, China, 2020. Emerg. Infect. Dis. J.
2020, 26, 1583. [CrossRef]

13. Kampf, G.; Todt, D.; Pfaender, S.; Steinmann, E. Persistence of Coronaviruses on Inanimate Surfaces and Their Inactivation with
Biocidal Agents. J. Hosp. Infect. 2020, 104, 246–251. [CrossRef]

14. Hung, I.F.-N.; Cheng, V.C.-C.; Li, X.; Tam, A.R.; Hung, D.L.-L.; Chiu, K.H.-Y.; Yip, C.C.-Y.; Cai, J.-P.; Ho, D.T.-Y.; Wong, S.-C.; et al.
SARS-CoV-2 Shedding and Seroconversion among Passengers Quarantined after Disembarking a Cruise Ship: A Case Series.
Lancet Infect. Dis. 2020, 20, 1051–1060. [CrossRef]

15. World Health Organization Surface Sampling of Coronavirus Disease (COVID-19): A Practical “How to” Protocol for Health Care
and Public Health Professionals, 18 February 2020. Available online: https://apps.who.int/iris/handle/10665/331058 (accessed
on 22 February 2022).

16. Orlandi, C.; Schiavano, G.F.; Brandi, G.; Magnani, M.; Casabianca, A. Prevalence of Sars-Cov-2 Infection in the Workplace: Results
of a Year of Investigation in the Marche Nord Companies. Acta Biomed. 2021, 92, e2021438. [CrossRef] [PubMed]

17. Corman, V.M.; Landt, O.; Kaiser, M.; Molenkamp, R.; Meijer, A.; Chu, D.K.W.; Bleicker, T.; Brünink, S.; Schneider, J.;
Schmidt, M.L.; et al. Detection of 2019 Novel Coronavirus (2019-NCoV) by Real-Time RT-PCR. Eurosurveillance 2020, 25, 2000045.
[CrossRef] [PubMed]

18. Associazione Microbiologi Clinici Italiani 001-2021: Indicazioni Operative AMCLI su Quesiti Frequenti Relativi alla Diagnosi
Molecolare di Infezione da SARS-CoV-2. Available online: http://www.amcli.it/wp-content/uploads/2021/03/01-2021_
Indicazioni-operative-AMCLI_SARS-CoV-2.v4.pd (accessed on 22 February 2022).

19. Kampf, G.; Lemmen, S.; Suchomel, M. Ct Values and Infectivity of SARS-CoV-2 on Surfaces. Lancet. Infect. Dis. 2021, 21, e141.
[CrossRef]

20. Guide to Performing Relative Quantitation of Gene Expression Using Real-Time Quantitative PCR. Available online: https:
//assets.thermofisher.com/TFS-Assets/LSG/manuals/cms_042380.pdf (accessed on 22 February 2022).

21. Xue, X.; Ball, J.K.; Alexander, C.; Alexander, M.R. All Surfaces Are Not Equal in Contact Transmission of SARS-CoV-2. Matter
2020, 3, 1433–1441. [CrossRef] [PubMed]

22. Chin, A.W.H.; Chu, J.T.S.; Perera, M.R.A.; Hui, K.P.Y.; Yen, H.-L.; Chan, M.C.W.; Peiris, M.; Poon, L.L.M. Stability of SARS-CoV-2
in Different Environmental Conditions. Lancet Microbe 2020, 1, e10. [CrossRef]

23. Il Tasso di Contagio Rt No Title. Available online: https://covid19.infn.it/sommario/rt-info.html (accessed on 22 February 2022).
24. Lee, S.; Kim, T.; Lee, E.; Lee, C.; Kim, H.; Rhee, H.; Park, S.Y.; Son, H.-J.; Yu, S.; Park, J.W.; et al. Clinical Course and Molecular

Viral Shedding Among Asymptomatic and Symptomatic Patients With SARS-CoV-2 Infection in a Community Treatment Center
in the Republic of Korea. JAMA Intern. Med. 2020, 180, 1447–1452. [CrossRef]

25. Ra, S.H.; Lim, J.S.; Kim, G.; Kim, M.J.; Jung, J.; Kim, S.-H. Upper Respiratory Viral Load in Asymptomatic Individuals and Mildly
Symptomatic Patients with SARS-CoV-2 Infection. Thorax 2021, 76, 61. [CrossRef]

26. Gupta, R.K.; Topol, E.J. COVID-19 Vaccine Breakthrough Infections. Science 2021, 374, 1561–1562. [CrossRef] [PubMed]
27. Scohy, A.; Anantharajah, A.; Bodéus, M.; Kabamba-Mukadi, B.; Verroken, A.; Rodriguez-Villalobos, H. Low Performance of Rapid

Antigen Detection Test as Frontline Testing for COVID-19 Diagnosis. J. Clin. Virol. 2020, 129, 104455. [CrossRef]
28. Blairon, L.; Wilmet, A.; Beukinga, I.; Tré-Hardy, M. Implementation of Rapid SARS-CoV-2 Antigenic Testing in a Laboratory

without Access to Molecular Methods: Experiences of a General Hospital. J. Clin. Virol. 2020, 129, 104472. [CrossRef] [PubMed]
29. Abrahão, J.S.; Sacchetto, L.; Rezende, I.M.; Rodrigues, R.A.L.; Crispim, A.P.C.; Moura, C.; Mendonça, D.C.; Reis, E.; Souza, F.;

Oliveira, G.F.G.; et al. Detection of SARS-CoV-2 RNA on Public Surfaces in a Densely Populated Urban Area of Brazil: A Potential
Tool for Monitoring the Circulation of Infected Patients. Sci. Total Environ. 2021, 766, 142645. [CrossRef] [PubMed]

30. Kozer, E.; Rinott, E.; Kozer, G.; Bar-Haim, A.; Benveniste-Levkovitz, P.; Klainer, H.; Perl, S.; Youngster, I. Presence of SARS-CoV-2
RNA on Playground Surfaces and Water Fountains. Epidemiol. Infect. 2021, 149, e67. [CrossRef] [PubMed]

www.who.int/newsroom/commentaries/detail/status-of-environmental-surveillance-for-sars-cov-2-virus
http://doi.org/10.1001/jama.2020.3227
http://cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
http://doi.org/10.1038/s41598-020-69286-3
http://doi.org/10.1038/s41467-020-16670-2
http://doi.org/10.1056/NEJMc2004973
http://doi.org/10.3201/eid2607.200885
http://doi.org/10.1016/j.jhin.2020.01.022
http://doi.org/10.1016/S1473-3099(20)30364-9
https://apps.who.int/iris/handle/10665/331058
http://doi.org/10.23750/abm.v92iS6.12238
http://www.ncbi.nlm.nih.gov/pubmed/34739463
http://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
http://www.ncbi.nlm.nih.gov/pubmed/31992387
http://www.amcli.it/wp-content/uploads/2021/03/01-2021_Indicazioni-operative-AMCLI_SARS-CoV-2.v4.pd
http://www.amcli.it/wp-content/uploads/2021/03/01-2021_Indicazioni-operative-AMCLI_SARS-CoV-2.v4.pd
http://doi.org/10.1016/S1473-3099(20)30883-5
https://assets.thermofisher.com/TFS-Assets/LSG/manuals/cms_042380.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/manuals/cms_042380.pdf
http://doi.org/10.1016/j.matt.2020.10.006
http://www.ncbi.nlm.nih.gov/pubmed/33043292
http://doi.org/10.1016/S2666-5247(20)30003-3
https://covid19.infn.it/sommario/rt-info.html
http://doi.org/10.1001/jamainternmed.2020.3862
http://doi.org/10.1136/thoraxjnl-2020-215042
http://doi.org/10.1126/science.abl8487
http://www.ncbi.nlm.nih.gov/pubmed/34941414
http://doi.org/10.1016/j.jcv.2020.104455
http://doi.org/10.1016/j.jcv.2020.104472
http://www.ncbi.nlm.nih.gov/pubmed/32504944
http://doi.org/10.1016/j.scitotenv.2020.142645
http://www.ncbi.nlm.nih.gov/pubmed/33069469
http://doi.org/10.1017/S0950268821000546
http://www.ncbi.nlm.nih.gov/pubmed/33678202


Int. J. Environ. Res. Public Health 2022, 19, 5560 9 of 9

31. Ye, G.; Lin, H.; Chen, S.; Wang, S.; Zeng, Z.; Wang, W.; Zhang, S.; Rebmann, T.; Li, Y.; Pan, Z.; et al. Environmental Contamination
of SARS-CoV-2 in Healthcare Premises. J. Infect. 2020, 81, e1–e5. [CrossRef] [PubMed]

32. Coil, D.A.; Albertson, T.; Banerjee, S.; Brennan, G.; Campbell, A.J.; Cohen, S.H.; Dandekar, S.; Díaz-Muñoz, S.L.; Eisen, J.A.;
Goldstein, T.; et al. SARS-CoV-2 Detection and Genomic Sequencing from Hospital Surface Samples Collected at UC Davis. PLoS
ONE 2021, 16, e0253578. [CrossRef]

33. Gola, M.; Caggiano, G.; De Giglio, O.; Napoli, C.; Diella, G.; Carlucci, M.; Carpagnano, L.F.; D’Alessandro, D.; Joppolo, C.M.;
Capolongo, S.; et al. SARS-CoV-2 Indoor Contamination: Considerations on Anti-COVID-19 Management of Ventilation Systems,
and Finishing Materials in Healthcare Facilities. Ann. Ig. 2021, 33, 381–392. [CrossRef]

34. Guadalupe, J.J.; Rojas, M.I.; Pozo, G.; Erazo-Garcia, M.P.; Vega-Polo, P.; Terán-Velástegui, M.; Rohwer, F.; Torres, M. de L. Presence
of SARS-CoV-2 RNA on Surfaces of Public Places and a Transportation System Located in a Densely Populated Urban Area in
South America. Viruses 2021, 14, 19. [CrossRef]

35. Montagna, M.T.; De Giglio, O.; Calia, C.; Pousis, C.; Apollonio, F.; Campanale, C.; Diella, G.; Lopuzzo, M.; Marzella, A.;
Triggiano, F.; et al. First Detection of Severe Acute Respiratory Syndrome Coronavirus 2 on the Surfaces of Tourist-Recreational
Facilities in Italy. Int. J. Environ. Res. Public Health 2021, 18, 3252. [CrossRef]

36. Hadei, M.; Mohebbi, S.R.; Hopke, P.K.; Shahsavani, A.; Bazzazpour, S.; Alipour, M.; Jafari, A.J.; Bandpey, A.M.; Zali, A.;
Yarahmadi, M.; et al. Presence of SARS-CoV-2 in the Air of Public Places and Transportation. Atmos. Pollut. Res. 2021, 12, 302–306.
[CrossRef]

37. Wu, S.; Wang, Y.; Jin, X.; Tian, J.; Liu, J.; Mao, Y. Environmental Contamination by SARS-CoV-2 in a Designated Hospital for
Coronavirus Disease 2019. Am. J. Infect. Control 2020, 48, 910–914. [CrossRef]

http://doi.org/10.1016/j.jinf.2020.04.034
http://www.ncbi.nlm.nih.gov/pubmed/32360881
http://doi.org/10.1371/journal.pone.0253578
http://doi.org/10.7416/ai.2020.2396
http://doi.org/10.3390/v14010019
http://doi.org/10.3390/ijerph18063252
http://doi.org/10.1016/j.apr.2020.12.016
http://doi.org/10.1016/j.ajic.2020.05.003

	Introduction 
	Materials and Methods 
	Sampling Locations and Methods Applied 
	RNA Extraction 
	Real-Time RT-PCR Multiplex Assay 
	Statistical Analysis 

	Results 
	Validation of the Assay 
	Detection of SARS-CoV-2 RNA on Surfaces 

	Discussion 
	Conclusions 
	Appendix A
	References

