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Contaminated surfaces have been discussed as a possible source of severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2). Under experimental conditions, SARS-CoV-2 can remain infectious on surfaces for several days.
However, the frequency of SARS-CoV-2 detection on surfaces in healthcare settings and the public is currently not known.
A systematic literature review was performed. On surfaces around COVID-19 cases in healthcare settings (42 studies),
the SARS-CoV-2 RNA detection rates mostly were between 0% and 27% (Ct values mostly > 30). Detection of infectious
SARS-CoV-2 was only successful in one of seven studies in 9.2% of 76 samples. Most of the positive samples were
obtained next to a patient with frequent sputum spitting during sampling. Eight studies were found with data from public
surfaces and RNA detection rates between 0% and 22.1% (Ct values mostly >30). Detection of infectious virus was not
attempted. Similar results were found in samples from surfaces around confirmed COVID-19 cases in non-healthcare
settings (7 studies) and from personal protective equipment (10 studies). Therefore, it seems plausible to assume that
inanimate surfaces are not a relevant source for transmission of SARS-CoV-2. In public settings, the associated risks of
regular surface disinfection probably outweigh the expectable health benefits.
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| 1. Introduction

The global spread of SARS-CoV-2 in 2020 has resulted in a variety of strategies for transmission control. Early laboratory
data obtained after an artificial contamination of carrier surfaces with a high viral load suggested that coronaviruses in
general may remain infectious on inanimate surfaces at room temperature for up to 9 days [ and in the dark and in the
presence of bovine serum albumin for even up to 28 days [&. Similar results, though with much shorter stability times,
were obtained with SARS-CoV-2 under laboratory settings 3. The relevance of the rather long persistence on surfaces
remains controversial because viruses from respiratory secretions are embedded in mucus and saliva, which probably
contain specific antibodies against the virus, high numbers of leukocytes, and intrinsic antiviral activity because of their
polyanionic charge which binds to viruses as well as bacteria and fungi, which may influence the environment around the
virus . The applicability of the findings to real life has also been questioned because in the studies, a high load of
infectious virus was applied to a small surface area, which is much higher than those in droplets in real-life situations. As a
result, the amount of virus actually deposited on surfaces could be several orders of magnitude smaller 2. Nevertheless,
these findings obtained under laboratory conditions raised the concern that viral shedders in the public may contaminate
frequent touch surfaces, finally resulting in viral transmission via uncontrolled hand-face-contacts. As a result, many public
surfaces were subjected to disinfection, e.g., in shops, museums, restaurants, public transportation, or sports facilities.

Recent data suggest that infectious SARS-CoV-2 is rarely found on surfaces around confirmed COVID-19 cases in
healthcare settings despite variable detection rates of viral RNA ElZ. Laboratory data with SARS-CoV-2 show that Ct
(cycle threshold) values of 29.3 (steel surface) or 29.5 (plastic surface) correlate with detection of culturable virus,
whereas Ct values of 32.5 (steel surface) or 32.7 (plastic surface) correlate with the detection of non-culturable virus . It
was implicated that a Ct value > 30 obtained from a surface sample has probably no epidemiological relevance €. In
contrast, dried inocula with Ct values < 30 (corresponding to an E gene copy number of >10° per mL) yielded SARS-CoV-
2 that could be cultured 8. A simple binary approach to the interpretation of PCR results obtained from surface samples
and not validated against viral culture will probably result in unnecessary, regular disinfection of surfaces . The
frequency of SARS-CoV-2 detection by PCR on surfaces in healthcare settings and the public is currently not known. In
addition, the corresponding Ct values have not been comprehensively evaluated.

| 2. SARS-CoV-2 Detection Rates from Surface Samples

SARS-CoV-2 is rarely detected on surfaces in the areas surrounding confirmed COVID-19 patients, mainly when a patient
is coughing during sampling. In addition, viral RNA can be detected in variable proportions but mostly with Ct values > 30



suggesting a low viral RNA load. It is therefore assumed that surfaces in hospitals have probably no relevance as a
potential source for transmission, especially when regular disinfection and cleaning is done as recommended by the WHO
(8, Similar findings were described for SARS-CoV-2 from public surfaces and PPE surfaces. The results are in line with
very low detection rates of infectious influenza virus in 90 households (0%) or on 671 frequently touched surfaces in
hospital rooms with confirmed influenza infection (0.3%) L9111,

The CDC has recently published a science brief on the possible transmission of SARS-CoV-2 from surfaces and
concluded that it is possible for people to be infected through contact with contaminated surfaces or objects (fomites), but
the risk is generally considered to be low 2. Based on different quantitative microbial risk assessments, it was
considered to be generally less than 1 in 10,000 L3141 ynder low viral bioburden conditions (<1 genome copy per cm?), it
was described to be below 1:1,000,000 25,

The major limitation of the currently available studies is the lack of evidence that COVID-19 patients in healthcare settings
were still shedding infectious SARS-CoV-2, as only viral RNA was detected for confirmation of the diagnosis. It has been
described that infectious SARS-CoV-2 is typically detected for 7 days in respiratory tract samples, whereas viral RNA may
be found for up to 28 days after beginning of the symptoms 87 |f patients do not shed infectious SARS-CoV-2
anymore but only viral RNA, it would be plausible to detect mainly viral RNA on surfaces and only rarely infectious virus.
Future research on surface contamination need to also address the question of whether the patient carries infectious
SARS-CoV-2 at the time of surface sampling. Another limitation is that the incidence of COVID-19 in the various public
settings described in the studies is variable and often not known.

Whereas regular and targeted disinfection of surfaces in the areas surrounding critically ill patients in healthcare settings
remains an important measure to control the spread not only of viruses but also bacteria and fungi 28, there is currently
no evidence that suggest an important role of fomite transmission in the public setting. The available data do not support
the necessity of regular disinfection procedures of public surfaces as currently observed in many countries. WHO still
recommends reducing potential for COVID-19 virus contamination in non-healthcare settings, such as in the home, office,
schools, gyms, or restaurants 12, High-touch surfaces in these non-health care settings should be identified for priority
disinfection. These include door and window handles, kitchen and food preparation areas, counter tops, bathroom
surfaces, toilets and taps, touchscreen personal devices, personal computer keyboards, and work surfaces 19 cpc
advocates the cleaning and disinfection of surfaces in community facilities only after persons with suspected or confirmed
COVID-19 have been in the facility 29, The Robert Koch Institute in Germany describes cleaning of surfaces as the
preferred option because it is still unknown if a surface disinfection outside healthcare facilities is overall necessary. A
routine disinfection at home or in public places, including surfaces with frequent hand contacts, is currently not
recommended [, In public settings, the contamination with high-titre infectious virus is even less likely compared to the
immediate surrounding of confirmed COVID-19 cases in healthcare settings or at home. Viral contamination can possibly
occur in the unlikely event of a symptomatic or an asymptomatic COVID-19 case near the surface. However, unlike in
patient rooms or the domestic setting, it is not expected that there is a permanent presence of a potential virus source
next to the surface.

A possible transmission from surfaces could occur via transiently contaminated hands after contact with a virus-
contaminated surface followed by a hand-nose or hand-mouth contact. Several studies have analysed the likelihood of
fomite transmission for respiratory viruses. One study highlighted the importance of aerosols for rhinovirus transmission in
contrast to a neglectable role for surfaces. In this study, two groups of men played poker, one group sick with the common
cold and the other group healthy. The healthy group was exposed to infectious virus aerosols simply by being in the same
room with the sick group; however, they were restrained so that participants could not touch their faces. Cards and chips
used in the poker game were transferred to a group of healthy men to play with, and they were instructed to touch their
faces frequently. Interestingly, the aerosol-exposed group got sick, while the surfaces-exposed group did not 22. Another
study could show that, on hands, only a small fraction of infectious virus is usually found after contact with artificially
contaminated surfaces, such as 1.5% with parainfluenza virus and 0.7% with rhinovirus 23, In addition, only a small
fraction of the viral load can be transferred from contaminated hands to a surface (0% with parainfluenza virus and 0.9%
with rhinovirus) 23], Importantly, the risk of disease transmission by hand contact with a contaminated surface followed by
a single hand-nose-contact is for rhinovirus low (0.0486%) and for influenza virus very low (0.0000000256%) 241, Of note,
seasonality of virus transmission should be considered when interpreting these results as some factors including humidity
can directly influence aerosol stability. Under tropic conditions (warm and humid climates), aerosols or droplets evaporate
less water and therefore readily settle on surfaces, which could favour fomite transmission as hypothesized for influenza
viruses 22, |n addition, it was shown under experimental laboratory conditions at 24 °C that the half-life of SARS-CoV-2
infectivity is 15 h at 20% relative humidity, 12 h at 40% humidity, and 9 h at 60% humidity, suggesting a longer persistence
of SARS-CoV-2 in dry air 28, In addition, viral half-life was shorter at 35 °C compared to 24 °C 24, Comparative data at



10 °C and 22 °C at different relative humidities show a longer persistence of SARS-CoV-2 at the lower temperature 22,
Nevertheless, hand washing is recommended for the public especially when returning home because the hands may also
get contaminated from other people who are coughing or sneezing [28l,

Especially in the public setting, as exemplified by a study analysing bus terminals in Brazil, it was interesting to see that all
seven positive samples (RNA detection) were found at entrance handrails of the bus terminals. This may be explained by
droplets coming from viral carriers close to the handrails. It may also be explained by SARS-CoV-2-positive passengers
wearing face masks during coughing, sneezing, or talking because SARS-CoV-2 RNA may be found on the outer surface
of a face mask. By touching the face mask, the hands may get contaminated, which may finally result in a handrail
contamination. The corresponding Ct values, however, were so high that the RNA-positive handrails are probably not a
relevant source of transmission because only a fraction of the virus remains on the hands after a hand-surface contact.

Cleaning of surfaces by a single, two second wipe has been described to reduce infectious coronavirus by 2.4 logyo [22.
Similar results (2.5 log,o) were obtained with a five second single wipe against ebolavirus 22, These results suggest that
in most settings, a simple cleaning procedure with a moist wipe will be sufficient to control the very low risk attributed to
public surfaces.

A health benefit of regular disinfection of public surfaces is unlikely, given the currently assumed low transmission risk via
this route. Furthermore, it is important to note that regular disinfection of surfaces also carries costs, such as reducing the
diversity of the microbiome and increasing the diversity of bacterial resistance genes 1. Microbiome diversity on surfaces
is especially important for babies to ensure a balanced and healthy gut microflora 2. An increased diversity of resistance
genes enhances the occurrence of multi-resistant bacteria, which is a major burden for healthcare in Europe 2! and
elsewhere. Permanent exposure of bacteria to subinhibitory concentrations of some biocidal agents used for surface
disinfection can cause a strong, adaptive cellular response resulting in a stable tolerance to the biocidal agents and rarely,
in a few species, in a new antibiotic resistance B4, The daily number of calls to U.S. poison centres has substantially
increased in 2020, mainly for bleach (+62.1%) and other disinfectants (+36.7%). Inhalation represented the largest
percentage increase among all exposure routes (+35.3% for cleaners like bleach; +108.8% for all other disinfectants) 22!,
The non-targeted, regular surface disinfection in many public places will probably have no health benefit but may have
some negative side effects, similar to the broad non-targeted use of triclosan in the past [2€!,

| 3. Conclusions

Currently, available data do not support surfaces as a relevant source of SARS-CoV-2 transmission. In healthcare settings
with confirmed COVID-19 cases, regular surface disinfection remains a precautionary element of infection control. In
public settings, however, the associated risks and harms of regular surface disinfection probably outweigh the expected
health benefits.
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