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Abstract

Human coronaviruses tend to persist on dry surfaces for 2 to 9 days, necessitating infection control and prevention
protocols using biocidal agents. This systematic review aimed to answer the following focused question: What is the
effectiveness of disinfectants on inanimate surfaces against the coronavirus? The acronym “PICOS” was used to
represent the eligibility of studies: P = population (inanimate surfaces contaminated with coronavirus); | =
intervention (disinfectants); C = comparison (studies with any type of control or studies that used a control group); O
= outcomes (coronavirus inactivation on different types of inanimate surfaces); and S = study design (in vitro studies).
The seven databases used were PubMed/Medline, EMBASE, Latin American and Caribbean Literature on Health
Sciences (LILACS), Web of Science, Scopus, LIVIVO, and Cochrane Library. The gray literature was also used as an
information source through Google Scholar, ProQuest, and Open Gray. The search resulted in 6639 references, and 21
articles were used in the qualitative analysis. The results showed that all studied biocidal solutions provided some
degree of decontamination and inactivation of the coronavirus, depending on the concentration of the disinfectant
solution, the time of exposure of the product to the pathogen and the type of surface.
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Resumo

Os coronavirus humanos tendem a persistir em superficies secas por 2 a 9 dias, necessitando de controle de infeccéo e
protocolos de prevencdo usando agentes biocidas. Esta revisdo sistematica teve como objetivo responder a seguinte
questdo focada: Qual a efic4cia dos desinfetantes em superficies inanimadas contra o coronavirus? A sigla “PICOS”
foi utilizada para representar a elegibilidade dos estudos: P = populacdo (superficies inanimadas contaminadas com
coronavirus); | = intervencao (desinfetantes); C = comparacao (estudos com qualquer tipo de controle ou estudos que
utilizaram grupo controle); O = desfechos (inativagdo do coronavirus em diferentes tipos de superficies inanimadas); e
S = desenho do estudo (estudos in vitro). As sete bases de dados utilizadas foram PubMed / Medline, EMBASE,
Literatura Latino-Americana e do Caribe em Ciéncias da Saude (LILACS), Web of Science, Scopus, LIVIVO e
Biblioteca Cochrane. A literatura cinzenta também foi usada como fonte de informag&do por meio do Google Scholar,
ProQuest e Open Gray. A busca resultou em 6.639 referéncias, e 21 artigos foram utilizados na anélise qualitativa. Os
resultados mostraram que todas as solucdes biocidas estudadas proporcionaram algum grau de descontaminagéo e
inativacdo do coronavirus, dependendo da concentracdo da solucdo desinfetante, do tempo de exposicdo do produto ao
patégeno e do tipo de superficie.

Palavras-chave: SARS-CoV-2; Desinfetantes; Superficie inanimada; Agente biocida; Coronavirus.

Resumen

Los coronavirus humanos tienden a persistir en superficies secas durante 2 a 9 dias, lo que requiere protocolos de
prevencion y control de infecciones con agentes biocidas. Esta revision sistemética tuvo como objetivo responder la
siguiente pregunta focalizada: (Cudl es la efectividad de los desinfectantes en superficies inanimadas contra el
coronavirus? Se utilizd el acrénimo “PICOS” para representar la elegibilidad de los estudios: P = poblacién
(superficies inanimadas contaminadas con coronavirus); | = intervencion (desinfectantes); C = comparacion (estudios
con cualquier tipo de control o estudios que utilizaron un grupo de control); O = resultados (inactivacion del
coronavirus en diferentes tipos de superficies inanimadas); y S = disefio del estudio (estudios in vitro). Las siete bases
de datos utilizadas fueron PubMed / Medline, EMBASE, L.iteratura de Ciencias de la Salud de América Latina y el
Caribe (LILACS), Web of Science, Scopus, LIVIVO y Cochrane Library. La literatura gris también se utiliz6 como
fuente de informacion a través de Google Scholar, ProQuest y Open Gray. La blsqueda result6 en 6.639 referencias y
se utilizaron 21 articulos en el andlisis cualitativo. Los resultados mostraron que todas las soluciones biocidas
estudiadas proporcionaron algin grado de descontaminacion e inactivacion del coronavirus, dependiendo de la
concentracion de la solucion desinfectante, el tiempo de exposicion del producto al patégeno vy el tipo de superficie.
Palabras clave: SARS-CoV-2; Desinfectantes; Superficie inanimada; Agente biocida; Coronavirus.

1. Introduction

SARS-CoV-2 is a virus transmitted from person to person through direct or indirect contact via droplets dispersed by
coughing, sneezing, or speaking, actions through which the infected individual deposits the active virus on inanimate surfaces
and that can serve as transmission vector. (Akram, 2020; Cirrincione et al., 2020; Peng et al., 2020).

Human coronaviruses are known to persist on dry surfaces for 2 to 9 days, depending on the ambient temperature and
relative humidity (Akram, 2020). In environments with a high flow of people that are likely to be contaminated, such as
hospitals and primary health units, the virus remains in circulation for a longer time, as it spreads more frequently (De
Andrade, 2020). Thus, it is necessary to control and prevent infection via protocols using biocidal agents capable of
inactivating these pathogens in an attempt to control their spread and ensure the safety of health agents and people circulating
in these environments (De Andrade, 2020; Yen et al., 2020).

The World Health Organization (WHO) suggests that cleaning of contaminated inanimate surfaces and environments
is an essential strategy for disease control (Organization, 2014). A variety of chemicals are available for this purpose, most
commonly based on povidone-iodine (PVP-I1), sodium hypochlorite, alcohols, phenolic compounds, and hydrogen peroxide (G.
Kampf, Todt, Pfaender, & Steinmann, 2020; Organization, 2014).

It is also known that UV radiation is an efficient physical disinfectant used to inactivate microorganisms, including
the coronavirus. One factor that can influence the effect of UV radiation on the virus is the relative humidity of the air because
water acts as a protective mechanism on the viral surface. In drier environments, the virus does not absorb water, facilitating
the radiation-induced breakdown of its genetic material and compromising its replication (Hamzavi et al., 2020; Tseng & Li,
2007).
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A recent systematic review was published to summarize antiseptics capable of disinfecting surfaces contaminated by
COVID-19 (Molina & Abad-Corpa, 2020). However, only studies published between the years 2016 to 2020 were selected
using a simplified search strategy and without following the criteria for conducting a systematic review. For that reason, it is
necessary to conduct a more comprehensive search, due to the need to understand how the coronavirus works in the face of
exposure to disinfectants in environments where there is a great potential for transmission of this virus, since it will be very
useful in the current pandemic moment. Therefore, the objective of this systematic review was to answer the following focused

question: What is the effectiveness of disinfectants against the coronavirus on inanimate surfaces?

2. Methodology
2.1 Protocol and registration

This review was registered on the PROSPERO website (International Prospective Register of Systematic Review -
Center for Reviews and Dissemination University of York) — CRD42020186897 and was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis Checklist (PRISMA).

2.2 Eligibility criteria
2.2.1 Inclusion criteria

In vitro experimental studies were included in which at least one type of surface was evaluated for the
presence/absence of the coronavirus after the use of physical or chemical disinfectants. There was no restriction on the study

language or time of publication.

2.2.2 Exclusion criteria

The following exclusion criteria were applied: a) studies that evaluated the survival time of the virus on surfaces
without the use of disinfectant, b) studies that did not evaluate the coronavirus, ¢) studies that evaluated the coronavirus in
water/aerosol/sewage, d) studies that evaluated any other animate surfaces, e) studies that did not evaluate the outcome of
interest or that contained incomplete data, and f) descriptive studies such as reviews, letters, conference abstracts, expert

opinions, and case reports.

2.3 Information sources and search strategy

Combinations of words and appropriate truncations were adapted for each of theelectronic databases selected:
Cochrane Library, EMBASE, Latin American and Caribbean Literature in Health Sciences (LILACS), LIVIVO,
PubMed/Medline, Scopus, and Web of Science. Additionally, the gray literature was used as a source of information through
Open Grey, Google Scholar and ProQuest. Searches of the electronic databases and gray literature were carried out on June 2,
2020, and all references were managed. All duplicate studies were removed using the appropriate software (EndNote® X7
Thomson Reuters, Philadelphia, PA). A manual search for references was performed in all included studies and in the most
current guidelines in the literature that address the use of disinfectant agents against coronavirus on inanimate surfaces. An
expert on the subject was consulted via e-mail to verify any possible publication on the subject and indication of any relevant
article that could be included. The full search strategy is publicly available on the OSF (Open Science Framework) platform as
Appendix 1 (https://osf.io/qw7yf/?view_only=91d7b96d7bdb4c369d7b3f3afc77bf8c).

2.4 Study selection

The selection of articles was conducted in two phases. In the first phase, two pairs of reviewers (1.B.B. and J.S.N;
3
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A.G.D.S and O.G.F.) independently reviewed the titles and abstracts of all references. All articles that did not meet the
previously established eligibility criteria were excluded at this stage. In the second phase, the reviewers, again in pairs (1.B.B.
and J.S.N.; A.G.D.S. and O.G.F.), read the full text of the articles selected in the first phase, also independently. Whenever
disagreement arise and a lack of consensus persisted after discussion, a third reviewer (C.M.A.) was involved in the final
decision.

To facilitate independent reading in both phases, the Rayyan website (http://rayyan.qcri.org) was used, such that the

reviewers were shielded in all evaluations, and a fifth member of the team (C.M.A.) acted as moderator.

2.5 Data collection process

Two reviewers independently (1.B.B. and O.G.F.) collected the information from the included studies, and this
information was discussed with two other members of the team (J.S.N and A.G.D.S.). The gathered data consisted of study
characteristics (author, year of publication, country), type of surface (metal, glass, plastic, wood, fabric, surgical mask),
coronavirus family virus, temperature and relative humidity, type of disinfectant used, time of exposure, factors of influence
and conclusion. If data were missing or incomplete in the article, attempts were made to contact the authors to obtain the

relevant unpublished information.

2.6 Risk of bias in individual studies

The methodology of the selected observational studies was assessed using the bias risk tool known as the Meta-
Analysis of Statistics Assessment and Review Instrument (MASTARI). The risk of bias was categorized as “high” if the study
had a “yes” scores of less than 49%, “moderate” if the study had “yes” scores between 50% to 69%, and “low” if the study had
more than 70% “yes” scores for bias risk questions.

Two reviewers (1.B.B. and O.G.F.) independently assessed the included studies and classified the quality of the report,
performance bias, selection bias, and detection bias. The risk of these different domains was categorized as “low risk”,

“unclear risk”, or “high risk” of bias.

3. Results
3.1 Study selection

The search strategy retrieved a total of 6639 references from the seven electronic databases. After removing duplicate
references and reading the titles and abstracts (phase 1), forty-six articles were selected for complete reading. Thirty-one
articles were excluded because they did not meet the stipulated eligibility criteria, leaving 15 articles (Figure 1). Removed
articles have been listed and are publicly available on the OSF platform as Appendix 2. Six additional articles were included
from the gray literature, consultation with the expert, and a list of references, resulting in a final number of 21 articles for
qualitative synthesis (Figure 1). The Kappa coefficient, which has the purpose of measuring the degree of agreement between

the reviewers, was > 0.8, indicating excellent agreement. The references retrieved at each step can be seen in Figure 1.
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Figure 1 — Flowchart of literature search and selection criteria.
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Source: Research Data (2021).

3.2 Study characteristics

All articles included are in vitro laboratory studies published between 1989 and 2020 and conducted in Belgium,

China, Canada, Germany, Italy, Japan, The United States of America, and the United Kingdom. The pathogens studied in these
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articles were SARS-CoV-1, MERS-CoV, SARS-CoV-2, Human coronavirus 229-E (HCV-229E) and surrogates for
coronaviruses (TGEV, bacteriophage MS2, Phi6). The studies evaluated the following disinfectants: UV radiation, strong
Mikrobac (benzalkonium chloride and laurylamine), Korsolin FF (benzalkonium chloride, glutaraldehyde and
didecyldimonium chloride), Dismozon pur (magnesium monoperphthalate), Korsolex basic (glutaraldehyde and
ethylenedioxy), sodium hypochlorite (hypochlorine), chloramine T (organoochlorine), sodium hypochlorite and potassium
bromide (mixed halide), povidone-iodine (iodophore), ethanol (alcohol), glutaraldehyde, n-alkyl (50% C14, 40% C12, 10%
C16), dimethyl benzyl ammonium chloride (quaternary ammonium), household bleach (1:49 and 1:99), chloroxylenol (0.05%),
chlorhexidine (0.05%), benzalkonium chloride (0.1%), Steris Vesphene llse non-sterile disinfectant cleaner (9.09% O-
phenylphenol, 7.66% P-tertiary amylphenol), Cidex OPA (0.55% ortho-phthalaldehyde), 2-propanol, 2-propanol and 1-
propanol, didecyldimethyl ammonium, chloride, hydrogen peroxide and formaldehyde, hydrogen peroxide vapor, and ozone.

The characteristics of the studies were listed in table 1, which is publicly available on the OSF platform as Table 1.

3.3 Risk of bias within studies
Of the total articles included, twenty studies were classified as having a low risk of bias. Only one study was
classified as having a moderate risk of bias, mainly due to the lack of information sufficient to provide an adequate judgment

(Figure 2 and Supplementary material 1).

Figure 2 - Meta-Analysis of Statistics Assessment and Review Instrument (MASTARI) critical appraisal tools. Green

indicates a low risk of bias, yellow indicates an unclear risk of bias, and red indicates a high risk of bias.
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Supplementary material 1 — Risk of bias for the studies included in the qualitative analysis, assessed by “Meta-Analysis of
Statistics Assessment and Review Instrument” (MASTARI) critical appraisal tools. Risk of bias was categorized as High when
the study reaches up to 49% score “yes”, Moderate when the study reached 50% to 69% score “yes”, and Low when the study

reached more than 70% score “yes”.
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3.4 Results of individual studies

UV radiation has been shown to be useful in rapid decontamination of hard and smooth surfaces (Cadnum, Li, et al.,
2020). The application of 2 to 5 minutes of UV radiation on a surface contaminated by the SARS-CoV-1 and MERS-CoV
virus resulted in undetectable levels of the virus, with a reduction in infectivity. (Ansaldi et al., 2004; Bedell, Buchaklian, &
Perlman, 2016). On the other hand, Duan et al., 2003, observed that when UV radiation was applied to culture medium, the
viral infectivity was reduced to a very low level and to an undetectable level only after 30 and 60 minutes of irradiation,
respectively (Duan et al., 2003). When UV radiation was applied in a band similar to that of sunlight (250-280 nm) in a
suspension similar to saliva deposited on 19mm dry stainless steel coupons, it took 6.8 minutes to inactivate 90% of the SARS-
CoV-2 virus and 14.3 minutes in culture medium (Ratnesar-Shumate et al., 2020). UV radiation also demonstrated
effectiveness in reducing the viral infectivity of SARS-CoV-2 on hard environmental surfaces, with a reduction of 4.12 Log10
(99.99%) in 2 minutes of exposure and was able to promote a reduction of >4.79 Log10 (99.99%) on N95 respirators after 5
minutes of exposure (Simmons et al., 2020). Darnel et al. (2004) observed that UVA and UVC radiation demonstrated
differences in the time of inactivation of the SARS-CoV-1 virus, with faster inactivation of the virus (1 to 6 minutes) with
UVC radiation than with UVA, which did not demonstrate significant inactivation for up to 15 minutes (Darnell, Subbarao,
Feinstone, & Taylor, 2004).

After 5 minutes of incubation of the SARS-CoV-1 and SARS-CoV-2 virus, the virus appears to be inactivated in
several disinfectants (Chin et al., 2020; Lai, Cheng, & Lim, 2005). Chin et al., 2020, assessed the stability of the SARS-CoV-2

virus exposed on surfaces such as paper, tissue paper, wood, glass, banknote, cloth, stainless steel, plastic, mask (inner and

7


http://dx.doi.org/10.33448/rsd-v10i10.19100

Research, Society and Development, v. 10, n. 10, e452101019100, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i10.19100

outer layer), under various disinfectants (household bleach (1: 49/1: 99), ethanol 70%, povidone-iodine, chloroxylenol,
chlorhexidine, benzalkonium chloride), except for hand soap, no virus was detected after 5 minutes (Chin et al., 2020).
According to the study by Sizun et al., 2020, coronavirus was more sensitive to a povidone-iodine solution, requiring less of
this solution to neutralize the virus (Sizun, Yu, & Talbot, 2000). This solution might deliver results close to those of 70%
ethanol in level of reduction of the virus on a surface (sluminum, sterile latex surgical glove, sterile sponges) (Kariwa, Fujii, &
Takashima, 2006). Hulkower et al., 2011, observed that ethanol solutions (concentrations of 62-71%) were the most efficient
disinfectants among six different types of hospital disinfectants, requiring 1 minute of exposure to the virus for a decrease of
>3 log10 for two viruses similar to SARS-CoV-1. Hypochlorite (1:100 dilution) was the least effective disinfectant, producing
an infectivity reduction factor of <1 logl10 in the same period (Hulkower, Casanova, Rutala, Weber, & Sobsey, 2011).
However, Cadnum et al., 2020, reported that application of diluted sodium hypochlorite disinfectant using an electrostatic
spray can provide quick and effective decontamination of portable equipment and large open areas (Cadnum, Jencson, et al.,
2020). Ansaldi et al. (2004), observed that the SARS-CoV-1 virus appears to be entirely inactivated by domestic disinfectants
such as peracetic acid, 70% ethanol, 0.05% and 0.1% sodium hypochlorite, 1% chlorhexidine digluconate and 2-benzyl-
chlorophenol at 2%, after exposure of <1 minute, of which only 0.1% sodium hypochlorite and 2-benzyl-chlorophenol at 2%
were quickly effective in destroying viral RNA at an undetectable level after <2 minutes of contact (Ansaldi et al., 2004). The
biocidal agents Mikrobac forte (benzalkonium chloride and laurylamine), Korsolin FF (benzalkonium chloride, glutaraldehyde
and didecyldimony chloride), and Dismozon pur (magnesium monoperphthalate) also demonstrated efficiency in inactivating
the SARS-CoV-1 virus, at 0.5% over within 30 minutes period, on inanimate surfaces and medical instruments (Rabenau,
Kampf, Cinatl, & Doerr, 2005). Dellano et al. (2009), observed that household disinfectants containing triclosan,
parachloromethaxylenol, pine oil, or some quaternary compound with 79% ethanol in their composition demonstrated viral
decrease within 30 seconds when used on a coronavirus-like a virus if used according to the instructions (Dellanno, Vega, &
Boesenberg, 2009).

Coronavirus showed stability over a wide pH range at room temperature (22°C; pH 3-10)(Chin et al., 2020) and is
more sensitive to extreme pH levels (Darnell et al., 2004). The temperature of the biocidal agent also seems to influence the
deactivation of the virus. Darnell et al. (2004), observed that formalin and glutaraldehyde were unable to completely inactivate
the SARS-CoV-1 virus at a temperature of 4°C, even after exposure for three days. However, formalin was able to partially
inactivate the virus at higher temperatures (25°C and 37°C) occurred partially or completely in 1 day, and gluteraldehyde
completely inactivated the virus under that same temperature over a period of 2 days (Darnell et al., 2004).

Hydrogen peroxide was tested on stainless steel disks and can be considered for the disinfection of surfaces
contaminated by a coronavirus (Goyal, Chander, Yezli, & Otter, 2014). The use of 20 ppm ozone for 40 minutes at a relative
humidity >70% and room temperature (21-24°C) promoted a 99.99% reduction in viral infectivity in a variety of PPE
(Blanchard et al., 2020). In addition, higher levels of humidity associated with higher concentrations of ozone promoted faster
virus inactivation (Blanchard et al., 2020; Ludwig-Begall et al., 2020). However, Liao et al. (2020) reported that heat (<85°C)
under various humidity conditions was the most promising and nondestructive method for preserving the filtering properties of
N95 respirators (Liao et al., 2020).

4. Discussion

Although the actual potential of transmitting the coronavirus found on inanimate surfaces via touch is not known, it is
known that the virus can remain active for an extended period, depending on the type of surface, the relative humidity, and the
ambient temperature (Giinter Kampf, 2020; G. Kampf et al., 2020; Rabenau et al., 2005). The qualitative synthesis of the

studies found in this systematic review demonstrates that exposure of the virus to some types of disinfectants for a specific
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time is effective in reducing the infectivity of diseases caused by the coronavirus.

In environments where health treatments are performed, such as dental clinics, it is necessary to use disinfectants on
surfaces for which there is a greater risk of exposure to the virus, such as PPE and countertops made of contaminated materials,
to eliminate the chance of contamination of COVID-19 by healthcare professionals or patients. This disinfection eliminates
pathogens according to their sensitivity to a chemical agent (Hota, 2004). Coronavirus shows greater stability on different
types of smooth surfaces according to the structure’s pH at room temperature (22°; pH 3-10)(Chin et al., 2020). The
temperature of the environment is also a factor that must be considered in the effectiveness of the biocidal agent because at
lower temperatures, the virus tends to remain active for a more extended period than at high temperatures (Darnell et al.,
2004).

The products based on ethanol in concentrations of 62 and 71% proved to be the most efficient according to certain
authors and were able to decrease the viral load to >3 log10 on average in only 1 minute of exposure, thus reducing the
infectivity of the SARS-CoV to below the detectable level (Hulkower et al., 2011; Kariwa et al., 2006). PVP-I solutions proved
to be as useful as 70% ethanol in reducing the virus on inanimate surfaces such as aluminum, sterile latex surgical gloves,
sterile sponges and medical instruments, in addition to using less of this chemical for effectiveness (Kariwa et al., 2006; Sizun
et al., 2000). According to Kariwa et al. (2006), the exposure of SARS-CoV to several products based on PVP-1 for 1 minute
was not sufficient to eliminate the exposed virus, but when this solution was applied for 2 minutes, the virus became
undetectable on the surface of medical instruments. (Kariwa et al., 2006). Sodium hypochlorite (1:100 dilution) was the least
effective disinfectant, producing an infectivity reduction factor of <1 log10 in the same period compared with other biocidal
agents. (Hulkower et al., 2011). Nevertheless, some studies report that this solution is capable of decontaminating large areas
quickly and effectively, proving to be one of the most effective disinfectants against SARS-CoV and viruses that can be
studied as a substitute for coronavirus when compared with other solutions (Ansaldi et al., 2004; Cadnum, Jencson, et al.,
2020; Goyal et al., 2014).

Only one author shows ozone as a disinfectant agent of choice in the health field, which it can also promote a 99.99%
reduction in viral infectivity when used at 20 ppm, ambient temperature (21-24°C) and relative humidity >70%, but it takes an
average of 40 minutes for ozone to be effective in eliminating the virus (Blanchard et al., 2020).

Ultraviolet germicidal irradiation (UVGI), in addition to promoting efficient disinfection of infectious pathogens, has
the benefit of not causing damage to surface, which is a positive point for use on personal protective equipment in the health
area. In this review, application of 2 to 5 minutes of UV radiation decreased the infectivity of the virus. Ansaldi et al., 2004,
(Ansaldi et al., 2004) observed that exposing the SARS-CoV-1 virus to UV radiation for 2 minutes reduced its infectivity to
undetectable levels. In contrast, Duan S.M. et al. (2003)(Duan et al., 2003), also observed that by exposing a culture medium to
UV radiation, viral infectivity was reduced to an undetectable level in up to 60 minutes. The difference between these results
noted in this review can be explained by the type of UV radiation used and the application distance between the radiation
source and the surface. According to Darnel et al. (2004), the type of UV radiation used can demonstrate different results with
respect to viral inactivation. Additionally, a distance of 3 cm associated with UVC radiation seems to demonstrate efficacy
(Darnell et al., 2004).

The studies available in the literature on the topic of this systematic review have heterogeneous methodologies,
making it impossible to carry out a quantitative analysis of the subject. The impossibility of including other study designs, in
addition to in vitro laboratory studies, is also a limitation that must be considered. Despite these limitations, knowledge of the
available evidence on the topic is of utmost importance for clinical practice, especially in a pandemic situation due to SARS-
CoV-2, and can aid in decisions on biosafety in environments, thus decreasing the risk of indirect contamination and fighting

the proliferation of the disease.


http://dx.doi.org/10.33448/rsd-v10i10.19100

Research, Society and Development, v. 10, n. 10, e452101019100, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i10.19100

5. Conclusion

All biocidal solutions studied in this systematic review showed some degree of decontamination and inactivation of
the coronavirus, depending on the product's concentration, the time of exposure of the pathogen to the disinfectant and the type
of contaminated inanimate surface. Nevertheless, 70% ethanol and PVVP-I appear to be more efficacy than the other options, as
they require less product and a shorter time of exposure of the virus to such solutions. The heat has been shown to inactivate

the coronavirus in large amounts without damage filtration properties of PPE, such as N95 respirators.
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