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Abstract: Industries of the food sector have made a great effort to control SARS-CoV-2 indirect transmission, through1

objects or surfaces, by updating cleaning and disinfection protocols previously focused on inactivating other pathogens,2

as well as food spoilage microorganisms. The information, although scarce at the beginning of the COVID-19 pandemic,3

has started to be sufficiently reliable to avoid over-conservative disinfection procedures. This work reviews the literature4

to propose a holistic view of the disinfection process where the decision variables, such as type and concentration of5

active substance, are optimised to guarantee the inactivation of SARS-CoV-2 and other usual pathogens and spoilage6

microorganisms while minimising possible side-effects on the environment and animal and human health.7
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1. Introduction9

Efficient control of SARS-CoV-2 transmission is a high priority in the food industry. Food safety authorities agree that10

SARS-CoV-2, as other coronaviruses in previous outbreaks, is not transmitted through food consumption [1–3]. However,11

respiratory viral diseases are commonly spread via fomites (indirect route of transmission through inanimate objects or12

surfaces) [4,5] and different studies have proven that SARS-CoV-2 is stable for several days on different surfaces commonly13

used in the food industry [6–10]. The spread of the virus through this via should be prevented by properly disinfecting and14

cleaning of the inanimate objects.15

The food industry has been implementing cleaning and disinfection measures to effectively inactivate spoilage and16

pathogenic microorganisms like bacteria, yeasts, molds, and viruses [11], and hence avoid food waste or poisoning outbreaks.17

Cleaning must be done thoroughly before the disinfection step. In general, the efficacy of all disinfectants decreases in18

the presence of organic matter and the goal is to remove as much organic matter as possible by eliminating the gross dirt19

and by cleaning with water and surfactants [12]. Disinfection aims to achieve an acceptable standard of hygiene from the20

microbiological point of view [13].21

Quite often the industry disinfects with aggressive substances at large concentrations and contact times to ensure22

good hygiene standards that are more than enough to inactivate SARS-Cov-2. For example, sodium hypochlorite has been23

historically employed to inactivate very resistant pathogens as vegetative bacteria and bacteria spores[14] and it has also24

shown efficacy against viruses, including SARS-CoV-2 [15].25

Therefore, given the so-far known apparent simplicity to disinfect encapsulated viruses like SARS-CoV-2 [16,17] and the26

current evidence of limited transmission of the virus through fomites [18,19], should the food industry update the standard27

disinfection protocols to guarantee the product and workers safety?28

A precautionary principle, given the 2020 pandemic extend, might point to applying over-conservative disinfection29

protocols with large amounts of active substances and contact times or, at least, to revise and adapt the protocols to ensure30

inactivation of SARS-CoV-2 [20]. Crowded and cooling conditions, common in slaughterhouses and the meat processing31

facilities, have been related with SARS-CoV-2 outbreaks. For example, from 9–27 April 2020, COVID-19 was diagnosed32

in 4913 workers from 113 meat and poultry processing facilities in the USA (approximately 3% of the workforce), with33
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20 COVID-19-related deaths [21]. In a more recent report, including the confirmed cases up to May 31 from a total of 23934

facilities, the number of cases increases to 16,233 (3.1% to 24.5% infected workers per facility) and 86 COVID-19 related35

deaths [22]. Risk factors included prolonged closeness to other workers for long shifts, close contact during transportation in36

shared vans and contact through exposure to potentially contaminated shared surfaces such as break room tables or tools37

[8,23].38

Nevertheless, over-use of disinfection to inactivate SARS-CoV-2 disregards any other effect on microorganisms present39

in the food processing plant, or the impact of the residual concentration of the chemicals on the environment and human and40

animal health. In this regard, it is considered critical the emergence and selection of antimicrobial-resistant bacteria due to41

the over-use of antimicrobial soaps and disinfectant cleaners. This concern has been discussed in the clinic sector [24], but42

not yet in the food industry.43

In this review, we propose to analyse the disinfection processes using the “one health” approach, a holistic view44

considering the impact of the process beyond the objective of controlling the transmission of SARS-CoV-2. The review,45

therefore, is organised in three sections demanding to (1) understand which disinfectants or mixtures of disinfectants,46

concentrations and contact times are enough to inactivate SARS-CoV-2, (2) how these disinfectants work towards inactivating47

other food pathogens in the food industry and (3) their side-effects in the environment and the animal and human health48

due to misuse or overuse of disinfectants.49

2. Disinfectants, concentrations and contact times to inactivate SARS-CoV-2 in the food industry50

2.1. SARS-CoV-2 stability on surfaces51

Despite the zoonotic origin of SARS-CoV-2, the virus is not a foodborne pathogen and to avoid its transmission in the52

food industry, it is critical to control transmission through fomites or contaminated objects [25]. The virus is stable on usual53

surfaces in the food industry, especially on non-porous surfaces, and remains infective for 3-7 days at room temperature in54

smooth surfaces such as glass, plastic and stainless steel [26]. By contrast, the virus has lower stability on cardboard (up to 255

days) and paper (up to 3 hours) [15,27].56

Previous reports about the prevalence of other coronaviruses on surfaces show similar behavior. hCoV 229E and57

SARS-CoV-1, which share similar stability kinetics with SARS-CoV-2 [27], showed a prevalence in ceramic tiles of 4-5 days58

[28,29]. On dispensable materials such as latex gloves, cotton gowns and cotton gauze sponges, coronaviruses have lower59

persistence times (≤48 hours) [30,31].60

Food contact surfaces are typically made of materials where SARS-CoV-2 is stable for days, such as steel or plastic.61

Other common contact surfaces are made of materials like wood, rubber, ceramics, or glass [32]. All surfaces must be smooth,62

non-porous, and easily cleanable and free from large, randomly distributed irregularities such as pits, folds and crevices63

[33,34]. Regardless of the type of material, disinfection of objects and surfaces in contact with unprocessed foods is critical to64

avoid contaminated final products [35,36].65

The stability time of SARS-CoV-2 on surfaces is affected by physico-chemical factors such as temperature, pH and66

humidity. Low temperatures extend virus viability from 7 (22oC) to 14 days (4oC), while stability is less than a day at 37oC67

and less than 5 minutes when exposed to 70oC [15]. SARS-CoV-2 shows a high persistence under pH ranging from 3-10 at68

room temperature. On the other hand, SARS-CoV-2 half-life at room temperature (24oC) decays from 18.6 hours to 6.3 hours69

when the relative humidity (RH) raises from 20% to 80% [37].70

Table 1 summarises the stability of SARS-CoV-2, SARS-CoV-1 and other SARS-CoV surrogate coronaviruses on different71

surfaces at different temperatures and relative humidities. According to the literature, the stability of other coronaviruses on72

surfaces is analogous to SARS-CoV-2, being favored by smooth surfaces and low temperature and RH. However, the lack of73

a standardized methodology difficulties comparing the stability of the different viruses on same kind of surface. From the74

author’s knowledge, to date just one work has compared the stability of SARS-CoV-2 with other coronavirus (SARS-CoV-1)75

under the same experimental conditions [27]. Another difficulty is the variability regarding the inoculum volume. Low76

volumes of virus inoculum are preferred since they probably provide a better simulation of the real mechanism of viral77

contamination of surfaces, such as sneezing, coughing or by touching with hands that have previously been in contact with78

mouth, eyes, nose or other contaminated surfaces.79
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Table 1 – continued from previous page
Virus Surface / fomite Inoculum TCDI50 T (oC) RH (%) Stability Ref.

Virus Surface / fomite Inoculum TCDI50 T (oC) RH (%) Stability Ref.

hCoV 229E

Aluminium 10 µL 5.5·105 21 55-70 >8 h [31]
Brasses >70% Cu 20 µL 1.4·103(a) 21 30-40 ≤40 min [29]
Brasses ≥70% Cu 1 µL 1.4·103(a) 21 30-40 ≤5 min [29]
Ceramic tile 20 µL 1.4·103(a) 21 30-40 >120 h [29]
Copper 1 µL 1.4·103(a) 21 30-40 ≤5 min [29]
Copper-nickel ≥79% Cu 20 µL 1.4·103(a) 21 30-40 ≤50 min [29]
Copper-nickel 70% Cu 20 µL 1.4·103(a) 21 30-40 ≤2 h [29]
Cotton gauze sponges 10 µL 5.5·105(a) 21 55-70 ≤6 h [31]
Glass 20 µL 1.4·103(a) 21 30-40 >120 h [29]
Latex gloves 10 µL 5.5·105 21 55-70 ≤6 h [31]
Plastic (PVC) 20 µL 1.4·103(a) 21 30-40 >120 h [29]
Plastic (PE) 500 µL 107 21-25 ND >72 h [38]
Plastic (PTFE) 20 µL 1.4·103(a) 21 30-40 >120 h [29]
Silicon rubber 20 µL 1.4·103(a) 21 30-40 ≤120 h [29]
Steel 20 µL 1.4·103(a) 21 30-40 >120 h [29]

hCoV OC43
Aluminium 10 µL 5.5·105 21 55-70 ≤3 h [31]
Cotton gauze sponges 10 µL 5.5·105 21 55-70 ≤1 h [31]
Latex gloves 10 µL 5.5·105 21 55-70 ≤1 h [31]

MERS-CoV EMC/2012

Plastic (undefined) 100 µL 106 20 40 ≤72 h [39]
Plastic (undefined) 100 µL 106 30 30 ≤48 h [39]
Plastic (undefined) 100 µL 106 30 80 ≤24 h [39]
Steel 100 µL 106 20 40 ≤72 h [39]
Steel 100 µL 106 30 30 ≤48 h [39]
Steel 100 µL 106 30 80 ≤24 h [39]

SARS-CoV-1 HKU39849 Plastic (Undefined) 10 µL 107 22-25 80 >120 h [40]

SARS-CoV-1 P9

Ceramic tile 300 µL 106 20 ND ≤96 h [28]
Glass 300 µL 106 20 ND ≤120 h [28]
Metal (undefined) 300 µL 106 20 ND >120 h [28]
Paper (filter paper) 300 µL 106 20 ND >120 h [28]
Paper (press paper) 300 µL 106 20 ND ≤120 h [28]
Plastic (undefined) 300 µL 106 20 ND ≤120 h [28]
Wood 300 µL 106 20 ND ≤96 h [28]

SARS-CoV-1 GVU6109

Cotton gown 5 µL 104 37 ND ≤5 min [30]
Cotton gown 5 µL 105 37 ND ≤1 h [30]
Cotton gown 5 µL 106 37 ND ≤24 h [30]
Paper (request form) 5 µL 104 37 ND ≤5 min [30]
Paper (request form) 5 µL 105 37 ND ≤3 h [30]
Paper (request form) 5 µL 106 37 ND ≤24 h [30]
Plastic disposable gown 5 µL 104 37 ND ≤1 h [30]
Plastic disposable gown 5 µL 105 37 ND ≤24 h [30]
Plastic disposable gown 5 µL 106 37 ND ≤48 h [30]

SARS-CoV-1 FFM1 Plastic (PE) 500 µL 107 21-25 ND ≤216h [38]

SARS-CoV-1 Tor2
Capboard 50 µL 107 RC(c) RC(c) ≤8h [27]
Copper 50 µL 107 RC(c) RC(c) ≤8h [27]
Plastic (PP) 50 µL 107 RC(c) RC(c) ≤72h [27]
Steel 50 µL 107 RC(c) RC(c) ≤72h [27]
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Table 1 – continued from previous page
Virus Surface / fomite Inoculum TCDI50 T (oC) RH (%) Stability Ref.

SARS-CoV-2 WA1-2020

Capboard 50 µL 107 RC(c) RC(c) ≤24h [27]
Copper 50 µL 107 RC(c) RC(c) ≤4h [27]
Plastic (PP) 50 µL 107 RC(c) RC(c) ≤72h [27]
Steel 50 µL 107 RC(c) RC(c) ≤72h [27]

SARS-CoV-2 Unknow strain

Paper (tissue paper) 5 µL 107-108 22 65 ≤3h [15]
Paper (undefined) 5 µL 107-108 22 65 ≤3h [15]
Wood 5 µL 107-108 22 65 ≤3h [15]
Cloth 5 µL 107-108 22 65 ≤48h [15]
Glass 5 µL 107-108 22 65 ≤96h [15]
Paper (banknote) 5 µL 107-108 22 65 ≤96h [15]
Steel 5 µL 107-108 22 65 ≤168h [15]
Plastic (undefined) 5 µL 107-108 22 65 ≤168h [15]
Mask (inner layer) 5 µL 107-108 22 65 ≤168h [15]
Mask (outter layer) 5 µL 107-108 22 65 >168h [15]

Table 1. Persitence time of SARS-CoV-1, SARS-CoV-2, MERS-CoV and hCoV over different surfaces. TCDI50: Median
tissue culture infectious dose, RH: relative humidity, ND: not defined, PVC: polivynil chloride, PE: polyethylene, PTFE:
polytetrafluoroethylene, PP: polypropropylene, RC: room conditions. (a): calculated from plaque forming units (PFU) following
the instructions (1 TCID50 ≈ 0.7 PFU) reported by the American Type Culture Collection (ATCC). (c): personal communication
from the authors.

2.2. Approved substances for SARS-CoV-2 disinfection80

The food industry should ensure good hygienic practices and food safety management systems following the advice81

of international authorities, such as the Food and Agriculture Organizations of the United Nations, to prevent COVID-1982

transmission [1,41].83

For more specific information regarding the necessary standards for chemical disinfection of SARS-CoV-2, the industry84

comply with regulations of their respective competent authorities. Table 2 summarizes those active substances which can be85

employed in the formulation of disinfectants legally available against SARS-CoV-2 in the European Union and in the USA, as86

well as their status in the food industry of both territories.87

SARS-2-CoV status Food industry status Concentration (%) in CP
ECHA EPA ECHA EPA EU USA

Alcohols
Ethanol AP AP UR AP 65.00-75.00 7.50-68.61
1-propanol AP NE AP AP 17.00-49.00 b
2-propanol AP AP AP AP 9.99 12.25-63.25
Aldehides
Glutaraldehyde AP AP AP AP 2.50-12.00 7.00
Glyoxal AP NE AP AP 6.00 b
Amines
Ampholyt 20* AP NE AP NE a b
Glucoprotamin AP NE AP AP a b
N-(3-aminopropyl)-
N-dodecylpropane-1,3-diamine

AP AP AP AP 0.1-2.80 7.50-68.61

Biguanides
Polyhexamethylene biguanide
hydrochloride

AP AP AP AP a 0.050 - 0.089

Chlorine based compounds
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Calcium hypochlorite AP NE AP AP a b
Chlorine dioxide UR AP UR AP a 0.20-5.00
Hypochlorous acid UR AP UR AP 0.017 0.017-0.046
Sodium hypochlorite AP AP AP AP 2.60-13.00 0.086-8.60
Sodium chlorite UR AP UR AP a 0.50-30.50
Sodium dichloroisocyanurate UR AP UR AP 81.00 7.00-48.21
Tetrachlorodecaoxide complex UR NE UR NE a b
Tosylchloramide sodium UR NE UR AP a b
Trichloroisocyanuric acid UR NE UR AP a b
Iodine and iodophors
Iodine AP NE AP AP a b
Povidone-iodine AP NE AP AP a b
Isothiazolinones
Mixture of CMIT/MIT** AP NE AP AP a b
Organic acids
Citric acid AP AP AP AP a 0.60-6.00
Formic acid UR NE UR AP a b
Glycolic acid UR AP UR AP a 11.19
Lactic acid AP AP AP AP 0.42-1.75 0.16-34.10
Performic acid UR NE UR AP a b
Peroxides and derivates
Hydrogen peroxide AP AP AP AP 0.20-35.00 0.30-27.50
Peracetic acid AP AP AP AP 0.05-5.00 0.05-15.00
Peroxyoctanoic acid UR AP UR AP a 0.63
Potassium peroxymonosulfate NE AP UR AP 49.70 21.41
Sodium carbonate
peroxyhydrate

NE AP NE AP a 12.10-29.75

Phenolic compounds
2-Phenylphenol UR AP UR AP a 0.026-10.50
2-Benzyl-4-chlorophenol NE AP NE AP a 0.023-3.03
4-tert-amylphenol NE AP NE AP a 5.27-7.66
5-chloro-2-(4-chlorophenoxy)
phenol

AP NE AP NE a b

Biphenyl-2-ol AP AP AP AP a 0.06
Salicylic acid UR NE UR AP a b
Thymol NE AP NE AP a 0.092-0.23
Quaternary ammonium
compounds
Benzalkonium chloride AP AP UR AP 0.008-24.00 0.015-26.00
Benzalkonium saccharinate AP AP UR AP a 0.10-0.20
Benzethonium chloride NE AP NE AP a 0.28
Didecyldimethylammonium
chloride

AP AP UR AP 0.20-7.20 0.003-21.05

Didecylmethylpoly(oxethyl)
ammonium propionate

AP NE UR NE a b

Didecylmethylammonium
carbonate/ bicarbonate

NE AP NE AP a 0.0369-1.38

Silver and derivates
Silver AP AP UR AP 0.004 0.003-0.01
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Silver nitrate AP AP UR AP a 0.016
Table 2. Status of the substances against SARS-COV-2 according to ECHA and EPA. CP: Commercial products; AP: Approved;
UR: Under review; NE: Not evaluated. a: Substance not found in the formulation of commercial biocides authorized by ECHA
to be employed in the food and feed areas (PT 4). b: Substance not found in the formulation of EPA authorised commercial
biocides against SARS-CoV-2 (not area distinction). Compounds tagged as ”Under review” in ECHA column can be part
of the formulation of authorized commercial products employed in some European countries if they are covered by their
respective legislations [42]. Substances concentrations in commercial products available in the EU were obtained from the state
members of Spanish [43] and Dutch [44] markets, both selected as reference markets by ECHA [42]. Substances concentrations
in commercial products available in the USA was extracted from the Emergency Care Research Institute (ECRI) [45].
*N-C10-16-alkyltrimethylenedi- reaction products with chloroacetic acid. **Mixture of 5-chloro-2-methyl-2H-isothiazol-3-one
(EINECS 247-500-7) and 2-methyl-2H-isothiazol-3-one (EINECS 220-239-6)

The European Chemicals Agency (ECHA) is the competent authority in the European Union for determining legal88

disinfection substances. ECHA reports the lists of those substances approved or under review against SARS-CoV-2 for89

product-type 1 (Human hygiene) and 2 (isinfectants and algaecides not intended for direct application to humans or animals),90

but not the list of substances for use in the feed and food area (product-type 4 or PT4) [42]. Therefore, the substances for91

disinfection of SARS-CoV-2 in the food industry should be in (1) the list of PT4 substances and in (2) any of the lists of92

substances approved for SARS-CoV-2.93

The lists of authorised substances for SARS-CoV-2 are not a comprehensive representation of all the disinfectant94

substances legally employed in the EU, since compounds tagged as "Under review" (e.g: ethanol) can be part of the95

formulation of authorized commercial products employed in some European countries if they are covered by their respective96

national legislation. ECHA also released a list of commercial products authorised under the Biocidal Products Regulation97

(BPR) with virucidal claims. This product list lacks information about the concentrations of active substances in the98

commercial products. Intending to provide a better indication of the market situation for disinfectant products, ECHA99

provides as example information for some member states such as Spain [43] and the Netherlands [44].100

The United States Environmental Protection Agency (EPA), the competent authority in the USA, publishes the so-called101

”List N” gathering the authorized commercial disinfectants and active substances for use against SARS-CoV-2 [46] and their102

contact times. According to EPA, the authorised commercial products against SARS-CoV-2 must comply with at least one of103

the following criteria:104

(a) Demonstrate efficacy against SARS-CoV-2.105

(b) Demonstrate efficacy against a pathogen that is harder to inactivate than SARS-CoV-2.106

(c) Demonstrate efficacy against another type of human coronavirus similar to SARS-CoV-2.107

The directions of use of disinfectants depends on the target pathogen and are specified on the product label guidance. For108

SARS-CoV-2 the "List N" informs if the directions to follow should be for SARS-CoV-2 or for another pathogen if it was not109

directly tested for SARS-CoV-2.110

As in the case of ECHA, the list lacks information about the concentration of active substances in commercial products.111

Fortunately, this information have been gathered and published by the Emergency Care Research Institute (ECRI), a non-profit112

healthcare organization [45]. Figure 1 shows that most of the EPA authorised commercial products available in USA market113

were not tested directly for SARS-CoV-2 1. Instead, most authorised substances were tested following the b) criteria. However,114

the ranking of pathogens attending to the difficulty of being disinfected is based on debatable arguments, as we will discuss115

in section 3.116

Similarly to ECHA and EPA, there are other national authorities determining the status of disinfectants for SARS-CoV-2.117

In Australia, for example, the Therapeutic Goods Administration (TGA) has published a list with the commercial disinfectants118

in the Australian Register of Therapeutic Goods (ARTG) for use against SARS-CoV-2. Again, the authorised list does not119

provide information about the active ingredients nor the criteria followed to select the substances [47]. In Canada, the Health120

Products and Food Branch’s (HPFB) of the governmental department Health Canada (HC), has developed a list that is121

continuously updated with the likely effective commercial hard-surface disinfectants against SARS-CoV-2 and their active122

ingredients [48]. Substance concentrations are not reported but can be consulted in the Drug Product Database (DPD) [49].123

The approval of a product is subject to the evidence provided by the manufacturers but inclusion criteria are not available for124

the general public.125
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Figure 1. Commercial products authorized to be employed in the food industry (either requiring post-rise or not) against
SARS-CoV-2 according to the EPA List N grouped by their acceptance criteria.

2.3. Efficacy of authorised disinfectants126

In a few months, researchers have been actively working to determine which disinfectants and concentrations are127

effective against SARS-CoV-2, but still more work is needed. The information is still scarce and substances are proved mostly128

in suspension test, instead of using dried viruses over surfaces better mimicking the conditions of the food industry [50,51].129

Moreover, comparison between studies is usually difficult due to the lack of standardized testing procedures such as130

the high variability of contact times, and the differences in the kind and the concentration of the substances employed to131

simulate organic load. The initial viral concentration is also highly variable among studies, ranging from 105 [52] to 108
132

[15], and sometimes it is even omitted. This concentration is important since the minimum inhibitory concentration (MIC)133

may change with the number of organisms inoculated for different viruses, the so-called inoculum effect [53–55]. From the134

author’s knowledge, only one work has tested the virucidal activity of chemicals to SARS-CoV-2 using the international135

standards for disinfection on surfaces (ASTM E1052-20) and suspension (EN 14476:2013) [56].136

2.3.1. Disinfectants tested against SARS-CoV-2 or similar coronavirus137

The list of tested disinfectants against SARS-CoV-2 and SARS-Cov-2 surrogates changes continuously. We have gathered138

the information published until September 2020 in a table that can be consulted in the following link https://doi.org/10.139

5281/zenodo.4297322. This data-sheet covers those disinfectants tested against SARS-CoV-2 or other coronaviruses. Data140

were extracted from several research articles indicated in the reference row. The data-sheet comprises a total of 11 fields with141

info regarding the virus (virus and strain/isolate names), formulation (substance(s) and its concentration in percentage)142

and test characteristics (suspension or surface tested, kind of surface, use dilution, disinfectant and inoculum volumes,143

organic load type and concentrations and contact time) as well as their results, normalized in terms of log10 viral infectivity144

reduction.145

Just a few common disinfectants have been proven effective against SARS-CoV-2 at short contact times: 30-80%146

ethanol, 30-75% propanol, 0.45- 7.5% povidone-iodine and 5-6% sodium hypochlorite (household bleach) (See table in147

10.5281/zenodo.4297322). All of them are allowed in the food industry and have been successfully tested against SARS-CoV-2,148
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reaching a fast reduction on viral infectivity of more than 4 orders of magnitude (99.99% reduction), the level suggested as149

effective by the German Association for the Control of Virus Diseases and the Robert Koch Institute [57].150

Other common disinfectants such as 0.1% benzalkonium chloride (BAC) were effective against SARS-CoV-2, but at the151

expense of large contact times [56]. In fact, previous tests with quaternary ammonium compounds (QACs) such as BAC, and152

other coronaviruses also showed the need for large contact times [58,59]. More specifically, two commercial disinfectant153

products were tested: (1) Mikrobac Forte composed of BAC and dodecylbispropylene triamine and (2) Kohrsolin FF with154

BAC, didecyldimethylammonium chloride (DDAC) and glutaraldehyde as active ingredients. Results showed that, after 30155

minutes, the disinfection was not as effective as using 80% ethanol with only 30 seconds of exposure [38]. Tests using BAC to156

disinfect SARS-CoV-1 surrogate coronaviruses (such as human coronavirus causing common cold [59,60], canine coronavirus157

and mouse hepatitis virus [58]) showed similar results to ethanol and propanol, although again with exposition times of158

minutes (5-10 minutes).159

More controversial is the efficacy of other common disinfectants in the food industry such as hydrogen peroxide.160

Although enveloped viruses are more sensitive to hydrogen peroxide than non-enveloped ones [61], all seem to point to a low161

performance of hydrogen peroxide against coronaviruses. Hydrogen peroxide is minimally effective against SARS-CoV-2,162

reaching just a poor viral infectivity reduction of 1-1.8 log10 in a work concentration of 1-6% after 30 seconds of exposition163

[52]. Previous reports showing a good performance of hydrogen peroxide against coronaviruses are subordinate to long164

exposure times or the presence of other active ingredients in the formulation. In hCoV 229e, a satisfactory ≥4.00 log10 viral165

infectivity reduction was achieved after 60 seconds of exposition to 0.5% hydrogen peroxide [62]. However, an unknown166

percentage of non reported food-grade surfactants were also present in the formulation. In TGEV, a viral infectivity reduction167

∼5 log10 was achieved employing vaporized 35% hydrogen peroxide [63]. Unfortunately, the long contact time (2-3 hours)168

makes its application very cost-time expensive. The World Health Organization (WHO) Formulations I and II, which contains169

0.125% hydrogen peroxide in their composition besides 80% ethanol (Formulation I) and 70% 2-propanol (Formulation II),170

have very good results against coronaviruses but don’t allow to ensure the hydrogen peroxide performance when it acts171

alone. In fact, both 30% ethanol and 30% propanol, used independently reached the same inactivation levels [64].172

It should be stressed that there are also substances legally commercialized against SARS-CoV-2 without proven efficacy.173

For example, 2% polyhexamethylene biguanide (PHMB) [65] and salicylic acid 0.10% [56], have failed in SARS-CoV-2174

inactivation, not reaching the recommended log 10 viral reduction ≥4.00. However, PHMB is found in commercial products175

against SARS-CoV-2 authorized by the EPA and it has been classified as authorized substance with the same purpose in the176

ECHA list, which also includes salicylic acid.177

Interestingly, disinfectants such as 4.7% chloroxylenol [56] and 0.05% clorhexidine [15] show good performance against178

SARS-CoV-2, but have not been approved by EPA nor ECHA to SARS-CoV-2 disinfection. A reason for this contradiction179

could be that, for example, clorhexidine is not efficient in the inactivation of other coronaviruses [58].180

So far, no other substances have been tested against SARS-CoV-2 and their use is just supported by previous reports181

showing antiviral activity against other viruses from the Coronaviridae family. This is the case of DDAC, glutaraldehyde and182

phenolic compounds. DDAC has never been tested against coronaviruses as a single active ingredient, but in mixtures with183

other disinfectants [66]. Glutaraldehyde 0.5% gets a ≥4.01 log10 reduction in SARS-CoV-1 after 120 seconds of exposition184

[38]. Other studies employing glutaraldehyde 2% reported viral reductions >3.00 log10 after 60 seconds in canine coronavirus185

[67] and 5 log10 after 24 hours in hCoV [60]. Several phenolic formulations reached a >3.00 log10 viral reduction against186

hCoV [60] and a mixture comprising o-phenylphenol 9.09% and p-tertiary amylphenol 7.66% obtained a reduction of 2.03187

log10 in transmissible gastroenteritis virus and 1.33 log10 in mouse hepatitis virus [68].188

2.3.2. Disinfectants tested against viruses different from coronavirus189

There is a concerning large number of authorized commercial products for SARS-CoV-2 disinfection which contains190

active ingredients that have not been tested against the COVID-19 causing virus nor other coronaviruses. This case includes191

organic acids as well as thymol.192

Organic acids have not been tested against SARS-CoV-2, with the exception of salicylic acid explained in previous193

section [56], or other coronaviruses, and their virucidal effect against other viruses is controversial. Formic acid showed to be194

ineffective against the non enveloped viruses mammalian orthoreovirus type 1 and bovine adenovirus type 1 [69]. In another195

study with enveloped viruses, formic and citric acids were not effective against the bovine viral diarrhea virus, although196

showed good results in the case of vaccinia virus, both enveloped viruses [70]. It should be noted that in these studies the197
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exposition times were long (10-30 min), avoiding to know its cost-time efficiency. Moreover, taking into account that the198

action mechanism of organics acids is related to the decrease in the extra-viral pH which alters the steric disposition of199

specific receptors on the surface [71], the high stability of SARS-CoV-2 in acidic conditions points to a subsequent resistance to200

organic acids. Despite all this, organic acids as citric, lactic, formic, and performic acid are active ingredients of SARS-CoV-2201

disinfectants authorized by the EPA and the ECHA.202

The use of thymol is authorized by the EPA but not by the ECHA. The reports about its virucidal effectiveness are203

scarce and restricted to herpes virus [72,73], without any reference against other viruses. Among the authorized commercial204

products against SARS-CoV-2, substances mixtures are very common. Although a synergy or additive effect could be205

expected in a components mixture, this fact should be previously evaluated [20]. As example, WHO Formulations I and II,206

which contains 0.125% hydrogen peroxide besides 80% ethanol (Formulation I) and 70% 2-propanol (Formulation II), have207

very good results against coronaviruses (See table in 10.5281/zenodo.4297322), but 30% ethanol and 30% propanol used208

independently reached the same inactivation levels [64].209

3. Potential of SARS-CoV-2 disinfectants to inactivate other pathogens or spoilers in the food industry210

The food industry should guarantee that other pathogens, or even food spoilage microorganisms, in addition to211

SARS-CoV-2 are inactivated. Adequate precautions should be taken to prevent food from being contaminated by disinfectants,212

during cleaning or disinfection of rooms, equipment or utensils [74]. Thus, the concentration of the active substance, as well213

as dilutions (if needed) and exposure times, have to be calculated taking into account the presence of other microbes.214

According to the modern interpretation of the Spaulding classification (Figure 2) [16,17], enveloped viruses such as215

coronaviruses are weak and easy to eradicate in comparison to other pathogens because the disruption of their lipidic216

envelope is considered enough to render them non-infectious.

Figure 2. Susceptibility level against disinfection of some foodborne pathogens. Adapted from [17]
217

The Spaulding classification provides a very useful overview but disregards many factors affecting disinfection218

depending on the type of microorganisms. Some factors are the organic load concentration and type of surfaces and the219
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clumping and biofilm formation of virus and bacteria, respectively [17]. In addition, useful parameters to consider when220

disinfecting, such as the persistence time on surfaces, do not follow the ranking in Spaulding classification. For example,221

SARS-CoV-2 persistence on certain surfaces is higher or similar than the persistence of harder-to-eradicate gram-positive222

bacteria (Vibrio cholerae 1-7 days, Helicobacter pylori ≤ 90 minutes) and non-enveloped viruses (norovirus 8 hours - 7 days,223

echovirus 7 days and papovavirus 8 days) [11].224

Even if those affecting factors are not in place, for the optimal disinfection of different usual microorganisms in the food225

industry together with SARS-CoV-2 the Spaulding classification is only a first approximation and more information is usually226

needed. On the one hand, and in agreement with the classification, disinfectants might only work on more susceptible227

groups. For example, 0.1% BAC inactivates SARS-CoV-2 but is not sufficiently effective for usual resistant bacterial strains228

found in the food industry such as Staphyloccocus spp., Klebsiella spp. and Escherichia coli [15,56]. However, the use of strong229

disinfectants to kill hard-to-eradicate groups, does not always assure the disinfection of susceptible groups as Spaulding230

classification has many exceptions. For example, hydrogen peroxide, considered a high-level common disinfectant [17], is231

not very effective against SARS-CoV-2 [52]232

Attending to the information gathered, those disinfectants that have been clearly proven effective against SARS-CoV-2,233

i.e. ethanol, propanol, povidone-iodine and sodium hypochlorite, have also been historically employed for other pathogens234

as vegetative bacteria, bacteria spores, fungi, enveloped and non enveloped viruses (including different coronaviruses)235

with remarkably efficacy [14]. Therefore a standard two-stage disinfection comprising a first cleaning stage with detergent236

followed by the application of a disinfectant should be enough to inactivate SARS-CoV-2 if proper disinfectant, concentration237

and exposure times are employed.238

On the other hand, alternative substances that have not been tested on coronaviruses or show a poor performance239

against SARS-CoV-2, such as organic acids, thymol and PHMB, have also a controversial efficacy against other pathogens and240

are not recommended. The activity of organic acids is highly dependent of the pH and they are considered as bacteriostatic/241

fungistatic substances instead of bactericide/ fungicide [75]. In addition, acidophilic organism as acetic bacteria has a high242

tolerance to organic acids and some bacteria, fungi and yeasts can even employ them as carbon source. Likewise, thymol243

seems not to be active against Pseudomonas spp., a food-spoilage and pathogen bacteria genus commonly present in food244

industry [76–78] and PHMB is able to inactivate vegetative bacteria and yeast but its ehas not been demonstrated sporicide245

nor sporostatic activity [79].246

4. Disinfection under the paradigm of the "one-health" approach247

Although necessary, disinfection has side-effects that should be minimized by proper selection of disinfectants and248

concentrations. Understanding disinfection trade-offs is particularly relevant within the urgency of a pandemic where249

over-conservative and aggressive disinfection may be preferred due to the lack of solid evidence about the new pathogen in250

the literature.251

The majority of chemicals used in disinfection are harmful or corrosive, being dangerous its application [80,81]. As a252

matter of fact, on the first month of 2020 the number of daily exposures to cleaners and disinfectants reported to U.S. poison253

centers increased substantially [82]. Workers in the food industries should be properly trained in this regard. However, under254

the high demand for disinfectants, there might be a shortage of required active compounds [83], leading to the employment255

of more aggressive substances.256

Moreover, non-volatile disinfectants might reach the environment and cause harm at different levels. Inactivation of257

bacteria involved in relevant transformations may disrupt ecosystems, such as the case of bacteria transforming nitrogenous258

compounds [84]. Non-volatile compounds may remain on solid surfaces and, after water rinsing or natural precipitation,259

may contaminate food [85] or move to soils or water [81]. QACs, for example, are toxic to aquatic organisms [86] and260

have been related with a decrease of mouse fertility [87]. Chlorinated disinfectant residues may be also lethal for aquatic261

organisms, but also toxic to terrestrial animals (birds and mammals) [81]. Silver exposition may result in toxic effects mostly262

for skin and liver, given sufficient dosage and lengths of exposition [88,89].263

Disinfection by-products (DBPs) may be also a concern. Due to water sanitation, chlorination by-products, such as264

chloroform, trihalomethanes and haloacetic acids, have been extensively studied with many proven associated risks [84].265

Last but not least overuse or misuse of certain disinfectants in the food industry may promote resistance acquisition or266

selection, which constitutes a major threat to human and animal health [90,91]. Phenolics ([92,93]), glutaraldehyde ([94,95]267

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 December 2020                   



Version December 18, 2020 submitted to Foods 11 of 16

and silver ([89,96]), for example, are allowed substances to inactivate SARS-Cov-2 with proven risks of promoting resistance268

and cross-resistance.269

QACs, however, are probably the most alarming substances in the food industry because their widespread employment270

and potential to generate resistance or even cross-resistance with antibiotics [91,97,98]. Resistance to benzalkonium chloride,271

the most common QAC, has been measured in 57 bacteria species [99]. Certain strains even have MIC values several times272

higher (1000-3000 mg/L) than the BAC concentration in commercial disinfectants covered by ECHA and EPA, making them273

ineffective in their recommended dosage. Although other mechanism can be involved, it is assumed that QAC resistance is274

mainly mediated by qac genes, responsible of the synthesis of efflux pumps. These multidrug efflux pumps are non-specific275

detoxification mechanism and, thus, sub-MIC QAC exposition can also lead to the promotion of cross-resistance to dissimilar276

biocides and antibiotics. In relation to the food industry, qac genes have been found in several E.coli strains isolated from277

retail meats in the USA [100] and China [101]. In addition, BAC exposition increased its tolerance in 76 bacterial strains278

isolated from food, reducing their susceptibility to other biocides (hexachlorophene, DDAC, triclosan and chlorhexidine) and279

antibiotics such as ampicillin, sulfamethoxazol and cefotaxime [102], and conferred different degrees of resistance against280

oxytetracycline, amoxicillin, ampicillin, levofloxacin and gentamicin in Salmonella sp. isolated from supermarket meat [103].281

Fortunately, no evidences of genetic resistance have been reported to ethanol, propanol, povidone-iodine and sodium282

hypochlorite, the most effective disinfectants against SARS-CoV-2. Moreover, broad sense resistance to these substances is,283

when existing, derived from biofilm formation and thus easily avoidable if proper cleaning is carried out before disinfection284

[75,104]. However, they have also disadvantages. A repeated use of alcohols over certain inanimate surfaces can damage the285

material. Iodine can cause brown color stains on certain porous materials such plastics and clothing. Free chlorine is an286

aggressive chemical that can promote corrosion of metal surfaces, especially at higher concentrations. Chlorine gas can be287

released from chlorine solutions suich as sodium hypochlorite solutions when exposed to heat or acid substances commonly288

found in domestic and industrial cleaners[14].289

5. Conclusions290

At the beginning of the pandemic, some works proposed to update the disinfection protocols in the food industry291

to control the new pathogen by considering aggressive chemical treatments. As more evidence became available, this292

necessity was not clear due to (1) the limited evidence of transmission through fomites, (2) the proven efficacy of the standard293

disinfection protocols in the food industry to inactivate SARS-CoV-2, and (3) the possible impact of aggressive disinfection294

on the environment and human and animal health, especially because of the potential emergence of bacterial resistance.295

The following substances, based on current literature and regulations, are recommended for disinfection of SARS-CoV-2:296

ethanol, propanol, povidone-iodine and sodium hypochlorite. They are the most effective disinfectants against SARS-CoV-2297

showing, at the same time minor side-effects. Other disinfectants regulated against SARS-CoV-2, such as some QACs,298

required longer contact times and may induce bacterial resistance and cross-resistance or being fluxed to the environment299

causing harms to different ecosystems.300

More research is needed, however, to optimally select the type of disinfectant, its concentration and its contact time301

to inactivate major pathogens, including SARS-CoV-2, while minimizing the impact on the environment and animal and302

human health. The effective concentrations of disinfectants are difficult to assess due to the lack of standardization among303

different studies. On the other hand, only the impact of the disinfectants used on water treatment are well studied, but not304

the active compounds used to disinfect objects or surfaces in the food industry.305
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25. Duda-Chodak, A.; Lukasiewicz, M.; Ziȩć, G.; Florkiewicz, A.; Filipiak-Florkiewicz, A. Covid-19 pandemic and food: Present373

knowledge, risks, consumers fears and safety, 2020. doi:10.1016/j.tifs.2020.08.020.374

26. Aboubakr, H.A.; Sharafeldin, T.A.; Goyal, S.M. Stability of SARS-CoV-2 and other coronaviruses in the environment and on375

common touch surfaces and the influence of climatic conditions: A review, 2020. doi:10.1111/tbed.13707.376

27. van Doremalen, N.; Bushmaker, T.; Morris, D.H.; Holbrook, M.G.; Gamble, A.; Williamson, B.N.; Tamin, A.; Harcourt, J.L.;377

Thornburg, N.J.; Gerber, S.I.; Lloyd-Smith, J.O.; de Wit, E.; Munster, V.J. Aerosol and Surface Stability of SARS-CoV-2 as Compared378

with SARS-CoV-1. New England Journal of Medicine 2020, 382, 1564–1567. doi:10.1056/NEJMc2004973.379

28. Duan, S.M.; Zhao, X.S.; Wen, R.F.; Huang, J.J.; Pi, G.H.; Zhang, S.X.; Han, J.; Bi, S.L.; Ruan, L.; Dong, X.P.; Team, S.R. Stability380

of SARS coronavirus in human specimens and environment and its sensitivity to heating and UV irradiation. Biomedical and381

Environmental Sciences 2003, 3, 246–255.382

29. Warnes, S.L.; Little, Z.R.; Keevil, C.W. Human Coronavirus 229E Remains Infectious on Common Touch Surface Materials. mBio383

2015, 6. doi:10.1128/mBio.01697-15.384

30. Lai, M.Y.Y.; Cheng, P.K.C.; Lim, W.W.L. Survival of Severe Acute Respiratory Syndrome Coronavirus. Clinical Infectious Diseases385

2005, 41, e67–e71. doi:10.1086/433186.386

31. Sizun, J.; Yu, M.W.; Talbot, P.J. Survival of human coronaviruses 229E and OC43 in suspension and after drying on surfaces: A387

possible source of hospital-acquired infections. Journal of Hospital Infection 2000, 46, 55–60. doi:10.1053/jhin.2000.0795.388

32. Skåra, T.; Rosnes, J.T. Emerging Methods and Principles in Food Contact Surface Decontamination/Prevention. In389

Innovation and Future Trends in Food Manufacturing and Supply Chain Technologies; Elsevier Inc., 2016; pp. 151–172.390

doi:10.1016/B978-1-78242-447-5.00006-X.391

33. Holah, J.T.; Thorpe, R.H. Cleanability in relation to bacterial retention on unused and abraded domestic sink materials. Journal of392

Applied Bacteriology 1990, 69, 599–608. doi:10.1111/j.1365-2672.1990.tb01554.x.393

34. Verran, J. Testing surface cleanability in food processing. In Handbook of Hygiene Control in the Food Industry; Elsevier Inc., 2005; pp.394

556–571. doi:10.1533/9781845690533.3.556.395

35. Hirneisen, K.A.; Markland, S.M.; Kniel, K.E. Ozone inactivation of norovirus surrogates on fresh produce. Journal of Food Protection396

2011, 74, 836–839. doi:10.4315/0362-028X.JFP-10-438.397

36. Mullis, L.; Saif, L.J.; Zhang, Y.; Zhang, X.; Azevedo, M.S. Stability of bovine coronavirus on lettuce surfaces under household398

refrigeration conditions. Food Microbiology 2012, 30, 180–186. doi:10.1016/j.fm.2011.12.009.399

37. Biryukov, J.; Boydston, J.A.; Dunning, R.A.; Yeager, J.J.; Wood, S.; Reese, A.L.; Ferris, A.; Miller, D.; Weaver, W.; Zeitouni, N.E.;400

Phillips, A.; Freeburger, D.; Hooper, I.; Ratnesar-Shumate, S.; Yolitz, J.; Krause, M.; Williams, G.; Dawson, D.G.; Herzog, A.; Dabisch,401

P.; Wahl, V.; Hevey, M.C.; Altamura, L.A. Increasing temperature and relative humidity accelerates inactivation of SARS-COV-2 on402

surfaces. mSphere 2020, 5. doi:10.1128/mSphere.00441-20.403

38. Rabenau, H.F.; Cinatl, J.; Morgenstern, B.; Bauer, G.; Preiser, W.; Doerr, H.W. Stability and inactivation of SARS coronavirus. Medical404

Microbiology and Immunology 2005, 194, 1–6. doi:10.1007/s00430-004-0219-0.405

39. van Doremalen, N.; Bushmaker, T.; Munster, V.J. Stability of middle east respiratory syndrome coronavirus (MERS-CoV) under406

different environmental conditions. Eurosurveillance 2013, 18, 20590. doi:10.2807/1560-7917.ES2013.18.38.20590.407

40. Chan, K.H.; Peiris, J.S.M.; Lam, S.Y.; Poon, L.L.M.; Yuen, K.Y.; Seto, W.H. The Effects of Temperature and Relative Humidity on the408

Viability of the SARS Coronavirus. Advances in Virology 2011, 2011, 1–7. doi:10.1155/2011/734690.409

41. Codex Alimentarius Commission. Food hygiene. Basic texts., 2009.410

42. ECHA. COVID-19 lists of disinfectant active substances and products - Datasets. https://data.europa.eu/euodp/en/data/dataset/411

biocidal-products-lists-of-disinfectant-active-substances-and-products, accessed on 2020-10-14.412

43. Ministerio de Sanidad. VIRICIDAL PRODUCT AUTHORISED IN SPAIN. https://echa.europa.eu/documents/10162/29202019/413

spain_disinfection_products_pt1-pt2_art89_en.pdf/aba3d2dc-67d1-ddeb-dc77-2e778ef918c0, accessed on 2020-08-13.414

44. Ctgb (Board for the Authorisation of Plant Protection Products and Biocides in the Netherlands). Vrijstelling desinfectiemiddelen415

oppervlakken COVID-19 2020’ | Besluit | College voor de toelating van gewasbeschermingsmiddelen en biociden. https:416

//www.ctgb.nl/documenten/besluiten/2020/03/31/desinfectiemiddelen-oppervlakken-covid-19, accessed on 2020-10-14.417

45. ECRI. Disinfectant Concentrations, Contact Times, and Use Settings for EPA’s List of Products Effective against SARS-CoV-2, the418

Cause of COVID-19, 2020.419

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 December 2020                   

https://doi.org/10.15585/mmwr.mm6927e2
https://doi.org/10.1001/jamahealthforum.2020.0783
https://doi.org/10.3389/fmicb.2020.01020
https://doi.org/10.1016/j.tifs.2020.08.020
https://doi.org/10.1111/tbed.13707
https://doi.org/10.1056/NEJMc2004973
https://doi.org/10.1128/mBio.01697-15
https://doi.org/10.1086/433186
https://doi.org/10.1053/jhin.2000.0795
https://doi.org/10.1016/B978-1-78242-447-5.00006-X
https://doi.org/10.1111/j.1365-2672.1990.tb01554.x
https://doi.org/10.1533/9781845690533.3.556
https://doi.org/10.4315/0362-028X.JFP-10-438
https://doi.org/10.1016/j.fm.2011.12.009
https://doi.org/10.1128/mSphere.00441-20
https://doi.org/10.1007/s00430-004-0219-0
https://doi.org/10.2807/1560-7917.ES2013.18.38.20590
https://doi.org/10.1155/2011/734690
https://data.europa.eu/euodp/en/data/dataset/biocidal-products-lists-of-disinfectant-active-substances-and-products
https://data.europa.eu/euodp/en/data/dataset/biocidal-products-lists-of-disinfectant-active-substances-and-products
https://data.europa.eu/euodp/en/data/dataset/biocidal-products-lists-of-disinfectant-active-substances-and-products
https://echa.europa.eu/documents/10162/29202019/spain_disinfection_products_pt1-pt2_art89_en.pdf/aba3d2dc-67d1-ddeb-dc77-2e778ef918c0
https://echa.europa.eu/documents/10162/29202019/spain_disinfection_products_pt1-pt2_art89_en.pdf/aba3d2dc-67d1-ddeb-dc77-2e778ef918c0
https://echa.europa.eu/documents/10162/29202019/spain_disinfection_products_pt1-pt2_art89_en.pdf/aba3d2dc-67d1-ddeb-dc77-2e778ef918c0
https://www.ctgb.nl/documenten/besluiten/2020/03/31/desinfectiemiddelen-oppervlakken-covid-19
https://www.ctgb.nl/documenten/besluiten/2020/03/31/desinfectiemiddelen-oppervlakken-covid-19
https://www.ctgb.nl/documenten/besluiten/2020/03/31/desinfectiemiddelen-oppervlakken-covid-19


Version December 18, 2020 submitted to Foods 14 of 16

46. EPA (United States Enviromental Protection Agency). List N Tool: COVID-19 Disinfectants | US EPA. https://cfpub.epa.gov/420

giwiz/disinfectants/index.cfm, accessed on 2020-10-14.421

47. Australian Government Department of Health Therapeutic Goods Administration. Disinfectants for use against COVID-19 in422

the ARTG for legal supply in Australia. https://www.tga.gov.au/disinfectants-use-against-covid-19-artg-legal-supply-australia,423

accessed on 2020-11-03.424

48. Government of Canada. Hard-surface disinfectants and hand sanitizers (COVID-19): List of disinfectants with evidence for use425

against COVID-19. https://www.canada.ca/en/health-canada/services/drugs-health-products/disinfectants/covid-19/list.426

html#tbl1, accessed on 2020-11-16.427

49. Drug Product Database: Access the database - Canada.ca. https://www.canada.ca/en/health-canada/services/drugs-health-428

products/drug-products/drug-product-database.html, accessed on 2020-11-03.429

50. Zeitler, B.; Rapp, I. Surface-dried viruses can resist glucoprotamin-based disinfection. Applied and Environmental Microbiology 2014,430

80, 7169–7175. doi:10.1128/AEM.02462-14.431

51. Kindermann, J.; Karbiener, M.; Leydold, S.M.; Knotzer, S.; Modrof, J.; Kreil, T.R. Virus disinfection for biotechnology applications:432

Different effectiveness on surface versus in suspension. Biologicals 2020, 64, 1–9. doi:10.1016/j.biologicals.2020.02.002.433

52. Bidra, A.S.; Pelletier, J.S.; Westover, J.B.; Frank, S.; Brown, S.M.; Tessema, B. Comparison of In Vitro Inactivation of SARS CoV-2 with434

Hydrogen Peroxide and Povidone-Iodine Oral Antiseptic Rinses. Journal of Prosthodontics 2020, 29, 599–603. doi:10.1111/jopr.13220.435

53. Marks, M.I. Variables influencing the in vitro susceptibilities of herpes simplex viruses to antiviral drugs. Antimicrobial agents and436

chemotherapy 1974, 6, 34–38. doi:10.1128/AAC.6.1.34.437

54. Hayden, F.G.; Douglas, R.G.; Simons, R.; Vanvoris, P.; Betts, R.B.; Hayden, F.G.; Christman, W.A.; Douglas, R.G. Enhancement of438

Activity Against Influenza Viruses by Combinations of Antiviral Agents. Antimicrobial Agents and Chemotheraphy 1980, 18, 536–541.439

doi:10.1128/aac.18.4.536.440

55. Bruce Burlington, D.; Meiklejohn, G.; Mostowt, S.R. Anti-Influenza A Virus Activity of Amantadine Hydrochloride and441

Rimantadine Hydrochloride in Ferret Tracheal Ciliated Epithelium. Antimicrobial Agents and Chemotheraphy 1982, 21, 794–799.442

doi:10.1128/aac.21.5.794.443

56. Khalid Ijaz DVM, M.; Whitehead, K.B.; Srinivasan, V.M.; McKinney, J.; Rubino BA, J.R.; Ripley, M.; Jones, C.; Nims, R.W.;444

Charlesworth, B. Microbicidal actives with virucidal efficacy against SARS-CoV-2. American Journal of Infection Control 2020, 48.445

doi:10.1016/j.ajic.2020.05.019.446

57. Rabenau, H.F.; Schwebke, I.; Blümel, J.; Eggers, M.; Glebe, D.; Rapp, I.; Sauerbrei, A.; Steinmann, E.; Steinmann, J.; Willkommen, H.;447

Wutzler, P. Guideline for testing chemical disinfectants regarding their virucidal activity within the field of human medicine : as of448

December 1st, 2014 Prepared by the German Association for the Control of Virus Diseases (DVV) and the Robert Koch Institute449

(RKI), 2020. doi:10.1007/s00103-020-03115-w.450

58. Saknimit, M.; Inatsuki, I.; Sugiyama, Y.; Yagami, K. Virucidal efficacy of physico-chemical treatments against coronaviruses and451

parvoviruses of laboratory animals. Jikken dobutsu. Experimental animals 1988, 37, 341–345. doi:10.1538/expanim1978.37.3{\_}341.452

59. Wood, A.; Payne, D. The action of three antiseptics/disinfectants against enveloped and non-enveloped viruses. Journal of Hospital453

Infection 1998, 38, 283–295. doi:10.1016/S0195-6701(98)90077-9.454

60. Sattar, S.A.; Springthorpe, V.S.; Karim, Y.; Loro, P. Chemical disinfection of non-porous inanimate surfaces experimentally455

contaminated with four human pathogenic viruses. Epidemiology and Infection 1989, 102, 493–505. doi:10.1017/S0950268800030211.456

61. Eterpi, M.; McDonnell, G.; Thomas, V. Virucidal Activity of Disinfectants against Parvoviruses and Reference Viruses. Applied457

Biosafety 2010, 15, 165–171. doi:10.1177/153567601001500402.458

62. Omidbakhsh, N.; Sattar, S.A. Broad-spectrum microbicidal activity, toxicologic assessment, and materials compatibility of a new459

generation of accelerated hydrogen peroxide-based environmental surface disinfectant. American Journal of Infection Control 2006,460

34, 251–257. doi:10.1016/j.ajic.2005.06.002.461

63. Goyal, S.M.; Chander, Y.; Yezli, S.; Otter, J.A. Evaluating the virucidal efficacy of hydrogen peroxide vapour. Journal of Hospital462

Infection 2014, 86, 255–259. doi:10.1016/j.jhin.2014.02.003.463

64. Kratzel, A.; Kratzel, A.; Todt, D.; V’kovski, P.; V’kovski, P.; Steiner, S.; Steiner, S.; Gultom, M.; Gultom, M.; Thao, T.T.N.; Thao,464

T.T.N.; Ebert, N.; Ebert, N.; Holwerda, M.; Holwerda, M.; Steinmann, J.; Steinmann, J.; Niemeyer, D.; Dijkman, R.; Dijkman,465

R.; Kampf, G.; Drosten, C.; Steinmann, E.; Thiel, V.; Thiel, V.; Pfaender, S. Inactivation of Severe Acute Respiratory Syndrome466

Coronavirus 2 by WHO-Recommended Hand Rub Formulations and Alcohols. Emerging Infectious Diseases 2020, 26, 1592–1595.467

doi:10.3201/eid2607.200915.468

65. Welch, S.R.; Davies, K.A.; Buczkowski, H.; Hettiarachchi, N.; Green, N.; Arnold, U.; Jones, M.; Hannah, M.J.; Evans, R.; Burton, C.;469

Burton, J.E.; Guiver, M.; Cane, P.A.; Woodford, N.; Bruce, C.B.; Roberts, A.D.G.; Killip, M.J. Inactivation analysis of SARS-CoV-2470

by specimen transport media, nucleic acid extraction reagents, detergents and fixatives. Journal of Clinical Microbiology 2020.471

doi:10.1128/JCM.01713-20.472

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 December 2020                   

https://cfpub.epa.gov/giwiz/disinfectants/index.cfm
https://cfpub.epa.gov/giwiz/disinfectants/index.cfm
https://cfpub.epa.gov/giwiz/disinfectants/index.cfm
https://www.tga.gov.au/disinfectants-use-against-covid-19-artg-legal-supply-australia
https://www.canada.ca/en/health-canada/services/drugs-health-products/disinfectants/covid-19/list.html#tbl1
https://www.canada.ca/en/health-canada/services/drugs-health-products/disinfectants/covid-19/list.html#tbl1
https://www.canada.ca/en/health-canada/services/drugs-health-products/disinfectants/covid-19/list.html#tbl1
https://www.canada.ca/en/health-canada/services/drugs-health-products/drug-products/drug-product-database.html
https://www.canada.ca/en/health-canada/services/drugs-health-products/drug-products/drug-product-database.html
https://www.canada.ca/en/health-canada/services/drugs-health-products/drug-products/drug-product-database.html
https://doi.org/10.1128/AEM.02462-14
https://doi.org/10.1016/j.biologicals.2020.02.002
https://doi.org/10.1111/jopr.13220
https://doi.org/10.1128/AAC.6.1.34
https://doi.org/10.1128/aac.18.4.536
https://doi.org/10.1128/aac.21.5.794
https://doi.org/10.1016/j.ajic.2020.05.019
https://doi.org/10.1007/s00103-020-03115-w
https://doi.org/10.1538/expanim1978.37.3{_}341
https://doi.org/10.1016/S0195-6701(98)90077-9
https://doi.org/10.1017/S0950268800030211
https://doi.org/10.1177/153567601001500402
https://doi.org/10.1016/j.ajic.2005.06.002
https://doi.org/10.1016/j.jhin.2014.02.003
https://doi.org/10.3201/eid2607.200915
https://doi.org/10.1128/JCM.01713-20


Version December 18, 2020 submitted to Foods 15 of 16

66. Rabenau, H.; Kampf, G.; Cinatl, J.; Doerr, H. Efficacy of various disinfectants against SARS coronavirus. Journal of Hospital Infection473

2005, 61, 107–111. doi:10.1016/j.jhin.2004.12.023.474

67. Pratelli, A. Canine coronavirus inactivation with physical and chemical agents. The Veterinary Journal 2008, 117, 71–79.475

doi:10.1016/j.tvjl.2007.03.019.476

68. Hulkower, R.L.; Casanova, L.M.; Rutala, W.A.; Weber, D.J.; Sobsey, M.D. Inactivation of surrogate coronaviruses on hard surfaces477

by health care germicides. American Journal of Infection Control 2011, 39, 401–407. doi:10.1016/j.ajic.2010.08.011.478

69. Yilmaz, A.; Kaleta, E.F. Evaluation of virucidal activity of three commercial disinfectants and formic acid using bovine enterovirus479

type 1 (ECBO virus), mammalian orthoreovirus type 1 and bovine adenovirus type 1. Veterinary Journal 2003, 166, 67–78.480

doi:10.1016/S1090-0233(02)00269-1.481

70. Heinzel, M.; Kyas, A.; Weide, M.; Breves, R.; Bockmühl, D.P. Evaluation of the virucidal performance of domestic laundry482

procedures. International Journal of Hygiene and Environmental Health 2010, 213, 334–337. doi:10.1016/j.ijheh.2010.06.003.483

71. Poli, G.; Biondi, P.A.; Uberti, F.; Ponti, W.; Balsari, A.; Cantoni, C. Virucidal activity of organic acids. Food Chemistry 1979, 4, 251–258.484

doi:10.1016/0308-8146(79)90012-8.485

72. Lai, W.L.; Chuang, H.S.; Lee, M.H.; Wei, C.L.; Lin, C.F.; Tsai, Y.C. Inhibition of herpes simplex virus type 1 by thymol-related486

monoterpenoids. Planta Medica 2012, 78, 1636–1638. doi:10.1055/s-0032-1315208.487

73. Sharifi-Rad, J.; Salehi, B.; Baghalpour, N.; Kobarfard, F.; Sharifi-Rad, M.; Mohammadizade, M. Antiviral activity of monoterpenes488

thymol, carvacrol and p-cymene against herpes simplex virus in vitro. Pharmacy Updates 2018, 1, 73–73. doi:10.22037/IPA.V1I1.20032.489

74. Codex Alimentarius Commission. Guidelines on the application of general principles of food hygiene to the control of viruses in490

food, 2012.491

75. Kampf, G. Antiseptic stewardship: Biocide resistance and clinical implications; Springer International Publishing, 2018; pp. 1–694.492

doi:10.1007/978-3-319-98785-9.493

76. Cosentino, S.; Tuberoso, C.I.; Pisano, B.; Satta, M.; Mascia, V.; Arzedi, E.; Palmas, F. In-vitro antimicrobial activity494

and chemical composition of Sardinian Thymus essential oils. Letters in Applied Microbiology 1999, 29, 130–135.495

doi:10.1046/j.1472-765X.1999.00605.x.496

77. Walsh, S.E.; Maillard, J.Y.; Russell, A.D.; Catrenich, C.E.; Charbonneau, D.L.; Bartolo, R.G. Development of bacterial497

resistance to several biocides and effects on antibiotic susceptibility. Journal of Hospital Infection 2003, 55, 98–107.498

doi:10.1016/S0195-6701(03)00240-8.499

78. Noma, Y.; Asakawa, Y. Biotransformation of monoterpenoids. In Comprehensive Natural Products II: Chemistry and Biology; Elsevier500

Ltd, 2010; Vol. 3, pp. 669–801. doi:10.1016/b978-008045382-8.00742-5.501

79. ECHA. Biocidal Products Committee (BPC) Opinion on the application for approval of the active substance: PHMB (1415;502

4.7) Polyhexamethylene biguanide hydrochloride with a mean number- average molecular weight (Mn) of 1415 and a mean503

polydispersity (PDI) of 4.7). https://echa.europa.eu/fr/addressing-chemicals-of-concern/biocidal-products-, accessed on504

2020-09-07.505

80. Bonin, L.; Vitry, V.; Olivier, M.G.; Bertolucci-Coelho, L. Covid-19: effect of disinfection on corrosion of surfaces. Corrosion Engineering,506

Science and Technology 2020, 55, 693–695. doi:10.1080/1478422X.2020.1777022.507

81. Nabi, G.; Wang, Y.; Hao, Y.; Khan, S.; Wu, Y.; Li, D. Massive use of disinfectants against COVID-19 poses potential risks to urban508

wildlife. Environmental Research 2020, 188, 109916. doi:10.1016/j.envres.2020.109916.509

82. Chang, A.; Schnall, A.H.; Law, R.; Bronstein, A.C.; Marraffa, J.M.; Spiller, H.A.; Hays, H.L.; Funk, A.R.; Mercurio-Zappala, M.;510

Calello, D.P.; Aleguas, A.; Borys, D.J.; Boehmer, T.; Svendsen, E. Cleaning and Disinfectant Chemical Exposures and Temporal511

Associations with COVID-19 — National Poison Data System, United States, January 1, 2020–March 31, 2020. MMWR. Morbidity512

and Mortality Weekly Report 2020, 69, 496–498. doi:10.15585/mmwr.mm6916e1.513

83. Takeda, Y.; Uchiumi, H.; Matsuda, S.; Ogawa, H. Acidic electrolyzed water potently inactivates SARS-CoV-2 depending on the514

amount of free available chlorine contacting with the virus. Biochemical and Biophysical Research Communications 2020, 530, 1–3.515

doi:10.1016/j.bbrc.2020.07.029.516

84. Chu, W.; Fang, C.; Deng, Y.; Xu, Z. Intensified Disinfection Amid COVID-19 Pandemic Poses Potential Risks to Water Quality and517

Safety, 2020. doi:10.1021/acs.est.0c04394.518

85. Ölmez, H.; Kretzschmar, U. Potential alternative disinfection methods for organic fresh-cut industry for minimizing water519

consumption and environmental impact. LWT - Food Science and Technology 2009, 42, 686–693. doi:10.1016/j.lwt.2008.08.001.520

86. Zhang, C.; Cui, F.; Zeng, G.m.; Jiang, M.; Yang, Z.z.; Yu, Z.g.; Zhu, M.y.; Shen, L.q. Quaternary ammonium compounds (QACs): A521

review on occurrence, fate and toxicity in the environment, 2015. doi:10.1016/j.scitotenv.2015.03.007.522

87. Melin, V.E.; Potineni, H.; Hunt, P.; Griswold, J.; Siems, B.; Werre, S.R.; Hrubec, T.C. Exposure to common quaternary ammonium523

disinfectants decreases fertility in mice. Reprod Toxicol 2014, 50, 163–170. doi:10.1016/j.reprotox.2014.07.071.524

88. WHO. Silver as a drinking-water disinfectant. http://apps.who.int/bookorders., accessed on 2020-09-16.525

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 December 2020                   

https://doi.org/10.1016/j.jhin.2004.12.023
https://doi.org/10.1016/j.tvjl.2007.03.019
https://doi.org/10.1016/j.ajic.2010.08.011
https://doi.org/10.1016/S1090-0233(02)00269-1
https://doi.org/10.1016/j.ijheh.2010.06.003
https://doi.org/10.1016/0308-8146(79)90012-8
https://doi.org/10.1055/s-0032-1315208
https://doi.org/10.22037/IPA.V1I1.20032
https://doi.org/10.1007/978-3-319-98785-9
https://doi.org/10.1046/j.1472-765X.1999.00605.x
https://doi.org/10.1016/S0195-6701(03)00240-8
https://doi.org/10.1016/b978-008045382-8.00742-5
https://echa.europa.eu/fr/addressing-chemicals-of-concern/biocidal-products-
https://doi.org/10.1080/1478422X.2020.1777022
https://doi.org/10.1016/j.envres.2020.109916
https://doi.org/10.15585/mmwr.mm6916e1
https://doi.org/10.1016/j.bbrc.2020.07.029
https://doi.org/10.1021/acs.est.0c04394
https://doi.org/10.1016/j.lwt.2008.08.001
https://doi.org/10.1016/j.scitotenv.2015.03.007
https://doi.org/10.1016/j.reprotox.2014.07.071
http://apps.who.int/bookorders.


Version December 18, 2020 submitted to Foods 16 of 16

89. Mijnendonckx, K.; Leys, N.; Mahillon, J.; Silver, S.; Van Houdt, R. Antimicrobial silver: Uses, toxicity and potential for resistance.526

BioMetals 2013, 26, 609–621. doi:10.1007/s10534-013-9645-z.527

90. Condell, O.; Iversen, C.; Cooney, S.; Power, K.A.; Walsh, C.; Burgess, C.; Fanning, S. Efficacy of biocides used in the modern food528

industry to control Salmonella enterica, and links between biocide tolerance and resistance to clinically relevant antimicrobial529

compounds. Applied and environmental microbiology 2012, 78, 3087–3097.530

91. Capita, R.; Alonso-Calleja, C. Antibiotic-Resistant Bacteria: A Challenge for the Food Industry. Critical Reviews in Food Science and531

Nutrition 2013, 53, 11–48. doi:10.1080/10408398.2010.519837.532

92. Thorrold, C.A.; Letsoalo, M.E.; Dusé, A.G.; Marais, E. Efflux pump activity in fluoroquinolone and tetracycline resistant Salmonella533

and E. coli implicated in reduced susceptibility to household antimicrobial cleaning agents. International Journal of Food Microbiology534

2007, 113, 315–320. doi:10.1016/j.ijfoodmicro.2006.08.008.535

93. Abdel Malek, S.M.; Badran, Y.R. Pseudomonas aeruginosa PAO1 Adapted to 2-Phenoxyethanol Shows Cross-Resistance to536

Dissimilar Biocides and Increased Susceptibility to Antibiotics. Folia Microbiologica 2010, 55, 588–592. doi:10.1007/s12223-010-0094-6.537

94. Nomura, K.; Ogawa, M.; Miyamoto, H.; Muratani, T.; Taniguchi, H. Antibiotic susceptibility of glutaraldehyde-tolerant538

Mycobacterium chelonae from bronchoscope washing machines. American Journal of Infection Control 2004, 32, 185–188.539

doi:10.1016/j.ajic.2003.07.007.540

95. Vikram, A.; Bomberger, J.M.; Bibby, K.J. Efflux as a glutaraldehyde resistance mechanism in Pseudomonas fluorescens and541

Pseudomonas aeruginosa biofilms. Antimicrobial Agents and Chemotherapy 2015, 59, 3433–3440. doi:10.1128/AAC.05152-14.542

96. Percival, S.L.; Salisbury, A.M.; Chen, R. Silver, biofilms and wounds: resistance revisited. Critical Reviews in Microbiology 2019,543

45, 223–237. doi:10.1080/1040841X.2019.1573803.544

97. Langsrud, S.; Sundheim, G.; Borgmann-Strahsen, R. Intrinsic and acquired resistance to quaternary ammonium compounds in545

food-related Pseudomonas spp. Journal of Applied Microbiology 2003, 95, 874–882. doi:10.1046/j.1365-2672.2003.02064.x.546

98. García, M.; Cabo, M. Optimization of E. coli inactivation by benzalkonium chloride reveals the importance of quantifying the547

inoculum effect on chemical disinfection. Frontiers in Microbiology 2018, 9. doi:10.3389/fmicb.2018.01259.548

99. Kampf, G. Adaptive microbial response to low-level benzalkonium chloride exposure, 2018. doi:10.1016/j.jhin.2018.05.019.549

100. Zou, L.; Meng, J.; McDermott, P.F.; Wang, F.; Yang, Q.; Cao, G.; Hoffmann, M.; Zhao, S. Presence of disinfectant resistance550

genes in Escherichia coli isolated from retail meats in the USA. Journal of Antimicrobial Chemotherapy 2014, 69, 2644–2649.551

doi:10.1093/jac/dku197.552

101. Zhang, A.; He, X.; Meng, Y.; Guo, L.; Long, M.; Yu, H.; Li, B.; Fan, L.; Liu, S.; Wang, H.; Zou, L. Antibiotic and Disinfectant553

Resistance of Escherichia coli Isolated from Retail Meats in Sichuan, China. Microbial Drug Resistance 2016, 22, 80–87.554

doi:10.1089/mdr.2015.0061.555

102. Gadea, R.; Fernández Fuentes, M.A.; Pérez Pulido, R.; Gálvez, A.; Ortega, E. Effects of exposure to quaternary-ammonium-based556

biocides on antimicrobial susceptibility and tolerance to physical stresses in bacteria from organic foods. Food Microbiology 2017,557

63, 58–71. doi:10.1016/j.fm.2016.10.037.558

103. Deng, W.; Quan, Y.; Yang, S.; Guo, L.; Zhang, X.; Liu, S.; Chen, S.; Zhou, K.; He, L.; Li, B.; Gu, Y.; Zhao, S.; Zou, L. Antibiotic559

Resistance in Salmonella from Retail Foods of Animal Origin and Its Association with Disinfectant and Heavy Metal Resistance.560

Microbial Drug Resistance 2018, 24, 782–791. doi:10.1089/mdr.2017.0127.561

104. Bigliardi, P.L.; Alsagoff, S.A.L.; El-Kafrawi, H.Y.; Pyon, J.K.; Wa, C.T.C.; Villa, M.A. Povidone iodine in wound healing: A review of562

current concepts and practices, 2017. doi:10.1016/j.ijsu.2017.06.073.563

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.564

c© 2020 by the authors. Submitted to Foods for possible open access publication under the terms and conditions of the Creative Commons565

Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).566

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 December 2020                   

https://doi.org/10.1007/s10534-013-9645-z
https://doi.org/10.1080/10408398.2010.519837
https://doi.org/10.1016/j.ijfoodmicro.2006.08.008
https://doi.org/10.1007/s12223-010-0094-6
https://doi.org/10.1016/j.ajic.2003.07.007
https://doi.org/10.1128/AAC.05152-14
https://doi.org/10.1080/1040841X.2019.1573803
https://doi.org/10.1046/j.1365-2672.2003.02064.x
https://doi.org/10.3389/fmicb.2018.01259
https://doi.org/10.1016/j.jhin.2018.05.019
https://doi.org/10.1093/jac/dku197
https://doi.org/10.1089/mdr.2015.0061
https://doi.org/10.1016/j.fm.2016.10.037
https://doi.org/10.1089/mdr.2017.0127
https://doi.org/10.1016/j.ijsu.2017.06.073
http://creativecommons.org/licenses/by/4.0/.

	Introduction
	Disinfectants, concentrations and contact times to inactivate SARS-CoV-2 in the food industry
	SARS-CoV-2 stability on surfaces
	Approved substances for SARS-CoV-2 disinfection
	Efficacy of authorised disinfectants
	Disinfectants tested against SARS-CoV-2 or similar coronavirus
	Disinfectants tested against viruses different from coronavirus


	Potential of SARS-CoV-2 disinfectants to inactivate other pathogens or spoilers in the food industry
	Disinfection under the paradigm of the "one-health" approach
	Conclusions
	References

