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Abstract

The transmission control of the newly emerged severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) is the most effective strategy by the absence of its speci-

fied vaccine or drug. Although the aerosol mediated transmission of SARS-CoV-2 has

been confirmed, the physicochemical treatment of the biotic and abiotic objects is still

the most promising approach in its infection control. The front line of the most effec-

tive disinfecting compounds on SARS-CoV-2 implies to be sodium hypochlorite, etha-

nol, hydrogen peroxide, quaternary ammonium compounds, and phenolic compounds,

respectively. However, widely used compounds of alkyldimethylbenzylammonium

chloride (benzalkonium chloride) biguanides (chlorhexidine) have not shown the multi-

tude load reduction in less than 10 minutes. The susceptibility of SARS-CoV-2 to phys-

ical treatment follows the pattern of heat, acidity, and UV radiation. Rather all of the

mentioned physical or chemical treatments, target the envelope proteins of the corona-

virus mainly by impairing its entry to host cells. The anti-SARS-CoV-2 activity of combi-

natorial physicochemical treatments or evaluation of new chemical entities or physical

treatments such as microwave irradiation still needs to be explored. Therefore, the

development of a reliable decontamination protocol for SARS-CoV-2 demands reveal-

ing its stability pattern study vs a spectrum of single and combinatorial physicochemical

parameters.

K E YWORD S

antiseptics, anti-viral, biocides, biosafety, coronavirus, disinfection, sanitization, SARS-CoV-2

1 | INTRODUCTION

Over the past two decades, Severe Acute Respiratory Syndrome

(SARS-CoV-1), Middle East Respiratory Syndrome (MERS-CoV), and

recently SARS-CoV-2 coronaviruses have been for the causative

agents of three epidemics around the world. The fourth epidemic of

the human Coronavirus (H-CoVs), SARS-CoV-2, led to a pandemic

with 1 152 604 death in 213 countries till August 31, 20201 with an

overall mortality rate of 6.8% and up to 14.8% in elderly patients.2

Since the emergence of the new human coronavirus in the

Wuhan at the end of December 2019, the focus of worldwide

research is channeled to confine the effective ways to limit the out-

break of the virus till its effective drug and vaccination are developed.

Although maintaining the conventional hygiene protocols is the

approach in prophylaxis of all infections including the recent coronavi-

rus outbreak, the most effective cleaning and disinfection practices of
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skin and surfaces are preferred to be followed in the clinic and soci-

ety.3 Confining the spread of the virus can minimize the risk of human

infection and the environmental toxicity associated with long-term

usage of disinfectants in the upcoming months of lacking the vaccine

or drugs of SARS-CoV-2.

Since the beginning of the pandemic, several reports have been

published on disinfectants affecting coronaviruses, and a systematic

review on the physicochemical susceptibility of the SARS-CoV-2 was

targeted in this review. In this paper, in addition to summarizing the

available information in the field of disinfectants and physical treat-

ments on SARS-CoV-1, MERS-CoV, and SARS-CoV-2, a hierarchical

categorization is presented based on the effective contact time and

the virus titer reduction. This classification appears to be useful in

selecting effective disinfectants for effective prophylaxis of virus

dissemination.

This study summarizes the effectiveness of the physical and

chemical agents in reducing the stability and infection of human coro-

navirus published so far to recommend a balanced prophylaxis proto-

col for SARS-COV-2.

2 | BIOLOGICAL CHARACTERISTICS OF
THE CORONAVIRUS

Coronaviruses are classified in the subfamily Orthocoronavirinae from

the family Coronaviridae, in the order Nidovirales as +ssRNA enveloped

virus.4

Although most of the H-CoVs) cause typically mild respiratory

tract infections and the common cold in humans, the nonhuman

adapted forms (SARS-CoV, MERS-CoV, SARS-CoV-2) are pathogenic.5

A high tropism to the respiratory tract cells is observed by SARS-

CoV-2, which leads to severe sometimes irreversible lung injury by

colonization in these cells and eventually acute respiratory syndrome.

Binding to specific receptor (the angiotensin-converting enzyme 2)

together with proteolytic activation of spike protein in the presence

of endosomal low pH is among the important factors that allow the

attachment of the SARS-CoV-2 fusion peptide into target cell mem-

branes. Therefore, the coating structures involved in attachment and

entry in the initial stage of infection are the pivotal targets of antiviral

drug discovery efforts for SARS-CoV-2.6

3 | TRANSMISSION OF SARS-COV-2

The causative agent of SARS-CoV-2 seems to be spreading sustain-

ably to all countries soon. It has been found that there is a direct rela-

tionship between population density in public places, transportation,

and SARS-CoV-2 distribution pattern. The indirect SARS-CoV-2 trans-

mission occurs through the release of the virus from an infected per-

son to the skin or surfaces, and eventually to the next person's

mucous membranes (eyes, nose, or mouth).7 Furthermore, a study in

China demonstrates coherency between the SARS-CoV-2 contagion

rate and the type of vehicle used for transportation by 68.72% and

11.85% of infection transmission when trafficking by train and car,

respectively.8 The main way of coronaviruses spread is a person-to-

person transmission with the incubation times between 1 and

14 days, which occurs in direct and indirect contacts or via respiratory

droplets.9 Based on previous evidence, the transmission of H-CoVs

and presumably SARS-CoV-2 is influenced by parameters such as flow

and density of the population, immunity of the human host, climate

variations like high temperature and higher relative, or absolute

humidity.10,11 Investigation of globally meteorological conditions also

indicates that calm, cold, dry, and overcast conditions can be favorable

to the SARA-CoV-2 transmission.10

4 | PERSISTENCE OF CORONAVIRUS TO
PHYSICAL ENVIRONMENTAL PARAMETERS

Due to the high genetic similarity of SARS-CoV-2 with SARS-CoV-1

and MERS-CoV,12 physical treatments for other members of its own

family are expected to have a similar effect on SARS-CoV-2. Although,

it is generally deduced that coronavirus strains have a limited toler-

ance and survival capacity on dry surfaces. Nevertheless, some studies

confirmed that the strains with high pathogenicity, SARS-CoV-1,

SARS-CoV-2, and MERS-CoV remain infectious in drought conditions

ranging from 2 hours to 28 days dependent on the type of surfaces

and relative humidity (RH) on different nonbiologic materials at room

temperature (RT).13,14

In principle, H-CoVs have the potential to retain their infectivity

in various environmental reservoirs like surface water and untreated

water, food materials, sewage and in general, on a wide range of bio-

logical and nonbiological materials, including many types of smooth

and porous materials such as metals, woven, paper, ceramic, wood,

glass, formica, tiles tissue, and feathers.15 A new investigation

reported that the SARS-CoV-2 can remain viable on paper and tissue

paper, air, copper, cloth and wood, cardboard, and plastic for up to

30 minutes, 3, 4, 24, and 72 hours, respectively.14,16 By contrast,

SARS-CoV-2 is more stable on smooth surfaces such as plastics and

stainless steel (for 4 days) and Banknote (for 2 days). Notably, SARS-

CoV-2 can be infective on the inner and outer layer of face mask up

to 4 and 7 days, respectively.14

In addition to the intrinsic nature of the surfaces some other criti-

cal factors including, strain variations, imposed titer, temperature, pH,

irradiation, and humidity influence the persistence and survival of H-

CoVs.13 In general, H-CoVs are more resistant to ambient humidity

and acidity than to heat treatment and UV radiation (Figure 1). The

decrease in temperature coupled with the increase in RH support the

coronavirus infectivity for a longer time.17 Although, the survival of

this viral group, and especially SARS-CoV-2, generally decreases at

temperatures of 30�C to 40�C, they can remain viable and infective

for up to 28 days at temperatures around 4�C to 20�C.18 The HCoV-

229E persists significantly longer in 50% RH compared to the 30%

humidity at RT. Also, the reported survival times for SARS-CoV-1 vary

between 1 day (80%-95% RH at 33�C) and 28 days (40%-50% RH at

RT).19 Similarly, Bu et al reported that SARS-CoV-2 can maintain its
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transmissibility and infectivity from 13�C to 19�C in humidity of 50%

to 80% for 1 to 7 days dependent on the material of virus-infected

surfaces.20 Recently, chin et al showed that only a 0�7 log10 reduction

of virus infectious titer was observed after 14 days incubation

at 4�C.14

5 | UNIVERSAL ANTIVIRAL
DISINFECTANTS

During the varied wave of H-CoVs irruption within the recent decade,

some universal guidelines have been published by WHO, CDC, and

other authorities as recommendations of disinfection procedures for

the management of coronavirus. European Standard (NF EN 14476

+ A1) is one of the commonly implemented valid suspension protocols

for assessment of virucidal activity that is routinely applied to mea-

sure the effectiveness of antiseptic and disinfectant products on

enveloped and nonenveloped viruses. Based on this universal stan-

dard, the detectable titer reduction of an active compound on corona-

virus must be at least four logarithmic titer reductions.21

The main antiviral targets of skin and surface disinfectants are the

three-dimensional macromolecule structures of the virus, capsid pro-

teins degradation, and genomic segmentation. These functional

impairments are dependent on the type of disinfectant and their

specific chemical change mechanism.22 Although little information is

available about SARS-CoV-2 behavior in the presence of virucidal

compounds, it is assumed that it should be prone to disinfectants–

antiseptics with proven activity on other members of the

Coronaviridae or enveloped viruses.

5.1 | Skin disinfection of the coronavirus

The skin contamination may occur by direct contact with patient

secretions or indirectly from contact with the high-touch surfaces

that have become contaminated with dispersed droplets. The exact

surviving time of H-CoVs on human skin is still not specifically

determined but it can stay long enough to spread from person to

person.23 There is a limited study on the virucidal antiseptics of

SARS-CoV-2 and most available data only origin SARS-CoV-1 and

H-CoV 229E (Table 1).

The denaturing and coagulation effect of alcohols on proteins

makes them effective against a wide range of bacteria and viruses. As

investigated in numerous studies, alcohols have demonstrated imme-

diate, significant inhibitory effects against the majority of enveloped

and nonenveloped viruses including the members of coronaviruses

family.33 Alcohol-based hand sanitizers are widely considered to be

effective to reduce or eliminate infectious microorganism, bacterial/

viral load. Common alcoholic disinfectants such as ethanol, iso-

propanol, and n-propanol are applied in the form of hand rub rinses,

gels, and foams. It has been confirmed that ethyl alcohol diminishes

the infectivity of coronavirus at concentrations of 78% to 95% within

30 seconds contact time by greater than 4.0 log10.
26 Additionally,

WHO reports that alcohol-based formulations (80% ethanol or 75%

2-propanol) have completely inactivated SARS-CoV-1 and MERS-CoV

in suspension tests after 30 seconds of exposure time.25 Moreover, a

recent study has shown that >30% concentrations of ethanol and iso-

propanol were effective in inactivating SARS-CoV-2 within

30 seconds.28 Among the compounds based on halogens, povidone-

iodine (PVP-I) is widely available for medical and personal use. Based

on the data obtained by quantitative assay, this compound shown

rapid and effective virucidal activity against SARSCoV-2

corresponding to ≥4 log10 reduction of virus titer, within 30 seconds

of contact in all concentrations of 0.45%,1%, 7.5%, and 10%.31

Undoubtedly, the use of these compounds as antiseptics can augment

health and hygiene measures to limit the COVID-19 separating in the

community.

5.2 | Surface inactivation of the coronavirus using
chemical reagents

Among all conventional prophylaxis approaches, using surface disin-

fectants is one of the effective approaches for reducing the risk of

exposure to SARS-CoV-2; although, its airborne nature is plausible.

Therefore, one of the most drastic approaches that interrupt the cor-

onaviruses and in particular, SARS-CoV-2 infection, is the tailored,

F IGURE 1 Stability trend of the virus exposed to physicochemical
stress is indicated by fading the color intensity of the virus. As shown,
the detergents and disinfectants are the most detrimental treatments
for SARS-CoV-2. In contrast, exposure to physical treatment has less
efficiency in reducing the viral infectivity. Many members of the
coronavirus can survive for 7 to 28 days at the low relative humidity
(20%-40%) and dry conditions at room temperature (20�C-21�C).
They are also resistant to a wide range of pH changes (3-12). While,
increasing the temperature to 75�C reduces the viral load to ≥5 log10
in less than 10 minutes. The viral particles of SARS-CoV-2 become
undetectable in less than 10 minutes at 4016 μW/cm2 of UV
radiation44
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suitable, and periodical disinfection of contaminated surfaces and

equipment.

Although it is shown that enveloped viruses are in general more

sensitive to the disinfectants than the nonenveloped viruses, corona-

virus exhibit resistance to some conventional chemical disinfectants.34

The human coronaviruses, including HCoV-229E and SARS-CoV-1, as

well as several animal coronaviruses (e.g., mouse hepatitis virus and

transmissible gastroenteritis virus of pigs), have been used as corona-

virus models to investigate and determine the activity of chemical dis-

infectants. As a result, among the candidates of formulated

disinfectants against coronaviruses, just some of them have received

the Environmental Protection Agency (EPA) confirmation.35

In general, biocidal agents can be categorized in the nine groups

including, acids, alcohols, oxidizing agents, aldehydes, phenols, alkalis,

TABLE 1 The concentrations of antiseptic agents required to inactivate the human coronavirus (H-CoV) on skin

Category Compound Tested concentration H-CoV strain

Required contact

time

Log redaction

rate References

Alcohol based compounds 2-propanol 100% SARS-CoV-1 30 s ≥ 3.3 24

75% SARS-CoV-1/

MERS-CoV

30 s ≥4.0 25

70% SARS-CoV-1 30 s ≥ 3.30 24

Ethanol 95% SARS-CoV-1 30 s ≥5.50 26

85%

80% SARS-CoV-1 ≥4.30

MERS-CoV > 4.0 25

78% SARS-CoV-1 ≥ 5.0 24

70% H-CoV229E 1 min 3.9 27

SARS-CoV-2 5 mins Undetectable 19

2-propanol + 1-propanol 45% + 30% SARS-CoV-1 30 s ≥ 2. 8 24

≥4.3 26

Isopropanol + glycerol +

hydrogen peroxide

75% + 1.45% + 0.125% SARS-CoV-1/

MERS-CoV

30 s Undetectable 25

Ethanol + glycerol +

hydrogen peroxide

85% + 1.45% + 0.125%

Isopropanol + glycerol +

hydrogen peroxide

75% + 0.725% + 0.125% SARA-CoV-2 30 s ≥5.9 28

Ethanol + glycerol +

hydrogen peroxide

85% + 0.725% + 0.125%

Halogens Povidone iodine (PVP-I) 0.23% SARS-CoV-1,

MER-oV

15 s ≥4.4 29

2.3% to 7.5% H-CoV 229E/

MERS-CoV

15 s to 1 min

dependent on

concentration

> 3.0 to >5.0

dependent on

concentration

30

7.5% SARS-CoV-2 5 mins Undetectable 19

30 s ≥4.0 31

10% 30 s ≥4.0

Biguanide based

compounds

Chlorhexidine gluconate +

ethanol

0.1% + 70% H-CoV 229E 1 min ≥ 3 30

Chlorhexidine gluconate +

cetrimide + ethanol

0.05% + 0.5% + 70% H-CoV 229E 1 min ≥ 3

Chlorhexidine 0.05% SARS-CoV-2 5 mins Undetectable 14

Calixarenic

derived compounds

Tetra-para-sulfonato-calix

[33]arene (C[33]S)

0.1% H-CoV 229E 5 mins 3 32

1,3-bis(bithiazolyl)-tetra-

para-sulfonato-calix[33]

arene (C[33]S-BTZ)

Note: Test strains include Middle East Respiratory Syndrome (MERS-CoV), Severe Acute Respiratory Syndrome (SARS-CoV-1), and Severe Acute

Respiratory Syndrome (SARS-CoV-2) H-CoV 229E.
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biguanides, halogens, and quaternary ammonium compounds, among

which, hydrogen peroxide, alcohols, sodium hypochlorite, benzal-

konium chloride, or biguanides are commonly used to disinfect the

virus exposed suspected area, mainly in healthcare settings.36 The

virucidal activities of different disinfectants based on the so far inves-

tigations are summarized in Table 2. Some widely used disinfectants

such as sodium hypochlorite and hydrogen peroxide show a signifi-

cant activity on the H-CoVs. Hydrogen peroxide as the most available

compound is an effective surface disinfectant at a concentration of

0.5% by exhibiting more than 4.0 log 10 in viral titer. Sodium hypo-

chlorite at concentrations of 0.1 to 0.5% and glutaraldehyde at the

concentration of 2% have shown also significant viral titer reduction

with >3.0 log10.
14 Nevertheless, in the case of chlorine-derived com-

pounds, regardless of their dose-dependent effect on the H-CoVs,

their toxicity and detrimental effect on the ecosystems during this

huge worldwide consumption must be considered.

5.3 | Surface inactivation of the coronavirus by
physical treatments

Unlike many enveloped viruses that are sensitive to most of the physi-

cochemical changes, less susceptibility of H-CoVs to these changes

has been demonstrated in some studies.42 The majority of the physi-

cal treatments similar to chemical interventions agents inactivate the

viruses via denaturation of its structural proteins and interference

with the virus and host cell-effective interaction.22

A thermal disinfection program can be variable from 60�C, 65�C or

80�C, for 30, 15 and 1 minute, respectively. All of these schedules were

efficacious to decrease the infectivity of H-CoVs up to four logarithmic

reductions.43 Two H-CoVs, SARS-CoV-1 and MERS-CoV, can be

completely inactivated at 65�C and 75�C after 15 minutes, respec-

tively.44,45 It is confirmed that inactivation of SARS-CoV-2 can be achieved

after 5 minutes with the incubation temperature increased to 70�C.46

The N protein of SARS-CoV-1 is substantially denatured at 55�C

treatment for 10 minutes.43 Also, it is suggested that extreme pH condi-

tions can probably change the infectious nature of the viral particles

and indirectly affect the attachment and fusion process of spike pro-

teins to cell membranes. The alkaline (pH > 12) and acidic (pH <3) con-

ditions can cause the inactivation of SARS-CoV-1 at 37�C while the

viral articles remain infectious in pH range of 5 to 9. The optimum UV

range for uppermost disinfection efficacy is between 245 and 285 nm.

The complete deactivation effect of UV irradiation for a 6 minutes is

reported for SARS-CoV-1 at 60 minutes at >90 μW/cm2.19,41 As a simi-

lar susceptibility is assumed for SARS-CoV-2, it is recommended to use

the UV radiation treatment in the compatible area to confine the envi-

ronmental discharge of the chemical disinfectants (Table 3).

6 | CONCLUSIONS

The highly infectious nature of SARS-CoV-2 has triggered an urge to

investigating its susceptibility, transmissibility, and persistence, to

reveal the most precise preventive measures against this new deadly

virus. The stability duration of the virus on the surface is influenced

by the physical parameters and can extend up to 28 days at RT under

20% to 40% RH. Despite their eventual inactivation by the time, the

chemical interventions are required to neutralize their infectious capa-

bility before being transmitted to the next host in these days'

duration.

Based on studies conducted till August 2020, the effective ingre-

dients to H-CoVs titer reduction can be graded based on Figure 2. As

the schematic figure reflects, among the antiseptic compounds,

alcohol-based formulas can be considered as the most effective solu-

tions. The solutions sodium hypochlorite 0.2% and hydrogen peroxide

0.5% are the most efficient and cost-effective compounds for the pur-

pose of abiotic disinfection in household and healthcare. Neverthe-

less, the interval usage of all these compounds is recommended by

WHO and CDC protocols,53 as their unprincipled and excessive con-

sumption, in addition to skin and respiratory damage, can cause the

loss of the individual's normal flora and, as a result, subsequent dis-

eases by opportunistic viral and bacterial agents.54

The effectiveness of the single antiseptic and biocide agents is

often interpreted based on the intensity of the logarithmic load reduc-

tion and the time required for inactivation. However, some critical

parameters should be considered such as the presence of organic

materials namely the presence of interfering agents in antiseptic for-

mulae such as the moisturizers or glycerin. Additionally, the protocol

of disinfection for sample shipment and decontamination of SARS-

CoV-2 samples in case of spilling needs to be published by the

authorities.

The average of D90 values (UV energy that inactivates 90% of

the exposed virus) for different strains of coronaviruses is 308 J/m2.

Although this dose has not yet been determined for SARS-CoV-2,

similar stability is expected. The surface cleaning precedent to the dis-

infectants such as sodium hypochlorite 0.2% and hydrogen peroxide

0.5%, followed by UV-irradiation, is assumed to completely inactivate

this group of infectious viruses including SARS-CoV-2. In addition,

physical stress of acidic pH created by many of the EPA-approved

chemical antiviral reagents can have a synergistic effect with chemical

reagents on inactivation of viral particles.55 In contrary, the acidity

condition may lead to neutralization of the antiviral compound or

even the production of toxic byproducts.

As described in case of most viruses, the major inactivation

mechanism by heat treatment is the denaturation of surface glyco-

proteins of enveloped viruses. As a result, host cell receptor-

detecting structures are out of reach by the virus, which reduce its

infectivity. This magnified survival rate at low temperature may

explain the winter propagation of coronaviruses and also the tro-

pism of the virus to the respiratory system. Breathing cold air in win-

ter may diminish the lung temperatures up to 5�C.56 Since the

bronchus is fully saturated with water vapor, these conditions pro-

vide an appropriate situation for coronaviruses viability and infec-

tion development. According to a recent study, it is demonstrated

that SARS-CoV-2 can be detected in aerosols for up to 3 hours. This

implies that treatments targeting airborne transmissions such as

SAADATPOUR AND MOHAMMADIPANAH 5 of 9



using UV radiation or the ozone gas must be more emphasized in

parallel to the disinfection regimes.16

7 | FUTURE DIRECTIONS

The experimental data on sensitivity of SARS-CoV-2 to physical and

chemical environmental parameters should be accumulated by the

follow-up studies to allow us to make precise designation of preven-

tion methods. Up until now, the biosafety level 2 (BSL2) is acceptable

for nonpropagative diagnostic research on SARS-CoV-2 while han-

dling high concentration, propagation, or working on infected animals

with coronavirus demands the requirements of Biosafety Level

3 (BSL3). Even this level of required core care and biosafety rules may

be subjected to some changes by more upcoming data on transmis-

sion by aerosol and its susceptibly to chemical disinfection.

TABLE 2 The concentration of chemical disinfectant agents that inactivate the human coronavirus (H-CoV) on surface and tools

Category Compound

Tested

concentration H-CoV strain

Required

contact time Log reduction rate Reference

Halogens Benzalkonium chloride 0.04% HCoV- 229E 1 min < 3.0 30

0.1% SARS-CoV-2 5 mins Undetectable 14

Chloramine T 0.3% HCoV- 229E 1 min ≥ 3 30

Sodium hypochlorite 0.1% -0.5% HCoV -229E 1 min ≥ 3

0.05-0.1% SARS-CoV-1 5 mins ≥ 3 37

Sodium hypochlorite +

potassium bromide

0.05% to 0.1% HCoV 229E 1 min ≥ 3 37

Sodium hypochlorite 5% 1:45 SARS-CoV-2 5 mins Undetectable 14

1:99

Aldehyde based

compounds

Glutaraldehyde 0.5% to 2.5% SARS-CoV-1,

HCoV 229E

2 mins to 4 mins > 4.0 26,38

Formaldehyde 0.7% to 1% SARS-CoV-1 2 mins to 24 h

dependent on

concentration

> 3.0 to >4.0

dependent on

exposure time

24

Glucoprotamin 26% SARS-CoV-1 2 mins ≥ 1.68

Oxidizing agents Hydrogen peroxide 0.5% H-CoV 229E 1 min > 4.0 39

Quaternary ammonium

compounds

n-alkyl-dimethylbenzyl

chloride + HCl

0.04 + pH 7.00 H-CoV 229E 1 min ≥ 3.0 30

n-alkyl-dimethylbenzyl

chloride + ethanol

0.04% + 70% H-CoV 229E 1 min ≥ 3.0

n-alkyl-dimethylbenzyl

chloride + sodium

metasilicate

0.04% + 0.5% HCoV 229E 1 min ≥ 3.0

Alkyl dimethyl benzyl

ammonium chloride

0.077% SARS-CoV-2 5 mins ≥4.1 40

0.19% SARS-CoV-2 2 mins ≥3.5

Alkyl dimethyl benzyl

ammonium saccharinate +

ethanol

0.083% + 50% SARS-CoV-2 2 mins ≥4.6

Phenolic compounds o-phenylphenol + o-benzyl-

chlorophenol + p-tert-

amylphenol + SDS

0.02% + 0.03%

+ 0.01% + 0.60%

HCoV 229E 1 min ≥ 3.0 30

o-phenylphenol + o-benzyl-

chlorophenol + p-tert-

amylphenol + ethanol

0.02% + 0.03%

+ 0.01% + 70.0%

HCoV 229E 1 min ≥ 3.0

Sodium o-benzyl-p-

chlorophenate + Sodium

dodecyl sulfate

0.50% + 0.60% HCoV 229E 1 min ≥ 3.0

Household detergent Lauryl ether sulfate, alkyl

polyglycosides, and coco-

fatty acid diethanolamide

0.5% SARS-CoV-1 5 mins > 3.0 41

Note: The viral strains include Severe Acute Respiratory Syndrome (SARS-CoV-1), Severe Acute Respiratory Syndrome 2 (SARS-CoV-2), Middle East

Respiratory Syndrome (MERS-CoV), and Human coronavirus strain 229E (HCoV-229E).
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In forthcoming studies, the prioritization must be allotted to the

survival time of the virus, which dramatically influences the probabilis-

tic of the transmission. In contrast, the load reduction is more corre-

lated to the high mass of the virus, which is not the case in most of

the accidental spread and contamination of the virus specially from

nonsymptomatic carriers.

The application of chemical disinfectants is the fastest and most

efficient and irreversible treatment for attenuating the growth of the

pandemic so far. One of the open fields of research is the investiga-

tion of a combination of the chemical disinfectant and obtaining the

least effect concentrations. Moreover, the antiviral activity of

the nanomaterial or natural compounds on the inactivation of the

TABLE 3 Effect of physical
treatments including heat, acidity, UV
and humidity conditions on the stability
of Human coronavirus strain Middle East
Respiratory Syndrome (MERS), Severe
Acute Respiratory Syndrome (SARS-CoV-
1), and Severe Acute Respiratory
Syndrome 2 (SARS-CoV-2)

Coronavirus strain SARS-CoV-1 MERS-CoV SARS-CoV-2

Heat (�C) Complete inactivation time by exposure to heat

56 90 mins41 30 mins47 30 mins48

60 90 mins24 ND 60 mins48

65 60 mins24 15 mins47 ND

70 60 mins44 ND ND

75 30 mins37 ND ND

92 ND ND 15 mins48

pH Stability/inactivation by exposure to extreme pH

≤5 Inactive44 Inactive49 Stable50

7 Stable44 Stable49 Stable50

9 Stable44 Stable49 Stable50

≥12 Inactive44 Inactive49 ND

UV-C (nm) Complete inactivation time by exposure to irradiation

365 60 mins at >90 μW/cm244 ND ND

254 6 mins at 4016 μW/cm244 5 mins51 9 mins52

Relative humidity (%) Stability time at room temperature

40-50 28 days19 2 days49 ND

60-70 ND ND 2-7 days17

80-90 1 day19 8 h49 ND

> 95 1 day19 ND ND

Abbreviation: ND, not determined.

F IGURE 2 Hierarchy of the virucidal efficacy of the pure chemical compounds on H-CoV. Left: Antiseptics agents (on skin) and Right:
Biocides (on abiotic surface and tools)
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SARS-CoV-2 may also deliver some new potential effective compounds.

The power unit and time necessary to inactivate the virus by microwave

radiation or ozone vapor are also demanding to be described.

Furthermore, in such a massive worldwide usage of the disinfec-

tants, the vast discharge and waste of these chemicals to the environ-

ment must have also be foreseen. At least, two types of studies can

ameliorate this massive scale of chemical waste concern. The lines of

studies that can diminish the required concentration or replace them with

less toxic alternatives or the ones that introduce the decontamination

and neutralization of these chemicals in discharged waste to the nature.
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