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Chemical disinfectants of COVID-19: an overview
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ABSTRACT
The outbreak of coronavirus (COVID-19) has led to a broad use of chemical disinfectants in order to

sterilize public spaces and prevent contamination. This paper surveys the chemicals that are

effective in deactivating the virus and their mode of action. It presents the different chemical classes

of disinfectants and identifies the chemical features of these compounds that pertain to their biocidal

activity, relevant to surface/water disinfection.
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HIGHLIGHTS

• The article is a mini-review of the types and modes of action of chemical disinfectants against

coronavirus.

• The article is very timely in providing information on the types of chemicals approved by health

agencies for sterilizing surfaces and public areas.
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GRAPHICAL ABSTRACT
INTRODUCTION
The recent widespread of coronavirus (SARS-CoV-2)

worldwide stimulated a mass effort by governments, local

authorities, and public health institutes to conduct disinfec-

tion campaigns of public facilities and community-shared

spaces (Kannan et al. ; Zhu et al. ). A recent

study has shown that COVID-19 virus can survive on
infected surfaces up to 9 days and it remains infective,

which increases its spread among the public (Kampf

et al. ). Thus, in order to minimize the chances of

infection, public health agencies (such as WHO) has

encouraged and recommended that individuals maintain

high levels of personal hygiene by frequently washing

their hands with soap for a minimum of 20 s or by using

disinfectants that can deactivate and kill the virus and

eliminate its infectivity. Multi-user items (for example,

shopping carts, elevators buttons, doors knobs, etc.) are

considered areas of high risk for transmitting the virus
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and, thus, require continuous sterilization with effective

biocidal agents (Kampf et al. ).

Disinfectants and antiseptics are used extensively to

sterilize surfaces and spaces. An area or a device is con-

sidered sterilized when the disinfectant completely kills

and removes microbial infecting agents (Springthorpe &

Sattar ). The ability of a disinfectant to deactivate a

microbe depends on the mode of action of the chemical,

the molecular structure of the pathogen’s surface, and the

intracellular vulnerability (Rutala, W., Weber, D. & Health-

care Infection Control Practices Advisory Committee ).

This paper surveys the classes of chemical disinfectants used

for sterilizing surfaces and medical devices that can be con-

taminated by COVID-19 virus. A general description of the

mode of action for each class of these chemicals as related to

the virus is also presented.
STRUCTURAL FEATURES OF CORONAVIRUS

The coronavirus has a spherical shape with a diameter of

120 nm on average. The virus envelope is a lipid bilayer

which is varnished with glycoproteins (projecting outside

as ‘spikes’) and transmembrane proteins (Figure 1; Kannan

et al. ; Zhu et al. ). These proteins enable the

virus’s attachment to the cell surface and its entry inside

the infected cells. The lipid membrane engulfs the genetic

RNA code of the virus which is then replicated inside the
Figure 1 | Schematic representation of coronavirus and the effect of disinfectants on its struc
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cell. The structural integrity of the virus’s membrane, the

defined topology and tertiary structure of membrane pro-

teins, and the conserved structure and activity of the

virion genome are all critical factors for the infectivity of

the virus. Thus, any significant damage or disruption of

these entities renders the virus inactive and prevents its

infectivity (Figure 1).
CHEMICAL DISINFECTANTS AND THEIR EFFECTS
ON THE VIRUS

Alcohols

Ethanol and isopropanol are the main alcohols used as dis-

infectants for a broad spectrum of bacteria, viruses, and

fungi. The biocidal activity of these alcohols is dependent

on their concentration and hydroaffinity. The optimal con-

centration for antimicrobial activity is at 60–80% of

alcohol where ethanol is superior to isopropanol against

hydrophilic viruses, such as rotavirus, human immunodefi-

ciency virus (HIV), and coronaviruses, while isopropanol

is more active against lipophilic viruses, such poliovirus

and hepatitis A virus (HAV) (Wood & Payne ; McDon-

nell & Russell ; Dellanno et al. ; Rutala, W., Weber,

D. & Healthcare Infection Control Practices Advisory Com-

mittee ). Ethanol and isopropanol are capable of

destroying coronavirus at 70–90% concentrations within
tural components.
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30 s (Warnes et al. ; Kampf et al. ). It is believed that

the alcohol causes membrane damage and denaturing of

virus’s proteins in addition to damaging the RNA. The

strong ability of these alcohols to form hydrogen bonding

and their amphoteric nature allow them to disrupt the ter-

tiary structure of proteins by disrupting the intramolecular

hydrogen bonds within the structure.

Oxidizing agents

Peroxide-based disinfectants, such as hydrogen peroxide

and peroxyacetic acid, target the oxidation of thiol groups

and disulfide bonds of proteins and denature them (McDon-

nell & Russell ). Hydrogen peroxide is virucidal at 1–3%

concentrations and it can deactivate SARS-CoV within a

minute; it is even more potent in the gas phase (Herzog

et al. ; Goyal et al. ). The peroxyacetic acid is

more active than hydrogen peroxide against a broad spec-

trum of pathogens and at lower concentrations (∼0.3%);

thus, it is frequently used to disinfect medical devices

(McDonnell & Russell ; Rutala, W., Weber, D. &

Healthcare Infection Control Practices Advisory Committee

). Both peroxy compounds produce hydroxyl radicals

that attack different parts of the virus including lipid mem-

brane, proteins, and nucleic acids (Knotzer et al. ;

Yamaguchi et al. ).

Phenol-based disinfectants

These chemicals that are usually based on substituted

phenols and bisphenols where the hydrogen atom on the

aromatic ring is replaced by an alkyl group or a halogen

(Figure 2; McDonnell & Russell ). The high potency

of these compounds granted them a major role in the disin-

fection of hospitals (Addie et al. ). Phenol derivatives

can deactivate viruses, such as HIV, and other hydrophilic

viruses within minutes at a concentration range of 0.5–5%.

These compounds deactivate pathogens by inducing mem-

brane damage which leads to leakage of intracellular

components and denaturing of proteins.

Quaternary ammonium compounds

Quaternary ammonium compounds (QACs) are effective dis-

infectants that are used widely (Rabenau et al. a; Addie
s://iwaponline.com/jwh/article-pdf/doi/10.2166/wh.2020.108/719815/jwh2020108.pdf
et al. ; Sozzi et al. ; Kampf et al. ). These com-

pounds are organic-based salts in which the cation is an

amino group with four organic substituents on the nitrogen

atom and the anion is either a halide or a sulfate (Figure 2).

The variation of the substituents on the amino group between

combination of alkyl chains, aryl groups, and/or heterocycles

provides these compounds with a wide range of activity and

adaptability. Generally, one of the substituents is a long alkyl

chain, while the other three are smaller in size. Such a struc-

ture facilitates the formation of micelles which leads to their

biocidal activity through the disintegration (lysing) of the

pathogens’ membranes and, hence, the loss of their structural

integrity.One group of theQACs family that iswidely used as a

biocidal agent is the alkyldimethylbenzylammonium chloride

where structural variations are associated with the length of

the alkyl group. These are active against coronaviruses at

less than 1% concentration and within an exposure time of a

minute or less (Saknimit et al. ; Pratelli ; Kampf

et al. ). Another group of these QACs, which gained atten-

tion as disinfectants, is the onewhere theN-atomhas two alkyl

substituents of the same structure. The popularity of these dia-

lkyl quaternaries is due to their ability to retain biocidal

activity in the presence of anionic residues and hard water

(Rutala, W., Weber, D. & Healthcare Infection Control Prac-

tices Advisory Committee ).
Chlorine-releasing agents

Household bleach is one of the most used domestic disinfec-

tants due to its availability, low cost, low toxicity, and a wide

range of biocidal activity. The active chemical of bleach is

sodium hypochlorite which is usually present at a concen-

tration range of 3–6%. At low pH (4–7), the hypochlorite

anion gets protonated and exists in equilibrium with hypo-

chlorous acid, which will be the predominant species

(Dellanno et al. ; Addie et al. ; Kampf et al. ).

It is believed that the acid is the active biocidal agent due

to its permeability of membranes and strong oxidizing ability

which damages the lipids of the membrane and the nucleic

acids. As the pH of the solution increases, the hypochlorite

ion becomes predominant and the biocidal activity

decreases (McDonnell & Russell ; Tarka et al. ).



Figure 2 | Structural formula of frequently used disinfectants.
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Formaldehyde and glutaraldehyde

Both compounds are considering high-level disinfectants

for medical devices and surgical equipment (Rutala, W.,
om https://iwaponline.com/jwh/article-pdf/doi/10.2166/wh.2020.108/719815/jwh2020108.pdf

020
Weber, D. & Healthcare Infection Control Practices Advi-

sory Committee ). The use of formaldehyde is limited,

however, as compared to glutaraldehyde, due to its strong

odor and fumes and because it is listed by OSHA as a
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possible carcinogen (McDonnell & Russell ; Rutala, W.,

Weber, D. & Healthcare Infection Control Practices Advi-

sory Committee ; Tarka et al. ). These aldehydes

disinfect bacteria and viruses by alkylating their proteins

and nucleic acids and they are active against coronavirus

at a concentration range 0.5–3% within 2 min of exposure

(Rabenau et al. a, b; Kariwa et al. ).
Iodine-releasing agents

Iodophores are iodine-releasing agents formed from a com-

plex of iodine with a solubilizing agent in aqueous solutions

since iodine alone is not stable in water. For example,

povidone-iodine has been long used as an antiseptic on

skin and tissues for a broad spectrum of bacteria (Wood &

Payne ; Kariwa et al. ; Eggers et al. , a,

b). The released elemental iodine is able to penetrate

the membrane and attack proteins at the sulfuryl and

disulfide bonds in addition to damaging the nucleic acids.

Studies have shown that povidone-iodine is able to deacti-

vate SARS-CoV in suspension within seconds at a

concentration of 1% or less (Kariwa et al. ; Eggers

et al. , a).
CONCLUSION

A variety of chemical disinfectants are widely available and

they provide an effective tool against SARS-CoV viruses on

surfaces or in water. Several of these disinfectants are house-

hold chemicals, such as alcohols and hypochlorite solutions,

are inexpensive, have low toxicity, easy to use, and have

shown excellent biocidal activity within a very short time.

Other more specialized chemicals are used in medical facili-

ties for thorough sterilization of medical devices and hard-

to-reach surfaces.
ACKNOWLEDGEMENTS

The work in this paper was supported, in part, by the Open

Access Program (# OAP-CAS-045) and BBRI-CAS-05 from

the American University of Sharjah, UAE.
s://iwaponline.com/jwh/article-pdf/doi/10.2166/wh.2020.108/719815/jwh2020108.pdf
DISCLOSURE

This paper represents the opinions of the author and does

not mean to represent the position or opinions of the Amer-

ican University of Sharjah.
DATA AVAILABILITY STATEMENT

All relevant data are included in the paper or its Supplemen-

tary Information.
REFERENCES
Addie, D. D., Boucraut-Baralon, C., Egberink, H., Horzinek, M.,
Hosie, M., Lloret, A., Lutz, H., Marsilio, F., Pennisi, M.,
Radford, A., Thiry, E., Truyen, U., Möstl, K., European
Advisory Board on Cat Diseases.  Disinfectant choices in
veterinary practices, shelters and households ABCD
guidelines on safe and effective disinfection for feline
environments. Journal of Feline Medicine and Surgery 17 (7),
594–605.

Dellanno, C., Vega, Q. & Boesenberg, D.  The antiviral action
of common household disinfectants and antiseptics against
murine hepatitis virus, a potential surrogate for SARS
coronavirus. American Journal of Infection Control 37 (8),
649–652.

Eggers, M., Eickmann, M. & Zorn, J.  Rapid and effective
virucidal activity of povidone-iodine products against middle
east respiratory syndrome coronavirus (MERS-CoV) and
modified vaccinia virus Ankara (MVA). Infectious Diseases
and Therapy 4 (4), 491–501.

Eggers, M., Koburger-Janssen, T., Ward, L. S., Newby, C. &
Muller, S. a Bactericidal and virucidal activity of
povidone-iodine and chlorhexidine gluconate cleansers in an
in vivo hand hygiene clinical simulation study. Infectious
Diseases and Therapy 7 (2), 235–247.

Eggers, M., Koburger-Janssen, T., Eickmann, M. & Zorn, J. b
In vitro bactericidal and virucidal efficacy of povidone-iodine
gargle/mouthwash against respiratory and oral tract
pathogens. Infectious Diseases and Therapy 7 (2), 249–259.

Goyal, S. M., Chander, Y., Yezli, S. & Otter, J. A.  Evaluating
the virucidal efficacy of hydrogen peroxide vapour. Journal of
Hospital Infection 86 (4), 255–259.

Herzog, A. B., Pandey, A. K., Reyes-Gastelum, D., Gerba, C. P.,
Rose, J. B. & Hashsham, S. A.  Evaluation of sample
recovery efficiency for bacteriophage P22 on fomites. Applied
and Environmental Microbiology 78 (22), 7915–7922.

Kampf, G., Todt, D., Pfaender, S. & Steinmann, E. 
Persistence of coronaviruses on inanimate surfaces and their

http://dx.doi.org/10.1177/1098612X15588450
http://dx.doi.org/10.1177/1098612X15588450
http://dx.doi.org/10.1177/1098612X15588450
http://dx.doi.org/10.1177/1098612X15588450
http://dx.doi.org/10.1016/j.ajic.2009.03.012
http://dx.doi.org/10.1016/j.ajic.2009.03.012
http://dx.doi.org/10.1016/j.ajic.2009.03.012
http://dx.doi.org/10.1016/j.ajic.2009.03.012
http://dx.doi.org/10.1007/s40121-015-0091-9
http://dx.doi.org/10.1007/s40121-015-0091-9
http://dx.doi.org/10.1007/s40121-015-0091-9
http://dx.doi.org/10.1007/s40121-015-0091-9
http://dx.doi.org/10.1007/s40121-018-0202-5
http://dx.doi.org/10.1007/s40121-018-0202-5
http://dx.doi.org/10.1007/s40121-018-0202-5
http://dx.doi.org/10.1007/s40121-018-0200-7
http://dx.doi.org/10.1007/s40121-018-0200-7
http://dx.doi.org/10.1007/s40121-018-0200-7
http://dx.doi.org/10.1016/j.jhin.2014.02.003
http://dx.doi.org/10.1016/j.jhin.2014.02.003
http://dx.doi.org/10.1128/AEM.01370-12
http://dx.doi.org/10.1128/AEM.01370-12
http://dx.doi.org/10.1016/j.jhin.2020.01.022


6 M. H. Al-Sayah | Chemical disinfectants of COVID-19 Journal of Water and Health | in press | 2020

Corrected Proof

Downloaded fr
by guest
on 13 August 2
inactivation with biocidal agents. Journal of Hospital
Infection 104 (3), 246–251.

Kannan, S., Shaik Syed Ali, P., Sheeza, A. & Hemalatha, K. 
COVID-19 (Novel Coronavirus 2019) – recent trends.
European Review for Medical and Pharmacological Sciences
24 (4), 2006–2011.

Kariwa, H., Fujii, N. & Takashima, I.  Inactivation of
SARS coronavirus by means of povidone-iodine,
physical conditions and chemical reagents. Dermatology
212 (Suppl. 1), 119–123.

Knotzer, S., Kindermann, J., Modrof, J. & Kreil, T. R. 
Measuring the effectiveness of gaseous virus disinfectants.
Biologicals 43 (6), 519–523.

McDonnell, G. & Russell, A. D.  Antiseptics and
disinfectants: activity, action, and resistance. Clinical
Microbiology Reviews 12 (1), 147.

Pratelli, A.  Canine coronavirus inactivation with
physical and chemical agents. Veterinary Journal 177 (1),
71–79.

Rabenau, H. F., Kampf, G., Cinatl, J. & Doerr, H. W. a
Efficacy of various disinfectants against SARS coronavirus.
Journal of Hospital Infection 61 (2), 107–111.

Rabenau, H. F., Cinatl, J., Morgenstern, B., Bauer, G., Preiser, W.
& Doerr, H. W. b Stability and inactivation of SARS
coronavirus. Medical Microbiology and Immunology 194
(1–2), 1–6.

Rutala, W., Weber, D. & Healthcare Infection Control Practices
Advisory Committee  Guideline for Disinfection and
Sterilization in Healthcare Facilities, 2008, updated, available
at: https://www.cdc.gov/infectioncontrol/pdf/guidelines/
disinfection-guidelines-H.pdf.

Saknimit, M., Inatsuki, I., Sugiyama, Y. & Yagami, K. 
Virucidal efficacy of physico-chemical treatments against
om https://iwaponline.com/jwh/article-pdf/doi/10.2166/wh.2020.108/719815/jwh2020108.pdf

020
coronaviruses and parvoviruses of laboratory animals.
Experimental Animals 37 (3), 341–345.

Sozzi, E., Baloch, M., Strasser, J., Fisher, M. B., Leifels, M.,
Camacho, J., Mishal, N., Elmes, S. F., Allen, G., Gadai, G.,
Valenti, L. & Sobsey, M. D.  A bioassay-based protocol
for chemical neutralization of human faecal wastes treated by
physico-chemical disinfection processes: a case study on
benzalkonium chloride. International Journal of Hygiene and
Environmental Health 222 (2), 155–167.

Springthorpe, V. S. & Sattar, S. A.  Chemical disinfection of
virus-contaminated surfaces. Critical Reviews in
Environmental Control 20 (3), 169–229.

Tarka, P., Kanecki, K. & Tomasiewicz, K.  Evaluation of
chemical agents intended for surface disinfection with the
use of carrier methods. Bactericidal, yeasticidal and
sporocidal activity. Postepy Mikrobiologii 55 (1), 99–104.

Warnes, S. L., Little, Z. R. & Keevil, C. W.  Human
coronavirus 229E remains infectious on common touch
surface materials. mBio 6 (6), e01697–15.

Wood, A. & Payne, D.  The action of three antiseptics/
disinfectants against enveloped and non-enveloped viruses.
Journal of Hospital Infection 38 (4), 283–295.

Yamaguchi, Y., Shimodo, T., Chikamori, N., Usuki, S., Kanai, Y.,
Endo, T., Katsumata, K., Terashima, C., Ikekita, M.,
Fujishima, A., Suzuki, T., Sakai, H. & Nakata, K. 
Sporicidal performance induced by photocatalytic
production of organic peroxide under visible light irradiation.
Scientific Reports 6, 33715.

Zhu, N., Zhang, D., Wang, W., Li, X., Yang, B., Song, J., Zhao, X.,
Huang, B., Shi, W., Lu, R., Niu, P., Zhan, F., Ma, X., Wang,
D., Xu, W., Wu, G., Gao, G. F. & Tan, W.  A novel
coronavirus from patients with pneumonia in China, 2019.
New England Journal of Medicine 382 (8), 727–733.
First received 11 May 2020; accepted in revised form 24 June 2020. Available online 22 July 2020

http://dx.doi.org/10.1016/j.jhin.2020.01.022
http://dx.doi.org/10.1159/000089211
http://dx.doi.org/10.1159/000089211
http://dx.doi.org/10.1159/000089211
http://dx.doi.org/10.1016/j.biologicals.2015.06.002
http://dx.doi.org/10.1128/CMR.12.1.147
http://dx.doi.org/10.1128/CMR.12.1.147
http://dx.doi.org/10.1016/j.tvjl.2007.03.019
http://dx.doi.org/10.1016/j.tvjl.2007.03.019
http://dx.doi.org/10.1016/j.jhin.2004.12.023
http://dx.doi.org/10.1007/s00430-004-0219-0
http://dx.doi.org/10.1007/s00430-004-0219-0
https://www.cdc.gov/infectioncontrol/pdf/guidelines/disinfection-guidelines-H.pdf
https://www.cdc.gov/infectioncontrol/pdf/guidelines/disinfection-guidelines-H.pdf
http://dx.doi.org/10.1538/expanim1978.37.3_341
http://dx.doi.org/10.1538/expanim1978.37.3_341
http://dx.doi.org/10.1016/j.ijheh.2018.07.002
http://dx.doi.org/10.1016/j.ijheh.2018.07.002
http://dx.doi.org/10.1016/j.ijheh.2018.07.002
http://dx.doi.org/10.1016/j.ijheh.2018.07.002
http://dx.doi.org/10.1080/10643389009388396
http://dx.doi.org/10.1080/10643389009388396
http://dx.doi.org/10.1128/mBio.01697-15
http://dx.doi.org/10.1128/mBio.01697-15
http://dx.doi.org/10.1128/mBio.01697-15
http://dx.doi.org/10.1016/S0195-6701(98)90077-9
http://dx.doi.org/10.1016/S0195-6701(98)90077-9
http://dx.doi.org/10.1056/NEJMoa2001017
http://dx.doi.org/10.1056/NEJMoa2001017

	Chemical disinfectants of COVID-19: an overview
	INTRODUCTION
	STRUCTURAL FEATURES OF CORONAVIRUS
	CHEMICAL DISINFECTANTS AND THEIR EFFECTS ON THE VIRUS
	Alcohols
	Oxidizing agents
	Phenol-based disinfectants
	Quaternary ammonium compounds
	Chlorine-releasing agents
	Formaldehyde and glutaraldehyde
	Iodine-releasing agents

	CONCLUSION
	The work in this paper was supported, in part, by the Open Access Program (&num; OAP-CAS-045) and BBRI-CAS-05 from the American University of Sharjah, UAE.
	DISCLOSURE
	DATA AVAILABILITY STATEMENT
	REFERENCES


