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Abstract: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the causative organism
that is highly contagious and has been responsible for more than 240 million cases and 5 million
deaths worldwide. Using masks, soap-based hand washing, and maintaining social distancing are
some of the common methods to prevent the spread of the virus. In the absence of any preventive
medications, from the outset of pandemic, alcohol-based hand sanitizers (ABHS) have been one of the
first-line measures to control transmission of Coronavirus Disease 2019 (COVID-19). The purpose of
this narrative review is to evaluate the sensitivity of SARS-CoV-2 towards ABHS and understand their
potential adverse effects on humans. Ethanol and isopropanol have been the most commonly used
alcohols in ABHS (e.g., gel, solution, spray, wipes, or foam) with alcohol in the range of 70–85% v/v in
World Health Organization or Food and Drug Administration-approved ABHS. The denaturation of
proteins around the envelope of SARS-CoV-2 positive sense single-stranded RNA virus is the major
mechanism of action of ABHS. Due to frequent use of high-percentage alcohol-containing ABHS over
an extended period of time, the oral, dermal, or pulmonary absorption is a possibility. In addition
to the systemic toxicity, topical adverse effects such as contact dermatitis and atopic dermatitis are
plausible and have been reported during COVID-19. ABHS appear to be effective in controlling the
transmission of SARS-CoV-2 with the concern of oral, dermal, or pulmonary absorption.

Keywords: SARS-CoV-2; COVID-19; alcohol-based hand sanitizers; ethanol; isopropanol;
dermal/pulmonary toxicity

1. Introduction

Coronavirus Disease 2019 (COVID-19), which was first reported from Wuhan, China
in December 2019, has inflicted major public health and economic disasters throughout
the world. On 11 March 2020, COVID-19 was declared a pandemic by World Health
Organization (WHO) [1]. Over the last one year, the understanding of mode of transmission
of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative organism
of COVID-19, has gone through some transformation. It is commonly recognized that
direct physical contact and respiratory droplets are the primary modes of transmission
among humans. Due to its highly contagious nature, SARS-CoV-2 has been found to cause
community spread with ease [2]. Following exposure to SARS-CoV-2, the symptoms can
start appearing from second day and continue up to 14 days on average. The typical time
to experience symptoms is four to five days [3,4]. The prototype symptoms of COVID-19
include fever, chills, shortness of breath to respiratory distress, and occasionally, impaired
taste and smell. The ‘cytokine storm’ or formation and release of inflammatory proteins
such as interleukins, tumor necrosis factor α is considered to be one of the hallmarks of
COVID-19, especially in severe cases [3]. Due to the extraordinary transmission pattern
and severity of this viral infection, as of 27 November 2021, WHO has reported 259,502,031
confirmed cases and 5,183,003 deaths [5].

At the onset of the pandemic, the society and medical community went through
significant improvisation of strategies to manage the spread and treatment. Because of the
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nascent nature of COVID-19, there was no approved medications available for prevention
and/or treatment. Till now, remdesivir is United States Food and Drug Administration
(FDA)-approved only agent for COVID-19 with limited documented efficacy [6]. Apart
from remdesivir, bamlanivimab and sotrovimab are two other drugs approved by Health
Canada for COVID-19 treatment [7]. In the European Union (EU), remdesivir, regdanvimab,
and casirivimab/imdevimab are authorized for the same purpose [8]. Considering the
unavailability of effective drugs and scarcity of vaccines against this lethal virus, preven-
tion of transmission using alcohol-based formulations has been the primary strategy [9].
Prevention strategies recommended by the health agencies such as WHO and Centers for
Disease Control and Prevention (CDC) early in the pandemic have been highly useful.
These measures included social distancing, use of masks, and frequent application of
ABHS [1,10]. Despite virucidal property of ABHS towards SARS-CoV-2, the active ingre-
dient alcohols, such as ethanol, isopropanol, in ABHS may pose toxicity to both human
health and environment. These toxicities potentially occur through dermal absorption,
inhalation, and ingestion following recurrent use.

The available reports demonstrated that ethanol is more effective against hydrophilic
viruses such as rotavirus, human immunodeficiency virus (HIV), and coronaviruses,
while isopropanol is superior against lipophilic viruses such as poliovirus and hepatitis A
virus [11,12]. Although ABHS are central to the prevention of SARS-CoV-2, their indiscrim-
inate use, and the potential to cause toxicities in humans as well as flammability-related
environmental destruction are major concerns. Hence, understanding the effectiveness of
ABHS towards SARS-CoV-2 and evaluating the adverse effects that are associated with
the use of ABHS are critical. The goal of this narrative review is to appraise the available
information on the sensitivity of SARS-CoV-2 towards alcohol-based formulations and
highlight the potential adverse effects of ABHS on humans. Specifically, the current work
highlighted the general characteristics of SARS-CoV-2, sensitivity of ABHS towards SARS-
Cov-2, absorption of alcohol from ABHS, and their related toxicities in humans. The dual
effects of ABHS in fighting COVID-19 transmission and potential exposure of humans to
alcohol-related toxicities will be appreciated through this study.

2. Methods

The literature for this narrative review was obtained through a keyword-based tar-
geted search of different electronic databases until 26 November 2021 (Figure 1). Combina-
tions of different keywords were used to acquire relevant articles: “COVID-19”, “coron-
avirus disease 2019”, “SARS-CoV-2”, “severe acute respiratory syndrome coronavirus 2”,
“2019-nCOV”, “2019 novel coronavirus”, “ethanol”, “propanol”, “isopropyl alcohol”, “iso-
propanol”, “alcohol-based hand sanitizers”, “toxicity”, “dermal”, “inhalation”, and “pul-
monary”. We searched PubMed, Medline, and Google Scholar electronic databases. In the
first step, the titles and abstracts were analyzed, followed by evaluation of the full text.
Original research, government health agency databases, and case studies were included
in this review. Studies were excluded if they were not on humans, non-COVID-19, mech-
anistic, commentary, letter to Editors, narrative review, expert opinion, overview, case
report, or duplicates. Both the authors independently performed the literature search and
evaluation of articles and reconciled the resources. The present work only includes articles
that were published in English language.
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Figure 1. Flow chart of literature search and selection process.

3. Characteristics of SARS-Cov-2 and Other Coronaviruses

The coronaviruses that belong to the Coronaviridae family are a class of positive
sense single-stranded RNA viruses surrounded by envelopes [13]. They are categorized
into four groups based on genera and sera: α, β, γ, and δ-coronaviruses. There are seven
types of human coronaviruses that are classified under α and β genera only. Among them
HCoVNL63 and HCoV-229E fall within α genus and HCoV-HKU1, HCoV-OC43, severe
acute respiratory syndrome coronavirus (SARS-CoV), Middle East respiratory syndrome-
related coronavirus (MERS-CoV), and the novel SARS-CoV-2 are under the category of
β genus. These viruses predominantly cause common cold and respiratory illnesses in
humans [14]. On the contrary, γ and δ-coronaviruses mainly trigger avian infectious
diseases [15,16].

Like other coronaviruses, SARS-CoV-2 harbors an enveloped positive sense single-
stranded RNA genome that is about 30 kb. The genome comprises of a polyprotein
ORF1a/b that upon proteolytic cleavage generates 16 non-structural proteins, four ma-
jor structural proteins, and nine accessory protein ORFs (3a, 3b, 6, 7a, 7b, 8, 9b, 9c,
and 10) [17–19]. The structural proteins include spike (S), envelope (E), membrane protein
(M), and nucleoprotein (N) [20,21]. The spike S protein is a glycoprotein that plays a central
role in binding to receptors and is critical for the infective capacity [22]. S protein can be
further cleaved by host proteases into an N-terminal S1 subunit and a membrane-bound
C-terminal S2 domain. After the virus is internalized into the host endosome through
the attachment of S1 subunit to the receptor, the S protein undergoes a conformational
change followed by a cathepsin CTSL-mediated cleavage. This leads to the emergence of
S2 domain that facilitates fusion of the virion and cellular membranes. The S protein was
also reported to have a furin-like cleavage site that contributes to the zoonotic infection
of the virus [23]. The E and M proteins are embedded within the S proteins in the virus
envelope [24,25].

Genome-wide phylogenetic analysis demonstrates that SARS-CoV-2 is a novel beta-
coronavirus that is distinct from two other closely related coronaviruses, SARS-CoV and
MERS-COV [26]. The SARS-COV-2 shows roughly 79% and 50% sequence identity with
SARS-CoV and MERS-CoV, respectively [27]. In the case of structural genes, SARS-CoV-2
exhibits roughly 90% amino acid identity with SARS-CoV except for the S gene [28,29].
On the other hand, SARS-CoV-2 displays more than 85% amino acid sequence identity
with SARS-CoV for non-structural proteins. A total of 16 non-structural proteins have been
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reported in SARS-CoV-2 that are obtained by proteolytic cleavage of a large polyprotein
(pp1ab) [17]. The S protein in SARS-CoV-2 (1273 amino acids) is larger than that of SARS-
CoV (1255 amino acids). It shares nearly 77% amino acid sequence identity with human
SARS-CoV [30]. Moreover, its receptor-binding domain (RBD) demonstrates 73% amino
acid identity with SARS-CoV. The S protein is subdivided into S1 and S2 subunits that are
linked by four amino acid residues (PRRA) that create the cleavage site which is cleaved
by furin and other proteases [23,31]. Harboring of S1-S2 cleavage site is a unique genomic
feature of SARS-CoV-2 since others are devoid of such site. A recent report demonstrated
that furin-cleavage site is associated with a diminished stability of SARS-CoV-2 S protein,
and it enables the virus to assume a conformational adaption that is critical for the binding
of the S protein to the Angiotensin Converting Enzyme 2 (ACE2) receptor [31]. However,
it is yet to be explored whether the presence of the furin-like cleavage site results in a
gain of function that ultimately facilitates the greater transmissibility of SARS-CoV-2 com-
pared with SARS-CoV. SARS-CoV-2 also shares about 88% identity with two bat-derived
SARS-like coronaviruses (bat-SL-CoVZC45 and bat-SL-CoVZXC21) [28]. In terms of target
receptor, both SARS-COV-2 and SARS-COV interact with ACE2 while MERS-COV interacts
with dipeptidyl peptidase 4 (DPP4) also known as CD26 [13,32]. All these coronaviruses
transmit through cough droplets and contact with infected individuals.

Although both SARS-CoV and SARS-CoV-2 possess similar receptor-binding do-
main structures, their amino acids differ at some major residues. These include the ab-
sence of 8a protein and variation in the number of amino acids in 8b and 3c proteins in
SARS-CoV-2 [28]. Moreover, ORF8 gene of SARS-CoV-2 encodes a protein that shares only
40% amino acid identity with the ORF8 of SARS-CoV [17]. The available reports show
distinguishable clinical features as well. For example, the patients infected with MERS and
SARS are reported to develop respiratory distress and renal failure in later stages [33,34].
However, in SARS-CoV-2 infection pneumonia is the most prevalent manifestation along
with other common symptoms such as fever, cough, and dyspnea [33].

4. Alcohol-Based Formulations of Hand Sanitizers

Though the use of alcohol as an antiseptic agent goes back to late 1800s or earlier,
ABHS have been used in medical and home settings for about 50 years now [35]. During
the ongoing COVID-19 pandemic there have been unprecedent increase in the use of ABHS
in all age groups and professions. In the absence of any effective medication for prevention
and treatment of COVID-19, ABHS have been one of the major first-line strategies to
mitigate the spread of SARS-CoV-2 [1,10]. The formulations of ABHS typically contain
different combinations of single or mix of alcohol (ethanol, isopropanol, n-propanol),
hydrogen peroxide, humectant (glycerin), and water. In the WHO- and FDA-recommended
formulations, the final concentration of alcohol varies between 70–85% v/v with hydrogen
peroxide and glycerol concentrations are fixed at 0.125% and 1.45% v/v, respectively [36–38].
Currently available ABHS are either gel, solution, spray, wipes, or foam with gels and
foams being the most commonly available products [36,39]. These ABHS differ among
their ability to interact with the skin, contact time, and handling of the products. For
example, foams use bis-polyethyleneglycol 12-dimethicone (bis-PEG12-dimethicone) as
the foaming agent and has relatively quick drying time [36]. In comparison, gels are sticky
in nature but give good contact with the skin to facilitate inhibitory effects on SARS-CoV-2.
Solution-based ABHS can have their own advantages such as less contact time and faster
drying time and disadvantages such as less stickiness leading to questionable interaction
duration with SARS-CoV-2 [39]. Spray types of ABHS mediate direct contact of the product
with the skin by triggering steam of alcoholic solution. However, they have the potential
of inflammability and over spraying. Wipes are also easy to use, and they can eliminate
the contamination possibility. However, due to extended storage wipes may lose their
virucidal capacity over time [40].

At the onset of pandemic, several health and pharmaceutical agencies such as WHO,
FDA, and United States Pharmacopeia (USP) have released policies for compounding
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of ABHS to address the shortage of hand sanitizers during this public health emer-
gency [37,38,41]. According to FDA guidelines, ABHS ingredients should possess ap-
propriate quality. This includes at least 94.9% pure ethanol, USP-grade isopropanol, food
chemical codex (FCC) or USP-grade glycerin, and boiled water/purified water equivalent
grade [38]. In addition, food grade alcohol manufactured by fermentation and distillation
as well as fuel or technical grade alcohol may also be used if they meet the USP or FCC
standards and the impurity levels are within the indicated limits [38]. Thus, ABHS can
have a vast range of quality and effectiveness, and due diligence is needed by the user to
ensure that the product conforms to the health agency guidelines and is effective to carry
out the preventive actions against SARS-CoV-2 transmission.

5. Effects of Different Alcohols on Coronavirus Family

Although initially the virucidal effectiveness of different alcohol-based formulations
was controversial, gradually it was unequivocally accepted that enveloped viruses such as
coronaviruses can be inactivated by alcohol with ease. Indeed, several strains of coronavirus
family including SARS, MERS or HCoV are highly susceptible to 62 to 71% ethanol that
can inactivate them in less than one minute. On the contrary, two other biocidal agents,
namely 0.02% chlorhexidine digluconate and 0.05%–0.2% benzalkonium chloride did not
render much benefit [42]. Siddharta et al. (2017) demonstrated that a 30% concentration
of WHO formulation II [75% isopropanol (w/w)] alleviated bovine coronavirus (BCoV)
infectivity; however, at least a 40% concentration of WHO formulation I [85% ethanol
(v/v)] was essential to produce the similar effect [43]. Several studies have implicated
alcohol-based formulations to be the agents of choice to fight enveloped viruses including
SARS-CoV-2 [43,44]. Kratzel et al. (2020) revealed a similar observation where they found
that 80% ethanol and 75% isopropanol inactivated the SARS-CoV-2 strain. Moreover, they
also reported that commercially procured ethanol and isopropanol were able to inactivate
SARS-CoV-2 in 30 s [37]. A very recent study conducted by Leslie et al. (2021) also
lends support to these findings where they demonstrated that commercially available
hand sanitizer gel and foam, both containing 70% ethanol (v/v), can robustly inactivate
SARS-CoV-2 [45]. This finding was remarkable since this study employed commercially
formulated ABHS marketed in the US for the very first time. Table 1 summarizes the
impact of alcohol against various strains of coronaviruses.

Table 1. Summary of Alcohol Sensitivity to Different Coronaviruses.

Type Surface Survival Time Virucide Exposure
Duration

Decrease in
Infectivity (log10) Reference

SARS-COV-2 NR NR 80% ethanol 30 s ≥3.8 [37]

NR NR 75% isopropanol 30 s ≥3.8 [37]

MERS-COV Steel 48 h (20 ◦C)
8–24 h (30 ◦C) 80% ethanol 30 s >4.0 [43,46]

Plastic 48 h (20 ◦C)
8–24 h (30 ◦C) 75% isopropanol 30 s ≥4.0 [43]

SARS-COV Glass 4 d (RT) 80% ethanol 30 s ≥4.3 [47,48]

Plastic ≤5 d (22–25 ◦C) 85% ethanol 30 s ≥5.5 [49,50]

Wood 4 d (RT) 95% ethanol 30 s ≥5.5 [47,50]

Paper 4–5 d (RT) 70% isopropanol 30 s ≥3.3 [47,48]

Gown 2 d (RT) 75% isopropanol 30 s ≥4.0 [43,51]

Metal 5 d (RT) 100% isopropanol 30 s ≥3.3 [47,48]

NR NR 45% isopropanol and
30% 1-propanol 30 s ≥2.8 [48]

RT, Room temperature; NR, Not reported.
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Denaturation of proteins is conceived to be the major mechanism through which
alcohols render their activities against viruses and other microorganisms [52]. Water is
indispensable for protein denaturation and that is why absolute alcohol is less effective
against the microbes compared to a mixture of alcohol and water [53]. The existing evidence
suggests that alcohols can inactivate the lipophilic, enveloped viruses better compared
to the non-enveloped viruses [36]. In fact, the envelope is sensitive to lipid solvents and
therefore, when the capsid is deprived of the envelope, it may not be able to attach to
or interact with the cell surface receptors. Since coronaviruses are lipophilic, enveloped
viruses they can be rapidly inactivated by alcohols (e.g., ethanol, isopropanol) [42]. These
viruses assume the envelope from the host cells during the budding stage of their life
cycle and the envelope is composed of a lipid bilayer. Hence, it is highly likely that even
after mutations these coronaviruses will still have the lipid bilayer that can be disinfected
by alcohol treatment. Due to the amphiphilic nature of alcohols, they can easily interact
with the viral envelope where they alter the membrane fluidity [54]. The polar oxygen
moieties strengthen the affinity of the membrane for water and simultaneously diminish
the lipophilic interactions between the non-polar residues. In this way, alcohols destabilize
and denature the viral proteins and elicit their destruction [55]. In a recent study, Das et al.
(2021) employed molecular dynamics simulation where they found that ethanol triggered
disintegration of the lipid bilayer and dislocation of the envelope (E)-protein from the
membrane environment [56]. Alcohol-mediated lysis of the viral envelope that leads to
the release of the internal content is shown in Figure 2. In addition, there are plausible
mechanisms of alcohol as virucidal including pH-dependent inactivation, divalent metal
ions, and oxidative stress for non-enveloped viruses [57–59]. It is worth mentioning
that a study reported a greater amplification in virucidal activity against the enveloped
coronaviruses with 75% isopropanol compared to the 85% ethanol-based formulation [60].
This can be explained by the fact that isopropanol, by virtue of having one more carbon than
ethanol is likely to impart superior lipophilicity against the lipophilic coronaviruses [36].
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6. Oral, Dermal, and Pulmonary Absorption of Alcohols and Their Related Toxicities

The mechanisms of absorption, distribution, metabolism, and excretion of alcohols
have been known for decades. Briefly, alcohols are absorbed through the oral, inhala-
tion, or dermal routes to different extents. Alcohols are well distributed across different
organs; especially, due to their volatile nature alcohols can easily cross the blood-brain
barrier [62–64]. Alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDHs)
enzymes are responsible for metabolism of different alcohols. Ethanol is converted to
acetaldehyde and acetic acid by ADH and ALDH, respectively [62,65]. A small fraction of
ethanol is also metabolized by glucuronidation (ethyl glucuronide) and sulfation (ethyl
sulfate) pathways [66]. Ethanol remaining after the oxidative and nonoxidative metabolism
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(<5%) is excreted from the body via urine, sweat, or breath [66]. ABHS contain very high
level of ethanol or isopropanol which increases the potential of their absorption through
dermal, inhalation, or oral pathways during frequent use over the duration of pandemic.
Since very high alcohol-containing ABHS (75–80%) are applied on the hand, there is a
potential that alcohol will reach to mouth while consuming food or by inadvertent exposure
of hand into the mouth. Most importantly, accidental or intentional ingestion of ABHS
can contribute to significant oral absorption of alcohol. Indeed, in US between 2011 and
2014, among 65,293 cases of ABHS-related poisoning, 95% of the cases were oral ingestion
in children [67]. The absorption of alcohol follows first-order kinetics signifying the rate
of absorption is corresponding to the quantity of alcohol in the stomach [68]. Alcohol can
also reach to the systemic circulation through oral mucosa [69,70]. The cardiovascular,
central nervous system (CNS), and respiratory effects of isopropanol-based hand sanitizers
start demonstrating within an hour of ingestion [71]. The mechanism of gastrointestinal
absorption of alcohols involves passive diffusion towards the concentration gradient [65].
Thus, ABHS with high alcohol content have the potential to be absorbed in the systemic
circulation through oral route.

Similarly, both ethanol and isopropanol can enter the systemic circulation, albeit at
a lower rate than oral route, through intact skin layers [72,73]. From a pre-COVID-19
study, Turner et al. (2004) reported that blood isopropanol levels increased in nine among
the ten individuals tested (range < 0.5–1.8 mg/L) following application of hand rubs
six times an hour for four hours [73]. Though the increase in isopropanol was not high
enough following dermal absorption to cause intoxication (50 mg/dL), blood acetone
(metabolite of isopropanol) level in individuals exposed to isopropanol was not estimated.
Similarly, inhalation of vaporized alcohol or droplets produced from the spray or foams
have the potential to reach systemic circulation through pulmonary route. It is important
to recognize that ethanol can reach to brain quickly through the inhalation route [74,75].
The absorption of alcohol through nasal membrane and alveolar epithelium is faster
than the gastrointestinal compartment [76]. ABHS caused an affirmative breathalyzer
test following pulmonary absorption of ethanol after a 4-h hospital shift [77]. However,
86 health care workers (18–50 years) did not experience any notable dermal absorption
despite multiple usage of ABHS [77]. It is important to note that these studies did not
measure the metabolic products of ethanol or isopropanol (e.g., acetaldehyde, acetone)
which may have contributed to the lower blood alcohol levels. Additional evidence
of dermal or pulmonary absorption of alcohols from ABHS can be interpreted through
disulfiram-ethanol reaction as a surrogate marker of alcohol absorption. Disulfiram, which
is used to treat alcohol abuse-related problems, can cause unpleasant experiences when the
patient has systemic presence of ethanol [78,79]. Ghosh et al. (2021) reported disulfiram-
ethanol reaction in about 19% of the participants that were using ABHS. It was postulated
that dermal and pulmonary absorption of alcohol contributed to the increased blood
alcohol levels and subsequent reaction with disulfiram [79]. Due to high volatility of
ethanol and isopropanol along with large dermal surface area or extensive pulmonary
vascular structure, the potential to be absorbed and cause systemic effects is high [64,72].
In a recent systematic review published before COVID-19 pandemic started, multiple
studies reported increase in breath alcohol content, ethyl glucuronide, and ethyl sulfate
following inhalation of alcohol from ABHS [64].

Individuals from all age groups have been using ABHS during COVID-19. Intrinsi-
cally, alcohols above a certain level have systemic or topical toxic effects in humans [80].
The systemic acute toxic effects of ethanol and isopropanol involve CNS depression, lower
respiratory reflex, and nausea [81,82], whereas chronic toxicities include cardiac arrhythmia
and hepatic injury [83]. ABHS can contribute to the increase in blood alcohol level-related
systemic toxicities and more importantly can cause dermal toxicities such as contact der-
matitis and atopic dermatitis. For example, among the 434 healthcare workers surveyed in
Hubei, China, 76.6% of the participants indicated conditions similar to dermatitis during
COVID-19 [84]. From a mechanistic point of view, skin disorders are a natural progression
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of extensive use of ABHS where the lipid or emollient contents of the skin is lost and
keratin protein is denatured, leading to dry skin, itching, irritation, and eventually clinical
diagnosis of dermal disorders [39,85]. ABHS-related skin disorders can also facilitate higher
dermal alcohol absorption through cracked skin [80]. Usually, the skin becomes dry very
easily after applying ABHS and the healthcare personnel are more susceptible in this regard
because of wearing occlusive gloves. Moreover, in cold and dry environment the skin fails
to retain moisture making the use of ABHS even more troublesome. Hence, a moisturizer
with emollient properties could be beneficial to prevent the skin disruption after using
ABHS [86]. Additionally, frequent and extended use of ABHS has posed the danger of
antimicrobial resistance to non-viral microbes or virus that are not inherently affected by
alcohol [80,85].

Though the dermal absorption of alcohol is debatable and a topic of investigation,
due to the rapid partition of alcohol in different tissues, the timing of measurement of
blood alcohol profile after absorption through skin is critical. Additionally, the unprecedent
extensive use of ABHS for such an extended period of time has never been experienced in
the modern time. It is important to recognize that despite the focus on dermal or pulmonary
absorption from ABHS, there is a huge risk of toxicity from oral exposure or accidental
ingestion of ABHS, especially, in the younger people. For example, Pourmand et al. (2021)
reported a case where a patient ingested hand sanitizer while staying in the emergency
department [87]. Moreover, a recent study by Hohl et al. (2021) reported a greater incidence
of ethanol-mediated burns during the pandemic [88]. Indeed, during COVID-19, the
reporting of ABHS-related toxicities to poison center has increased in different part of
United States [89,90] which also highlights other avenues through which ABHS can cause
public health hazards. Table 2 highlights some examples of the adverse effects of different
disinfecting agents on human health.

Table 2. General Mechanisms of Disinfecting Agents and Their Impacts on Human Health.

Agent Mechanism of Action Benefits Drawbacks Adverse Effects Reference

Ethanol
(>60%)

Denaturation of
proteins

Recommended by
U.S. FDA against

SARS-CoV-2;
economical and
easy to handle

Disagreeable odor,
dryness of skin,

possibility of
unwanted toxicity

in children

Skin: Itching, allergy, dermatitis
Liver: Hypocalcemia, hypokalemia,
hypomagnesemia, myoglobinuria

Others: Vomiting, drowsiness,
respiratory arrest, keto acidosis,

arrhythmia, cardiac arrest

[42,80,91]

Isopropanol
(>70%)

Denaturation of
proteins

Recommended by
U.S. FDA against

SARS-CoV-2;
economical and
easy to handle

Unpleasant odor,
dryness of skin,

possibility of
unwanted toxicity

in children

Skin: Rash, itching, irritation, allergy
Others: Myoglobinuria, gastritis,

respiratory depression
[42,80,91]

Quaternary
ammonium
compounds

Enzymatic
inactivation;

Degradation of
cellular proteins

Minimal human
toxicity, better

tolerability,
no bad odor

Less effective in
low pH and in the

presence of
organic substances

Mild irritation [91,92]

Hydrogen
peroxide

Free-radical induced
oxidation of cellular

components

Relatively less
toxic, inexpensive,

easy to use
Corrosive Mild irritation in skin and mucous

membrane, vomiting, air embolism [80,91,93]

Iodine
compounds

Degradation of
cellular proteins, fatty

acids, and
nucleotides

Non-corrosive,
ease of use

Unpleasant odor,
staining, irritation Rash, itching, local swelling [91,92]

Chlorine
compounds

Halogenation/
oxidation of cellular

proteins

Effective in low
concentration,

low-cost

Corrosive,
formation of toxic

by-products,
irritation

Nausea, coughing, shortness of
breath, irritation of mucous

membrane, stimulation of the
upper airways

[91,94]
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7. Alternatives and Precautions to ABHS

There are certain situations when use of alcohol-based products is not ideal. These
include but are not limited to cleaning significantly soiled hands, preventing the spread
of non-SARS-CoV-2 infections, and removing excessive bacterial load [95]. Additionally,
excessive use of ABHS can demotivate people to use the traditional health hygiene with
warm water and soap. At the same time, excessive use of soap and water can result in
contact dermatitis and risk of other microbial infections [96,97]. On the contrary, well-
formulated alcohol-based sanitizers are devoid of unwanted skin irritation by virtue of
having emollients and because of their better compliance, they are indeed preferred to soap
and water. Additionally, developing habits of not inserting the ABHS-exposed hands into
the eyes, mouth, or nose will minimize alcohol-related toxicities.

There are certain alternatives to using ABHS. For example, the CDC recommends
washing hands with soap and water for at least 20 s to reduce the possibility of SARS-CoV-2
transmission [98]. Moreover, hand wash is a common hygiene practice to remove other
microorganisms from the hands [99]. Hence, use of soap is by far the best alternative to
use of ABHS. To avoid nasal inhalation and oral ingestion, ABHS should be applied away
from the face. Specifically, the hands should be kept away from the face or body and ABHS
should be applied gently on the hands, rubbed, and let the hands dry. Using good quality
masks such as surgical, FFP2 or N95, and FFP3 masks and face shield are very rational
alternative to prevent the spread of the virus [100–102]. Furthermore, maintaining proper
social distancing and minimize touching high-traffic surfaces are also critical as alternatives
to less frequent use of ABHS [103]. It is advised to identify a product that is enriched with
humectant to promote hydration (e.g., glycerin) and emollient (e.g., aloe vera) which will
minimize skin irritation from ABHS. Water-based antiseptic lotions with benzethonium
chloride could be employed to minimize dermal toxicities since this exerts antiviral activity
and minimizes flammability [104]. Thus, simultaneous exercise of different preventive
measures will facilitate less frequent use of ABHS and use of low-toxicity FDA-approved
products will minimize alcohol-related toxicity issues.

8. Conclusions

In the absence of targeted antiviral medications, ABHS have been one of the frontline
measures in the first year of COVID-19 pandemic. SARS-CoV-2 which is an enveloped
positive sense single-stranded RNA is susceptible to damage by alcohol [105]. This principle
has been exploited by ABHS to denature the proteins surrounding the envelope which
eventually blocks the capsid to attach to the host. Though variable concentrations of alcohol
can be found in ABHS, typically 70–85% ethanol or isopropanol is the most common
during COVID-19. Available reports suggest that similar to other coronavirus family
members, SARS-CoV-2 can be neutralized by ABHS with alcohol content of ≥70% v/v [106].
Although the effectiveness of ABHS against SARS-CoV-2 appears to be convincing, there
are reasonable concerns of oral, dermal, or pulmonary absorption, leading to potential of
systemic and/or dermal toxicities. In addition, accidental ingestion of ABHS by younger
population has also posed some challenges to the society. Exposure to substandard ABHS
containing contraindicated methanol, toxic impurities, or with lower percentage of ethanol
or isopropanol, is also an issue that needed attention during this pandemic. Overall,
along with other measures, ABHS appear to be effective in controlling the transmission
of SARS-CoV-2 with the concern of oral, dermal, or pulmonary absorption and exposure
to substandard ABHS. Appropriate education on ABHS use, potential adverse effects,
alternatives, and precautions will increase the public health benefits of ABHS.

Author Contributions: Conceptualization, S.D.; methodology, S.D. and D.B.; software, S.D.; investi-
gation, D.B., S.D.; resources, S.D. and D.B.; data curation, D.B.; writing—original draft preparation,
D.B. and S.D.; writing—review and editing, S.D. and D.B.; supervision, S.D.; project administration,
S.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Life 2021, 11, 1334 10 of 14

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization (WHO). Coronavirus Disease (COVID-19) Pandemic. 2020. Available online: https://www.who.int/

emergencies/diseases/novel-coronavirus-2019 (accessed on 27 November 2021).
2. Rodriguez-Morales, A.J.; Cardona-Ospina, J.A.; Gutierrez-Ocampo, E.; Villamizar-Pena, R.; Holguin-Rivera, Y.; Escalera-Antezana,

J.P.; Alvarado-Arnez, L.E.; Bonilla-Aldana, D.K.; Franco-Paredes, C.; Henao-Martinez, A.F.; et al. Clinical, laboratory and imaging
features of COVID-19: A systematic review and meta-analysis. Travel Med. Infect. Dis. 2020, 34, 101623. [CrossRef] [PubMed]

3. Liu, K.; Chen, Y.; Lin, R.; Han, K. Clinical features of COVID-19 in elderly patients: A comparison with young and middle-aged
patients. J. Infect. 2020, 80, e14–e18. [CrossRef] [PubMed]

4. Yang, J.; Zheng, Y.; Gou, X.; Pu, K.; Chen, Z.; Guo, Q.; Ji, R.; Wang, H.; Wang, Y.; Zhou, Y. Prevalence of comorbidities and its
effects in patients infected with SARS-CoV-2: A systematic review and meta-analysis. Int. J. Infect. Dis. 2020, 94, 91–95. [CrossRef]
[PubMed]

5. World Health Organization (WHO). WHO Coronavirus Disease (COVID-19) Dashboard. Available online: https://covid19.who.
int/ (accessed on 27 November 2021).

6. U.S. Food and Drug Administration. Coronavirus (COVID-19) Update: FDA Issues Emergency Use Authorization for Potential
COVID-19 Treatment. Available online: https://www.fda.gov/news-events/press-announcements/coronavirus-covid-
19-update-fda-issues-emergency-use-authorization-potential-covid-19-treatment#:~{}:text=The%20emergency%20use%20
authorization%20allows,children%20hospitalized%20with%20severe%20disease (accessed on 27 November 2021).

7. Health Canada. Drug and Vaccine Authorizations for COVID-19: List of Authorized Drugs, Vaccines and Expanded Indica-
tions. Available online: https://www.canada.ca/en/health-canada/services/drugs-health-products/covid19-industry/drugs-
vaccines-treatments/authorization/list-drugs.html#wb-auto-4 (accessed on 27 November 2021).

8. European Medicines Agency (EMA). COVID-19 Treatments. Available online: https://www.ema.europa.eu/en/human-
regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-treatments (accessed
on 27 November 2021).

9. Centers for Disease Control and Prevention (CDC). Core Infection Prevention and Control Practices for Safe Healthcare Delivery
in All Settings—Recommendations of the Healthcare Infection Control Practices Advisory Committee. Available online: https:
//www.cdc.gov/hicpac/recommendations/core-practices.html (accessed on 27 November 2021).

10. Centers for Disease Control and Prevention (CDC). People Who Are at Higher Risk for Severe Illness. Available online:
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/groups-at-higher-risk.html (accessed on 8 April 2021).

11. 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. Am. J. Infect. Control 2009, 37, 649–652. [CrossRef]

12. McDonnell, G.; Russell, A.D. Antiseptics and disinfectants: Activity, action, and resistance. Clin. Microbiol. Rev. 1999, 12, 147–179.
[CrossRef] [PubMed]

13. Chen, J. Pathogenicity and transmissibility of 2019-nCoV-A quick overview and comparison with other emerging viruses. Microbes
Infect. 2020, 22, 69–71. [CrossRef] [PubMed]

14. Yin, Y.; Wunderink, R.G. MERS, SARS and other coronaviruses as causes of pneumonia. Respirology 2018, 23, 130–137. [CrossRef]
[PubMed]

15. Mihindukulasuriya, K.A.; Wu, G.; St Leger, J.; Nordhausen, R.W.; Wang, D. Identification of a novel coronavirus from a beluga
whale by using a panviral microarray. J. Virol. 2008, 82, 5084–5088. [CrossRef] [PubMed]

16. Woo, P.C.; Lau, S.K.; Lam, C.S.; Lai, K.K.; Huang, Y.; Lee, P.; Luk, G.S.; Dyrting, K.C.; Chan, K.H.; Yuen, K.Y. Comparative analysis
of complete genome sequences of three avian coronaviruses reveals a novel group 3c coronavirus. J. Virol. 2009, 83, 908–917.
[CrossRef]

17. Chan, J.F.; Kok, K.H.; Zhu, Z.; Chu, H.; To, K.K.; Yuan, S.; Yuen, K.Y. Genomic characterization of the 2019 novel human-
pathogenic coronavirus isolated from a patient with atypical pneumonia after visiting Wuhan. Emerg. Microbes Infect. 2020, 9,
221–236. [CrossRef] [PubMed]

18. Wu, A.; Peng, Y.; Huang, B.; Ding, X.; Wang, X.; Niu, P.; Meng, J.; Zhu, Z.; Zhang, Z.; Wang, J.; et al. Genome composition and
divergence of the novel coronavirus (2019-nCoV) originating in China. Cell Host Microbe 2020, 27, 325–328. [CrossRef]

19. Gordon, D.E.; Jang, G.M.; Bouhaddou, M.; Xu, J.; Obernier, K.; White, K.M.; O’Meara, M.J.; Rezelj, V.V.; Guo, J.Z.; Swaney,
D.L.; et al. A SARS-CoV-2 protein interaction map reveals targets for drug repurposing. Nature 2020, 583, 459–468. [CrossRef]
[PubMed]

20. Marra, M.A.; Jones, S.J.; Astell, C.R.; Holt, R.A.; Brooks-Wilson, A.; Butterfield, Y.S.; Khattra, J.; Asano, J.K.; Barber, S.A.;
Chan, S.Y.; et al. The genome sequence of the SARS-associated coronavirus. Science 2003, 300, 1399–1404. [CrossRef]

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
http://doi.org/10.1016/j.tmaid.2020.101623
http://www.ncbi.nlm.nih.gov/pubmed/32179124
http://doi.org/10.1016/j.jinf.2020.03.005
http://www.ncbi.nlm.nih.gov/pubmed/32171866
http://doi.org/10.1016/j.ijid.2020.03.017
http://www.ncbi.nlm.nih.gov/pubmed/32173574
https://covid19.who.int/
https://covid19.who.int/
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-issues-emergency-use-authorization-potential-covid-19-treatment#:~{}:text=The%20emergency%20use%20authorization%20allows,children%20hospitalized%20with%20severe%20disease
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-issues-emergency-use-authorization-potential-covid-19-treatment#:~{}:text=The%20emergency%20use%20authorization%20allows,children%20hospitalized%20with%20severe%20disease
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-issues-emergency-use-authorization-potential-covid-19-treatment#:~{}:text=The%20emergency%20use%20authorization%20allows,children%20hospitalized%20with%20severe%20disease
https://www.canada.ca/en/health-canada/services/drugs-health-products/covid19-industry/drugs-vaccines-treatments/authorization/list-drugs.html#wb-auto-4
https://www.canada.ca/en/health-canada/services/drugs-health-products/covid19-industry/drugs-vaccines-treatments/authorization/list-drugs.html#wb-auto-4
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-treatments
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-treatments
https://www.cdc.gov/hicpac/recommendations/core-practices.html
https://www.cdc.gov/hicpac/recommendations/core-practices.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/groups-at-higher-risk.html
http://doi.org/10.1016/j.ajic.2009.03.012
http://doi.org/10.1128/CMR.12.1.147
http://www.ncbi.nlm.nih.gov/pubmed/9880479
http://doi.org/10.1016/j.micinf.2020.01.004
http://www.ncbi.nlm.nih.gov/pubmed/32032682
http://doi.org/10.1111/resp.13196
http://www.ncbi.nlm.nih.gov/pubmed/29052924
http://doi.org/10.1128/JVI.02722-07
http://www.ncbi.nlm.nih.gov/pubmed/18353961
http://doi.org/10.1128/JVI.01977-08
http://doi.org/10.1080/22221751.2020.1719902
http://www.ncbi.nlm.nih.gov/pubmed/31987001
http://doi.org/10.1016/j.chom.2020.02.001
http://doi.org/10.1038/s41586-020-2286-9
http://www.ncbi.nlm.nih.gov/pubmed/32353859
http://doi.org/10.1126/science.1085953


Life 2021, 11, 1334 11 of 14

21. Ruan, Y.J.; Wei, C.L.; Ee, A.L.; Vega, V.B.; Thoreau, H.; Su, S.T.; Chia, J.M.; Ng, P.; Chiu, K.P.; Lim, L.; et al. Comparative full-length
genome sequence analysis of 14 SARS coronavirus isolates and common mutations associated with putative origins of infection.
Lancet 2003, 361, 1779–1785. [CrossRef]

22. Wong, S.K.; Li, W.; Moore, M.J.; Choe, H.; Farzan, M. A 193-amino acid fragment of the SARS coronavirus S protein efficiently
binds angiotensin-converting enzyme 2. J. Biol. Chem. 2004, 279, 3197–3201. [CrossRef] [PubMed]

23. Coutard, B.; Valle, C.; de Lamballerie, X.; Canard, B.; Seidah, N.G.; Decroly, E. The spike glycoprotein of the new coronavirus
2019-nCoV contains a furin-like cleavage site absent in CoV of the same clade. Antivir. Res. 2020, 176, 104742. [CrossRef]
[PubMed]

24. Guo, J.P.; Petric, M.; Campbell, W.; McGeer, P.L. SARS corona virus peptides recognized by antibodies in the sera of convalescent
cases. Virology 2004, 324, 251–256. [CrossRef] [PubMed]

25. Wang, J.; Wen, J.; Li, J.; Yin, J.; Zhu, Q.; Wang, H.; Yang, Y.; Qin, E.; You, B.; Li, W.; et al. Assessment of immunoreactive
synthetic peptides from the structural proteins of severe acute respiratory syndrome coronavirus. Clin. Chem. 2003, 49, 1989–1996.
[CrossRef]

26. Zhu, N.; Zhang, D.; Wang, W.; Li, X.; Yang, B.; Song, J.; Zhao, X.; Huang, B.; Shi, W.; Lu, R.; et al. A novel coronavirus from
patients with pneumonia in China, 2019. N. Engl. J. Med. 2020, 382, 727–733. [CrossRef] [PubMed]

27. Ren, L.L.; Wang, Y.M.; Wu, Z.Q.; Xiang, Z.C.; Guo, L.; Xu, T.; Jiang, Y.Z.; Xiong, Y.; Li, Y.J.; Li, X.W.; et al. Identification of a novel
coronavirus causing severe pneumonia in human: A descriptive study. Chin. Med. J. 2020, 133, 1015–1024. [CrossRef] [PubMed]

28. Lu, R.; Zhao, X.; Li, J.; Niu, P.; Yang, B.; Wu, H.; Wang, W.; Song, H.; Huang, B.; Zhu, N.; et al. Genomic characterisation and
epidemiology of 2019 novel coronavirus: Implications for virus origins and receptor binding. Lancet 2020, 395, 565–574. [CrossRef]

29. Zhou, P.; Yang, X.L.; Wang, X.G.; Hu, B.; Zhang, L.; Zhang, W.; Si, H.R.; Zhu, Y.; Li, B.; Huang, C.L.; et al. A pneumonia outbreak
associated with a new coronavirus of probable bat origin. Nature 2020, 579, 270–273. [CrossRef] [PubMed]

30. Andersen, K.G.; Rambaut, A.; Lipkin, W.I.; Holmes, E.C.; Garry, R.F. The proximal origin of SARS-CoV-2. Nat. Med. 2020, 26,
450–452. [CrossRef] [PubMed]

31. Wrobel, A.G.; Benton, D.J.; Xu, P.; Roustan, C.; Martin, S.R.; Rosenthal, P.B.; Skehel, J.J.; Gamblin, S.J. SARS-CoV-2 and bat RaTG13
spike glycoprotein structures inform on virus evolution and furin-cleavage effects. Nat. Struct. Mol. Biol. 2020, 27, 763–767.
[CrossRef]

32. Cui, J.; Li, F.; Shi, Z.L. Origin and evolution of pathogenic coronaviruses. Nat. Rev. Microbiol. 2019, 17, 181–192. [CrossRef]
[PubMed]

33. Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [CrossRef]

34. Zumla, A.; Chan, J.F.; Azhar, E.I.; Hui, D.S.; Yuen, K.Y. Coronaviruses—Drug discovery and therapeutic options. Nat. Rev. Drug
Discov. 2016, 15, 327–347. [CrossRef] [PubMed]

35. Vermeil, T.; Peters, A.; Kilpatrick, C.; Pires, D.; Allegranzi, B.; Pittet, D. Hand hygiene in hospitals: Anatomy of a revolution.
J. Hosp. Infect. 2019, 101, 383–392. [CrossRef] [PubMed]

36. Singh, D.; Joshi, K.; Samuel, A.; Patra, J.; Mahindroo, N. Alcohol-based hand sanitisers as first line of defence against SARS-CoV-2:
A review of biology, chemistry and formulations. Epidemiol. Infect. 2020, 148, e229. [CrossRef] [PubMed]

37. Kratzel, A.; Todt, D.; V’Kovski, P.; Steiner, S.; Gultom, M.; Thao, T.T.N.; Ebert, N.; Holwerda, M.; Steinmann, J.; Niemeyer, D.; et al.
Inactivation of severe acute respiratory syndrome coronavirus 2 by WHO-recommended hand rub formulations and alcohols.
Emerg. Infect. Dis. 2020, 26, 1592–1595. [CrossRef] [PubMed]

38. U.S. Food and Drug Administration. Policy for Temporary Compounding of Certain Alcohol-Based Hand Sanitizer Products
During the Public Health Emergency. Available online: https://www.fda.gov/regulatory-information/search-fda-guidance-
documents/policy-temporary-compounding-certain-alcohol-based-hand-sanitizer-products-during-public-health (accessed on
27 November 2021).

39. Jing, J.L.J.; Pei Yi, T.; Bose, R.J.C.; McCarthy, J.R.; Tharmalingam, N.; Madheswaran, T. Hand sanitizers: A review on formulation
aspects, adverse effects, and regulations. Int. J. Environ. Res. Public Health 2020, 17, 3326. [CrossRef]

40. Song, X.; Vossebein, L.; Zille, A. Efficacy of disinfectant-impregnated wipes used for surface disinfection in hospitals: A review.
Antimicrob. Resist. Infect. Control 2019, 8, 139. [CrossRef] [PubMed]

41. United States Pharmacopeia (USP). Compounding Alcohol-Based Hand Sanitizer during COVID-19 Pandemic. Available
online: https://www.usp.org/sites/default/files/usp/document/about/public-policy/usp-covid19-handrub.pdf (accessed
on 27 November 2021).

42. Kampf, G.; Todt, D.; Pfaender, S.; Steinmann, E. Persistence of coronaviruses on inanimate surfaces and their inactivation with
biocidal agents. J. Hosp. Infect. 2020, 104, 246–251. [CrossRef] [PubMed]

43. Siddharta, A.; Pfaender, S.; Vielle, N.J.; Dijkman, R.; Friesland, M.; Becker, B.; Yang, J.; Engelmann, M.; Todt, D.; Windisch,
M.P.; et al. Virucidal activity of World Health Organization—Recommended formulations against enveloped viruses, including
zika, ebola, and emerging coronaviruses. J. Infect. Dis. 2017, 215, 902–906. [CrossRef] [PubMed]

44. Kampf, G. Efficacy of ethanol against viruses in hand disinfection. J. Hosp. Infect. 2018, 98, 331–338. [CrossRef] [PubMed]
45. Leslie, R.A.; Zhou, S.S.; Macinga, D.R. Inactivation of SARS-CoV-2 by commercially available alcohol-based hand sanitizers.

Am. J. Infect. Control. 2021, 49, 401–402. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(03)13414-9
http://doi.org/10.1074/jbc.C300520200
http://www.ncbi.nlm.nih.gov/pubmed/14670965
http://doi.org/10.1016/j.antiviral.2020.104742
http://www.ncbi.nlm.nih.gov/pubmed/32057769
http://doi.org/10.1016/j.virol.2004.04.017
http://www.ncbi.nlm.nih.gov/pubmed/15207612
http://doi.org/10.1373/clinchem.2003.023184
http://doi.org/10.1056/NEJMoa2001017
http://www.ncbi.nlm.nih.gov/pubmed/31978945
http://doi.org/10.1097/CM9.0000000000000722
http://www.ncbi.nlm.nih.gov/pubmed/32004165
http://doi.org/10.1016/S0140-6736(20)30251-8
http://doi.org/10.1038/s41586-020-2012-7
http://www.ncbi.nlm.nih.gov/pubmed/32015507
http://doi.org/10.1038/s41591-020-0820-9
http://www.ncbi.nlm.nih.gov/pubmed/32284615
http://doi.org/10.1038/s41594-020-0468-7
http://doi.org/10.1038/s41579-018-0118-9
http://www.ncbi.nlm.nih.gov/pubmed/30531947
http://doi.org/10.1016/S0140-6736(20)30183-5
http://doi.org/10.1038/nrd.2015.37
http://www.ncbi.nlm.nih.gov/pubmed/26868298
http://doi.org/10.1016/j.jhin.2018.09.003
http://www.ncbi.nlm.nih.gov/pubmed/30237118
http://doi.org/10.1017/S0950268820002319
http://www.ncbi.nlm.nih.gov/pubmed/32988431
http://doi.org/10.3201/eid2607.200915
http://www.ncbi.nlm.nih.gov/pubmed/32284092
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/policy-temporary-compounding-certain-alcohol-based-hand-sanitizer-products-during-public-health
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/policy-temporary-compounding-certain-alcohol-based-hand-sanitizer-products-during-public-health
http://doi.org/10.3390/ijerph17093326
http://doi.org/10.1186/s13756-019-0595-2
http://www.ncbi.nlm.nih.gov/pubmed/31452873
https://www.usp.org/sites/default/files/usp/document/about/public-policy/usp-covid19-handrub.pdf
http://doi.org/10.1016/j.jhin.2020.01.022
http://www.ncbi.nlm.nih.gov/pubmed/32035997
http://doi.org/10.1093/infdis/jix046
http://www.ncbi.nlm.nih.gov/pubmed/28453839
http://doi.org/10.1016/j.jhin.2017.08.025
http://www.ncbi.nlm.nih.gov/pubmed/28882643
http://doi.org/10.1016/j.ajic.2020.08.020
http://www.ncbi.nlm.nih.gov/pubmed/32818578


Life 2021, 11, 1334 12 of 14

46. Van Doremalen, N.; Bushmaker, T.; Munster, V.J. Stability of Middle East respiratory syndrome coronavirus (MERS-CoV) under
different environmental conditions. Eurosurveillance 2013, 18, 20590. [CrossRef]

47. 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.; et al. Stability of SARS
coronavirus in human specimens and environment and its sensitivity to heating and UV irradiation. Biomed. Environ. Sci. 2003,
16, 246–255.

48. Rabenau, H.F.; Cinatl, J.; Morgenstern, B.; Bauer, G.; Preiser, W.; Doerr, H.W. Stability and inactivation of SARS coronavirus. Med.
Microbiol. Immunol. 2005, 194, 1–6. [CrossRef] [PubMed]

49. Chan, K.H.; Peiris, J.S.; Lam, S.Y.; Poon, L.L.; Yuen, K.Y.; Seto, W.H. The Effects of temperature and relative humidity on the
viability of the SARS coronavirus. Adv. Virol. 2011, 2011, 734690. [CrossRef] [PubMed]

50. Rabenau, H.F.; Kampf, G.; Cinatl, J.; Doerr, H.W. Efficacy of various disinfectants against SARS coronavirus. J. Hosp. Infect. 2005,
61, 107–111. [CrossRef] [PubMed]

51. Lai, M.Y.; Cheng, P.K.; Lim, W.W. Survival of severe acute respiratory syndrome coronavirus. Clin. Infect. Dis. 2005, 41, e67–e71.
[CrossRef] [PubMed]

52. Centers for Disease Control and Prevention (CDC). Guideline for Disinfection and Sterilization in Healthcare Facilities. 2008.
Available online: https://www.cdc.gov/infectioncontrol/guidelines/disinfection/index.html (accessed on 27 November 2021).

53. Price, P.B. Reevaluation of ethyl alcohol as a germicide. Arch. Surg. 1950, 60, 492–502. [CrossRef] [PubMed]
54. Ingram, L.O. Adaptation of membrane lipids to alcohols. J. Bacteriol. 1976, 125, 670–678. [CrossRef]
55. Wanderlingh, U.; D’Angelo, G.; Nibali, V.C.; Crupi, C.; Rifici, S.; Corsaro, C.; Sabatino, G. Interaction of alcohol with phospholipid

membrane: NMR and XRD investigations on DPPC–hexanol system. Spectroscopy 2010, 24, 375–380. [CrossRef]
56. Das, S.; Meinel, M.K.; Wu, Z.; Muller-Plathe, F. The role of the envelope protein in the stability of a coronavirus model membrane

against an ethanolic disinfectant. J. Chem. Phys. 2021, 154, 245101. [CrossRef] [PubMed]
57. Martin-Gonzalez, N.; Vieira Goncalves, L.; Condezo, G.N.; San Martin, C.; Rubiano, M.; Fallis, I.; Rubino, J.R.; Ijaz, M.K.; Maillard,

J.Y.; De Pablo, P.J. Virucidal action mechanism of alcohol and divalent cations against human adenovirus. Front. Mol. Biosci. 2020,
7, 570914. [CrossRef] [PubMed]

58. Sato, S.; Matsumoto, N.; Hisaie, K.; Uematsu, S. Alcohol abrogates human norovirus infectivity in a pH-dependent manner. Sci.
Rep. 2020, 10, 15878. [CrossRef] [PubMed]

59. Lin, Q.; Lim, J.Y.; Xue, K.; Yew, P.Y.M.; Owh, C.; Chee, P.L.; Loh, X.J. Sanitizing agents for virus inactivation and disinfection.
VIEW 2020, 1, e16. [CrossRef] [PubMed]

60. Rabenau, H.F.; Rapp, I.; Steinmann, J. Can vaccinia virus be replaced by MVA virus for testing virucidal activity of chemical
disinfectants? BMC Infect. Dis. 2010, 10, 185. [CrossRef]

61. Golin, A.P.; Choi, D.; Ghahary, A. Hand sanitizers: A review of ingredients, mechanisms of action, modes of delivery, and efficacy
against coronaviruses. Am. J. Infect. Control. 2020, 48, 1062–1067. [CrossRef] [PubMed]

62. Holford, N.H. Clinical pharmacokinetics of ethanol. Clin. Pharmacokinet. 1987, 13, 273–292. [CrossRef]
63. Martinez, T.T.; Jaeger, R.W.; de Castro, F.J.; Thompson, M.W.; Hamilton, M.F. A comparison of the absorption and metabolism of

isopropyl alcohol by oral, dermal and inhalation routes. Vet. Hum. Toxicol. 1986, 28, 233–236. [PubMed]
64. MacLean, R.R.; Valentine, G.W.; Jatlow, P.I.; Sofuoglu, M. Inhalation of alcohol vapor: Measurement and implications. Alcohol

Clin. Exp. Res. 2017, 41, 238–250. [CrossRef] [PubMed]
65. Cederbaum, A.I. Alcohol metabolism. Clin. Liver Dis. 2012, 16, 667–685. [CrossRef] [PubMed]
66. Heier, C.; Xie, H.; Zimmermann, R. Nonoxidative ethanol metabolism in humans-from biomarkers to bioactive lipids. IUBMB Life

2016, 68, 916–923. [CrossRef]
67. Santos, C.; Kieszak, S.; Wang, A.; Law, R.; Schier, J.; Wolkin, A. Reported adverse health effects in children from ingestion

of alcohol-based hand sanitizers—United States, 2011–2014. MMWR Morb. Mortal. Wkly. Rep. 2017, 66, 223–226. [CrossRef]
[PubMed]

68. Jones, A.W. Alcohol, its absorption, distribution, metabolism, and excretion in the body and pharmacokinetic calculations. WIREs
Forensic Sci. 2019, 1, e1340. [CrossRef]

69. Lachenmeier, D.W. Safety evaluation of topical applications of ethanol on the skin and inside the oral cavity. J. Occup. Med. Toxicol.
2008, 3, 26. [CrossRef]

70. Siegel, I.A.; Izutsu, K.T.; Burkhart, J. Transfer of alcohols and ureas across the oral mucosa measured using streaming potentials
and radioisotopes. J. Pharm. Sci. 1976, 65, 129–131. [CrossRef]

71. Gaudet, M.P.; Fraser, G.L. Isopropanol ingestion: Case report with pharmacokinetic analysis. Am. J. Emerg. Med. 1989, 7, 297–299.
[CrossRef]

72. Miller, M.A.; Rosin, A.; Levsky, M.E.; Patel, M.M.; Gregory, T.J.; Crystal, C.S. Does the clinical use of ethanol-based hand sanitizer
elevate blood alcohol levels? A prospective study. Am. J. Emerg. Med. 2006, 24, 815–817. [CrossRef] [PubMed]

73. Turner, P.; Saeed, B.; Kelsey, M.C. Dermal absorption of isopropyl alcohol from a commercial hand rub: Implications for its use in
hand decontamination. J. Hosp. Infect. 2004, 56, 287–290. [CrossRef]

74. Peavy, H.H.; Summer, W.R.; Gurtner, G. The effects of acute ethanol ingestion on pulmonary diffusing capacity. Chest 1980, 77,
488–492. [CrossRef] [PubMed]

75. Luisada, A.A.; Goldmann, M.A.; Weyl, R. Alcohol vapor by inhalation in the treatment of acute pulmonary edema. Circulation
1952, 5, 363–369. [CrossRef]

http://doi.org/10.2807/1560-7917.es2013.18.38.20590
http://doi.org/10.1007/s00430-004-0219-0
http://www.ncbi.nlm.nih.gov/pubmed/15118911
http://doi.org/10.1155/2011/734690
http://www.ncbi.nlm.nih.gov/pubmed/22312351
http://doi.org/10.1016/j.jhin.2004.12.023
http://www.ncbi.nlm.nih.gov/pubmed/15923059
http://doi.org/10.1086/433186
http://www.ncbi.nlm.nih.gov/pubmed/16142653
https://www.cdc.gov/infectioncontrol/guidelines/disinfection/index.html
http://doi.org/10.1001/archsurg.1950.01250010511006
http://www.ncbi.nlm.nih.gov/pubmed/15403714
http://doi.org/10.1128/jb.125.2.670-678.1976
http://doi.org/10.1155/2010/730327
http://doi.org/10.1063/5.0055331
http://www.ncbi.nlm.nih.gov/pubmed/34241335
http://doi.org/10.3389/fmolb.2020.570914
http://www.ncbi.nlm.nih.gov/pubmed/33392252
http://doi.org/10.1038/s41598-020-72609-z
http://www.ncbi.nlm.nih.gov/pubmed/32985508
http://doi.org/10.1002/viw2.16
http://www.ncbi.nlm.nih.gov/pubmed/34766164
http://doi.org/10.1186/1471-2334-10-185
http://doi.org/10.1016/j.ajic.2020.06.182
http://www.ncbi.nlm.nih.gov/pubmed/32565272
http://doi.org/10.2165/00003088-198713050-00001
http://www.ncbi.nlm.nih.gov/pubmed/3727356
http://doi.org/10.1111/acer.13291
http://www.ncbi.nlm.nih.gov/pubmed/28054395
http://doi.org/10.1016/j.cld.2012.08.002
http://www.ncbi.nlm.nih.gov/pubmed/23101976
http://doi.org/10.1002/iub.1569
http://doi.org/10.15585/mmwr.mm6608a5
http://www.ncbi.nlm.nih.gov/pubmed/28253227
http://doi.org/10.1002/wfs2.1340
http://doi.org/10.1186/1745-6673-3-26
http://doi.org/10.1002/jps.2600650130
http://doi.org/10.1016/0735-6757(89)90174-5
http://doi.org/10.1016/j.ajem.2006.05.006
http://www.ncbi.nlm.nih.gov/pubmed/17098103
http://doi.org/10.1016/j.jhin.2004.01.005
http://doi.org/10.1378/chest.77.4.488
http://www.ncbi.nlm.nih.gov/pubmed/7357968
http://doi.org/10.1161/01.CIR.5.3.363


Life 2021, 11, 1334 13 of 14

76. Mehta, A.J.; Guidot, D.M. Alcohol and the lung. Alcohol Res. 2017, 38, 243–254. [PubMed]
77. Ahmed-Lecheheb, D.; Cunat, L.; Hartemann, P.; Hautemaniere, A. Dermal and pulmonary absorption of ethanol from alcohol-

based hand rub. J. Hosp. Infect. 2012, 81, 31–35. [CrossRef] [PubMed]
78. Brewer, C.; Streel, E. Is alcohol in hand sanitizers absorbed through the skin or lungs? Implications for disulfiram treatment.

Alcohol Alcohol. 2020, 55, 354–356. [CrossRef] [PubMed]
79. Ghosh, A.; Mahintamani, T.; Balhara, Y.P.S.; Roub, F.E.; Basu, D.; Bn, S.; Mattoo, S.K.; Mishra, E.; Sharma, B. Disulfiram ethanol

reaction with alcohol-based hand sanitizer: An exploratory study. Alcohol Alcohol. 2021, 56, 42–46. [CrossRef]
80. Mahmood, A.; Eqan, M.; Pervez, S.; Alghamdi, H.A.; Tabinda, A.B.; Yasar, A.; Brindhadevi, K.; Pugazhendhi, A. COVID-19 and

frequent use of hand sanitizers; human health and environmental hazards by exposure pathways. Sci. Total Environ. 2020, 742,
140561. [CrossRef]

81. Trummel, J.; Ford, M.; Austin, P. Ingestion of an unknown alcohol. Ann. Emerg. Med. 1996, 27, 368–374. [CrossRef]
82. Vonghia, L.; Leggio, L.; Ferrulli, A.; Bertini, M.; Gasbarrini, G.; Addolorato, G. Acute alcohol intoxication. Eur. J. Intern. Med.

2008, 19, 561–567. [CrossRef]
83. Zaman, F.; Pervez, A.; Abreo, K. Isopropyl alcohol intoxication: A diagnostic challenge. Am. J. Kidney Dis. 2002, 40, E12.

[CrossRef]
84. Alves, S.M.; Arendse, A.J.; Kannenberg, S.M.H. COVID-19 collateral damage: Alcohol rub dermatitis as an emerging problem. S.

Afr. Med. J. 2020, 110, 13135. [CrossRef]
85. Emami, A.; Javanmardi, F.; Keshavarzi, A.; Pirbonyeh, N. Hidden threat lurking behind the alcohol sanitizers in COVID-19

outbreak. Dermatol. Ther. 2020, 33, e13627. [CrossRef] [PubMed]
86. Winnefeld, M.; Richard, M.A.; Drancourt, M.; Grob, J.J. Skin tolerance and effectiveness of two hand decontamination procedures

in everyday hospital use. Br. J. Dermatol. 2000, 143, 546–550. [CrossRef] [PubMed]
87. Pourmand, A.; Ghassemi, M.; Frasure, S.E.; Kreisman, A.; Shesser, R. Hand sanitizer intoxication in the emergency department.

Cureus 2021, 13, e17906. [CrossRef]
88. Hohl, D.H.; Coltro, P.S.; Silva, G.M.A.; Silveira, V.G.; Farina, J.A.J. Covid-19 quarantine has increased the incidence of ethyl

alcohol burns. Burns 2021, 47, 1212. [CrossRef]
89. Yip, L.; Bixler, D.; Brooks, D.E.; Clarke, K.R.; Datta, S.D.; Dudley, S., Jr.; Komatsu, K.K.; Lind, J.N.; Mayette, A.; Melgar,

M.; et al. Serious adverse health events, including death, associated with ingesting alcohol-based hand sanitizers containing
methanol—Arizona and New Mexico, May–June 2020. MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 1070–1073. [CrossRef]
[PubMed]

90. McCulley, L.; Cheng, C.; Mentari, E.; Diak, I.L.; Michele, T. Alcohol-based hand sanitizer exposures and effects on young children
in the U.S. during the COVID-19 pandemic. Clin. Toxicol. 2021, 59, 355–356. [CrossRef]

91. Dev Kumar, G.; Mishra, A.; Dunn, L.; Townsend, A.; Oguadinma, I.C.; Bright, K.R.; Gerba, C.P. Biocides and novel antimicrobial
agents for the mitigation of coronaviruses. Front. Microbiol. 2020, 11, 1351. [CrossRef]

92. Lingayya, H.; Aayushi, H.; Alisha, M.; Jacqueline, A.; Ryna, S.S.; Sriraksha, B.K. Biocides for textiles against SARS-CoV 2. J. Textile
Sci. Eng 2020, 10, 7. [CrossRef]

93. Moon, J.M.; Chun, B.J.; Min, Y.I. Hemorrhagic gastritis and gas emboli after ingesting 3% hydrogen peroxide. J. Emerg. Med. 2006,
30, 403–406. [CrossRef] [PubMed]

94. Yari, S.; Moshammer, H.; Asadi, A.F.; Mosavi Jarrahi, A. Side effects of using disinfectants to fight covid-19. Asian Pac. J. Environ.
Cancer 2020, 3, 9–13. [CrossRef]

95. Kalidoss, V.K.; Bakshi, S.S. Has the use of hand sanitiser substituted hand hygiene in the current COVID-19 pandemic? A perilous
path. J. R. Coll. Physicians Edinb. 2020, 50, 343–350. [CrossRef]

96. Okazawa, H.; Aihara, M.; Nagatani, T.; Nakajima, H. Allergic contact dermatitis due to ethyl alcohol. Contact Dermat. 1998, 38,
233. [CrossRef] [PubMed]

97. Widmer, A.F. Replace hand washing with use of a waterless alcohol hand rub? Clin. Infect. Dis. 2000, 31, 136–143. [CrossRef]
98. Hadaway, A. Handwashing: Clean hands save lives. J. Consum. Health Internet 2020, 24, 43–49. [CrossRef]
99. Ijaz, M.K.; Nims, R.W.; de Szalay, S.; Rubino, J.R. Soap, water, and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2):

An ancient handwashing strategy for preventing dissemination of a novel virus. PeerJ 2021, 9, e12041. [CrossRef] [PubMed]
100. Matuschek, C.; Moll, F.; Fangerau, H.; Fischer, J.C.; Zanker, K.; van Griensven, M.; Schneider, M.; Kindgen-Milles, D.; Knoefel,

W.T.; Lichtenberg, A.; et al. Face masks: Benefits and risks during the COVID-19 crisis. Eur. J. Med. Res. 2020, 25, 32. [CrossRef]
[PubMed]

101. Sommerstein, R.; Fux, C.A.; Vuichard-Gysin, D.; Abbas, M.; Marschall, J.; Balmelli, C.; Troillet, N.; Harbarth, S.; Schlegel, M.;
Widmer, A.; et al. Risk of SARS-CoV-2 transmission by aerosols, the rational use of masks, and protection of healthcare workers
from COVID-19. Antimicrob. Resist. Infect. Control 2020, 9, 100. [CrossRef] [PubMed]

102. Bordea, I.R.; Xhajanka, E.; Candrea, S.; Bran, S.; Onisor, F.; Inchingolo, A.D.; Malcangi, G.; Pham, V.H.; Inchingolo, A.M.;
Scarano, A.; et al. Coronavirus (SARS-CoV-2) pandemic: Future challenges for dental practitioners. Microorganisms 2020, 8, 1704.
[CrossRef]

103. Duarte, P.; Santana, V.T. Disinfection measures and control of SARS-COV-2 transmission. Glob. Biosecur. 2020, 2, 1. [CrossRef]
104. Wilhelm, K.P. Prevention of surfactant-induced irritant contact dermatitis. Curr. Probl. Dermatol. 1996, 25, 78–85. [CrossRef]

[PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/28988576
http://doi.org/10.1016/j.jhin.2012.02.006
http://www.ncbi.nlm.nih.gov/pubmed/22445089
http://doi.org/10.1093/alcalc/agaa045
http://www.ncbi.nlm.nih.gov/pubmed/32400852
http://doi.org/10.1093/alcalc/agaa096
http://doi.org/10.1016/j.scitotenv.2020.140561
http://doi.org/10.1016/S0196-0644(96)70274-3
http://doi.org/10.1016/j.ejim.2007.06.033
http://doi.org/10.1053/ajkd.2002.34938
http://doi.org/10.7196/SAMJ.2020.v110i12.15354
http://doi.org/10.1111/dth.13627
http://www.ncbi.nlm.nih.gov/pubmed/32436262
http://doi.org/10.1111/j.1365-2133.2000.03708.x
http://www.ncbi.nlm.nih.gov/pubmed/10971327
http://doi.org/10.7759/cureus.17906
http://doi.org/10.1016/j.burns.2020.05.025
http://doi.org/10.15585/mmwr.mm6932e1
http://www.ncbi.nlm.nih.gov/pubmed/32790662
http://doi.org/10.1080/15563650.2020.1811298
http://doi.org/10.3389/fmicb.2020.01351
http://doi.org/10.37421/jtese.2020.10.424
http://doi.org/10.1016/j.jemermed.2005.05.036
http://www.ncbi.nlm.nih.gov/pubmed/16740449
http://doi.org/10.31557/apjec.2020.3.1.9-13
http://doi.org/10.4997/JRCPE.2020.330
http://doi.org/10.1111/j.1600-0536.1998.tb05729.x
http://www.ncbi.nlm.nih.gov/pubmed/9565312
http://doi.org/10.1086/313888
http://doi.org/10.1080/15398285.2019.1710981
http://doi.org/10.7717/peerj.12041
http://www.ncbi.nlm.nih.gov/pubmed/34616601
http://doi.org/10.1186/s40001-020-00430-5
http://www.ncbi.nlm.nih.gov/pubmed/32787926
http://doi.org/10.1186/s13756-020-00763-0
http://www.ncbi.nlm.nih.gov/pubmed/32631450
http://doi.org/10.3390/microorganisms8111704
http://doi.org/10.31646/gbio.64
http://doi.org/10.1159/000425517
http://www.ncbi.nlm.nih.gov/pubmed/8787591


Life 2021, 11, 1334 14 of 14

105. Nomura, T.; Nazmul, T.; Yoshimoto, R.; Higashiura, A.; Oda, K.; Sakaguchi, T. Ethanol susceptibility of SARS-CoV-2 and other
enveloped viruses. Biocontrol Sci. 2021, 26, 177–180. [CrossRef] [PubMed]

106. Saha, T.; Khadka, P.; Das, S.C. Alcohol-based hand sanitizer—Composition, proper use and precautions. Germs 2021, 11, 408–417.
[CrossRef] [PubMed]

http://doi.org/10.4265/bio.26.177
http://www.ncbi.nlm.nih.gov/pubmed/34556620
http://doi.org/10.18683/germs.2021.1278
http://www.ncbi.nlm.nih.gov/pubmed/34722363

	Introduction 
	Methods 
	Characteristics of SARS-Cov-2 and Other Coronaviruses 
	Alcohol-Based Formulations of Hand Sanitizers 
	Effects of Different Alcohols on Coronavirus Family 
	Oral, Dermal, and Pulmonary Absorption of Alcohols and Their Related Toxicities 
	Alternatives and Precautions to ABHS 
	Conclusions 
	References

