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Alcohol-based hand sanitizer - composition, proper use and precautions
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Abstract

During the COVID-19 pandemic, the use of alcohol-based hand sanitizers (ABHS) increased
worldwide among the public as well as the health care workers in pursuit to prevent the spread of SARS-
CoV-2, the causative virus of COVID-19. Hand hygiene is one of the primary preventive measures to
prevent the spread of harmful germs. Although ABHS are effective hand hygiene products and help
reduce the transmission of pathogenic microorganisms, appropriate use of such products is necessary to
ensure the maximum Kkilling of pathogens and to prevent hazards associated with ABHS. The
effectiveness of ABHS against different microorganisms, including SARS-CoV-2 is also documented, but
proper knowledge on hand hygiene techniques, selection of appropriate hand sanitizer product, and safe
handling of ABHS are required to avoid their adverse effects such as allergies, skin irritation, lung
injury, fire hazards, and toxicities. The effectiveness of ABHS is dependent on several factors including
its appropriate usage, manufacturing methods, the choice of active agents, and the appropriateness of the
agent on the target pathogen. This article highlights the importance of proper usage, handling, and
appropriate ABHS selection for maximum efficacy against intended pathogens and safe use of ABHS.
User awareness can help promote the appropriate usage of ABHS and prevent its hazards, which
ultimately can help in preventing the transmission of pathogenic microorganisms.
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Introduction infection. Human coronaviruses, including

The coronavirus disease-2019 (COVID-19)
pandemic caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) has
highlighted the importance of preventive
infection control measures in decreasing
transmission, specifically: maintenance of proper
hygiene, use of masks and other facial coverings,
social distancing and selfisolation of patients
presenting symptoms of acute respiratory
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SARS-CoV-2, have been reported to survive up to
28 days at room temperature on surfaces
including banknotes, steel, glass and vinyl.'
Similarly, human hands are considered a key
vector  for  transmission  of  infectious
microorganisms enabling cross-transmission of
the organisms when appropriate hand hygiene is
not maintained.? Hand hygiene is a basic
approach to prevent the transmission of
pathogenic microorganisms that include several
multidrug-resistant pathogens and
coronaviruses.”” This is the reason for the
emphasis on hand hygiene and surface
disinfection in preventing the spread of germs
where substances such as sanitizers play a key
role."®  Therefore, regulatory  authorities,
including the World Health Organization
(WHO), emphasize on hand sanitisation to
minimize the spread of microorganisms, as a
primary measure of infection control.” Hand
sanitizer can either be an alcohol-based or
alcoholfree preparation (liquid, gel or foam)
intended for quick application on the hands, by
rubbing, to kill microorganisms.®  Such
preparations, after application on hands by
rubbing, allow rapid drying that eliminates the
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need for soap, water and drying aids.” Alcohol-
free preparations are based on non-alcoholic
agents such as povidone-iodine or
chlorhexidine gluconate whereas the alcohol-
based hand sanitizers (ABHS) primarily contain
one or more alcohol (such as ethanol and
isopropanol) as the active ingredient, together
with excipients and humectants.® ABHS is
preferable to the alcoholfree preparations in
controlling spread of COVID-19 due to the lower
efficacy and narrower spectrum of the alcohol-
free  preparations.”  Moreover,  products
containing chlorhexidine gluconate, a non-
alcoholic substance as the main ingredient, do
not show sufficient activity against SARS-CoV-
2% Similarly, hydrogen peroxide alone at
concentrations of 1.5% and 3.0% has been
found to show suboptimal viricidal activity
against SARS-CoV-2 while povidone-iodine at
concentration of 0.5% completely inactivated
SARS-CoV-2 in vitro."

ABHS are among the most effective hand
sanitizers due to their rapid antimicrobial
efficacy, convenience and good tolerance on the
skin.'*"” At the beginning of the pandemic, there
was a surge in the use of hand sanitizers which is
most likely not because of their effectiveness but
rather due to the initial fear and lack of unbiased
and regarding  their
appropriate use.'® For example, from the last
week of February 2020 to the second week of
March 2020, the sale of hand sanitizers increased
by 561% in Italy." Augmentation in hand
sanitizer sales was reported by Nielsen, after a

active

scientific information

market search, that there was a 300% to 470%
increase during February to March 2020
compared to the same time in the previous year."
Interestingly, ‘hand sanitizer’ was also the most
searched keyword in Google search engine
compared to the ‘pill’, ‘medicine’, and ‘drug’
during the initial peak pandemic time (March

2020)."° Although ABHS is essential in
controlling the spread of  pathogenic
microorganisms; untoward incidences can
happen as the ingredients of ABHS are
flammable as well as toxic. Moreover,

inappropriate use of ABHS can reduce its
effectiveness in killing microorganisms. User
awareness regarding the appropriate use and the
potential hazards of hand sanitizer products is
therefore important. There are reports on lack of
knowledge, non-adherence to usage directions,
and misuse of hand sanitizers.'” Therefore, a
good understanding of the ingredients, proper
usage, handling, and selection of appropriate
ABHS is necessary - all of which is detailed in
this article. The information will be useful for
scientific community, manufacturers as well as

the users of ABHS products.

Composition, dosage forms and mode of
action of hand sanitizers

Ethanol, isopropyl alcohol, and n-propanol
are the active components in ABHS with or
without excipients like hydrogen peroxide, gelling
agent, humectant, fragrance, and
(Figure 1).* Sometimes, more than one alcohol
can be present in one formulation while the

colorants

ABHS

Composition
Active Agent (60%-95% alcohol)
Ethanol, isopropyl alcohol, n-propanol
Supporting Agent

Hydrogen peroxide, hunectant (e.g.
glycenine), thickening agent, fragrance,
colorant

Dosage forms
Gel
Licuud
Foam

Figure 1. Composition and dosage forms of alcohol-based hand sanitisers (ABHS)
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other excipients may vary with different dosage
forms like gel, liquid and foam.® Dosage forms
are dependent on the formulation design, e.g.,
gel forms contain thickening agents, but the
liquid/foam dosage forms do not. Hydrogen
peroxide, used at a concentration of 3%,
inactivates the spores present in the bulk
solutions or additives. Humectant, such as
glycerol and aloe vera gel, helps to moisten the
skin and prevent skin dryness caused by using
alcohol alone. A lower concentration of
humectant is preferred in sanitizer preparations
since a higher concentration is likely to make the
formulation sticky.® Thickening agents, such as
xanthan gum and polyethylene glycol, are used to
enhance the viscosity, whereas fragrance and
colorants are used for aesthetic properties. The
WHO recommends two preparations containing
ethanol or isopropyl alcohol as the main alcohol
constituent, together with hydrogen peroxide and
glycerol, for local production of ABHS (Table
1)‘18

Table 1. WHO recommended formulations for
local production of ABHS. Reproduced with
permission from www.who.int"®

Ineredient Amount

ngredients Formulation 1 Formulation 2
Ethanol 96% 8333 mL -

Isopropyl alcohol

99.8% 7515 mL
Hydrogen

peroxide 3% 417 mL 417 mL
Glycerol 98% 145 mL 145 mL

Sterile distilled or
boiled cold water

Up to 10000 mL  Up to 10000 mL

For optimum bactericidal and viricidal
activity of ABHS, alcohol concentration of 60%-
95% by volume is recommended.® Alcohol has
broad-spectrum effectiveness against vegetative
forms of bacteria, fungi as well as enveloped
viruses. Alcohol dissolves the lipids membrane,
denatures the proteins of microorganisms, and
inactivates them. Absolute alcohol or alcohol that
contains less than 1% of water is less effective
against microorganisms because water is crucial
in the denaturation process.” Figure 2 illustrates
the denaturation process and the killing of

bacteria and viruses by ABHS by disrupting their
lipid membrane. Alcohol alone may not be
effective against spore-containing bacteria that are
mainly present in raw materials. Such bacteria
with spores can be inactivated by the addition of
hydrogen peroxide (3%) in the ABHS
formulation.

ABHS is effective against bacteria and
viruses including Escherichia coli, Enterococcus
faecalis, Acinetobacter baumannii, Candida albicans,
methicillin-resistant Staphylococcus aureus,
Pseudomonas aeruginosa, SARS-CoV, Ebola virus,
Middle East respiratory syndrome coronavirus
(MERS-CoV) and Zika virus.”®* In a recent
study, the WHO recommended ABHS
preparations were found to be effective against
SARS-CoV-2, the virus causing COVID-19."* The
minimum concentration of ethanol and 2-
propanol recommended for activity against
SARS-CoV-2 was 80% v/v and 75% v/v,
respectively. In contrast, alcohol or ABHS has
been found ineffective against some bacteria,
viruses as well as parasites such as Clostridioides
difficile, cryptosporidium, norovirus, rotavirus,
adenovirus, rhinovirus, parvovirus, polyomavirus,
human enterovirus 71 and coxsackie virus A7.”
Further studies are required to determine the
effectiveness of ABHS against coronaviruses on
hands and surfaces, as well as the efficacy of hand
hygiene on COVID-19 transmission.**

Harmful impacts of ABHS

Hand sanitizer can play a key role in
preventing the transmission of pathogenic
microorganisms but may also lead to harmful
impacts on the human body if not used
appropriately. The ingredients used in hand
sanitizer preparations may cause serious health
problems if not used carefully.

Minimal systemic toxicity has been reported
for dermal contact of ethanol-based hand
sanitizer, but tolerability varies from person to
person, and this is why it is difficult to predict
the actual degree of ethanol toxicity of hand
sanitizer.”” Although there is no evidence to
suggest that the use of topical ethanol is
associated with an increased risk of skin cancer,*
care must be taken to avoid the hazards of etha-
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Figure 2. Schematic representation of the bactericidal and viricidal effect of alcohol-based hand
sanitisers (ABHS) by inactivation of lipid membrane lysis

nol. Studies have also revealed that acute
exposure of ethanol-based hand sanitizer is not
toxic, but chronic exposure may lead to toxicity.””
% Acute ethanol toxicity occurs in the case of
ingestion of a large volume of alcohol and may
affect the respiratory and the nervous system,
cause cardiac arrest, induce liver injury, and may
also result in death.”” For isopropyl alcohol, the
harmful effects are similar to that from ethanol
but more intense because of its higher molecular
weight.*

Dermal contact with ethanol is responsible
for skin irritation and allergic reaction in people
who are sensitive to ethanol and those with skin
disorders including fissures.”' Higher incidence of
hand-skin problems was particularly reported
among health care workers during the COVID-
19 pandemic, which was associated with the
increased frequency of hand sanitizer use.” Such
incidences of hand-skin problems included
mainly the dryness of the skin and other
conditions such as redness, burning pain and
itching. Although there is an increased risk of
hand-skin problems among health care workers
due to increased use of hand sanitizers, this effect
should not discourage alcohol-based hand
hygiene in health care workers during the
pandemic, which otherwise would increase the
risk of
microorganisms. Therefore, in health care
settings, it is more important to consider
precautions regarding adverse effects of ABHS

transmission of infectious

and implement measures to identify and treat
hand-skin problems as early as possible.

Alcohol is highly flammable and can result in
fire hazards if used near fire or exposed to high
temperatures. Hydrogen peroxide  toxicity
depends on its concentration used in the ABHS.
A low concentration (3%) of hydrogen peroxide
may cause mild irritation of the eyes and skin
when used externally and when ingested, may
result in irritation of the inside of the mouth and
the gastrointestinal tract, and may also result in
air embolism in rare cases.”” Excessive use of
ABHS may result in a rise of other viral diseases
and antimicrobial resistance due to the selection
of resistant strains, particularly for bacteria. In
fact, antimicrobial resistance, due to overuse of
ABHS, has been reported in different parts of the
globe.!

Children are more vulnerable to health
hazards from ABHS as they are unaware of its
potential hazards. Moreover, children may be
attracted to ABHS, which may sometimes be
present in attractive coloured bottles and have an
appealing fragrance that results in accidental
ingestion.”’ From 2011 to 2014, 65,293 cases
related to exposure (ingestion) of alcohol-based
hand sanitizer in children (aged <12 years) in the
USA were reported, and during the COVID-19
pandemic, the total exposure was 9,496 from
January 2020 to May 2020 (Figure 3).' When
normalized, this data suggests that per year
incidence of accidental ABHS ingestion increased
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from approximately 16,323 cases per year in
2011-2014 to approximately 22,790 cases per year
in 2020, when the pandemic struck in the first
half of the year.

3000
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Figure 3. Accidental hand sanitizer exposure by
ingestion in children in the USA (January 2020

- May 2020)’"

January May

Selection and considerations

Awareness of the safe and appropriate use of
ABHS is crucial to achieving its maximum
effectiveness. Adulterated and falsified ABHS will
be ineffective against microorganisms and the
source of potential harm to the user. The product
label is the vital source of information that helps
the user select and buy the right ABHS product.
The following things described in Figure 4 should
be checked on the label of ABHS products.

Ingredients and their composition

Although ABHS contains alcohol, it is not
edible and not safe for consumption by humans.
Ethanol, isopropyl alcohol, and n-propanol are
generally safer compared to methanol, but all
alcohols can lead to toxicity in humans if exposed
accidentally or in excess amounts.® Methanol,
among other alcohols, is particularly toxic to
humans because systemic toxicity can occur as a
result of skin exposure leading to erythema,
dermatitis, eczema as well as metabolic acidosis

upon chronic skin exposure, which can be
equivalent to the symptoms from acute ingestion
of methanol.”” Methanol is thus highly toxic and
can cause severe systemic toxicity and even death
when ingested, inhaled, or exposed to via the
skin.®? for optimum bactericidal
activity, the desired concentration of alcohol by
volume in sanitizer preparations is 60%-95%.°
ABHS can be of substandard quality if the
alcohol content in the product is less than 60%.*
The label should specify the name of alcohol
(e.g., ethanol, isopropyl alcohol or methanol),
and its percentage to inform the user of its active
ingredients. This ensures quality and the
effectiveness of the hand sanitizer product. A
safety survey conducted in Dubai revealed that six
of the 102 ABHS products studied contained
undeclared/unlisted methanol, and others had
less than 60% alcohol content, although the
labels had claimed an alcohol content of 70%.%
A literature review emphasized that the presence
of undeclared/unlisted methanol in ABHS or the
use of substandard ABHS can pose serious health
risks in humans.*' Similarly, there are reports of
deaths following the ingestion of ABHS
containing methanol in countries like the USA,
China, Canada, and Hong Kong.*' A survey
study conducted on 18 commercial ABHS in
Italy during April 2020 has found no specific
alcohol name and content in 44% of all surveyed
samples.'® Therefore, while purchasing an ABHS
product, the primary concern should be on the
ingredients and their concentration.

However,

Pictograms and safety issues

ABHS label contains hazard pictograms to
indicate the nature of the product and the
hazards associated with them as defined and
classified by the Globally Harmonized System of
Classification and Labelling of Chemicals

Labelling

| [

Pictograms and
safety issues

Ingredients and
percentage

Direction of use

Expiry date,
manufacturer and batch
mamufacturing number

Figure 4. Important information to check on the label of an ABHS product
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(GHS).* GHS has set two sets of pictograms,
among which the first set is for the labelling of
containers and workplace hazard warnings,
whereas the second is for the transport of
dangerous goods. Suitable pictograms should
appear on ABHS product labels to inform the
users of the possible hazards of the product.
Pictograms do not contain description, but rely
on the symbolic interpretation of the hazard.
ABHS labels mainly contain one or both of the
flammable and exclamation mark pictograms;
however, other pictograms may also be present
depending on the characteristics of the ABHS
formulation (Figure 5).

Studies have shown that the presence of
pictograms on a product label improves, to a
certain degree, the comprehension of the
information.”® However, all consumers may not
have much knowledge about pictograms, and
they may not be able to correctly identify the
pictograms.® Besides the use of pictograms, other
safety information is provided in the form of text
to indicate the possible hazards of the product,
such as ‘flammable’, ‘skin irritant’, ‘eye irritant’
and ‘keep away from children’. Nevertheless, the
users of ABHS are encouraged to look for safety
information on the product label or seek advice
from reliable sources, including chemists,
pharmacists and other health care professionals.

Expiry date, manufacturer, and batch
manufacturing number
The expiry date of ABHS is vital as the

Flame Exclamation Mark
Irritant (skin and eve), skin
sensitizer, acute toxicity

Flammables, pyrophoric,
self-heating, emits

alcohol content may decrease by evaporation over
time and upon storage.** As per US Food and
Drug Administration (FDA), over-thecounter
topical antiseptic products, including hand
sanitizer products, are required to have an
expiration date or shelf life listed on the product
label unless stability data of more than 3 years is
available.” The name of the manufacturer is
crucial to ensure that the manufacturer is
authorised. One can check the manufacturer’s
authenticity through governmentlisted websites.
The batch manufacturing number is a unique
code of each prepared formulation batch. The
appearance of a batch manufacturing number on
the label is an indication that the manufacturer
followed good manufacturing practice and has
retained the record of preparation. It is also
possible to check and trace the authenticity of the
product through the manufacturer using the
specific batch manufacturing number.

Directions for use

The effectiveness of ABHS also depends on
the application technique. There are no hard and
fast rules, but it is always recommended to rub
both hands until they are dry. Several studies
have recommended that, to achieve effective
killing of microorganisms, a single application of
hand sanitizer must be in volumes ranging from
1.1 to 3 mL, whereas the FDA recommends 2.4
mL as an appropriate volume of hand sanitizer
required in a single application.* For hand
sanitizers to be effective and to ensure the

Skull and Crossbones
Acute toxicity
(Fatal or toxic)

flammable gas, self-reactive, (harmful), respiratory tract

organic peroxide.

irritant, haz ardous to ozone

laver (non-mandatory).

Figure 5. Example of typical hazard pictograms present on ABHS labels
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maximum killing of germs, an optimum
application time is necessary for the duration of
which the user must rub their hands with the
sanitizer to dry. The government, public health
organizations recommend rubbing hands with
sanitizer for at least 20 seconds for good efficacy
against germs.*™™ There have been reports that
suggest inadequate knowledge of proper hand
hygiene can result in the inaccurate application
of hand sanitizer. This is because viable
microorganisms can be present on hands even
after the application of hand sanitizer since all
areas of the hand and palm were not covered
during sanitizer application.¥ The WHO
recommended hand hygiene guide using ABHS is
shown in Figure 6.

Recommendations
Awareness  regarding the composition,
hazards and appropriate use of hand sanitizer
products can prevent untoward accidents that
can happen during preparation, handling, and
use of ABHS." Simple yet important
considerations for the safe production and use of
ABHS are summarized as follows.

e Regulatory control on ‘over the counter’
sanitizer products such as ABHS should be a
priority to ensure good manufacturing
practices are followed and to ensure
protection of consumer rights and safety of
users.

Awareness among
Purchasing and use

users

of

is  necessary.
substandard or

Apply a palmful of the product in a cupped hand and

cover all surfaces.

Rub hands palm to palm

v

M

right palm over left dorsum
with interlaced fingers and
vice versa

palm to palm with fingers
interlaced

backs of fingers to opposing
palms with fingers interlocked

/)ys\?,/%\(@®

20-30 sec

4

rotational rubbing of left
thumb clasped in right palm
and vice versa

rotational rubbing, backwards ...once dry, your hands are
and forwards with clasped
fingers of right hand in left

safe.

palm and vice versa

Figure 6. Hand hygiene technique with alcohol-based hand sanitisers (ABHS). Reproduced with
permission from www.who.int (WHO guidelines on hand hygiene in health care (advanced draft): a
summary.”
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counterfeit products should be discouraged,
while knowledge sharing on appropriate hand
hygiene techniques using ABHS should be
promoted. Online news media, social media,
television, and radio are excellent platforms
for the rapid dissemination of information
during a pandemic.

e Use of soap and water, rather than ABHS, for
hand  hygiene  and  sanitisation s
recommended in the case of greasy and visibly
dirty hands.

e Before disposing empty ABHS containers into
the general waste bins, these should be rinsed
with cold water.

e Use of alcoholic beverages as an alternative to
ABHS is discouraged because beverages do
not contain sufficient concentration of
alcohol to achieve effective killing of
microorganisms. Instead, such practice can
result in hazards and adverse effects such as
skin diseases.

Use of ABHS can lead to skin irritation and
allergic reactions. However, it can be emphasized
that this effect should not discourage alcohol-
based hand hygiene in healthcare workers during
the pandemic.”

Conclusions

Proper hand hygiene is the best preventive
strategy to lower the spread of pathogenic
microorganisms. ABHS products are widely used
as hand hygiene aids and have been proven
effective against coronaviruses. Despite ABHS
being an important commodity in preventing the
spread of pathogenic microorganisms during
pandemics, it is important that it is handled or
used appropriately to ensure its safety to humans
and effectiveness against microorganisms. User
awareness is necessary regarding the appropriate
use and handling, selection of the right ABHS
product for specific microorganisms, and the
possible hazards associated with ABHS products.
It is important to use the right technique of
ABHS application on hands for effective killing
of microorganisms.
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