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Abstract

Background: In the global health emergency caused by COVID-19, multiple experts have mandated the use of
hand sanitizers as a safety measure from COVID-19. The sale of hand sanitizers has increased many folds. Therefore,
when there is such large use of hand sanitizers, it becomes extremely important to study and understand hand
sanitizers in a comprehensive manner.

Main body of the abstract: This article starts with the importance of sanitizers as a defence mechanism that is
employed by the hand to fight against the coronavirus. This article provides information about history, types,
composition, various dosage forms, and marketed formulations of hand sanitizers. The article sheds a detailed light
on industrial production techniques for hand sanitizers and also outlines new innovative techniques that were
employed by the industry to mass produce hand sanitizers in the wake of the pandemic. The article further dives
into a comparison between hand sanitizers and soaps so as to give pros and cons of the use of soap against the
use of hand sanitizers. One of the aims of the article is to study the side effects of sanitizers so as to develop a
cautious approach while using hand sanitizers and therefore a comprehensive list of side effects of the use of hand
sanitizers is given.

Conclusion: The review article finds that hand sanitizers are extremely efficient in fight the virus but along with it,
it brings along arrange of risks which are outlined in the article.
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1 Background
Hand sanitizer, also known as a hand antiseptic or
hand rub, is a product that is applied to the hands to
remove common pathogen in the hands [1]. Hand
sanitizers are usually available as foam, gel, or liquid
[2–4]. They are recommended for use when there is
unavailability of water and soap or there are other
medical concerns (e.g., it causes cracks on the skin)
[5, 6]. In early 2020, WHO declared a pandemic “se-
vere acute respiratory syndrome coronavirus 2”, better
known as COVID-19. Exponential rise has been seen
in the cases despite authorities setting down their

best efforts. Prophylaxis is the easiest method to re-
duce transmission, proper hand washing and hygiene
are the most effective pandemic strategies [7]. Hand
sanitizers have emerged to be alternative to soap and
water washing both in healthcare and public institu-
tions. They are used to break the chain of infections,
making them one of the important protocols for re-
ducing the burden on healthcare [8].

2 History of hand sanitizers
The timeline of hand sanitizer’s history [9, 10] Fig. 1.
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3 Relation between COVID-19 and hand sanitizer
3.1 Mechanism of action of hand sanitizers against viruses
Viruses are structural infectious agents that contain gen-
etic material like DNA or RNA. Viruses are encapsulated
and protected by a protein envelope known as capsid.
Viruses are further categorized as “enveloped” or “unen-
veloped.” Apart from the structural elements, it also
contains a host cell which helps in propagation of vi-
ruses [11]. A common compound in virucides is N-
Propanol. It is believed that it damages the membrane of
the virus and it affects its decoupling and protein syn-
thesis. For effective virucidal efficacy concentrations of
not less than 60% and not more than 90% is enough. Al-
cohol that contains not more than 1% water is less viru-
cidal than alcohol in the ranges mentioned above.
Therefore, water is essential in the process of protein de-
naturation. Regardless of what processes alcohol affects,
if not many, it eventually results in primary metabolic
pathways, damage to the cell membrane, and loss of cell
integrity. Alcohol-based hand sanitizers target the cover
that protects the components of the virus. All the com-
ponents are very critical for the virus. Therefore, it is as-
sumed that after one of the components is targeted it
may lose its ability to transfer from one host to another.
This mechanism is compared to bacteria; it is observed
that ethanol’s virucidal effect when compared to pro-
panol is more effective against viruses of clinical rele-
vance. It is also worth noting that in cases where only
ethanol is not as effective against the viruses, adding
acids can improve ethanol’s performance [12].
The SARS-CoV-2 virus was named because its genome

sequence is similar to that of the SARS coronavirus
(SARS-CoV) [13, 14]. CoV is related to the same gene beta

coronavirus and has the same morphology as the single-
stranded RNA virus [15, 16]. Ethyl alcohol at a concentra-
tion of 60 to 80% is a potent agent that inactivates all lipo-
philic viruses (such as influenza virus, herpes, and vaccinia
and many hydrophilic viruses (e.g., polio) [17].
The WHO in 2015 recommended 80% concentration

of ethanol and 75% concentration of isopropyl alcohol
for “disinfectant: alcohol-based hand sanitizer” [18].
Ethanol seems to be more effective against bacteria than
isopropanol and N-propanol. WHO also recommended
that alcohol-based disinfectants showed results against
emerging viruses too for example Zika, Ebola, and MERS
[19, 20]. Another study showed that a little over 42.5%
concentration of ethanol was able to destroy coronavirus
in about thirty seconds [21].

3.2 Efficacy of hand sanitizers on viruses
It is harder to study viruses than bacteria. Many studies
have tried to test the efficacy of hand sanitizers on vi-
ruses. Use of alcohol-based hand sanitizers are recom-
mended by WHO for protection against multiple viruses
including the coronavirus as it has proven effective in
quantitative suspension testing [19]. Other sterile
sources containing isopropyl alcohol as the main ingre-
dient also have proven effective against multiple envel-
oped viruses [17].
Studies have been conducted in which viruses have

been externally applied or put-on fingers and hand sani-
tizers have successfully reduced the viral particles [22,
23]. Ethanol have been shown to be highly effectual
against germs and most hospital-related viruses [24, 25].
Seventy to 80% alcohol concentration was enough for re-
liable inactivation in multiple viruses. Adequate activities

Fig. 1 Timeline of hand sanitizer’s history [9, 10]
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can be attained with prolonged contact with the concen-
tration of alcohol over time and prolonged contact with
undiscovered virus.
A review of the literature on the effectiveness of hand-

washing against severe acute respiratory syndrome
(SARS) transmission found that nine out of 10 small
case-control studies showed that hand washing reduced
the risk of social contamination [26]. Vivo evidence of
viral inactivity after the use of hand sanitizers is not
available by standard methods. Vitro studies have estab-
lished that alcohol-based disinfectants can be effectual in
reducing viral load [8].
The SARS-CoV-2 transmission has an incubation

time of 10 days, which makes it easy to propagate
through drops, contaminated hands or surfaces.
Therefore, the effect of viral inactivity on all broad-
casts should be considered [27]. Alcoholic disinfec-
tants have been able to deactivate SARS-CoV-2 and
MERS-CoV (also pre-activated coronaviruses) on liv-
ing surfaces like plastic, glass, and metal [28]. A key
limitation in analyzing the actual performance of
hand disinfection is the recurring process of self-
reported data gathering, which may not be the same
and objective in terms of the frequency and method
of hand washing [26].

4 Hand sanitizer types [29]
Hand sanitizers can usually be divided into two types: al-
coholic or non-alcoholic. Alcohol-based hand sanitizer
(ABHS) can contain alcohol, additives, and humectants
to inhibit the growth and to kill the germs Fig. 2.

5 Composition of hand sanitizers (Table 1) [30, 31]

6 Different preparation methods for alcohol-based
hand sanitizer gels [32]
6.1 Direct addition method
Direct addition method as the name suggests is a
method where in all the ingredients are added and
mixed simultaneously but before the thickening agent.
After the ingredients are mixed in the required com-
positions, the thickening agent is added. After the
thickening agents are added, there are cases where
there is a requirement of adding a neutralizing agent
to maintain the pH level of the sanitizer to make it
pH neutral. Modifications in the process is dependent
on specific chemical compositions of ingredients in
cases were the thickening agents not compatible with
neutralizing agents.

6.2 Inverse addition method
In this procedure, the thickener is pre-wetted usually
with glycerol. Once this is done, the sanitizer ingredients
are added gradually and mixed thoroughly. The name

itself suggests that this is opposite to the above method.
The addition and requirements of neutralizing agents is
similar to the above method. This method is suitable for
small scale productions of sanitizers.

6.3 Other methods
High-viscosity solutions have the tendency to form
lumps. We can use “hot/cold” technique to avoid this
problem. This method is not suitable for components
containing ethanol. Ethanol and other volatile compo-
nents are added after a gel is prepared via hot cold
technique during the cool down phase of the
technique.
To avoid disadvantages of the above methods, like cak-

ing, a combination of the above methods can also be
used for preparation of sanitizers. This means after prep-
aration of a wet slurry, other ingredients are added using
mechanisms used in addition method.

7 Various dosage forms of hand sanitizer
The United States Centres for Disease Control and Pre-
vention (CDC) promoted washing hands and use of disin-
fectants [33]. Hand sanitizers are commercially available
in a variety of forms, such as alcohol or water-based hand
sanitizers, which are commonly utilised in a hospital set-
ting. Various types of distribution structure have also been
developed, such as gel, spray, wipe, cream, or foam. Alco-
holic hand sanitizer is recommended by the World Health
Organization (WHO) on the basis of the proven benefits
of its rapid work and the proven spectrum of bacterial ac-
tivity that protects against germs [34–38].

8 Marketed hand sanitizers
There are several hand sanitizers of well-known brands
that are available in the market as shown in Fig. 3.

9 COVID-19 and the global hand sanitizer market
As COVID-19 has been exponentially spreading, the de-
mand for hand sanitizers has also increased with the
pharma companies and others producing hand sanitizers
in huge quantities. People started buying them as a per-
sonal prevention tactic against the virus. This has sud-
denly led to a huge demand for raw materials for hand
sanitizers. Raw materials like isopropanol were sold at
higher prices as there was not enough stock due to sud-
den increase in demand. The demand has been met by
innovations by the producers in the hand sanitizer in-
dustry and hand sanitizers have been produced in record
numbers [39]. The hand sanitizer market has grown
both in terms of revenue and sales in 2020 [40].
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10 Innovation in production of hand sanitizer during
outbreak of SARS-COV-2
10.1 Production of alcohol-based sanitizer from sweet
potato residue in the COVID-19 emergency [41]
As coronavirus cases increased worldwide, hand
sanitizer demand increased. So, to fulfil this demand, de-
velopment of other new methods of producing alcohol-
based hand sanitizer was the only way. Conversion of
raw material from agriculture and food residue gives
valuable bioproducts.
Sweet potato (Ipomoea batatas) is a source for

manufacturing of bioethanol, as it has high amount of
starch. This innovation technique was used in Brazil
as Brazil is the 16th highest producer of sweet potato
in the world and it produces 350,000 tons of sweet
potato waste. Here, they develop the method of etha-
nol production from sweet potato waste. Greenhouse
emissions also get reduced as the production of
bioethanol from biowaste. Also, it increases new busi-
ness opportunities in the food and agriculture field.
Production of alcohol-based hand sanitizer from sweet
potato residue was achieved as it showed favorable re-
sults and produced 1342 L of hand sanitizer per day.

10.2 Benzalkonium chloride (BZK) for hand disinfection
during COVID-19 [42]
Benzalkonium chloride hand cleaner, manufactured in an
FDA-registered facility to cGMP requirements is readily
available. The CDC’s inclusion of benzalkonium chloride
for hand sanitizer in its current COVID-19 hand hygiene
recommendation, which is clearly supported by the avail-
able literature would immediately ease some of the ex-
treme pressures already strained on ABHR’s (alcohol-
based hand rub) supply chains. Products containing ben-
zalkonium chloride that comply with the current FDA
OTC monograph may offer another option for hand disin-
fection. Extending the recommendations would also allow
the immediate implementation of a viable alternative to
hand washing in situations where the use of alcohol-based
products is restricted due to concerns about alcohol abuse
and the potential arming of ABHR (alcohol-based hand
rub) products [42].
Benzalkonium chloride hand sanitizer was compared

with 70% ethanolic hand sanitizer for a week and the re-
sults show that benzalkonium chloride hand sanitizer
was more effective to decrease Staphylococcus aureus on
the fingertips of healthcare workers [43].

Fig. 2 Hand sanitizer types (alcoholic compounds, non-alcoholic compounds, and commonly used excipients)

Table 1 Recommended composition for preparing alcohol-based hand sanitizer by United States Pharmacopoeia Committee of
Experts (USP) and World Health Organization (WHO) during the COVID-19 crisis [30, 31]

Components Formulation 1: Ethanol antiseptic-
80% topical solution

Formulation 2: Isopropyl alcohol
antiseptic- 75% topical solution

Formulation 3: Isopropyl alcohol
antiseptic- 75% topical solution

Ethanol – 96% 833.3 ml – –

Isopropyl Alcohol- 99% – 757.6 ml –

Isopropyl Alcohol- 91% – – 824.2 ml

Hydrogen Peroxide- 3% 41.7 ml 41.7 ml 41.7 ml

Glycerol- 98% 14.5 ml 14.5 ml 14.5 ml

Water 1000 ml 1000ml 1000ml
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10.3 Production of ethanol-based hand sanitizer in breweries
during COVID-19 emergency [44]
Due to increase in corona cases, disruption occurs in
management of supply chain around the world. So, to
solve this problem, many distilleries and breweries come
to one conclusion that their facilities could help to pro-
duce hand sanitizer which follows the World Health
Organization (WHO)-recommended formula and by
considering all precautionary parameters they produced
hand sanitizer safely and efficiently.

11 Alcohol and soaps
Keeping hands clean so as not to get sick while reducing
the spread of germs to others is an important and neces-
sary step. The CDC has also emphasized that keeping
hands clean can prevent a lot of diseases from spreading
by removing dirt and microbes from the surface of the
skin [45]. Both soap and alcohol disinfectant work on
microbial lipid membranes by dissolving and thus disab-
ling them. If water is not available, then a very good al-
ternative is alcoholic disinfectants, and the alcoholic
content should be nearly about 60% in the disinfectant.
Compared to soap, alcohol-based disinfectants do not

kill all types of bacteria, such as noroviruses and clos-
tridium difficile, which can cause common diseases [46,
47]. One major downside of sanitizers is that the liquid
can evaporate before wiping evenly on all hands, thereby
reducing the effect of disinfectants [48, 49]. Moreover,
disinfectants are also ineffective when hands are covered
by some chemicals or have dirt on them [50].

12 Hand sanitizer versus soap
CDC has recommended washing hands with soap and
water. It has multiple benefits like removal of pathogens
and unwanted chemicals from hands. A 2016 systematic
review showed that washing hands with soap is more ef-
fective than sanitizers to remove dirt and microorgan-
isms [51]. However, when the effectiveness of soaps and

disinfectants on bacterial inactivation were compared to
different ethanol-based hand sanitizers, the vitro quanti-
tative suspension test showed a 4 log 10% reduction (>
99.99%) in the tested envelope virus [52]. There are not
enough studies on direct comparisons between soap and
disinfectants. However, in some particular viruses and
bacteria, soap and water is effective in comparisons with
alcoholic disinfectants [19, 53].
In addition, washing the hands removes the skin’s own

fatty acids that can lead to stressful skin, ultimately
representing a potential gateway for germs [46, 54]. To
overcome the limit of simple hand washing, hand saniti-
zers have been introduced that are effective in combat-
ing pathogenic microorganisms and also improve the
condition of the skin by adding emollients [55, 56].

13 Harmful effects of hand sanitizers on human
health
13.1 Ethanol poisoning
Ethanol is widely used as a disinfectant and alcoholic bev-
erage. The possibility of skin absorption and skin cancer
through carcinogenicity remains unclear due to the lack of
current research [57]. There is no specific measure to as-
sess toxic levels of ethanol disinfectants. Various studies
have proven that acute exposures are not toxic. However,
blood ethanol levels are affected with long-term exposures
to ethanol-based hand sanitizers. In humans with 33%
damaged skin, 70% ethanol is absorbed through the skin
[58]. Moreover, exposure to ethanol-sensitive skin can
cause systemic toxicity and reaction to the system. In cos-
metics, it is also not suggested to use ethanol on injured
skin. Eye irritation, skin dryness, cracking, redness, itching,
and contact dermatitis can be caused by regular exposure
to ethanol [59]. Studies have showed that ethanol saniti-
zers affect the concentration of ethyl glucuronide in urine.
Acute alcohol poisoning can be caused by any daily home
use items like alcoholic hand sanitizers (ABHS), mouth-
wash, cosmetics, and so on. Clinical symptoms appear at a

Fig. 3 Well-known marketed hand sanitizers
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certain concentration of alcohol in the blood. Lethal dose
of ethanol can be life threatening. Symptoms begin 1 to 2
h after consuming ethanol-based hand sanitizers. Symp-
toms like vomiting, epigastric pain, and various depres-
sions of the central nervous system are commonly seen.
Ethanol poisoning has also been linked to hyperthermia,
possible heart attacks, arrythmia, hypoglycaemia, ketoaci-
dosis, and hypotension [60].

13.2 Isopropyl alcohol poisoning
Higher molecular weight of isopropyl alcohol tends to
be more lethal than ethanol poisoning. Such poisoning is
commonly seen due to accidental ingestions. Studies and
data have shown that the lethal dose was about 250 ml
[61]. Exposure to the minimum dose was not a serious
health problem and consuming 50% concentration of
more than 25 ml isopropanol caused minor symptoms.
Isopropyl alcohol has major clinical effect on children.
People can be at a risk of long-term depression,
hypotension, and central nervous system dysfunction
after prolonged exposure to isopropyl alcohol. Isopropyl
alcohol also irritates the mucous membranes in the
stomach and may result in gastritis associated with keto-
sis, hypoglycaemia, respiratory depression, and high
serum creatinine. A high dose can weaken heart muscle
and its long-term use is conducive to rhabdomyolysis,
myoglobinuria, and acute renal failure. Seventy percent
of the deaths were associated with ingestion of ≥ 400
mg/dL in concentrations of 70% isopropyl solution [62,
63]. Isopropanol absorption through the skin can cause
skin irritation, and prolonged and frequent exposure can
cause blemishes, wrinkles, redness, and dryness [64].

13.3 Toxicity of hydrogen peroxide
Hydrogen peroxide is only risky when consumed in high
concentration. In some cases, it causes portal vein ob-
struction, abnormalities in the stomach, slight irritability,
and vomiting of sous vide [65]. It creates toxic gases
which when it comes in contact with tissues, it breaks
down in oxygen and water. The presence of oxygen and
water can cause air embolism in many organs [66].

13.4 Child risk factor
Hand sanitizers come in colourful packaging with tempt-
ing flavors and children may lick it. Small doses are not
harmful; however, young children are more likely to be
poisoned by alcohol than adolescents [67]. Young chil-
dren are more prone to liver issues when intoxicated
with alcohol. Recent reports have shown that young chil-
dren, including those with apnoea, acidosis, and coma,
have been drinking alcohol-based hand sanitizers. A
CDC research paper analysed data reported to the Na-
tional Poison Data System (NPDS) on sanitizer expo-
sures in the hands of children under 12–14 years of age

[68]. In the first half of 2020, the U.S. reported that 9504
children under the age of 12 came in contact with a dis-
infectant and concluded that even a small amount of al-
cohol could harm children [69].

13.5 Skin effects due to exposure to hand sanitizers
Studies have shown that immoderate use of disinfectants
to prevent against the coronavirus has resulted in dam-
aging the skin which has resulted in reducing its capabil-
ities to fight against another virus. The use of skin
disinfectants deprives the skin from sebum and water
hence causing skin dryness. Dry and damaged skin is the
focal point of many bacterial diseases and increases the
risk of germs on the skin. Increased use of hand saniti-
zers has shown in surveys and studies that it increases
the chances of getting norovirus [54, 70].
Hand sanitizers containing an alcohol can also dissolve

the lipid levels of the skin and its lipid-dissolving effect
is incompatible with the concentration of alcohol.
Therefore, damaging lipid barriers and eventually it
causes hand eczema [71, 72].
Once the barrier is broken, it eventually causes derma-

titis. Symptoms like dryness, acne, wrinkles, burning,
swelling, erythema and cracking are very common for
dermatitis [73]. Currently, a study done on health
workers with COVID-19 in China reported skin damage
to the skin due to hand hygiene. Workers who cleaned
up hands frequently have reported skin damages [74].
Eczema can be clearly distinguished from the place of

disinfection with swelling, wrinkles. The part of hand
where eczema has been detected may also turn into
ulcer when it is exposed to disinfectant. In severe cases,
the wounds may be swollen, and even damaged, with
secondary infections [56, 71].

14 Conclusion
Given the exploding nature of the pandemic, the world
health machinery suggested regular use of hand saniti-
zers as one of the protection measures against the cor-
onavirus. Hand sanitizers helps fight against the virus by
damaging the cell membrane and therefore damages the
components of the virus making it futile. Hand sanitizers
have been highly effective to inactivate multiple viruses.
Studies showed that alcohol-based disinfectants were ef-
fective in deactivating SARS-CoV-2 and MERS-CoV.
Alcohol-based hand sanitizers includes components like
ethanol, isopropyl alcohol, glycerine, and water and are
available in various forms. There are multiple methods
of industrial preparation of hand sanitizers. Industry ex-
perts invented various innovative methods to meet the
requirement of the hand sanitizers. However effective
the hand sanitizers are, they come with various adversar-
ial effects. Ethanol exposure causes skin irritation, eye ir-
ritation, cracking of the skin, and redness and can also
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cause contact dermatitis. Isopropyl poisoning is also a
threat due to long term use of hand sanitizers. Hydrogen
peroxide is an important content of hand sanitizers, and
it has proven to be highly risky when consumed in high
concentrations. Children are also at a high risk of getting
affected by hand sanitizers. Drinking hand sanitizers can
cause serious harm to children. Skin is the most exposed
to hand sanitizers. Extensive use of hand sanitizers can
likely lead to hand dermatitis and hand eczema. An al-
ternative to hand sanitizers as suggested by experts is
hand washing with soaps. Though its limitations of not
being available at all places, it has been found that soaps
are highly effective to fight the virus and, in some cases,
even more effective than sanitizers. Therefore, to combat
the current pandemic hand sanitizers are a very effective
way to keep the virus from spreading and affect us but it
is also seen that extensive use of hand sanitizers can be
harmful.
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