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Abstract
Alcohol-based sand sanitizers (ABHSs) are effective in controlling the spread of COVID-19 and has been
integrated to our daily life since the onset of the outbreak. However, the sudden and unprecedented global
induction of ABHSs has not been smooth, as con�icting reports continued to pour into the public domain,
not all for good reason. This review, therefore, attempts to identify the emerging aspects of ABHSs in the
era of COVID-19. Articles indexed in Scopus and PubMed on “hand sanitizer” published between January
2020 and February 2021, were screened based on PRISMA guidelines, and classi�ed into different
thematic groups. Selected articles on hand sanitizers (101) primarily echo “health hazard” (40, 39.6%)
associated with accidental/intentional exposure, methanol toxicity, or occupational irritant contact
dermatitis. Articles on “formulations” (23, 22.8%) and “e�cacy” (18, 17.8%) mainly refer to alcoholic
preparations, though a small subset of formulations has been actually been tested against SARS-Cov-2.
Articles on semi-alcoholic, non-alcoholic, or even ayurvedic preparations have been implicated without a
standardized e�cacy report. Quality concern (12, 11.9%), and shortage (8, 7.9%) have also been re�ected
in publications during the pandemic. However, this representation is somewhat overin�ated given that
28% of total articles are of review, editorial, letters, and not actual case studies. Many potential studies
designed in the pandemic might not have reached to publication stage. However, the implication from
existing studies on the use of ABHSs can still be useful to build better public awareness, and prioritize
interventional strategies among stakeholders.

1. Introduction
Coronavirus disease 2019 (COVID-19) outbreak attributed to a novel coronavirus [severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)], started in December 2019 in Wuhan, the capital of Hubei
province in mainland China (Hui et al. 2020). Word health organization (WHO) declared the COVID-19
outbreak as a public health emergency of international concern on 30th January 2020, which have
resulted in more than 90 million con�rmed with 1.9 million death as of 14th January 2021
(https://covid19.who.int/). In absence of standardized medical treatment, interventional strategies such
as wearing a mask, maintaining hand hygiene, and social distancing continued to be vital instruments
not only to slow down the spread of COVID-19but to reduce the possibility of other respiratory infectious
diseases(Chiu et al. 2020).

CDC’s recommendations on ABHSs are prescribed to prevent the spread of COVID-19 in hospitals and
healthcare environments (Centers for Disease Control and Prevention (CDC) 2020; Lot�nejad et al.
2020).WHO has campaigned “Save Lives: Clean Your Hands” incorporating guidelines on the usage of
hand rub, hand wash, and ‘My 5 Moments for Hand Hygiene’ to be adopted (World health Organization
(WHO) 2020a; World health Organization 2020). Standard precaution and hand hygiene can protect
health care workers (HCWs) from Covid-19 in a low-risk, outpatient clinic setting (Chung et al. 2020).
Despite interventions and campaigns from national and international health authorities, hand hygiene
has not been always satisfactory even in this time of health emergency (Stadler and Tschudin-Sutter
2020).

https://covid19.who.int/
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As people apprehend the necessity for hand hygiene, the sale of hand sanitizers shoots up in early March
2020 and went out of selves caused by unprecedented demand, and aggravated by stockpiling (Keane
and Neal 2021). To establish normalcy, many regulatory authorities across the globe eased the licensing
protocol, robing many non-government organizations and related industries for the production and sale
of hand-sanitizer products (U.S Food and Drug Administration 2020). This relaxation though encouraged
many enterprises, organizations to explore the sanitizer market with different formulations, also eased
the entry of many sub-standard, low-quality counterfeit products containing hazardous ingredients,
incomplete label information, ingredient lists, or cautionary warnings, escalating an ongoing safety
concern (Dear et al. 2020; Welle et al. 2021). Many turned to stream media for instruction instead of
guidelines for hand sanitizer production published by the WHO (Hakimi and Armstrong 2020). The
availability of hand sanitizers containing high concentrations of ethanol or isopropanol has been a
concern of substance abuse (Meehan and Wightman 2020). Cases of methanol poisoning and even
death associated with ingestion of ABHSs are not unknown (Yip et al. 2020).

The undesirable attributes of sanitization products, ABHSs in particular, added startling newer
dimensions in the scope of hand hygiene during this pandemic (Fig. 1). Though a very important to have
protection against Covid-19 spread, improper or possible misuse of hand sanitizer has been an
apprehension across all settings (i.e., home, o�ces, workplace) during this health emergency. Excessive
use of sanitizers may not necessarily be equated to hand hygiene compliance, as also re�ected in a large
number of articles that appeared in the scienti�c domain within a span of just one year.

This review is undertaken to put a comprehensive perspectivity on unravelling dimensions of hand
sanitizers (specially ABHSs) from literature, precisely in the context of this pandemic. Articles focusing on
sanitizer formulation, their e�cacy, pandemic crisis, short-/long-term health, and environmental hazards
have been critically reviewed. An attempt has been made to untangle the actual reports, case studies
from editorials, notes, opinions, and reviews which could have possibly over-in�ated the ABHSs
apprehension.

2. Literature Search And Selection Summary
2.1. Search strategy

The integrative review has been formulated to qualitatively analyze the different aspects of hand
sanitizers as re�ected in the peer-reviewed literature in past one year. A bibliographic search of PMC and
Scopus database was undertaken (on 10/02/2021) with a formulated query of "hand sanitizer OR hand-
sanitizer" in “Title, Abstract, and Keywords”. Lists of eligible studies were exported into Microsoft excel
format, were manually screened for titles, followed by abstracts.

2.2. Selection criteria

Peer-reviewed research articles, case studies, notes, and editorials focusing on either formulation, toxicity,
or health hazard published between 01/01/2020 and 10/02/2021 were included. Articles not written in
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English or contextually not relevant were excluded. The detailed screening and eligibility conditions have
been shown in the PRISMA �ow diagram (Moher et al. 2009) (Fig. 2).

2.3. Data items and analysis

Due to the heterogeneity and limited information on the studies, a meta-analysis was not feasible; thus,
the analysis is based on a qualitative narrative synthesis of the �ndings. After exporting all selected
studies into Microsoft excel, each of the articles were classi�ed into �ve thematic area, i.e., formulation,
e�cacy, health hazard, quality, or shortage. Each of the articles with available full text were manually
screened by independent reviewer for relevant information. In formulation subclass of articles,
information on product type, product form, and concentrations data were extracted. The information on
test microorganism, duration of sanitization, and log reduction of microbial load (if available) were noted
for articles reporting e�cacy of sanitizer. For classi�ed reports on health hazard, information on the
subject (age/sex), exposure route, long/short term consequences were recorded from the full text
assessment. 

2.4. Summary of information

Using the query as described earlier, and inclusion/exclusion criteria, a total of 101 papers were identi�ed
in the context of hand sanitizer. The �ndings from selected articles were collated to produce a summary
of information (Fig. 3). The selected studies on hand sanitizer focus on health hazards (40), formulation
(23), e�cacy (18), quality concern (12), or shortage (8). Health hazards by far have been the major
thematic area represented by a maximum number of research articles, letters, notes in comparison to
others. However, most of the reviews, either by the number of proportions, are on the formulation aspect.
None of the published reviews address sanitizer “quality” concern or “shortage” during this pandemic.

3. Hand Sanitizer In Covid-19 Perspective
3.1. Recommended Hand sanitization

Hand hygiene plays a vital role in reducing the transmission of infectious diseases like Covid-19 (Kantor
et al. 2020; Roy et al. 2020). It is recommended to maintain hand hygiene by frequently washing using
soap and water for at least 20 s-30 s (MacGibeny and Wassef, 2020; Manderson and Wahlberg, 2020;
United Nations Economic Commission for Africa; 2020). Sanitizers can be of different variants, primarily
based on active ingredients, such as soap containing natural fats, detergents, or alcohol-based (Table 1).
Centers for Disease Control and Prevention (CDC) recommends the use of ABHSs as a �rst-line preventive
measure against Covid-19 (Mahmood et al. 2020; D. Singh et al. 2020). World health organization (WHO)
has endorsed the use of alcohol-based hand rub containing a minimum of 60% v/v alcohol for 20-30
seconds to maintain hand hygiene (World Health Organization (WHO), 2020a). Formulations either with
80% (v/v) ethanol or 75% (v/v) isopropyl alcohol each with glycerol 1.45% (v/v), hydrogen peroxide
(H2O2) 0.125% (v/v) and sterile distilled or boiled cold water are recommended. Detailed review on hand
sanitizer formulations, mechanisms of action, and e�cacy against coronaviruses has been published
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(Golin et al. 2020; D. Singh et al. 2020). Berardi et al ( 2020b) have reviewed on-hand sanitation
approaches and products available on the market while guiding product development with standardized
ingredients for interested commercial organizations. Effectiveness of available hand sanitizers as well as
the formulation aspects, adverse effects have been reviewed (Jing et al. 2020) Health and environmental
impact of alcoholic formulation and the possibility of greener alternative has been reviewed (Daverey and
Dutta 2021).

Table 1. Major ingredients and efficacy of different hand sanitizer formulations reported in the

literature
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Product

formulation

Product form Concentration Contact

time(s)

Log 10

Reduction

Reference

  Alcoholic formulations

Alcohola Solution 60.5-95% (w/w) 10-15 s ≥ 3.25-

4.01

(Mukherjee

et al. 2021)

Ethanola Gel 70% 30 s ≥3.22 (Leslie et al.

2020)

Ethanola Foam 70% 30 s ≥3.10 (Leslie et al.

2020)

Ethanolb Solution 70% 15 s >1.8 (Prince-

Guerra et al.

2020)

Ethanolc Solution 56% 30 s >5  (Ciotti et al.

2021)

Ethanold Solution 90% 20-30 s >1.22 (Anitha et al.

2020)

Ethanola Solution 60-95 % 45 s - (Samara et

al. 2020)

Ethanola,* Solution 80% (v/v) 30 s ≥3.8-

≥5.9

(Kratzel et

al. 2020)

2-propanola,** Solution 75% (v/v) 30 s ≥3.8-

≥5.9

(Kratzel et

al. 2020)

Ethanol Gel 75% (w/w) 15 s >3 (Fu et al.

2020)

  Non-alcoholic formulations

Cleansera Liquid

surfactant (10-

19% w/w)

50% 10-20 s ≥ 3.01-

3.42

(Mukherjee

et al. 2021)

Benzalkonium

chloride a
Solution <0.12 % 300 s - (Samara et

al. 2020)
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Qimeia Wipes 100% 15-30 s - (Ogilvie et

al. 2021)

Benzalkonium

chloridea

Foam /Wipes 0.025-0.13% 25s/60s ≥ 2.97-≥

5.0

(Ijaz et al.

2020)

Salicylic acida Foam/ Gel 0.023-0.025%

(w/w)

60s ≥ 3.6 (Ijaz et al.

2020)

  Herbal or Semi-herbal formulation

Germix® f  Liquid  n.a. - - (Balkrishna

et al. 2020)

Ethanol, Snow

mushroom

extract

Gel 66.5% (EtOH),

10% SM extract

- 0.94 (Lourith et

al. 2021)

Ayurvedic

formulation

Gel n.a. - - (Azim et al.

2020)

The reported efficiency against a - SARS-CoV-2, b – coliform, c -  Pseudomonas aeruginosa,  d –

CFU, e - Candida auris; f formulation consisting of isopropyl alcohol, A. indica, O. sanctum, and

Aloe arbadensis and tested against S. epidermidis and S. aureus, n.a. – data not available

* - Original and modified WHO formulation I, ** - Original and modified WHO formulation II,

3.2 Alcohol-Based Hand Sanitizers (ABHSs)

3.2.1. Ethanol-based formulation

Ethanol-based hand sanitizers play a vital role in inactivating enveloped viruses such as strains of COVID-
19 (Kantor et al. 2020; Kratzel et al. 2020). Most of the published studies on ABHSs formulation differ on
either the alcohol concentration or e�cacy. Only a few studies veri�ed the e�cacy of commercial ABHSs
formulations at different dilutions on SARS-CoV-2 suspension culture, where log reduction of SARS-CoV-2
titre varies between 3 and 5, depending on alcohol content or dilution tested (49%- 95% w/w) and
exposure time (>15 s to 1 min) (Ijaz et al. 2020; Leslie et al. 2020; Mukherjee et al. 2021). Though liquid-
based hand sanitizers are likely to be more effective than gels due to their prolonged application time, the
difference in acceptance and compliance can be confounded (Tan et al. 2020). Both gel or foam-based
hand sanitizers with equivalent ethanol (70%) shows >3 log reductions in SARS-CoV-2 suspension culture
within 30 s contact (Leslie et al. 2020).  However, a survey conducted among HCWs indicates the
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possibility of suboptimal use of ABHSs, as a signi�cant proportion HCWs considers WHO recommended
ABHSs dose and drying time (1.5-2.25 mL with of 20-30 seconds) as unreasonably high (Kenters et al.
2020). 

Several research studies report the effectiveness of ABHSs formulation in laboratory conditions, but not
in context with SARS-CoV-2. Researchers have studied hydroalcoholic sanitizer gel containing ethanol
(71.9%) and essential oils (Lemon, Lavandar, and Tea tree) against antibiotic-resistant Pseudomonas
aeruginosa at 8-80% dilution, resulting in 1.8 to >5 log reduction in 30 s (Ciotti et al. 2021). The ethanol-
based sanitizer has been effective in reducing human norovirus infection risk by 85%, following 60-
second exposure (Wilson et al. 2020). However, the effectiveness against human norovirus remains
dubious, as others (Escudero‐Abarca et al. 2020) have observed <1 log reduction in genome equivalent
copies when exposed to standard ethanolic formulation regardless of contact time (30 or 60s). In real-
world studies ethanol-based, gel/ solution is useful in eradicating the Candida auris colonization (3.00
log10 CFU) (Fu et al. 2020), microbial load in hand swab of dental student in clinical settings (Anitha et
al. 2020), or coliform concentrations in farmworker hands (Prince-Guerra et al. 2020). A recent study
reports the adoption of Ghanaian local beverage in sanitizer with 63.70% ethanol and carbopol® 940
against vibrio cholera (Osei-Asare et al. 2020). The market demand for hand sanitizers has increased
drastically in the pandemic, few studies offer detailed methodology on the preparation of hand sanitizer
(Ahmed and Goh 2020; Bussey 2020; C. F. Goh and Ahmed 2020).

3.2.2 Isopropyl based formulation

Isopropyl alcohol content in WHO suggested formulations varies between 60 to 90% and exhibits
signi�cant anti-bacterial, anti-viral, anti-fungal activities (World health Organization (WHO) 2020b).
Isopropanol in a concentration range between 62% to 80% can inactivate high titer of human coronavirus
dried on solid surfaces within 15-s contact time (Meyers et al. 2021). The observed e�ciency of
isopropyl-based hand sanitizers against the novel coronavirus can be improved while adding other active
ingredients, such as anionic surfactants (Jahromi et al. 2020). However, a recent review suggests
signi�cant skin barrier damage from repeated exposure to isopropanol gets aggravated in presence of
detergents (Tasar et al. 2021). Development of contact leukoderma on rigorous hand hygiene using an
isopropanol‐based hand rub has also been reported (Inder and Kumar 2020). ABHSs formulation with
methanol or 1-propanol is not recommended due to potential toxicity (Berardi, Cenci-Goga, et al. 2020).

3.3 Non-Alcohol Based Hand Sanitizer

Soap and synthetic detergent are some of the used disinfectants against the spread of coronavirus
(Gammon and Hunt 2019; Lot�nejad et al. 2020). Quaternary ammonium compound-based sanitizers on
such as Cavicide® and Qimei® can deactivate SARS-CoV-2 within 15 s (Ogilvie et al. 2021).
Commercially available benzalkonium chloride (0.12%) hand sanitizer offers better protection in HCWs
against Staphylococcus aureus transient skin contamination when compared to 70% ethanol-based hand
sanitizer (Bondurant et al. 2020). Though benzalkonium chloride is included in the EPA-approved list for
its use against SARS-CoV-2 (Environmental Protection Agency (EPA) 2020), CDC does not recommend
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benzalkonium chloride-based formulations for poor e�cacy against coronavirus (Centers for Disease
Control 2020; Kampf et al. 2020). For non-alcoholic preparation, Aaride AGT-1 possesses high
antibacterial activity against pathogenic bacteria including MRSA, where 6 log reduction is possible
within 30 s (Jindal et al. 2020).

Hand sanitizer gel containing 66.5% ethanol and 10% of snow mushroom (Tremella fuciformis) extract
offers signi�cantly better skin hydration and slightly improved sanitizing e�cacy than the controlled
formulation (Lourith et al. 2021). Semi-ayurvedic isopropyl alcohol-based formulation blended with
medicinal herbs like Azadirachta indica, Ocimum sanctum, and Aloe barbadensis shows better
antimicrobial potency against S. epidermidis and S. aureus (Balkrishna et al. 2020).

Reports on the use of alcohol-free hand sanitizers have been either rare or very preliminary without
rigorous validation on e�cacy. Alcohol-free α-pinene and turpentine oil gel preparation have been
implicated against Staphylococcus aureus and E. coli when tested using standard disc diffusion assay
(Wijayati et al. 2020). Ayurvedic hand sanitizer formulation with A. indica, O. sanctum, and Citrus limon
has also been suggested, though the effectiveness of those preparations remains unveri�ed (Azim et al.
2020). Use of polyherbal preparation is implicated for use of ready-made herbal hand sanitizer
considering the antiviral, antibacterial, antimicrobial, antifungal effects reported for herbs (Pargaonkar et
al. 2020).

4. Hand Sanitizer Scarcity
In the early month of the pandemic, there has been an acute shortage of hand sanitization products all
over the world as re�ected in few studies. An online survey administered in March 2020 to all members of
the “Association for Professionals in Infection Control and Epidemiology” in the US suggests that >70 %
of respondents have an insu�cient supply of hand sanitizers (Rebmann et al. 2021). During the 1st week
of March 2020, sales of disinfectants were 7.5‐fold higher than usual and dropped to half the normal
sales in the subsequent weeks stock depleted (Opatz et al. 2020). A cross-sectional survey in community
pharmacies working in Egypt in April 2020 reveals the infrequent availability of hand sanitizers (62.1%)
(Bahlol and Dewey 2021). Uncertainty about possessing a COVID-19 risk has been an important factor,
that promoted the increased purchase of preparatory health and safety products (Clemens et al. 2020).
Attempt to address the shortage of sanitizer by using handmade sanitizer has received criticism from the
medical fraternity (Bhattacharya et al. 2020).

5. Hand Sanitizer Associated Toxicity And Health Hazards
5.1 Alcohol Toxicity due to accidental exposure or abuse

A subset of published articles correlates the accidental use or misuse of ABHSs to misleading
information in popular do-it-yourself YouTube video contents on hand sanitizer (Erikainen and Stewart
2020; Hakimi and Armstrong 2020). Many instances such media contents fail to provide information on
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labelling, storage, or even promoted the use of colouring agents to make it attractive for children. The
deceptive hand-sanitizer packaging in containers resembling food or drinks can be dangerous,
particularly in children (Voelker 2020). Mandating manufacturers to display clear warning labels, lockable
dispensers, supervised usage in children are few recommendations that can be implemented for
intentional or unintentional consumption-related poisoning (Richards 2020).

Health hazards associated with ABHSs can be either acute ethanol toxicity, methanol poising, or chronic
skin irritation, or contact dermatitis (Table 2). Hand sanitizers mostly contain ethanol and isopropyl
alcohol as their main ingredient can be considered as a common cause of acute intoxication in children
(Patidar et al. 2020), particularly when repeatedly ingested (Hanna et al. 2020). Children are at greater risk
for developing hypoglycaemia, toxicity even at a small amount of alcohol dose (Chen and Haber 2021).
Accidental ingestion at a residential setting has been the primary exposure route in a large number of US
children (<5 years), though with minor/minimal medical consequences (McCulley et al. 2021). The
reported cases of hand sanitizer exposure in 2020 from children (<12 years age) alone (24,802) surpass
the annual average of total cases (>21,000) over the years between 2012 and 2019 (Fig. 4) (Mahmood et
al. 2020). Croatian Poison Control Centre reported about a nine times increase in sanitizer exposure cases
in the �rst half of 2020, where preschool children have been the most vulnerable group (Babić et al.
2020). Apart from oral ingestion, ABHS-related ocular exposures in children have increased in comparison
with the earlier year (Martin et al. 2021), though without long-term sequelae (Yangzes et al. 2021).
Accidental splitting of alcohol-based hand rub gel can cause corneal epithelial defect even in adults and
require surgical intervention (Sunny 2020). Aerosol from frequent use of ABHS spray can cause episodic
redness, irritation in adults in a closed environment (Shetty et al. 2020).

Intentional consumption of ABHSs can lead to acute poisoning and even death (Kuehn 2020). The
toxicity of ABHSs consumption can be aggravated in patients on anti-depressant prescription (Richards
2020). Surprisingly, suicidal or accidental ingestion of ABHSs has also been reported in hospital settings
for patients undergoing treatment for different medical conditions (Jorge et al. 2020; Lim 2020; Stevens
and Hix 2020).  Caution must be exercised with ABHSs usage in patients on disul�ram getting treated for
their “alcohol use disorders”. Inhalation of alcoholic vapor from hand sanitizers and cutaneous alcohol
absorption could be su�cient to cause a disul�ram-ethanol reaction (Brewer and Streel 2020). Disul�ram
adherent patients using alcohol-based sanitizer have a clinical manifestation of disul�ram ethanol
reaction (Ghosh et al. 2021), aggravated by excessive hand sanitizing zeal (De Sousa 2020). Long-term
dermal absorption of isopropyl alcohol from a topical application can cause multiple unexplained cardiac
and neurological de�cits in adults (Leeper et al. 2000).

Table 2. Case studies reporting on exposure of ABHSs and their short or long-term

consequences
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Subject Product Exposure type Consequences Reference

  Accidental or intentional exposure

Woman in

their 30's

Ethanol/Propanol

based ABHS

Intentional – Mental

health facility

Death due to

venlafaxine

and alcohol

(Richards

2020)a

Unclassified

reports from

New Maxico

and Arizona

ABHS containing

methanol

Intentional

ingestion

Death and

vison loss

(Kuehn

2020)

Female in their

40’s

(psychiatric)

isopropanol-based

ABHSs

Intentional and

suicidal

consciousness

and oxygen

saturation - 

(Stevens

and Hix

2020)

Female,

inpatient

psychiatric

unit

ABHSs Intentional unresponsive

with faint

pulses

(Jorge et al.

2020)

Man in their

60’s with

spondylitis 

ABHSs Accidental restlessness

and

disorientation

(Lim 2020)

Middle-aged

men adherent

to disulfiram

Sanitizers Skin/Inhalation Disulfiram-

Ethanol

reaction

(Ghosh et

al. 2021)

3 subjects –

undisclosed

age/sex 

ABHSs Skin/Inhalation Disulfiram-

Ethanol

reaction

(Brewer

and Streel

2020)

Child <10 ABHS Intentional - Poisoning/ (Hanna et
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years in

Australia

habitual recovered al. 2020)

Children ≤5

years

National

Poison Data

System data

Ethanol ABHS Unintentional

ingestion 

Ocular,

gastrointestinal

(McCulley

et al. 2021)

Croatian

Poison Control

Centre

Sanitizer

ethanol/isopropyl

alcohol

Accidental

ingestion/inhalation

Mild/

asymptomatic

(Babić et al.

2020)

Women in

early 30’s

ABHSs Accidental Ocular

exposures

Temporary

corneal defect -

treated

(Sunny

2020)

Children data

from French

poison control

ABHSs Accidental Ocular

exposures

Corneal lesions (Martin et

al. 2021)

Female in mid-

20’s 

ABHSs hand sanitizer

spray – aerosol

exposure

Episodic

redness,

irritation, and

a burning

(Shetty et

al. 2020)

4–5-year-old

child

ABHSs Accidental ocular

exposure

conjunctival

congestion

(Yangzes et

al. 2021)

  Long-term dermal exposure

School

children,

Denmark

Hand sanitizer Increased Hand

sanitization

irritant contact

dermatitis

(Borch et al.

2020)
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HCWs from an

Irish hospital

ABHSs Increased Hand

sanitization

Dry skin, ICD (Kiely et al.

2021)

HCWs hospital ABHSs Increased use Dryness of skin (Altunisik

Toplu et al.

2020)

HCWs - 15-

year survey –

Geneva

Hospital

ABHSs

(isopropanolol)

Hand-hygiene -

long-term 

irritant contact

dermatitis

(66%)

(Quenan

and Piletta

2020)

  Ingestion of methanol contaminated ABHSs

Women in mid-

20’s

tetrahydroxypropyl

ethylenediamine -

sanitizer

Occupational

exposure

allergic contact

dermatitis

(Antelmi et

al. 2020)

Man in mid-

20’s 

Methanol

contaminated

ABHS

Intentional –

addictive ingestion

Death (Overbeek

et al. 2021)

15 cases (age

between 21-65

years)

Methanol

contaminated

ABHS

Ingestion 4 death  (Yip et al.

2020)

Alcoholic male

in late 50’s 

Methanol

contaminated

ABHS

Ingestion  bilateral loss of

vision

(Kochgaway

et al. 2020)

797 cases Sanitizer, Alcohol Ingestion Toxicity, death (Sefidbakht

et al. 2020)

5000 people Sanitizer, Alcohol Ingestion Toxicity, death (Shokoohi
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(Iran) et al. 2020)

a – Old case of 2013 reported in the publication

5.2. Hazards due to methanol mixing or counterfeit products

A signi�cant number of study reports �ourishing market of substandard or counterfeit ABHSs which
either have undisclosed methanol content or with an alcohol content below 60% cause a different
dimension of health hazard (Jairoun et al. 2021). A probe in Addis Ababa market reveals that 70% of
hand sanitizers had alcohol strength below the WHO recommended limit and all products failed to meet
the hydrogen peroxide (H2O2) content limit (Selam 2020). Though the proportion of substandard
products may vary, the situation has been perilous either in Italy (Berardi, Cenci-Goga, et al. 2020), Turkey
(Berkkan and Ulutas 2020), or Dubai (Jairoun et al. 2021). Development and validation of a scale to
identify falsi�ed hand sanitizer (Jairoun et al. 2020) or availability of low-cost portable instrument for
monitoring ethanol content (Pasquini et al. 2020) or on-site methanol screening (Güntner et al. 2021) with
enforcement authorities can be instigated to curb such counterfeit products. Consumer awareness on tell-
tale signs for the identi�cation of fraudulent ABHSs can be created (Aschenbrenner 2020).

Relaxed legislation in several countries to meet the unprecedented demand of ABHRs has also fuelled the
potential risk of ‘methylated spirits’ substitution for ethanol or isopropyl alcohol (Dear et al. 2020).
Methanol in formulations when inhaled or even exposed to human skin gets into the blood through
dermal absorption if used very frequently (Mojica et al. 2020). Ingestion or transdermal absorption of
ABHRs with undisclosed methanol content has been reported to cause acute bilateral loss of vision
(Kochgaway et al. 2020) or even death (Overbeek et al. 2021; Yip et al. 2020). CDC released an advisory
on a speci�c methanol-based hand sanitizer manufactured in Mexico, due to the potential presence of
methanol (CDC 2020). A dramatic increase in methanol poisoning-related morbidity and mortality from
consumption of sanitizers, alcohol on belief to prevent COVID-19 infection has been reported in Iran
during the early phase of the pandemic (Se�dbakht et al. 2020; Shokoohi et al. 2020).

5.3. Health hazards due to accompanying ingredients

The various combinations of ingredients present in ethanol, isopropyl alcohol-based hand-sanitizer
formulations may be toxic to human health when misused. A recent review suggests signi�cant skin
damage on repeated exposure to isopropanol-based formulations, possibly due to the synergistic effect
of combined irritants such as sodium lauryl sulfate (Tasar et al. 2021). Intake of the chemical in a lower
concentration of hydrogen peroxide (3% solution) leads to minor gastrointestinal tract irritation (Alhasson
et al. 2020). Active ingredients in disinfectant products such as hydrogen peroxide, sodium hypochlorite
peroxyacetic acid, alcohols can cause skin irritation in prolonged usage (Choon Fu Goh et al. 2020).
Sanitizer formulation containing tetrahydroxypropyl ethylenediamine has been known to be connected
with occupational allergic contact dermatitis (Antelmi et al. 2020). A study in the early phase of Covid-19
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reveals episodic experiences one or other form of side effects on frequent hand washing and sanitization
such as skin dryness, obsession, skin itching, coughing, and eye irritation (Dindarloo et al. 2020).

5.4. Adverse effects on long-term use

Healthcare workers require frequent handwashing to maintain HHC during the pandemic. However,
evidence now suggests that such practices are damaging their skin integrity. The majority of health
workers frequently report symptoms of irritant contact dermatitis (ICD) during this pandemic (Kiely et al.
2021), though the same observation has been reported from decade long survey in tertiary care
institutions (Quenan and Piletta 2020). The problem of hand‐skin dryness has a statistically signi�cant
association with the use of alcohol‐based hand sanitizers (Altunisik Toplu et al. 2020). Though most
common in health workers, none the less increasing proportion of school children are also now facing the
same ICD due to increased frequency of hand washing (Borch et al. 2020). American contact dermatitis
Society expects an increase in hand dermatitis due to repeated use of detergents or ABHSs containing
preservatives, surfactants, and antimicrobial agents (Rundle et al. 2020). Moisturizer blended ABHSs is
recommended to minimize sensitizing and irritancy potential.

Though ABHSs is recommended for lipolysis-based germicidal action of alcohol, they have a minimal
effect on non-enveloped viruses, such as noroviruses (Sato et al. 2020). A recent study reported less than
one log10 reduction in human norovirus genome equivalent copies when treated with 60% ethanol,
regardless of contact time (30 or 60s) (Escudero‐Abarca et al. 2020). When the “alcohol-based and other
hand sanitizers effectiveness against norovirus are contentious” the possibility of a new norovirus
epidemic may pop up, though CDC observes no de�nitive proof by all stretch and “use” could be more
reasonable to avoid infections (Vogel 2011). Although antimicrobial resistance (AMR) is already a
challenge in clinical practice, the discussion has resurfaced in the face of the pandemic (Metsemakers et
al. 2021) may boost up the antimicrobial resistance in humans (Rezasoltani et al. 2020). The continual
usage of hand sanitizers will increase biocides or antimicrobials load in receiving water bodies leading to
the selection of AMR bacteria (Murray 2020). The recent report on the development of alcohol resistance
Enterococcus faecium and vancomycin-resistant strains can be collateral damage to microbiomes
“wiping” several commensals in various niches and possibly creating “mines” for newer threats (A. Singh
2020).

6. Environments Hazards Of Hand Sanitization Products
Very few articles published during this pandemic have actually implicated environmental hazards
associated with sand sanitizer. However, ABHSs with high alcohol content certainly possess a
�ammability risk (Atolani et al. 2020), and must be viewed as a safety concern in a �re-related work
environment. Disinfectants, hand sanitizer preparations including the so-called green variants may
contain a number of hazardous fragrances or may emit potentially hazardous volatile chemicals not
disclosed on the product label or safety data sheet (Steinemann et al. 2021). Large-scale use of
disinfectants, surfactants without proper disposal protocol is likely to cause environmental pollution, and
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impacts at a different hierarchy of ecosystems (Saadat et al. 2020). The presence of ethanol, isopropyl
alcohol, and hydrogen peroxide in sanitizer formulation may cause depletion of oxygen in water bodies
(Mahmood et al. 2020) impacting microbial dynamics and other invertebrates. Though not directly linked
with sanitizer formulation itself, management of plastic hand sanitizer bottles as medical waste can be a
challenge in urban coastal areas or commercial hubs (Hellewell et al. 2020).

7. Conclusions
The use of hand sanitizer, ABHSs in particular, remains a front-line defence against the spread of Covid-
19. From the systematic review on “hand sanitizer” during the ongoing pandemic, the following
conclusions can be made.

A signi�cant number of publications on ABHSs are review, editorial, commentary in nature

Variation in ethanol content in ABHSs related formulation is evident, only a few studies relate their
e�cacy on SARS-Cov-2. The e�cacy of semi-alcoholic, ayurvedic formulations are either inexistent
or poorly described.

Most reports of accidental ethanol exposure from ABHSs are in children, without serious
consequences. Few scattered reports are there on intentional ingestion, methanol poisoning from
counterfeit sanitizers, and death. Short-term over sanitization-related skin dermatitis in children and
healthcare workers have been reported.

Though the ABHSs misuse could have been resolved through a better awareness program, campaign,
and close monitoring, the �ourishing market of fake/spurious products needs to be curbed by
enforcement authorities.
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Figure 1
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The different dimensions of hand sanitizers unfolding in hand hygiene practices during the Covid-19.

Figure 2

Flow chart diagram showing the selection of relevant studies pertinent to this review.
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Figure 3

Classi�cation of hand sanitizer related publications, based on article type and thematic area, indexed in
Scopus® and PMC databases and published in 2020-2021 (10/02/2021).

Figure 4

Number of different hand-sanitizer-related toxicity cases (total) reported to AAPCC over the years (left-
aligned stacked bar) and the subset with children less than 12 years old (right-aligned bar). The number
of total reported cases in 2020 is not available. Retrieved from: https://aapcc.org/track/hand-sanitizer


