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Abstract

Alcohol has a longstanding history as an antiseptic, and the coronavirus disease 2019 (COVID-19) pandemic has sparked a renewed interest in its use as a hand sanitizer. Alcohol works by denaturing protein and rendering cell membranes permeable. It offers excellent germicidal effects against Gram-positive and Gram-negative bacteria, Mycobacterium tuberculosis, fungi, and lipid-containing viruses. However, it is less reliable against non-lipid containing viruses and is ineffective against bacterial and fungal spores. Alcohol-based hand rub (ABHR) usually contains 60–90% isopropanol or ethanol. Additives such as chlorhexidine to complement the action of alcohol and emollients to ameliorate the drying effect of alcohol are often included to improve the formulation of ABHR. In the clinical setting, ABHR provides biocidal activity against multidrug resistant bacteria such as methicillin-resistant Staphylococcus aureus as well as viruses like human coronavirus, severe acute respiratory syndrome coronavirus, and Middle East respiratory syndrome. Moreover, its use is associated with an improved compliance with hand hygiene, which has been shown to translate into better patient outcomes. However, there are cases of intoxications secondary to ingestion of ABHR or adulterated alcohol when resources are diverted away from the normal beverage production to meet the increased need for hand sanitizer during the COVID-19 pandemic. The risk of unintentional topical absorption and fire hazard among healthcare workers is low but should not be ignored. We proposed recommendations to mitigate the risk of ABHR ingestion and poisoning as well as that of fire hazard.
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Alcohol-based hand rub (ABHR) has gained popularity as an effective means of hand hygiene in healthcare settings (1, 2). When used appropriately, the effectiveness of ABHR has been demonstrated against a plethora of infectious microorganisms, including Gram-positive and Gram negative bacteria, mycobacteria, fungi, and viruses (2–5) Moreover, ABHR is easy to use, requiring only a short duration of time to exert biocidal effects (6). Consequently, ABHR is associated with improved hand hygiene effectiveness (7) and compliance (8) with hand hygiene practices. With the interest in ABVH rekindled during the coronavirus disease 2019 (COVID-19) pandemic, caused by the severe acute respiratory syndrome (SARS) coronavirus 2 (SARS-CoV-2), this article aims to revisit the science and clinical use of ABHR. We begin by discussing the pharmacological and pharmaceutical properties of ABHR. We subsequently describe the clinical benefits and the hazards associated with its use in the clinical settings.

Pharmacology

Alcohol works by denaturing protein and rendering cell membranes permeable. The presence of a certain amount of water speeds up the process. Most alcohol hand rub formulations offer excellent germicidal effects against Gram-positive and Gram-negative bacteria, Mycobacterium tuberculosis, fungi, and lipid-containing viruses, as well as multidrug resistant pathogens such as vancomycin-resistant Enterococcus (VRE) and methicillin-resistant Staphylococcus aureus (MRSA). Their activity against non-lipid containing viruses is variable, and they are ineffective against bacterial and fungal spores (9, 10) Alcohol does not possess residual ability to inhibit microorganisms, and hence, hand rub should be frequently reapplied to maintain effective germicidal activity (9)

The antibacterial and antifungal effects of alcohol increase with the molecular weight in the following order of potency: (methanol) < ethanol < isopropanol < n-propanol (9). Methanol has the weakest bactericidal action of the alcohols and is seldom used in healthcare due to its high toxicity (10). Isopropanol has been shown to be more bactericidal than ethanol for Escherichia coli and S. aureus but is not as effective against non-lipid-containing viruses such as rotavirus and adenovirus when compared to ethanol (10). The antiseptic activity of n-propanol is superior to that of isopropanol and ethanol (5, 11). In theory, butanol would be a great antiseptic, given its higher molecular weight. However, its banana-like odor and its low solubility in water render it less suitable as an antiseptic.

Formulation

The type of alcohol

ABHR usually contains isopropanol or ethanol in various concentrations and combinations. n-propanol is approved in Europe, but not in the United States (US), as an active ingredient for skin antisepsis (12). The biochemical properties of the three alcohols are compared in Table 1. Ethanol has a lower molecular weight and, hence, a lower boiling point and greater vapor pressure when compared to isopropanol and n-propanol (13). This property renders ethanol more drying to the skin compared to isopropanol and n-propanol. At the right concentrations, ethanol is commonly consumed as a recreational beverage, but isopropanol and propanol are relatively potent central nervous system suppressants and are not suitable for ingestion. Therefore, the US Food and Drug Administration (FDA) emphasized the importance of ethanol-based hand rub to be denatured to minimize the risk of unintentional ingestion (14). This could be performed by adding poisonous/bitter additives to limit human consumption in accordance with the formulas provided in the Alcohol and Tobacco Tax and Trade Bureau regulation for alcohol in hand sanitizers, for example, formulae 40A or 40B (with or without the tertiary butyl alcohol [tert-butyl]) and formula 3C (isopropyl alcohol) (14). All three alcohols may be produced by chemical synthesis or fermentation. Their antiseptic spectrum and potency are similar, and the specific differences are highlighted in Table 1. n-propanol is a potent antiseptic, but its safety profile is not as well established compared to isopropanol and ethanol. It is a relatively unpopular choice for ABHR formulations (5).




Table 1.Comparison of properties of alcohols commonly used in hand rub


	
	Ethanol
	Isopropanol
	n-propanol





	Chemistry (13)
	Two carbon atoms
[image: images]
	Three carbon atoms
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	Three carbon atoms
[image: images]



	Molecular weight: 46.1
	Molecular weight: 60.1
	Molecular weight: 60.1



	Colorless
	Colorless
	Colorless



	Weak ethereal vinous odor
	Odor of rubbing alcohol
	Mild alcohol-like odor



	Miscible with water
	Miscible with water
	Miscible with water



	Boiling point: 173°F
	Boiling point: 181°F
	Boiling point: 207°F



	Vapor pressure: 44 mmHg
	Vapor pressure: 33 mmHg
	Vapor pressure: 15 mmHg



	Production
	Hydration of ethene
Fermentation by yeast
	Hydration of propene
Fermentation by bacteria
	Hydrogenation of propionaldehyde
Fractional distillation of fusel oil



	Biology
	Less toxic
	More toxic, two to three times more potent CNS depressant
	More toxic, two to three times more potent CNS depressant



	More drying to skin
	Less drying to skin
	Less drying to skin



	Antiseptic spectrum/efficacy
	More effective against non-lipid containing viruses such rotavirus and adenovirus (10)
	More bactericidal than ethanol for E. coli and S. aureus (10)
	Greater skin flora reduction compared to ethanol and isopropanol (11, 44)



	CNS, central nervous system.





Concentration

Concentrations of 60–90% are deemed the most effective, and 70% is typically chosen for hand rub preparations (9). While the antiseptic ability of alcohol drops sharply when its concentration falls below 60%, concentrations above 90% are not desirable for the following reasons: (1) pure alcohol dehydrates the cells and interferes with protein denaturation, rendering it less effective than a preparation with a lower alcohol concentration; (2) a higher concentration is more drying and irritating to the skin; (3) alcohol hand rub with a higher concentration evaporates faster.

Additives

Other than alcohol, additional antiseptics such as chlorhexidine and quaternary ammonium derivatives may be present in some formulations to complement the action of the principal component. For instance, adding chlorhexidine would help the preparation achieve a residual effect. Reichel et al. (11) also found chlorhexidine in conjunction with ethanol significantly enhanced log reduction of skin flora. Sporicidal agents such as hydrogen peroxides may be added to eliminate spores in the ingredients rather than for hand antisepsis. The use of hydrogen peroxide might, however, complicate the production owing to its corrosive nature and its difficult procurement in some countries (5). Emollients or humectants such as glycerol are often included in the formulations to reduce skin dryness and irritation. Water aids with antisepsis by speeding up protein denaturation by alcohol and is an essential ingredient in the production of hand rub. Colorants or fragrances are commonly used to increase the acceptability of the product but are associated with risk of allergic reactions and might increase the risk of ingestion by children. Dyes that leave stain or residue on the user’s hands or clothes should be avoided (15). Gelling agents and foaming agents may be added to help formulate the desired dosage form.

Examples

The World Health Organization (WHO) published a guide for local preparation to help healthcare facilities across different countries adopt ABHR as a standard of hand hygiene (5). The United States Pharmacopeia (USP) also released a document to provide compounding guidance for ABHR in view of sanitizer shortages associated with the COVID-19 pandemic (16). Table 2 lists the details of the WHO-recommended hand rub formulations as well as the USP alcohol-based sanitizer formulations with the formulations of two commercially available hand sanitizers. These formulations not only reflect the principles discussed above but also highlight the differences between local compounding and commercial manufacturing. All the listed formulations contain alcohol of 70–80% for optimal antiseptic effect and emollients to ameliorate the drying and irritating effect of alcohol to skin. Formulations for local compounding call for the addition of hydrogen peroxide as the process is associated with a higher risk of spore contamination. The commercially available formulations are usually more complicated and include fragrance and dye to increase the acceptability of the products. Chlorhexidine is added to one of the formulations to enhance the antiseptic effect of alcohol and gelling agents, such as crosspolymers are added to the other preparation to formulate the product into a gel. (17,18). Due to the flammable nature of alcohol and its potential to irritate mucosa (e.g. eyes, nasal, and gastrointestinal mucosa), ABHR is usually labeled to warn users of the potential risk.




Table 2.Common hand rub formulations


	
	WHO Formulation 1 (44)
USP Formulation 1 (16)
	WHO Formulation 2(44)
USP Formulation 2 (16)
	USP Formulation 3 (16)
	MICROSHIELD®
Handrub Solution (17)
	PURELL®
Healthcare Advanced Hand Sanitizer Gel (18)





	Constituents
	Ethanol 80% (v/v)
Glycerol 1.45% (v/v)
Hydrogen peroxide 0.125% (v/v)
Water
	Isopropanol 79% (v/v)
Glycerol 1.45% (v/v)
Hydrogen peroxide 0.125% (v/v)
Water
	Isopropanol 75% (v/v)
Glycerol 1.45% (v/v)
Hydrogen peroxide 0.125% (v/v)
Water
	Active ingredients:
Ethanol 70% (v/v)
Chlorhexidine gluconate 0.5% (w/v)
Inactive ingredients:
Water
Ethoxylated lanolin
Glycerol
Fragrance
Dye
	Active ingredient:
Ethanol 70% (v/v)
Inactive ingredients:
Water
Isopropanol
Caprylyl glycol
Glycerin
Isopropyl myristate
Tocopheryl acetate
Acrylates/C10-30 alkyl acrylate crosspolymer
Aminomethyl propanol, fragrance



	Warning labels
	
	
	
	
	



	Flammable
	√ (WHO)
	√ (WHO)
	
	√
	√



	External use only
	√ (WHO, USP)
	√ (WHO, USP)
	√ (USP)
	√
	√



	Keep out of reach of children
	√ (WHO)
	√ (WHO)
	
	
	√



	Avoid contact with eyes
	√ (WHO)
	√ (WHO)
	
	√
	√



	Discontinue use if skin irritation or redness develops
	
	
	
	√
	√



	Do not mix with detergents/other chemicals
	
	
	
	√
	



	USP, United States Pharmacopeia; WHO, World Health Organization; MICROSHIELD® (Schülke & Mayr GmbH, Nordersted, Germany); PURELL® (GOJO Industries, Inc., Akron, Ohio, USA).





Benefits of ABHR

The benefits of ABHR are broadly classified into effective biocidal activity and improved compliance with hand hygiene.

Effective biocidal activity

ABHR is effective against multiple infectious microorganisms as mentioned earlier. The bactericidal activity of isopropanol appears to be at least as effective as chlorhexidine and povidone-iodine. Isopropanol has been shown to reduce bacterial counts by 2.86 ± 1.22 log10 colony-forming units (CFUs), which is marginally superior to chlorhexidine and povidone iodine (19). Moreover, 70% isopropanol is comparable to 4% chlorhexidine at decreasing the load of normal flora on the hands of healthcare workers (20).

Interestingly, the introduction of ABHR in clinical environments is also associated with a reduction in nosocomial transmission of multidrug resistant bacteria such as MRSA and VRE (21) and extended-spectrum β-lactamase producing bacteria (22). This latter finding is particularly significant, given the increasing prevalence of multidrug resistant organisms in both acute (23) and chronic (24) healthcare settings globally.

In addition to bacteria, ABHR also demonstrates effectiveness against viruses. Indeed, hand hygiene with either 61.5% ethanol or 70% isopropanol effectively reduces in vitro viral loads after exposure to infectious doses of H1N1 influenza (3). Additionally, exposure of multiple Coronaviridae species to 70–95% ethanol or 50–100% isopropanol solutions for ≤1 min appears sufficient to inactivate human coronavirus, severe acute respiratory syndrome coronavirus, and Middle East respiratory syndrome coronavirus by a factor of ≥4 log10 in in vitro studies (25). In light of the latest COVID-19 pandemic, these findings are promising and suggest that SARS-CoV-2 might also be effectively inactivated by ABHR containing ethanol or isopropanol.

However, there are two major caveats to the use of ABHR. First, its activity against spores, for example, Clostridioides difficile, and non-enveloped viruses, for example, rotavirus and norovirus, is not reliable (9,10). Hand washing with soap and water is recommended when caring for patients with these pathogens. Soap and water is also recommended when hands are visibly soiled or dirty as the effectiveness of ABHR is limited in the presence of organic matter (5). Second, the key to the biocidal effectiveness of ABHR is the hand hygiene technique adopted by healthcare workers (26). The recommended procedure of hand rubbing with ABHR covers all areas of the hands and lasts for 20–30 sec (5). Healthcare workers adopting incorrect hand hygiene techniques while using the ABHR approved by the US FDA still had detectable microorganism levels with 25% of participants achieving <1.1 log10 CFU reduction in microorganism load (27). Emphasis should, therefore, be placed on the training and enforcement of correct hand hygiene techniques with a systematic approach to application of the ABHR and allowing adequate contact time in clinical environments.

Improved hand hygiene compliance

The WHO guidelines recommend hand rubbing with ABHR for hand hygiene during patient care except when hands are visibly soiled or dirty as it is faster, more effective, and better tolerated by the skin compared to hand washing (5). The introduction of ABHR improves compliance to hand hygiene practices, thereby reducing the transmission risk of nosocomial infections. Such findings are consistent in both the critical care (8) and general ward (28) settings. Indeed, improvements in hand hygiene compliance appear to translate to better patient outcomes. For example, a multicenter study demonstrated a decrease in central line-related infections following the introduction of ABHR (29). Factors contributing to improved hand hygiene compliance include reduced skin irritation (30), improved accessibility (31), and shorter duration required to execute hand hygiene (2).

Toxicity among non-healthcare workers

Despite the benefits of alcohol-based medical products, there exists abundant literature describing toxicity resulting from the intentional or unintentional ingestion of these products. Medical and industrial products containing ethanol and isopropanol often appear similar to harmless liquids, such as water, and are commonly ingested unintentionally by children (32). Proliferation of misleading messages on social media in response to the COVID-19 pandemic resulted in the intentional ingestion of methanol by hundreds of Iranians in the belief that this would confer viral prophylaxis (33). Moreover, ABHR is frequently consumed by individuals who are alcohol dependent, especially when commercial alcohol becomes unavailable (34, 35). Finally, numerous cases of methanol poisoning from adulterated illicit alcohol have also been reported, such as in India, Indonesia, Iran, and Russia (36). The above examples highlight potential risks surrounding the use of ABHR and other medical products, particularly in the context of the ongoing COVID-19 pandemic. Disruption of supply chains and the need for increased production of medical grade alcohols might divert resources away from the production of alcoholic beverages increasing the likelihood of individuals consuming (1) ABHR and other medical products as well as (2) illicit alcohol with poor or absent quality control. The effects of either could be potentially disastrous. We propose recommendations to minimize the risk of poisoning associated with ABHR in Table 3.




Table 3.Recommendations to prevent alcohol-based hand rub (ABHR) ingestion and poisoning


	a. Recommendations for the prevention of ABHR poisoning:

	Clear warnings from manufacturers on the toxicity of these preparations.

	Social warnings on the information about the unsuitability of these preparations for oral consumption.

	Providing information about the severe toxic effects such as fatality.

	Clinical reminders for first response teams, emergency units, and general practitioners about the increased risk of these presentations.

	Early recognition and early avoidance of metabolic acidosis during the management in emergency units.

	Information on the possible hazards to primary care physicians/networks.

	Community awareness programs to disseminate the hazards of such consumptions.






	b. Recommendations for preventing in-hospital accidental ingestions by patients:

	Alcohol-based hand rub supplies need to be kept under lock and key.

	Specific dispensers of ABHR in wards and hospital corridors need to be kept within non-removable dispensers or need to be reinforced with cable ties to prevent the removal from their designated places.

	Patients with a history of alcohol use and dependence need to be identified early and need to be observed carefully for symptoms of withdrawal and compulsive seeking for alcohol-based preparations.

	Healthcare personnel and care providers need to be educated periodically on the possibilities of acute ingestion and resulting toxicity.

	Importance of early supportive care and prevention of severe acidosis and organ damage should be ascertained.







Safety among healthcare workers

Unintentional absorption

Both ethanol and isopropanol have demonstrated absorption through transpulmonary and transdermal routes, and concerns exist over the unintended absorption of these substances by healthcare workers during routine use. Fortunately, the likelihood of unintended parenteral absorption of ethanol or isopropanol in healthcare workers is very low. The rise of serum and urinary levels of ethanol following the liberal usage of ABHR by healthcare workers over an 8 h shift mimics that occurring after the use of alcohol-containing products of daily life, such as aftershave and mouthwash (37). Moreover, healthcare workers did not exhibit detectable levels of alcohol in serum of urine after exposure to inhaled air with an ethanol concentration of 46.2 mg/m3 over a 4-h shift (38). Collectively, these findings suggest that transdermal and transpulmonary absorptions of ethanol and isopropanol are minimal following the use of ABHR.

Fire safety

There remains a theoretical risk of fire when using the ABHR, especially in the operating theater. A multicenter American study involving 766 health facilities using ABHR over a total of 1,430 hospital years did not reveal any incidences of fire attributable to ABHR (39). A multicenter study in Germany covering 788 hospitals reported seven non-severe cases of fire associated with ABHR (40). Three cases were related to exposure to ignition sources (cigarettes and candles) before the ABHR had fully evaporated. The remaining cases were associated with vandalism and attempted physician suicide. Similarly, an isolated flash fire was reported when static arising from personal protective equipment removal resulted in the ignition of an ABHR that had not fully evaporated (41). Despite the paucity of evidence, the risk of fire from ABHR appears low. However, health care workers are advised to take precautions to allow the alcohol hand rub to dry up completely before exposure to sources of ignition. Measures should be also taken to mitigate the fire hazard associated with ABHR. Suggestions based on recommendations from WHO (42) and the US National Fire Protection Association (NFPA) (43) are proposed in Table 4.




Table 4.Recommendations for mitigating the fire hazard associated with alcohol-based hand rub (ABHR)


	a. Storage:

	Local and central (bulk) storage must comply with fire regulations regarding the type of cabinet (e.g. flammable safety cabinets for bulk storage), the maximum quantity of storage (e.g. 460 L for a warehouse and 57 L in a smoke compartment), as well as instructions for spillage management.

	ABHR should be stored in a cool environment.






	b. ABHR dispensers:

	Maximum dispenser fluid capacity should not exceed 1 L.

	Activation of the dispenser shall only occur when an object is placed within 100 mm of the sensor. Each activation should cause the dispensing of an amount of hand rub not more than that required for hand hygiene.

	Containers of ABHR should be labeled with the flammable sign.

	Containers should be properly designed to minimize the risk of leakage.

	Clear instructions for use and warnings not to use excessive amount and not to smoke immediately after use should be displayed at dispenser points. Users should be advised to let their hands dry and the vapors disperse after using ABHR.






	c. Location of dispensers:

	At least 25 mm (a more conservative approach: 127 mm) away from ignition sources such as light switches and electrical outlets, or next to oxygen or other medical gas outlets.

	At least 1,220 mm between individual dispensers.

	Avoid locating dispensers above carpets due to the risk of damage and lifting/warping of carpets.






	*From references 42 and 43.





Conclusions

Alcohol has a longstanding history as an antiseptic. It works by denaturing protein and rendering cell membranes permeable. It offers excellent germicidal effects against Gram-positive and Gram-negative bacteria, Mycobacterium tuberculosis, fungi, and lipid-containing viruses but is ineffective against bacterial and fungal spores. ABHR usually contains 60–90% isopropanol or ethanol and additives like chlorhexidine and emollients. Besides its effective biocidal activity, ABHR is associated with an improved compliance with hand hygiene. However, there are cases of intoxications secondary to ingestion of ABHR or adulterated alcohol when resources are diverted away from the normal beverage production to meet the increased need for hand sanitizer during the COVID-19 pandemic. The risk among healthcare workers, for example, unintentional topical absorption and fire hazard, is low but should not be ignored.
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