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in providing recommendations on how to 
properly make a hand rub product that is 
effective in eliminating both bacteria and 
viruses and safe for use on healthy skin. 
There are numerous hand rub formulas 
available online, but how does one know 
which composition(s) to trust? 

The purpose of this review is to 
summarize the available guidelines 
and to discuss the pharmacological 
data supporting these recommended 
formulations.

Guidelines
The World Health Organization 

(WHO) and the Food & Drug 
Administration (FDA) have both released 
guidelines for compounding alcohol-
based hand sanitizers.3,4 These guidelines 
are intended to be used by pharmacy and 
medical professionals, and compounders 
should follow the standards of USP 
General Chapter <795> Pharmaceutical 
Compounding – Nonsterile Preparations. 
It is encouraged to strictly follow the 
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P harmacists, in the wake of 
the COVID-19 pandemic 
across the globe, are the 
most accessible frontline 
healthcare professionals whom 

patients can approach with medical-related 
questions.1 The COVID-19 pandemic has 
affected many aspects of our daily activities 
and that includes adopting safe practices 
like social distancing to help prevent the 
spread of the novel coronavirus. One 
effective method we can all adopt to do our 
part in reducing the spread of the severe 
acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is to practice proper hand 
hygiene.2 For healthcare workers, first 
responders, as well as the general public, 
while hand washing with soap and water is 
highly effective, it may not always be the 
most convenient approach. If your hands 
are not visibly soiled, the use of a topical 
hand rub product is a great alternative. 

Unfortunately, obtaining supplies of 
commercially available hand rub products 
is increasingly becoming more difficult 
due to production shortage and high 
demand.1 In response to the shortage, 
many patients are exploring ways to make 
their own hand-sanitizing product at home 
and are turning to their pharmacist for 
guidance. Pharmacists can play a vital role 

formulations laid out by the WHO “Guide 
to Local Production: WHO-recommended 
Handrub Formulations” or by the United 
States Pharmacopeia (USP) “Compounding 
Alcohol-Based Hand Sanitizer During 
COVID-19 Pandemic” to ensure the final 
product contains an adequate alcohol 
concentration capable of inactivating the 
SARS-CoV-2. These formulations have 
as active ingredients, an alcohol (either 
ethanol or isopropyl alcohol), glycerol and 
hydrogen peroxide (Table 1). Both official 
guidelines recommend the use of denatured 
alcohol or isopropyl alcohol.

Alcohol
Coronaviruses, like SARS-CoV-2 are 

a group of RNA viruses encapsulated 
within a lipid bilayer membrane.6 On 
the membrane surface, they project 
glycoproteins that can bind to receptors on 
the surface of host cells. This interaction 
is the initial step for viral replication. It 
is the outer lipid bilayer structure that 
is most vulnerable on viruses, including 
coronavirus. The active agent in the WHO 
hand rub formulations consists of either 
ethanol or isopropyl alcohol because of 
their virucidal activity. Alcohols have 
the ability to coagulate and denature 
proteins, which can disrupt the stability 
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of the phospholipid bilayer, as well as, 
intramolecular hydrogen bonds on the 
membrane surface. This disruption can 
result in cell lysis and is sufficient for 
virucidal activity.7 In vitro studies suggest 
that the WHO formulations of 80% 
ethanol or 75% isopropyl alcohol are able 
to reduce viral titers to background levels in 
30 s, and that >30% ethanol or isopropyl 
is sufficient for complete viral inactivation.5 
Antimicrobial activity appears to be 
optimal for alcohol solution concentrations 
between 60-95%. A study published in 
2017, examined the spectrum of virucidal 
activity for ethanol based hand sanitizers 
against viruses.8 The study reported that 
ethanol based products at a concentration 
of 80% were highly effective against 21 
tested, enveloped viruses within 30 s. Even 
at a concentration of 42.6%, ethanol was 
shown to be effective within 30 s against 
enveloped viruses like SARS-associated 
coronavirus (SARS-CoV) and Middle East 
respiratory syndrome coronavirus (MERS-
CoV).

Interestingly, data would also suggest 
that higher alcohol concentrations do not 
always equate to a more effective final 
product. Hand rub formulations that 
produce a final concentration above 95% 
are not recommended because protein 
denatures faster in the presence of water. 
Highly concentrated alcohol also tends to 
evaporate at a faster rate and could dry out 
skin. The final alcohol concentration of 
the hand rub product should be measured 
with an alcoholmeter or another method 
to assess if adjustments are needed to meet 
the recommended final concentration.3 
According to the Center for Disease 
Control and Prevention (CDC), the final 
alcohol concentration of hand sanitizers 
should be at least 60% ethanol or 70% 
isopropyl alcohol to inactivate viruses with 
similar physical properties to the SARS-
CoV-2.4 

Given the recent increased demand 
for ethanol, the Alcohol and Tobacco 
Tax and Trade Bureau (TTB) is relaxing 
the regulation and tax on ethanol used 
for the production of hand sanitizer in 
response to a potential shortage of vital 
ingredients.9 Though this act may lead to 
an increase in production of ethanol based 
hand sanitizer, it also increases the risk 
of accidental ingestion by children if the 

alcohol is not denatured, or made unable to 
drink for pleasure.10 Ingestion of alcohol-
based products may lead to complications 
such as hypoglycemia, abdominal pain, 
nausea, vomiting, and death. Data collected 
from 2011-2014 showed that 91% of 
the reported harmful exposure to hand-
sanitizer are children aged 5 and younger.11 
In response to the increased public use of 
hand sanitizer products, every household 
with children must be diligent to ensure 
these products are not easily accessible to 
minors.

It is important to note, that while 
alcohols are rapidly effective at killing virus 
particles, the data would suggest that they 
are not likely to be instantaneous, and that 
good handwashing technique (at least 30 
to 60 seconds) may be needed for maximal 
efficacy.

Glycerin
Glycerin USP, also called glycerol in the 

WHO formulations, serves as a humectant 
to retain moisture in the skin and an 
emollient to soften it.12 Due to these 
favorable properties compounders may feel 
inclined to include additional glycerol to 
their formulation. Glycerol should not be 
used in excess for the properties described 
above or to increase the viscosity of the 
final product. 

In a study concerning alcohol 
hand rub formulations used in surgical 
site infections, 1.45% (v/v) glycerol 
significantly decreases the 3-hour 
bactericidal effects in 80% (w/w) ethanol, 
75% (w/w) isopropanol, 60% (v/v) 
n-propanol formulations (p<0.01).13 While 
the precise mechanism(s) of this interaction 
are not known, researchers suspect some 
microbes of the normal skin flora may have 
the ability to ferment glycerol and thus, 

TABLE 1.  USP Alcohol-based Hand Sanitizer Formulations4

Formulation #1 Formulation #2 Formulation #3

• Ethanol 96%: 8333 mL
• Hydrogen Peroxide 3%: 

417 mL
• Glycerol 98%: 145 mL
• Water, a sufficient 

quantity to make     
10000 mL 

• Isopropyl Alcohol 99%: 
7576 mL

• Hydrogen Peroxide 3%: 
417 mL

• Glycerol 98%: 75 mL
• Water, a sufficient 

quantity to make    
10000 mL

• Isopropyl Alcohol 91%: 
8242 mL

• Hydrogen Peroxide 3%: 
417 mL

• Glycerol 98%: 75 mL
• Water, a sufficient 

quantity to make    
10000 mL

Below: Zeeh Station Director Ed Elder, PhD and licensed pharmacist, serves on the USP Compounding Expert Committee 
that developed guidance on hand sanitizer formulations.
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use it as a growth factor if they survive the 
alcohol exposure.14 

On the other end of the spectrum, some 
may consider withholding the addition of 
glycerol or an emollient. A study conducted 
in Brazil using the WHO hand rub 
formulations along with modified versions 
containing different concentrations of 
glycerol, assessed skin tolerance on dryness 
and skin condition. The authors reported 
participants who used the formulation 
without the addition of any glycerol 
experienced higher skin reactions and lower 
scores on visual skin appearance. Dry skin 
can lead to skin cracks and further damage, 
where microbes can grow and flourish. It is 
not known at this time what the required 
minimum concentration of glycerol should 
be in a hand rub formulation to protect 
skin.

The USP guidance recommends using 
a lower glycerin concentration in the 
isopropyl alcohol hand rub formulation, 
compared to the ethanol formulation, 
based on the WHO guideline indicating 
the potential for glycerin to reduce 
effectiveness of isopropyl alcohol.4,12

Hydrogen Peroxide
Hydrogen peroxide is added to the 

WHO hand rub formulations to inactivate 
bacterial spores during storage.3 Though 
studies have been performed on the 
virucidal effects of hydrogen peroxide, it 
is not used as an active substance in the 
WHO formulations for this purpose. 
Studies performed on the inactivation 
of bacterial spores by hydrogen peroxide 
suggest a number of different factors may 
be involved.15,16 Hydrogen peroxide is an 
oxidizing agent that can dissolve the outer 

protein layer of a bacterial spore and induce 
DNA bond breakage causing damage to 
bacterial DNA. This disruption can affect 
metabolic pathways and enzyme activations 
within the bacterial spores. While 
prolonged exposure to high concentrations 
of hydrogen peroxide vapour has been 
shown to kill a number of pathogenic 
viruses (including SARS-CoV), in 
experimental culture, these findings should 
not be extrapolated to the brief exposure 
to this agent on human skin.17 The WHO 
recommendation is that effective sanitizing 
solutions be formulated to achieve a final 
concentration of 0.125% (v/v).

Water
Water serves as a diluent within the 

WHO hand rub formulations.3 The WHO 
guideline recommends the use of sterile 

distilled water to minimize the risk of 
contamination. USP guidance permits the 
use of distilled water, boiled and cooled 
potable (tap) water, reverse-osmosis water, 
or filtered water as suitable alternative 
options to using sterile distilled water.4 As 
discussed above, some water is necessary 
in alcohol-based sanitizers in order to 
maximize virucidal activity.

Other Additives 
Per the WHO hand rub formulation 

guideline, hand sanitizer should not 
have additives other than the ingredients 
specified.3 The use of any other raw 
materials must be justified by the 
compounder based on sufficient data to 
demonstrate safety, compatibility with all 
other ingredients, stability and the potential 
impact on antimicrobial efficacy of the final 
preparation.

The addition of fragrant ingredients 
is not recommended due to the risk for 
allergic reactions. According to the WHO 
guideline, gelling agents, can compromise 
antimicrobial efficacy.3

However, glycerol can be substituted 
with other humectants or emollients 
like aloe vera if they are non-toxic, 
hypoallergenic, and miscible with both 
water and alcohol. Having said this, 
it is important to note that additives 
frequently included in various commercial 
formulations may impact their antiviral 
efficacy. For example, addition of a viscosity 

Above: Associate Research Specialist Nay Win (left) is labeling as grad student Marshall Padilla is filling bottles.

Below: Hand sanitizer ready to be delivered to UW Health
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increasing agent (i.e. gelling agent), such 
as acrylates/C10-30 alkyl acrylate cross 
polymer, aloe / aloe vera / aloe barbadensis 
gel, or carbomer may, according to the 
WHO, compromise antimicrobial efficacy. 
Tocopherol acetate, an antioxidant that has 
emollient properties, or isopropyl myristate 
could reduce activity against virus. 

Non-alcohol-based hand sanitizer 
benzalkonium chloride has been studied 
for decreasing bacterial load, but it 
has not been well-studied enough to 
demonstrate effectiveness towards SARS-
CoV-2.8 Indeed, the virucidal activity 
of non-alcoholic disinfectants such as 
benzalkonium chloride (0.05-0.2%) and 
chlorhexidine digluconate (0.02%) in in-
vitro studies, appears variable at best.18 In 
these same experiments, however, povodine 
iodine (0.23-7.5%) was quite effective 
against SARS-CoV and was similar to 70% 
ethanol.

Stability 
Regarding the stability of compounded 

hand sanitizer, the concern of expiration 
is not due to the toxicity of the product or 
the growth of microbes. The risk lies with 
the stability of the antimicrobial properties 
decreasing over time to less than 90% of its 
original strength.19 For example, if a hand 
sanitizer originally has 80% ethanol and 
decreases to 70% ethanol, it is considered 
expired because it drops below 72% 
ethanol (72% ethanol/ 80% ethanol = 0.9 
or 90%). At 25°C, a study demonstrates 
a linear evaporation of ethanol at varying 
concentration of ethanol in water. 
Therefore, the ethanol or isopropyl alcohol 
in hand sanitizer is constantly evaporating, 
decreasing the overall concentration of 
alcohol that remains. 

For compounded products, non-
sterile water-containing topical liquid 
formulations are assigned a beyond-use-
date of 30 days, based on USP <795>. 
As compared to commercially available 
hand rub products that are sold in stores, 
the expiration date is considerably longer. 
The reason for such discrepancy between 
the expiration dates is due to precaution 
and the need for stability data over time. 
Manufacturers have the luxury of a 
controlled environment with the ability to 
reproduce hand rub products of consistent 
quality verified by sampling and testing 

An Interview with Ed Elders

1. It’s really great that the UW-Madison School of Pharmacy collaborated 
with UW Health and other UW-Madison departments to create vital 
supplies during the COVID-19 pandemic. How did this project come to be?
The project was spearheaded by collaboration between our Dean and the 
pharmacy department at UW Health. We already had a relationship with 
UW Health from doing testing for sterile products from the Pharmacy 
Services Building. The Dean and UW Health were talking about what 
needs might come about as a result of the pandemic. Initially the hospital 
felt they were well-supplied, but then as procurement started getting 
overwhelmed with requests, the hospital realized no hand sanitizer 
was available on the market. Both the Dean and I were approached by 
some contacts at UW Health, and it all came together from that existing 
relationship and building on that through the administration of the school 
and directly with the Zeeh Pharmaceutical Experiment Station.

2. What was the most difficult thing about trying to make this sanitizer?
The most difficult thing was getting the logistics off the ground right 
up front. We had very little time to prepare. We finalized the plans on 
a Thursday and started manufacturing hand sanitizer the next Monday. 
Fortunately, we had the proper equipment, so that wasn’t a big issue. The 
challenge was getting the raw materials and coordinating everything with 
the hospital, especially as buildings and services were shutting down. The 
biggest obstacle was just working through keeping operations open so 
that we had a conduit for materials back and forth from the hospital and 
pharmacy school. 

3. How would you advise other schools or pharmacists who want to do 
something to help out, now or in a future event?
We were fortunate because I sit on the compounding expert committee at 
the United States Pharmacopeia (USP), and we were having discussions 
about COVID related needs that pharmacists would soon be having. One of 
these needs was the compounding of hand sanitizer, so I was well in tune 
with what the requirements were. I think it is important to be well aware 
of what the requirements are and to follow all of the recommendations, 
standards, and regulations. I know of a recent recall of hand sanitizer that 
happened because someone used the wrong kind of isopropyl alcohol, so 
being aware of requirements and following the rules is essential.

4. What advice do you have for community pharmacists whose patients 
ask them for a hand sanitizer recommendation during the pandemic?
Some of the commercially available products are not as potent as 
others in terms of alcohol content. Many aren’t up to the World Health 
Organization’s formulations and have about 10% lower alcohol content 
than what they recommend. If you can get ahold of a product with a 
higher alcohol content, that gives you a higher level of assurance that 
you’re going to be able to kill coronavirus with that product. The minimum 
alcohol content is 60%, but you also have to pay attention to how products 
made at that minimum don’t remain at that level throughout their lifetime. 
Commercially available products made at 70% ethanol are adequate, 
but the World Health Organization recommends 80% ethanol or 75% 
isopropanol which gives you a higher level of assurance against something 
as difficult to get rid of as the coronavirus.
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An Interview with Ed Elders Cont. 

5.     What was your biggest takeaway from this experience?
My biggest takeaway was the satisfaction I felt knowing that we were able 
to contribute and make a difference in helping the healthcare workers 
over at the hospital. I know people who have been over at the hospital for 
various reasons and said that they saw our product on the shelves or the 
counter, and that it’s being used. I’ve also seen it in the background of 
news reports from the hospital. It was satisfying to know that we could 
help out and contribute to the healthcare needs in our community. It was 
a lot of work, but it was a lot of fun. We had the right capabilities and 
the right folks that could help out. It was a great experience for everyone 
involved.
Interview conducted by Michelle Benson, 2021 PharmD Candidate at the University of 
Wisconsin-Madison School of Pharmacy in Madison, WI.
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for potency, purity and efficacy over time. 
With data collected from those tests, 
they can extend the expiration date for 
as long as the alcohol content and the 
antimicrobial effects continue to conform 
to specifications. On the other hand, 
compounded products may differ slightly 
due to raw material quality, evaporative 
loss or compounding technique, producing 
products with varying quality. The alcohol 
concentrations established in the WHO 
formulations exceed those needed to 
inactivate viruses in order to ensure that 
the preparation remains effective at the 
end of shelf life. As a result, USP <795> 
assigns a beyond-use-date of 30 days until 
supporting stability data can be obtained. 
Stability data are specific to the container/
closure system studied. To minimize 
evaporation, compounded hand sanitizer 
preparations should be packaged in tightly 
closed containers that also allow for ease of 
application.

Conclusion
In summary, during the current 

COVID-19 pandemic, effective, consistent 
and safe topical disinfectants have become 
increasingly important, not only for 
healthcare workers, but for the general 
public as well. Fortunately, there are reliable 
formulations made from readily available 
constituents so long as care is taken to 
accurately compound.
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