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We share one commonality whether we are within a medical 
office, research facility, institution of learning, office-settings, 
coffee stations, or in our private lives. The IP responsibility we 
share is cross-contamination via the hands, the primary villain-
ous vector of transmission. Humans are the best cross-con-
taminators of pathogens in the world. Humans spread the flu 
virus and hospital-acquired infections (HAIs) from person to 
person, person to surface, or surface to person. The hands have 
been proven, through extensive scientific and corporate studies, 
to be the primary vector for cross-contamination. 

Looking Back: A Historical Perspective
The correlation of proper hand hygiene to antisepsis likely 
occurred in the early 19th century. In 1822 a French pharma-
cist demonstrated that solutions containing chlorides of lime 
or soda could eradicate the foul odors associated with human 
corpses. He went on to show that this solution could be used 
as disinfectants and antiseptics.5 In 1843, Oliver Wendell 
Holmes concluded that puerperal fever was spread via the 
hands. 

Ignaz Semmelweis observed in 1846 that “cadaverous 
particles” were transmitted via the hands by medical students 
traversing from one campus venue to another. He implement-
ed student protocols from that point forward, including the 
washing of hands with a chlorine solution before entering the 
clinic setting.3

The Centers for Disease Control and Prevention (CDC) 
states that failing to wash or insufficiently washing hands con-
tributes “to almost 50% of all foodborne illness outbreaks.”2 A 
heightened awareness of cross-contamination via the hands is 
an individual responsibility.

Today, hand hygiene remains one of our most immense 
societal hygiene challenges. Technology is helpful; however, 
the human species needs to implement the tools and processes 
provided to affect change habitually. This is especially true in 
critical professions where one’s actions affect another’s health 
and safety.

The Role of Habit and Hand Hygiene
Habit comprises a large part of hand hygiene performance 
and compliance. In The Science Of Habit,7 the authors provide 
explanations that track this social phenomenon. They identify 
reflective drivers of behavior (knowledge, norms, emotions) 
and reflexive drivers/actions (habit). 

Their study showed that approximately 45% of human 
behavior is habitual. Of the 45%, there is a mix of behaviors 
consistent with healthy or consistent with people’s goals. The 
converse was also held that there are behaviors that are in-
consistent with people’s goals. This is important when imple-
menting habit-based approaches to behavioral interventions 
regarding hand hygiene. This is an important consideration in 
seeking better hand hygiene outcomes. As optimistic as this 
may sound, reality deals us a different scenario. Additional 
drivers are education, culture, laziness, inconvenience, desire, 
selfishness, general poor personal hygiene, and mental chal-
lenges, just to name a few. 

Due to this variance in the human condition, manufactur-
ers have invested billions of dollars attempting to offset and 
displace these poor traits, thus giving birth to the billion-dollar 
hand sanitizer market. Developing habitual use with a hand 
sanitizer further challenged the market. The human condition 
dictates hand hygiene success. A hand hygiene system needs to 
drive the end-user to develop a desirable habit for frequent use 
to be successfully effective and raise compliance. Those who 
have a heightened awareness of the importance of compli-
ant hand hygiene seek, adopt, and implement optimal hand 
hygiene protocols. Protocols include cleaning of soil from the 
skin and sanitizing after that, as suggested by Semmelweis, 
and Holmes 118 years ago. The other, stubborn and less com-
pliant 45% of human behavior, will require technical assistance 
to redirect their dysfunctions by developing positive habits 
leading to enhanced hand hygiene success.

Societal Influence
Living in a global society brings cultural color, celebration, 
and diversity with their corresponding social dynamics and 
customs. Travel has made the world smaller and more suscep-
tible. In the intimate society of our workplace, protocols, and 
standard operating procedures (SOPs) must be developed and 
mandated. Hand hygiene, as an apex priority, must be taught 
in a cyclic and repetitive routine. The stages of hand hygiene 
education should be in our elementary schools, in the work-
place, and reinforced in the home. Most importantly, hand 
hygiene is a personal responsibility. This respectful gesture of 
proper hand hygiene is for self and others. 

Many individuals fail to wash their hands after engaging in 
activities that would warrant or require washing. Our educa-
tional system is a petri dish for pathogen development, with 
thousands of little hands ready to spread germs around and 
take them home. Schools are one of our most hopeful targets 
for teaching proper hand hygiene. The work environment also 
requires close observation and compliance. Medical profes-
sionals require mandated hand hygiene SOPs for the health 
and safety of their patients, and medical staff. Research pro-
fessionals should demand the same for compliance of specific 
cleanroom standards, or protection of vital research inventory. 
This also begs the question, “What/who are you protecting, 
yourself, others, projects, or sensitive inventory?” As our hands 
are a major recipient and distributor of pathogens, the answer 
is realistically, all the above. As individuals, it is our respon-
sibility to break the link in cross-contamination whenever 
possible. Although we should have a handle on it by now, it 
somehow still eludes, at best count, 45% of the population. So 
how do we improve on the hand hygiene process and herd the 
populace to the “sani-station”? One idea is to develop a formu-
la and delivery system that is fun to use, and that encourages 
use.

Hand Hygiene Formula Development
Since 1822 a plethora of hand sanitizer formulas and applica-
tion hardware have emerged. The hand hygiene market devel-
oped into a self-perpetuating and problem-solving industry, 
mostly due to consumer dissatisfaction with hand hygiene 
formulations. Hospital studies examined what parameters 
influence the public in the use of alcohol-based hand sanitiz-
ers, including equipment location, time of day visitors enter 
facilities, visitors’ age and their relationship to usage, groups 
versus individuals, etc.4

However, nothing in this study references or evaluates the 
formula efficacy of the sanitizer itself. The sanitizer is, in this 
author’s view, the primary reason for non-compliance com-
pared to environmental or individual habits. People must want 
to use a sanitizer formulation. Hence, the industry had to 
develop a hand hygiene formula that would encourage use. The 
industrial chemical cleaning manufacturing formulas created 
problems due to chemical irritations, contact dermatitis, aller-
gic reactions, and sticky or gummy skin residues. 

These residues functioned as a micro-greenhouse and were 
purported to enable pathogen development and antibiot-
ic-resistant pathogens. The result was a public that typically 
rejected hand sanitizers as a learned condition. Neither the 
formulas nor the dispensing systems encouraged use. With 
few exceptions, the hand hygiene industry continues today 
to be challenged by these obstacles. Viscous gels, foams, and 
lotion formulas containing Triclosan (pulled from the mar-
ket), Chlorhexidine gluconate, etc., have been demonstrated 
to be uncomfortable, irritating, residue drying, and/or result 
in allergic reactions. These allergic reactions may be caused by 
the combination of the active chemical ingredients and/or the 
filler ingredients necessary to either suspend the active chemi-
cal or to soothe tissues due to damaging or irritating chemical 
agents within the formulas. 

Hand Sanitation Revealed
Human hands are among the best pathogen cross-contaminators in the world.
By A.L. Pichierri

In June 2015, market research estimates indicated that the infection control market would 
be worth $16.7 billion by 2020.6 The same report outlined the market being segmented 
into hospitals, research, life sciences, medical device companies, pharmaceutical compa-

nies, food industry, and others.6 Infection prevention (IP) encompasses personal and  
environmental hygiene and is a responsibility for everyone in social settings throughout 
industry, education, research, food service, etc.
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Conversely, alcohol is residue-free and nonallergenic. 
Unlike viscous formulation such as gels, foams, and lotions, 
alcohol flows freely and deeply penetrate tissues providing 
comprehensive coverage, thus increasing efficacy and compli-
ance.

Testing ‘in vivo’ versus ‘in vitro’
Hand hygiene formula strength is typically listed on the label. 
It usually reads a percentage of alcohol as an active ingredient. 
However, unless it reads V/V or W/W, the percent listed is a 
nebulous figure. It is important to know if the packaging con-
tains 62% alcohol by volume, or, whether the strength of the 
active alcohol ingredient alone is 62%. Is the container mostly 
filled with nonactive filler ingredients with a little active ingre-
dient added? Additionally, a proper methodology for testing 
is that the finished hand sanitizer product formula, not just 

the active ingredient alone, is tested both in vivo and in vitro. 
There is no value in testing the active ingredient alone in vivo 
or in vitro if it is going to be added back into the gel, foam, or 
lotion, as is commonly done and marketed otherwise.

Alcohol: The Mechanism of Function and Best 
Choice for Sanitation
The cowboy westerns where the hero gets shot and takes a 
slug of bourbon before pouring it into the bullet hole may be 
fraught with saccharine-drama and sound a bit theatric. In 
reality, (other than a waste of good whiskey) pouring a little 
Jack on the wound was a smart idea to minimize infection. 
But why? Why is it superior to toxic and irritating chemical 
alternatives?

In the 1920s, isopropyl alcohol (IPA) was invented for 
surgical instrument sterilization and then in subsequent 
decades for skin disinfection. Alcohol is a solvent, which is the 
precise mechanism of function by which it renders a pathogen 
neutral. IPA dissolves fatting agents such as oil, fatting agents 
in the tissues, and similarly, a pathogen’s protein wall. Once the 
pathogen wall integrity is compromised, the pathogen ruptures 
and dies. Ethanol is a cousin of IPA but has different chemical 
polarities, which allegedly provides additional lysing capacity 
for more difficult pathogens such as norovirus.

As the awareness of hand hygiene took hold in the 1970s, 
the industry mushroomed. Hand sanitizers initially created 
from the industrial chemical cleaning industry, using the cur-
rent chemistry of the times, appeared on the market, including 
attempts to use IPA and ethanol. As sanitizer manufacturers 
began to embrace the use of alcohol in their formulas, the 
drying aspect of alcohol remained a puzzle. Additional issues 
surfaced with evaporation and the dissolving of the formulas’ 
moisturizing fatting agents. 

Manufacturers began implementing a host of inert in-
gredients to avoid separation of the alcohol in the formula. 
It became necessary to encapsulate the alcohol molecule to 
suspend it within the gels. Chemists used the anti-drying inert 
ingredients in the formula to isolate the alcohol molecule from 
drying the skin. Unfortunately, this process isolated the alcohol 
molecule from the pathogen reducing its efficacy. Further, un-
related nonactive inert ingredients increase bioresidues, which 
wick moisture from tissues and encourage a greenhouse effect 
leading to antibacterial resistance. The fewer the inert ingre-
dients, (V/V or W/W), in a hand hygiene formula, the higher 
concentration the active ingredient should be.

Despite societal need, hand hygiene formulas were and, in 
most cases, are today not embraced by the consumer. Re-
ported incidences of contact dermatitis, skin irritation, and 
allergic reactions reduced consumer confidence. While alcohol 
was a nearly perfect nonallergenic antiseptic, it dissolved the 
natural oils in the tissues, thus drying the skin. To this, alcohol 
received a drying stigma. This challenge would ultimately be 
resolved in 1999. A father and son, nuclear and plasma physi-
cist team, Horst and Michl Binderbauer1 were able to take an 
alcohol (solvent) molecule and bind it to a proprietary emol-
lient (fatting agent) molecule creating a pure rinse formula. 

Alcohol does not possess surface tension; therefore, it will 
flow and spread unabated, providing a unique benefit. When 
the alcohol and emollient molecule cohabitate, a situation 
is established where the alcohol and emollient molecule are 
transported as one allowing the antiseptic and healing molec-
ular components of the formula to flow deep into sore, dry, 
or cracked hands typically caused from over washing. This 
globally patented discovery revolutionized the hand sanitizer 
industry. 

We now had a 4-ingredient formula which penetrated 
tissues, fingernails, cuticles, and provided thorough coverage. 
The rapid evaporation factor made this formula perfect for 
the fast-paced environment seen in the medical and scientific 
community.

Dispensing
The challenge now was developing a sealed dispensing system 
without any moving parts. Alcohol lacks surface tension, 
unlike viscous gels, foams, and lotions. Envisioning the future 
of their formula, Horst and Michl embarked upon develop-
ing a solid-state, hermetically sealed, gravity-fed, touchless 
dispensing system, which included adjustable dosing options 
to accommodate hand size. This resulted in the most integrat-
ed science-based hand hygiene formula and dispensing system 
currently available addressing most consumer myths about 

hand sanitizers. The system encourages use due to the science 
of the formula, its mechanism of function, and the extensive 
dispensing options, which makes it fun to use. This combina-
tion of design functions promotes both reflexive and reflective 
behavioral drivers and enables changes in habits resulting in 
better infection prevention outcomes. 

Summary
The solution to a socially complex hand hygiene challenge 
could only be conceived by scientists as they calculated social 
norms and designed resolution into their formulations and 
hardware design. Encouraging use is key to hand hygiene 
system success. Only then can good habits be developed, and 
metrics be demonstrated and accurately calculated.

As with any sanitation, disinfecting, or decontamination 
process, cleaning the surface is the first step by removing 
bioburden and allowing the disinfectant to reach the target 
pathogen on the surface being treated. The same premise 
applies to hand hygiene. Wash then sanitize. If no visible soil is 
on the hands, then an alcohol rinse/wash is the most effective 
method for hand sanitation. A habit becomes indelible only 
through repetition.

A.L. Pichierri is President/CEO of Coast to Coast Infection  
Control in Carlsbad, CA.
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The cycle of sporogenesis begins with a vulnerable 
vegetative state of the bacterium later developing into 

a more resilient spore. During this early phase, the 
bacterium may be dissolved and neutralized by 70% 
IPA, thus breaking the cycle of spore development:  

C. diff, etc.


