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Sharkskin R
eaders of Medical Design are well aware that 
the implications of nosocomial infections—
more commonly referred to as healthcare-
associated infections (HAIs)—can be devas-

tating, even deadly. 
CDC recently underscored the criticality of this 

when it devoted its March 2013 Vital Signs Report 
solely to the prevention of infections from carbap-
enem-resistant Enterobacteriaceae (CRE). Simi-
lar to methicillin-resistant Staphylococcus aureus 
(MRSA) bacteria, these germs are highly resistant 
to antibiotics, making them extremely difficult to 
treat. The most common species reported are Esch-
erichia coli (E. coli), Klebsiella, and Enterobacter.

Patients taking long courses of certain antibi-
otics or requiring devices such as ventilators or 
urinary catheters have the greatest risk of acquir-
ing CRE infections. Approximately one out of every 
20 hospitalized patients will contract an HAI, and 
mortality rates have been reported as high as 50% 
in patients who develop bloodstream infections 
from the most resistant germs.

In response to the dramatic increase in HAI 
incidence over the past decade, leading-edge engi-
neers and designers have been applying nature-in-
spired approaches in developing defense strategies 
against CRE, MRSA, and other superbugs. 

How so? Picture the iconic dorsal fin of a 
shark—ancient, ominous, and rubbery smooth—
knifing speedily through the water. Then look 
closer, much closer, with an electron microscope 
even, and marvel at how hundreds of millions of 
years of R&D have perfected how that shark’s skin 
functions. 

That is one approach to biological inspiration 
driving innovation at the likes of Sharklet Technol-
ogies (sharklet.com) an Aurora, CO-based company 
applying a rapidly emerging discipline called bio-
mimicry to create nontoxic, chemical-free surfaces 
that greatly inhibit the survival and transfer of 
bacteria that cause HAIs.

Innovation in-
spired by nature

R e n o w n e d  s c i -
ence writer, author, 
and speaker Janine 
Benyus (co-founder, 
B i o m i m i c r y  3 . 8 ) 
co ined and began 
p opu l a r i z i n g  t h e 
word “biomimicry” 
in 1997. Depending 
on context, industry, 
and even personal 
preference, several 

inspires novel 
solutions to prevent 
HAIs Could sharks hold the 

solution for preventing 
tens of thousands of 
deaths annually?
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The skin of a Galapagos shark at 
500µm reveals the dermal denticles 
(skin teeth) exhibiting longitudinal 

features (Source: Sharklet 
Technologies)

Sharklet is a patented surface technology comprised of millions of raised 
microscopic features arranged in distinct diamond shapes to form a 
continuous pattern. Each Sharklet diamond measures about 26µm across 
and nearly 3µm in feature height (Source: Sharklet Technologies)  

biodegradable elastic tapes, designed to replace 
surgical sutures and staples, that emulate the ad-
hesive properties of hairlike nanoscale structures 
on the feet of gecko lizards (mimicking process); 
and energy management technologies that emu-
late the complex and adaptive systems bees use for 
communications and decision making (mimicking 
systems).

So what can we learn from sharks? 
Humans reached behavioral modernity some-

where around 50,000 years ago. Sharks, however, 
pre-date the dinosaurs, and by most accounts their 
design solutions have evolved over the course of 
more than 400 million years. No wonder then that 
medical technologists, naval engineers, and even 

different terms commonly refer to the general 
approach. These include biomimetics, bionics, 
bioinspiration, biognosis, and biomimesis, to 
name a few. 

Whatever you call it, the core concept is this: 
nature has already solved many of the problems 
we face. Benyus, who has devoted her life and 
career to making the discipline more accessible 
and applicable to a global network of practitioners, 
educators, and other advocates, more elegantly 
defines biomimicry as, “The conscious emulation of 
nature’s genius.” 

“The concept is not new,” says Bryony Schwan, 
executive director of the Missoula, MT-based Bio-
mimicry 3.8 Institute (biomimicry.net). “Leonardo 
da Vinci was one of the earliest biomimics. He had 
been looking to nature for a lot of his innovations 
and designs.” Schwan underscores the main point 
of Benyus’s landmark book Biomimicry: Innova-
tion Inspired by Nature. The author stresses that 
scientists and innovators around the world are 
looking to nature for solutions. 

Innovations resulting from billions of years of 
evolutionary, often imperceptible development, 
are not only all around us and right under our 
noses, but also within us. We humans are, after 
all, part of nature. View the world through a bio-
mimicry lens and you can see nature in new and 
remarkably different ways—as a model for innova-
tion, a measure of performance and sustainability, 
even a mentor to guide your every step.  

Emulation is the key to biomimetic design. Bio-
mimicry differs in this regard from, for example, 
bioutilization, whereby an organism (e.g., algae) is 
an integral part of the actual solution (e.g., algae 
used as a biomass feedstock for power generation). 
Instead, biomimicry rigorously contextualizes, ab-
stracts, and emulates (mimics) biological function, 
in fields including design, engineering, and archi-
tecture, and on scales ranging from nano to eco. 

Velcro is a commonly cited example. A Swiss 
electrical engineer was inspired by how the tiny 
hooks on burrs attach to hair and clothing. He 
went on to develop that now ubiquitous hook-and-
loop innovation, which is strong enough that just 
a 2-in.-sq. swatch of Velcro can support the weight 
of a 175-lb person. 

Other examples include: hydrophobic self-
cleaning surfaces and paints that emulate the mi-
cro-topography of lotus plants (mimicking form); 
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Sharklet’s longitudinal features are 2µm wide. A human hair is about 
100µm. So by comparison the features are about 1/50 the size of a 
human hair. (Source: Sharklet Technologies) 

Sharklet is effective at inhibiting a Staph a. bacterial 
biofilm for 21 days versus a smooth surface on which 
a biofilm begins on Day 7 (second row). These photos 
show intervals of seven and 14 days. Note Day 14 (third 
row), at which point bacteria has covered 54% of the 
smooth surface versus 7% of Sharklet. (Source: Sharklet 
Technologies)

the bodysuit designers whose sharkskin-emulating 
designs helped propel Michael Phelps to Olympic 
gold in 2008 are literally swimming with sharks to 
net the next big idea. 

Biomimics, especially biologists and naturalists, 
often start with a compelling biological function 
and then explore its potential design applications. 
This was the case when Dr. Frank Fish (yes, Fish) 
saw a sculpture of a humpback whale, noticed 

bumpy structures on the front of the fins, not the 
back where he expected them to be, and remarked, 
“Look at that. The sculptor put the bumps on the 
wrong side of the flipper.”

Those bumps (or, tubercles) were rightly and 
strategically positioned both on the sculpture and 
in real life to enhance the whale’s ability to move 
through water and air. This a-ha moment inspired 
by a biological strategy soon had Fish deeply ex-
ploring the fluid dynamics and biomechanics of 
whale fins. 

Whalepower (whalepower.com), the Toronto, 
ON-based company Fish co-founded, has since de-
veloped and commercialized innovations including 
industrial fans and wind turbine rotors based on 
their whale-mimicking Tubercle Technology.  

Conversely, one might begin the biomimicry 
thinking process with a specific design challenge 
or set of engineering specifications, then ex-
plore how nature works relative to the problem 
to be solved. That is how Sharklet co-founder Dr. 
Anthony Brennan began his innovation path.

From shark to Sharklet
With relatively recent advances in tools for 

observation, including scanning electron micro-
scopes, as well as in materials and processes that 
enable manufacturing even at the nanoscale, de-
signers and engineers like Dr. Brennan are deeply 
exploring the impact of finer-scale surface interac-
tion dynamics. 

In the late 1990s, while a professor at the Uni-
versity of Florida, Brennan was experimenting with 
what he called engineered roughness. Meaning, he 
was looking at different ways you could rough up 
a surface to affect the way organisms might attach 
to it. Watching a submarine covered with barnacles 
and algae lumbering into a port inspired him to 
look more closely at how marine life manages bio-
logical attachment. 

“He found that sharks violate a rule of the 
ocean,” says Mark Spiecker, CEO of Sharklet. 
“That rule is that things that go fast in the wa-
ter, like dolphins and porpoises, stay nice and 
clean. [Conversely], things that go slow in the 
water, like whales and manatees, get fouled with 
algae and barnacles and other kinds of growth.”

Most of the time a shark moves slowly in the 
water, yet it tends to be clean, free from the 
“fouling” attachment of unfavorable organisms 
that might compromise its movement or other 
functionality. This is mainly due to the fact that 
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sharkskin is not at all smooth. It is comprised of 
millions of diamond-shaped scales called dermal 
denticles (“skin teeth”) ribbed with longitudinal 
grooves. The unique patterning of these mi-
croscopic features enables sharkskin to reduce  
fouling. 

With an early-stage sponsorship by the Of-
fice of Naval Research, Brennan and his team 
proceeded to mimic this pattern using various 
polymers. Their tests of prototypes in baths full 

of algae and barnacles resulted in an 85% reduc-
tion in algae growth and a 97% reduction in 
barnacle growth. 

Brennan decided to also test against human 
pathogens, including the Staph, E.coli, Salmo-
nella, and Pseudomonas aeruginosa bacteria re-
sponsible for infections ranging from pneumo-
nias to food poisoning. The solution was proven 
to reduce bacterial colonization without the use 
of antimicrobial agents, thus opening the doors 

wide to the development of a novel 
method to reduce surface contamina-
tion in hospital environments. 

The most important strategic feature 
of the Sharklet technology is its pas-
sive “antiattachment” mechanism. This 
is functionally quite different from how 
commonplace antimicrobial technologies 
go about leaching surfaces to actively kill 
microorganisms. 

“Our technology doesn’t do that,” says 
Spiecker. “It’s more of what I call an an-
tifouling technology, an antiattachment 
technology. It inhibits the ability of these 
bacteria to attach to the surface. If they 
can’t attach to the surface, then they 
don’t reproduce, they just die off within 
their generational lifecycles.”

Applying this antiattachment technol-
ogy onto surfaces in the hospital environ-
ment can effectively disrupt the bacterial 
growth system, eventuating reductions 
in bacterial loads and ultimately reduc-
ing the incidence of HAIs. Again, this is 
a mechanical solution, free from the use 
of biocidal chemicals to which bacteria, 
especially superbugs like CRE, develop 
resistance. 

One bench-top study, conducted in 
conjunction with the University of Flor-
ida, aptly describes the Sharklet solution 
in its title: A nonkill surface technology for 
decreasing bacterial attachment, survival 
time, and transmission on environmental 
surfaces in the healthcare setting.

Distilled to its essence, the Sharklet 
micro-pattern offers a relatively low-tech 
solution that combines three strategies: 
reduce bacterial attachment; inhibit bac-
terial survival; and hinder touch trans-
ference. Conceptually simple, yes, but 
highly sophisticated, derived from com-
plex biology and engineering.

This micro-topography has to be pre-
cisely and consistently manufactured. 
Outside of the computer microchip and 
holographic film industries, the company 
is leading the way in manufacturing fea-
tures at this size and scale. In fact, the 
manufacturing process for its flagship 



April�2013�•  Medical Design    17www.medicaldesign.com�

nel. “Damage to the skin changes skin flora,” he 
says. “This results in more frequent colonization 
by staphylococci and streptococci.” 

Furthermore, for patients who require a uri-
nary catheter for more than seven days, approxi-
mately 25% will develop a catheter-associated 
urinary tract infection (CAUTI). These types of 
infections are reported to be the leading cause 
of HAIs, accounting for an estimated 40% of all 
incidents. 

patterned film product is similar to how Dell and 
Intel create microchip wafers in foundries. 

“You hear about nanotechnology, which is 
an order of magnitude smaller than this,” says 
Spiecker, “but that’s a random pattern that gets 
thrown on there. As far as we know, ours is 
probably the smallest nonrandom pattern being 
made.” 

Sharklet patterns, which now include diamond 
shapes measuring only about 26µm across, have 
been proven effective against many 
Gram-negative and Gram-positive strains, 
with success against the likes of Staph 
a., MRSA, VRE, Pseudomonas aeruginosa, 
and E. coli. 

The company is planning more exten-
sive tests for a broad spectrum of CREs 
that exhibit similar attachment mecha-
nisms to MRSA and other bacteria the 
technology is already proven effective 
against.  

Why this is ‘super’ important
When it comes to “superbugs,” the 

math is compelling. According to Shar-
klet, HAIs occur over 1.7 million times 
per year and account for $30.5 billion in 
excess healthcare costs annually. Costs 
of those infections have been estimated 
to be between $8,000 and $15,000 per 
patient. 

The company also estimates that be-
tween 40% and 50% of surfaces are sim-
ply not adequately cleaned. According to 
Kóan Jeff Baysa, chief medical officer for 
New York-based Medical Avatar (medica-
lavatar.com), this is indeed common, as 
most hospital rooms are not thoroughly 
cleaned until patient discharge.

Baysa, whose expertise is in the per-
ceptions of wellness and disease states 
within healthcare ecosystems and medi-
cal cultures, notes that the lack of fre-
quent cleanings in hospital environments 
results in an even greater risk that bacte-
ria will transfer off of those surfaces and 
cause infections.

A widely cited study found that the 
incidence of gloves being contaminated 
by MRSA was as high as 42% on personnel 
who had no contact with an infected pa-
tient but had simply touched surfaces in 
that patient’s room (1997: Boyce, Potter-
Bynoe, Chenevert & King). 

Baysa cautions, however, that while 
a prescription for more frequent hand 
washing with soaps and antiseptic 
agents is conceptually favorable, this 
can also cause chronic irritant contact 
dermatitis among healthcare person-
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All of this points to the need for a comprehen-
sive, multifaceted solution. “Marked improvements 
in the cleanliness of healthcare environments are 
critical,” says Baysa, “along with a system of pre-
vention combining multiple approaches and tech-
nologies like Sharklet’s.”

Current and future solutions
The Sharklet patented surface technology 

is most commonly manufactured onto a thin, 
transparent film, though it can also be injec-
tion molded for integration into other products 
designed to reduce bacteria survival and coloni-
zation. Primary applications of this protective 
skin are to bacteria-prone, high-touch hospital 
surfaces including bed rails, push-door panels, 
and over-bed trays. 

The disposable film product is now marketed as 
Portland, OR-based Tactivex (tactivex.com). 

It is available in a broad variety of sizes, shapes, 
and materials, and the contact adhesive, which 
is typically little more aggressive than that of a 
Post-it note, eliminates or otherwise optimally 
minimizes residue when removing or replacing the 
product. 

Sharklet is also working with Steelcase, a 
global leader in office furniture innovation, de-
sign, and manufacture. “We’ve actually been 
working with them the last couple of years on 
refining our injection molding capabilities,” says 
Spiecker, though he notes that the company’s 
partnership relationship with Steelcase has not 
been publicized until now. 

Steelcase supplies a line of hospital furniture, 
but Spiecker was unable to disclose specifics 
relative to their developmental focus. He did, 
however, allude to the potential for major ad-
vancements involving how the Sharklet texture 
might be applied to injection molded furniture 
components. 

In addition to the textured film products, Shar-
klet is developing a urinary catheter device appli-
cation, including a Foley catheter, to help prevent 
CAUTIs. This is in collaboration with Cook Medical  
(cookmedical.com) and supported by a grant from 
the National Institutes of Health (NIH)/National 
Institute of Diabetes and Digestive and Kidney 
Diseases. 

The company is also developing solutions for 
other in-dwelling medical devices, including cen-
tral venous catheters as well as airway manage-
ment devices such as those used for endotracheal 
intubation, another procedure that significantly 
heightens the risk of HAIs.

Conclusion: foresight in hindsight
It might seem counterintuitive to seek inspi-

ration for our future innovations by first looking 
millions, even billions of years into our past. 
But biomimicry practitioners are doing just that, 
mimicking biological functionality found in 
time-tested forms, processes, and systems with 
great success.

A hallmark of the sharkskin emulating ap-
proach Sharklet Technologies uses can be found 
in great industrial designs as well as throughout 
most of the natural world: elegant simplicity. 

The core technology—the smart, simple pat-
tern applied to a surface—inhibits bacteria from 
finding places to live. With no place to live, 
they die, naturally. Without the use of biocidal 
chemicals, the bacteria cannot develop a “chemi-
cal” resistance. Thus the solution significantly 
minimizes the development of “resistant bacte-
ria” that cause HAIs. 

The lessons here for medical device makers? 
First, it is important to consider nature and the 
lessons we can learn from it. As for sharks, it is 
well worth noting that most sharks must swim 
continuously, even while they sleep, to maintain 
the life-sustaining flow of water over their gills. 

So like sharks, medical device makers must 
keep moving forward as the battle against HAIs 
continues. 

Top row: Surfaces after exposure to Staph a. for 30 minutes 
shows that Sharklet significantly reduces the amount of 
bacteria on surfaces. Bottom row: Surfaces after touch by 
gloved hands shows that Sharklet significantly reduces 
the amount of bacteria transferred to hands by touch. 
(Source: Sharklet Technologies)


