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Tuning the Topography of Non-Wetting Surfaces to Reduce
Short-Term Microbial Contamination Within Hospitals

Desmond van den Berg, Dalal Asker, Jungchul Kim, Ho-Young Kim, Joanna Aizenberg,
and Benjamin Hatton*

Microbial contamination of hospital surfaces is a major contributor to
infectious disease transmission. This work demonstrates that
superhydrophobic (Cassie-Baxter) micro post topographies can significantly
reduce cell attachment compared to flat controls. For ordered micro post
arrays (post diameters 0.3 to 150 μm), the attachment of four pathogens
(Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia coli, and
Candida albicans) from discrete contaminant droplets upon short-term
contact (15 s to 30 min) are assessed. There is a 3-4-log decrease in microbial
attachment when reducing the micro posts diameters from 150 to 0.3 μm for
all strains, with large posts (>20 μm) exhibiting similar attachment rates to
flat controls. The critical, maximum feature size to prevent attachment can be
tuned depending on the ratio of the cell size to post diameter. Two potential
mechanisms are discussed for this size effect. First, application of the random
sequential adsorption model shows that this relative post/cell size effect may
be due to a reduced probability of attachment, which is theorized to be the
dominant mechanism. Alternatively, a physical model is suggested for
bacterial cell “pull-off” due to surface tension forces during droplet dewetting.
This work may be important for the design of non-wetting antimicrobial
surfaces within healthcare environments.

1. Introduction

In 1867 Joseph Lister (“father of modern surgery”) wrote, “Ad-
mitting, then, the truth of the germ theory, and proceeding in
accordance with it, we must…destroy in the first instance once
for all any septic organisms which may exist within the part
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concerned; and after this has been done,
our efforts must be directed to the preven-
tion of the entrance of others into it.”.[1]

Lister was the first to recognize the critical
need for surgical instrument disinfection,
handwashing, and limiting further surface
contamination by “germs” within hospitals.

Today, hospital-acquired infections
(HAIs) remain a serious problem. HAIs
affect 1 in 20 patients and represent ≈10%
of total inpatient costs at a burden of
an estimated $35 billion to global health
systems.[2–4] HAIs can manifest initially
as a site-specific infection or respiratory
event, then develop into pneumonia and/or
sepsis, significantly increasing patient
morbidity and mortality.[5,6] Common
opportunistic pathogens within hospitals
associated with HAIs include Enterococcus
faecium, Staphylococcus aureus, Klebsiella
pneumoniae, Acinetobacter baumaani, P.
aeruginosa, and the Enterobacter strains,
many of which have acquired drug resis-
tance through the overuse or misuse of
antibiotics.[7–9]

Pathogenic transmission within hospitals occurs through
aerosolized droplets (respiratory inhalation) and/or touch con-
tact interactions with microbial “reservoir” surfaces known as
fomites.[10–12] Fomite-person interactions can include patient
care, surgical events, and the handling of medical equipment
(bedside monitors, handrails, implanted devices).[11–13] Microbial

D. Asker
Food Science & Technology Department
Alexandria University
Alexandria 21545, Egypt
J. Kim
Heat Pump Research Center
Korea Institute of Machinery & Materials
156 Gajeongbuk-Ro, Yuseong-Gu, Daejeon 34103, South Korea
H.-Y. Kim
Department of Mechanical Engineering
Seoul National University
1 Gwanak-ro, Gwanak-gu, Seoul 08826, South Korea
J. Aizenberg
School of Engineering and Applied Sciences and Department of
Chemistry and Chemical Biology
Harvard University
29 Oxford Street, Cambridge, Massachusetts 02138, USA

Adv. Funct. Mater. 2024, 34, 2315957 2315957 (1 of 10) © 2024 The Authors. Advanced Functional Materials published by Wiley-VCH GmbH

http://www.afm-journal.de
mailto:benjamin.hatton@utoronto.ca
https://doi.org/10.1002/adfm.202315957
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fadfm.202315957&domain=pdf&date_stamp=2024-05-01


www.advancedsciencenews.com www.afm-journal.de

transfer to fomites occurs through contaminated droplet con-
tact, settled aerosols, or direct physical touch (Figure 1A,B).[14–16]

Despite rigorous decontamination protocols, numerous microor-
ganisms can persist on surfaces for days to months; for example,
methicillin-resistant S. aureus (MRSA) can be viable for months
on typical surfaces.[17–19]

As Lister foresaw, reducing microbial attachment to fomites is
associated with reducing rates of infectious disease.[20] A com-
mon antimicrobial material design includes enabling biocidal
activity, typically by loading materials with antimicrobial agents
such as Ag, Cu, chlorohexidine, or essential oils.[21–23] However,
the time required for diffusional release of antimicrobials can be
on the order of hours, while touch contact and pathogen transfer
events occur within seconds.[23–26] Additional problems are the
accumulation of biomass/debris, toxicity concerns, and antimi-
crobial resistance.[23,26,27]

An alternative approach is to prevent the initial micro-
bial attachment altogether through anti-bioadhesive surface
designs.[28] Examples include polyethylene glycol (PEG), zwitte-
rions, “Slippery Liquid Infused Porous Surfaces” (SLIPS), and
polyacrylates.[29,30] Although effective in “wet” (implanted device)
environments, their applications for “dry” fomite surfaces in hos-
pitals are not feasible; hospital bed rails and touch surfaces can-
not be slippery.

There has also been interest in using non-wetting, superhy-
drophobic surfaces (SHSs) to prevent microbial attachment by
limiting the available surface contact area. SHSs are hydropho-
bic, rough surface topographies that keep fluids in the “Cassie-
Baxter” (C-B) wetting state and only allow liquid contact to the
micro post tips (Figure 1D,i).[31,32] Examples in nature include
the self-cleaning property of various plant leaves (’lotus effect’)
in which particulates (dust, parasites) are removed from the leaf
surface by mobile water droplets.[33,34] However, previous studies
aimed at mimicking this self-cleaning effect to produce SHSs to
prevent microbial growth have shown limited success.[35–40] One
challenge is C-B instability, as the sustained water pressure dur-
ing immersed microbial culture causes a transition to the fully-
wetting Wenzel state, also enabled by defects.[41,42] In sticky Wen-
zel conditions, bacteria typically grow very well on and within
the rough micro-topographies (Figure 1D,ii). With this C-B in-
stability in mind, we suggest that C-B surfaces are best for pre-
venting microbial attachment in situations involving limited con-
tact with discrete contaminant droplets (i.e., non-immersed con-
ditions). In other words, using SHSs to limit microbial attach-
ment in short-term contamination conditions, not for long-term
biofilm growth.

SHSs can be fabricated by etching, photo- or soft
lithography[35–37,43] for topographies with a wide range of
morphology, size, scale, and disorder.[35,36,44–46] Previous studies
on SHSs to prevent bacterial growth have mostly focused on
using either large SHS features (>10 μm),[38,39] disordered
surfaces,[35,36,40] and/or specifically focus on longer-term biofilm
growth (typically hours to days),[36–39] in which case the transition
from a C-B to Wenzel state is inevitable. Certain SHSs have also
incorporated biocidal chemistries.[47]

The tips of C-B surface features are essentially “islands” that
define the available surface for cell attachment,[48] as only the
tips are in contact with liquid. But there is limited understand-
ing of the role of C-B feature size on self-cleaning or micro-

bial attachment. Experiments with wetting nanotopographies
have helped to define the minimum area for bacterial surface
attachment,[46,49,50] therefore we should expect the diameter of
SHS microposts to also be important. Encinas et al. found that E.
coli biofilm formation (CFU counts, 1 week culture) was reduced
by 0.3-log when decreasing SHS (SU-8) micropost diameter from
13 to 5 μm, and a further ≈2-log reduction for a disordered sili-
cone nano-fiber surface.[38] However, they did not confirm if the
surfaces were still C-B (unlikely after 1 week), and did not report
any cytotoxicity testing.

Here we have used uniform micro post arrays to test the in-
fluence of SHS feature size on microbial cell attachment by sys-
tematically varying the post diameter from “well below” to “well
above” the microbial cell size for four different pathogens. Uni-
form post arrays can teach us much more than disordered, het-
erogeneous SHSs, which can have drastically varying feature
sizes and rates of localized microbial attachment. The micro post
diameters were varied from 0.3 μm (smaller than microbial cell
size) to 150 μm (significantly larger than microbial cell size) with
an overall area fraction of ≈20% (Figure 1E). We measured mi-
crobial attachment to the C-B surface after exposure to “contam-
inated” droplets for contacts of 15 sec to 30 min (Figure 1D).
These short times reflect common conditions for droplet contam-
ination of hospital fomites (Figure 1A). We tested four common
nosocomial pathogens: a fungus (C. albicans), Gram-negative (P.
aeruginosa PAO1, E. coli), and Gram-positive (S. aureus) bacteria
(Figure 1C).

We demonstrate that microbial cell attachment shows clear
trends with respect to micro post diameter and is reduced by sev-
eral orders of magnitude for micro-posts smaller than the micro-
bial cell size (≤ 1.5 μm), compared to “large” posts or flat surfaces.
In fact, for posts > 20 μm, much larger than the microorganisms,
we found the attachment is comparable to the flat control sam-
ples. This work provides important insights into the optimal de-
sign of SHS surfaces to reduce infectious disease transmission
due to contaminated droplet contact in hospital environments
such as surgical wards.

2. Microbial Attachment to Micropost
Topographies

All the micro post arrays (Figure 1F) exhibited stable C-B state
wettability, which relegates microbial attachment to only the post
tips. The static contact angles increased (from 123 ± 3° to 162 ±
2°) with decreasing post size, as expected.[32] We measured the
transfer of the microbial cells from the contaminated droplets
(30 μL) to the test samples, after the 5 min contact time and
droplet removal (Figure 1D). The microbial strains range in both
cell size and shape (Figure 1C): C. albicans is an ovular yeast
≈5 μm in length (and hyphae/daughter cells ≈2 μm); E. coli
is rod-shaped ≈2 μm in length; P. aeruginosa is rod-shaped 2–
3 μm in length; and S. aureus is spherical (cocci) ≈0.5 μm in
diameter.

Figures 2 and 3 show the specific cell counts (# mm−2) and
fluorescence imaging, respectively, for cells remaining on the mi-
cro post samples after droplet removal. Cells (Sytox Green stain)
are apparent only on the post tips (none found between posts),
confirming that the C-B state was maintained for these droplets.
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Figure 1. A) Examples of sites for contaminated droplet contact with fomite surfaces within a surgical environment and B) the methods by which droplets
will propagate (right); C) SEM images of the tested pathogens of varying shape and size; D) Short-term droplet contact experiments by depositing
contaminated droplets and removing them after 5 min surface contact. The Cassie-Baxter (C-B) state limits microbial attachment to the post tips (unlike
the Wenzel state); E) Nano- and microposts of varying diameters to explore size-dependence of attachment for relative post diameter to cell ratios (D/x);
F) Examples of micropost arrays and associated contact angles ± SD (n = 10). Image in panel (A) reproduced under terms of the CC-BY license of
Pexels.com.
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Figure 2. Microbial cell counts per mm2 (fluorescence microscopy, n = 10) as a function of micropost diameter, for all microbial species tested, after
droplet contact onto the sample surfaces for 5 min. Significance was calculated using paired two-tailed t-tests with significance values as stated in the
methods section.

These results collectively show that: 1) large-diameter posts be-
have very similarly to flat surfaces, and 2) there is a significant
effect of cell/post size ratio to determine whether cells can attach
to the micro-posts.

When reducing the micro post diameter from 150 to 0.3 μm,
microbial attachment is reduced drastically by 3 to 4-log (ie; a fac-
tor of 103 to 104). Specifically, there are reductions of 4.25-log (S.
aureus), 3.53-log (P. aeruginosa), 3.20-log (E. coli), and 3.58-log (C.
albicans), when comparing the 150 μm to the 0.3 μm surfaces.
Based on these results, the diameters can be grouped as “too
large” (>20 μm,) where no significant reduction compared to a
flat control exists, or “intermediate” where a steady reduction is
observed with decreasing post diameters (10 to 0.3 μm). Further,
cells attached to the post diameters on the order of or smaller
than the cells (1.5 and 0.3 μm) were often found to be located at
defect sites, where posts became clumped together (see Figure
S1, Supporting Information).

Interestingly, the “too large” micro post surfaces did not re-
sult in a significant reduction (higher than 1-log) in attached cells
compared to flat controls. Microbial attachment to these surfaces
is assumed to be kinetically limited as a result, since the large
posts reduced the available surface area by ≈80% but did not lead
to a significant reduction in cell counts. It is also worth noting
that if the post spacing is on the order of the size of the contam-
inant, cells may bridge the space between the posts. This result
was confirmed by exposing C. albicans to a 10 μm post surface

with a 5 μm post spacing, where the larger, “mother” cells were
sometimes attached to multiple posts (see Figure S2, Supporting
Information).

2.1. Kinetics of Attachment to Superhydrophobic Topographies

One of the major drawbacks of C-B surfaces is the metastable
state and an eventual transition to the Wenzel regime with
time. In fact, many microbes generate surfactants, which reduce
surface tension[51] and enable this transition; keeping superhy-
drophobic surfaces in a sustained C-B state with bacteria has not
been well documented or clear in the literature.

We tested the longer-term stability of the micro post surfaces
by keeping the contaminant droplets in contact for up to 30 min.
Figure 4 shows the cell attachment to 10 μm posts, for P. aerugi-
nosa, E. coli, and S. aureus from 15 s to 30 min (counted as cells
attached within 24 post areas). The rates of cell attachment were
initially rapid with single cells or small clusters of cells attaching
to the center of each post (Figure 4C). With increasing attachment
time, cells accumulated and packed the post area with further
cells before approaching a plateau after 10 min (Figure 4B). This
behavior correlates well with a Langmuir adsorption-type behav-
ior, modeled by fitting a one-site-specific binding relationship to
the attachment data with R2 values of 0.893, 0.905, and 0.951 for
S. aureus, P. aeruginosa, and E. coli, respectively. Langmuir-type
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Figure 3. Fluorescence microscopy images of the SYTOX-green stained microbial cells remaining on the micro post surfaces after 5 min droplet contact.
Microbial cells show as bright green while the post tips themselves also appear fainter, due to adsorption of residual SYTOX-Green stain.

Figure 4. (A) SEM image of P. aeruginosa on a 10 μm post array after 5 min. B) Increased bacterial attachment over time, 15 s to 30 min (with average
standard deviation) where the y-axis shows attached cells per image area of 24 posts (6 × 4 post area, n = 15). C) Fluorescence images of bacterial
accumulation to 10 μm posts with increasing time, showing increasing cell crowding on the post tips.

Adv. Funct. Mater. 2024, 34, 2315957 2315957 (5 of 10) © 2024 The Authors. Advanced Functional Materials published by Wiley-VCH GmbH
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adsorption has been found previously for bacterial attachment
onto standard (full-wetting) surfaces, but this is the first attempt
to quantify it for regions of limited area.[52,53]

The maximum cell density varied substantially; for example,
E. coli was 4 times lower than P. aeruginosa, which is likely due to
strain-specific attachment kinetics. Microbial attachment to sur-
faces generally occurs in two distinct phases. During initial motil-
ity and attachment steps, several reversible attachment steps may
be performed until an irreversible attachment event occurs.[54] E.
coli and P. aeruginosa both possess pili and flagella which medi-
ate active movement within their suspensions; in comparison, S.
aureus relies on passive movement within a suspension, with ac-
tive movement taking place only after colony formation occurs
(expressed protein “slime” mediating movement).[55,56]

Once near a surface, microbial attachment depends on the
interaction of adhesins with surface groups and any condi-
tioning layer, which differs for strains, surface charge, and
hydrophobicity.[56–58] For example, there is a reduced affinity for
E. coli to attach to hydrophobic surfaces compared to P. aerug-
inosa, which may explain the reduced overall cell counts for E.
coli.[57,59] Once attached, cell-cell interactions and the recruitment
strategies of microbes become important.

2.2. Mechanisms of Cell Attachment and Post-Size Effects

We suggest there are two possible mechanisms to explain this
significant effect of post size on microbial cell attachment; 1)
a “reduced probability of cell attachment” model, and 2) a “cell
pull-off” model (Figure 5). The former mechanism focuses on
the rates of microbial attachment to the post tips, as circular ar-
eas of limited size, and the application of the random sequential
adsorption (RSA) model in this context. The latter mechanism fo-
cuses on the force balance acting upon each cell by pull-off during
droplet de-wetting due to surface tension effects, which also scale
with the post size.

2.3. The Random Sequential Adsorption (RSA) Model

The Langmuir isotherm-like behavior of Figure 4B,C indicates
that the available area for attachment on each post tip decreases
with time. One model which can further describe these behaviors
is the RSA model. First described as the “parking cars” problem,
RSA can describe the rates of particle adsorption to a surface as
the size and number of available spaces decreases (as shown in
Figure 5A for attachment areas from r1 to r3).[60] The RSA model
has been applied previously to particle and protein adsorption
as well as bacterial attachment.[61,62] We propose that our micro
post surfaces, having 2D circular contact areas of different sizes,
effectively represent specific “points of time” in this progression
of available attachment areas. Thus, the probability of cell attach-
ment to small posts (≤1.5 μm) should be lower than for larger
posts (Figure 5A).

The rate of particle attachment in the RSA model is quanti-
fied by the surface coverage function (𝜃S) and a blocking poten-
tial (𝛽1).[63,64] The surface coverage function represents the per-
centage of a surface that contains adsorbed particles, which will

increase with increasing attachment time. Mathematically, this
function is represented by:

𝜃s =
AcNs

Ap
(1)

where Ac represents the area of the cell (or the projected area
occupied by a single cell on a surface), Ap represents a single mi-
cro post area, and NS represents the number of attached cells. To
calculate the attached cells, the number of cells adsorbed to a sin-
gle post was measured for 100 post areas. As noted in Figure 4,
the surface coverage reaches a plateau after enough time has
passed, which is termed the jamming limit of the surface cov-
erage function. For the bacterial species tested, the surface cov-
erage functions are maximized at a value of 0.566 (S. aureus)
and 0.583 (E. coli, P. aeruginosa) for areas much larger than the
cells.[62,63] To assess the influence of post size on this coverage,
the post-occupation rate (whether bacteria are present or not, on
100 posts) (Figure 5B,i) was calculated, which showed the initial
occupation rates for the small posts was low (1.5–2% for a 1.5 μm
post). These rates steadily increased until a plateau of 97–99%
was reached for post diameters ≥ 20 μm.

The blocking function (the probability of finding an empty site
on a surface) can be calculated through:

𝛽1 =
(

1 −
Se

AP

)Ns

(2)

where Se is the exclusion area, or the area necessary for a cell
to attach. In terms of the total patterned area, all the micro post
surfaces generated are effectively “blocked” by 80% (Figure 5A)
due to the containment of bacterial attachment to the tips of
these posts. Surface blocking functions were calculated by ana-
lyzing the area of attached cells compared to the total post area
after 5 min contact time. The calculated functions are shown as
a function of the micro post diameter (Figure 5B, ii), and show
an exponential decay with increasing post diameter. For the rod-
shaped bacteria (E. coli and P. aeruginosa), the blocking functions
increased steadily with decreasing diameter, with the steepest
transitions occurring between 10–15 μm. For S. aureus, this steep
transition point occurs between 5–10 μm. For small posts (0.3 or
1.5 μm), the post tip effectively behaves as a blocked area as noted
by the low occupation rates (Figure 5B,i), due to being smaller
than the area required for cell attachment. For more information
and analysis of the RSA model and fitting to experimental mod-
els, refer to Supporting Information Appendix A1.

2.4. The Cell “Pull-Off” Model

An alternative mechanism we propose is that cells may have been
initially attached to the post tips but were pulled off by surface
tension upon droplet removal, considering the force balance act-
ing on a single cell. In this model, cell detachment is achieved if
the pull-off force (Fp) exerted onto the microbe is larger than the
adhesive forces (FA) (Figure 5C). The adhesive forces are a sum of
the surface tension effects on the microbe (Laplace pressure and
surface tension at the contact line) and the classical physics mod-
els for adhesion (van der Waals forces, acid-base interactions, and
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Figure 5. Two potential mechanisms are proposed for the “post size” effect on microbial attachment. A) The probability models are explained by con-
sidering random sequential adsorption (RSA) and the supporting ideas of excluded/blocked areas and functions B,i) calculations of the post-occupation
rate per 100 post area to determine the overall coverage of bacteria after 5 min of contact and ii) calculation of the surface blocking function for each
post diameter plotted against post diameter C) cell pull-off models dominated by the attachment and detachment forces with dependence on if the post
diameter is smaller or larger than the diameter of a particle.

Adv. Funct. Mater. 2024, 34, 2315957 2315957 (7 of 10) © 2024 The Authors. Advanced Functional Materials published by Wiley-VCH GmbH
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electrostatics – often referred to as the DLVO or xDLVO model
forces).[65] The pull-off force, acting in the opposite direction, is
due to the surface tension and thickness of the liquid film thick-
ness around the microbe. This thickness and the width of the
capillary bridge (𝛿) will change depending on the diameter of the
post (d) with respect to the size of the microbe (x). Compared
to the surface tension force, the van der Waals and electrostatic
forces acting on these microbes are much smaller (5–10% of the
surface tension), meaning that detachment is favored if possible.
It is hypothesized that a post smaller than the microbe may gen-
erate a capillary bridge large enough (𝛿4 > 𝛿3) to overcome these
adhesive forces (Figure 5C). More information on this model is
provided in Supporting Information Appendix A2.

Both mechanisms may be active under different circum-
stances depending on the size of the post and droplet contact
time. Expansion of the blocking potential functions and surface
coverage functions to include the force balance acting upon a
particle due to hydrodynamic forces (such as dewetting) can be
explored in the future similar to the work of Ko et al.[66] In-situ
imaging of cell attachment to these surfaces will provide further
insights into the likelihood a of these distinct mechanisms.

3. Discussion

Droplet-based contamination of fomite surfaces represents a
common route for infectious disease transmission within hospi-
tals (saliva, blood, wound exudate, etc.), and our work has focused
on the short-term contact of such droplets with SHS micro posts.
Previous attempts to use SHS topographies to reduce microbial
attachment have not been effective, successful, or well-designed
for hospital environments, but our work suggests some funda-
mental reasons, due to feature size and contact time. Our work
indicates that previous studies have either used SHS surface fea-
tures that are too large (and/or heterogeneous feature sizes), or
that did not maintain a stable C-B state, or both. In the previous
studies cited in the introduction, several used incubation strate-
gies over long periods of time where it becomes difficult to dis-
tinguish between wetting versus non-wetting, and between C-B
and Wenzel states.

Through the systematic variation of micro post size, for diam-
eters both smaller and larger than microbial cells, and for several
microbial strains, we have shown conclusively that this post/size
ratio is critical to prevent microbial attachment. The trends asso-
ciated with microbial cell attachment and micro post size are very
clear and show that huge reductions of 3-4-log can be achieved for
micro posts of ≤ 1.5 μm diameter compared to posts ≈20 μm and
flat surfaces. With increasing attachment time, the microbial at-
tachment shows a Langmuir-type isotherm behavior, reaching a
plateau after ≈10 min exposure to 10 μm diameter posts.

We suggest this post/cell size effect for SHS topographies
is likely due to a reduced probability of cell attachment to the
post-tip areas of limited size (the random sequential adsorption
model), as all strains tested show a continuous decrease in at-
tached cell counts for smaller posts. A “threshold” change might
suggest the dominance of the “pull off” model. However, both
mechanisms may be active to certain extents, with future work
centered on the inclusion of hydrodynamic considerations to the
RSA model presented similar to that of Ko et al. which evaluated
these combined effects for colloidal particle adsorption.[66]

This size dependence might suggest that the SHS properties
found in a huge diversity of plants and insects (>16 000 species
have been characterized by Barthlott et al.[67]) may have topo-
graphical features that are evolved for specific pathogens and
parasites of specific sizes.[68,69] It is important to note that such
surfaces in nature are generally not just randomly disordered,
but have features (posts, spines, hairs, etc.) in well-defined size
ranges, and often sub-micron in scale.

We suggest that certain SHS micro post arrays on hospital
fomite surfaces (handrails, fabrics, medical devices) that may
contact contaminated droplets for limited times may signifi-
cantly reduce microbial attachment and further transmission.
This work demonstrates important design guidelines for the use
of SHS topographies as a promising alternative to existing an-
timicrobial technologies for fomite surfaces in hospitals. How-
ever, there are still considerations to study for the long-term per-
formance of SHSs, such as wear, mechanical damage, and accu-
mulated dust/debris interfering with wettability. In our follow-up
work,[70] we suggest that medical gloves may represent the ideal
application, due to their common use in all short-term touch con-
tact transmission events, and their disposable nature.

4. Experimental Section
Materials: LB Miller and YPD broths, bacteriological agar, and ethanol

were purchased from VWR Canada. Glutaraldehyde (GDA) and Tween-20
were purchased from Sigma Aldrich (Mississauga, ON, Canada). Dymax
Light Weld 4–20508 urethane-acrylate blend UV-curable polymer was pur-
chased from Dymax (Torrington, CT, USA). Dow Corning Sylgard 184 sili-
cone elastomer kits were purchased from Paisley Products of Canada Inc.
(Scarborough, ON, Canada). SU8-2025 photoresist was purchased from
Kayaku Advanced Materials Inc. (Westborough MA, USA).

Microbial Species and Their Culture Conditions: Bacterial cultures of E.
coli GFP ATCC 25 922, P. aeruginosa PAO1, and S. aureus KR3 were pre-
pared by obtaining a single colony from a lysogeny broth (LB) Miller agar
media plate stock plate which was streaked according to standard meth-
ods onto a new plate and incubated overnight at 37 °C. Cultures of C.
albicans SC5314 were prepared in a similar manner but with yeast extract-
peptone-dextrose (YPD).

Micropost Arrays: Ordered micro post arrays were fabricated with 0.3,
1.5, 3, 5, 10, 20, and 40 μm diameters (Figure 1E). The micro post ar-
rays were fabricated by photolithography and ion etching, except for the
150 μm post arrays which were purchased commercially (Nanogriptech,
Setex Technologies, USA). The 0.3 and 1.5 μm post arrays were fabricated
using deep reactive ion etching (DRIE), as reported previously.[48] All ar-
rays were exposed to oxygen plasma (Harrick Plasma PDC001) for 3 min
before fluoro-silanization under vacuum (desiccation chamber and me-
chanical pump) for 3 h with an open vial containing 50 μL of trichloro
(1H, 1H, 2H, 2H-perfluoro octyl) silane (Sigma-Aldrich, Canada) prior to
microbial contamination.

Micropost Array Lithography: For the 3 to 40 μm diameter samples,
Si wafers were cleaned with acetone and covered in 10 mL of SU-8 2025
photoresist. The photoresist was spin-coated (Specialty Coating Systems
Model G3P-8) to the desired thickness depending on the diameter of the
micro post to be generated. The coated wafer was soft-baked for 30 s at
65 °C and 5 min at 95 °C. A photomaster etched under a mask writer
(Heidelberg uPG 501) was aligned onto the cooled photoresist wafer and
exposed for 18.5s under a mask aligner (OAI model 30). To complete
crosslinking, the wafer was heated for 1 min at 65 °C and 5 min at 95 °C.
Sequential submerging and agitation in SU-8 developing solution and iso-
propyl alcohol followed until all unreacted material was removed from
the wafer. Completed master molds exposed to oxygen plasma (Harrick
Plasma PDC001) for 3 min before fluoro-silanization under vacuum for 3 h
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with an open vial containing 50 μL of trichloro (1H, 1H, 2H, 2H-perfluoro
octyl) silane.

Superhydrophobicity of the micropost molds was confirmed by contact
angle (DI water) and contact angle hysteresis. Negative molds of the Si mi-
cro posts were prepared through soft lithography in polydimethylsiloxane
composite (PDMS Sylgard 184). A 10:1 ratio of PDMS composite prepoly-
mer and crosslinker (Dow Corning Sylgard 184) was mixed, degassed, and
poured over the wafer before further degassing for 10 min. Curing occurred
in a 70 °C oven for 18 h. Completed negative molds were detached after
curing from the wafer positives and cleaned with ethanol and DI water.

UV-Cured Micropost Arrays: Final micro post arrays were molded by
applying 10–20 μL of a UV-curable polyurethane-acrylate (PUA) polymer
(Dymax 4–20508) onto a clean glass slide. UV curing through the PDMS
mold was performed with a Dymax BlueWave LED DX-1000 Visicure sys-
tem (405 nm) at full intensity (≈800 mW cm−2) for 200 s. The sam-
ples were functionalized with fluorosilane, as described above, to become
superhydrophobic. Flat molded PU controls were generated by curing
against a flat (as cast) PDMS surface (Ra = 0.1 ± 0.02 μm) as a control.

Static Contamination Experiments: The contamination experiments
were performed with PUA (Dymax) molds of the 3–40 μm samples, while
for the 1.5 μm and 300 nm samples, experiments were performed directly
on the Si masters themselves (all treated with the fluorosilane and con-
firmed to be in the C-B state). Fresh cells were obtained with a sterile loop
and suspended in 1X phosphate-buffered saline (PBS) until an optical den-
sity (OD600) of 0.7 ± 0.05 for all bacterial strains and 1.1 ± 0.05 for the
yeast was obtained as confirmed by UV–vis spectrometry (Cary 60, Aligent
Technologies).

A 30 μL suspension droplet was pipetted onto 1 × 1 cm2 micro post
samples and left for 5 min before removal by capillary wicking with a
Kimwipe tissue or pipet. A 30 μL droplet of 2.5% GDA in 1X PBS was
placed over the same contact area for 5 min and was then removed
and a droplet of 0.05% Tween-20 in 0.9% NaCl v/v was added. The at-
tached microbes were stained with a 50 μL drop of a Sytox Green solu-
tion (1 μL/10 mL in 1X PBS) for 10 min. Microbial attachment was as-
sessed through fluorescence microscopy (Olympus BX63, Tokyo, Japan)
using a GFP filter (𝜆ex/𝜆em 395/470 nm). Image analysis was performed
by surveying the array under low magnification and centering into the
stained portion to ensure that each image allowed for optimal attachment
to the posts contained. These areas were analyzed using Olympus cellSens
software.

Contact Angle Measurements: A total of 10 μL droplets of DI water were
applied to the silanized micro post surfaces to assess the static contact
angle using a lab-made goniometer system. Droplet images were analyzed
using ImageJ and the contact angle plugin (Marco Brugnara).

Scanning Electron Microscopy (SEM): To measure the size of the mi-
crobial cells and assess contamination density, 10 μm micro post arrays,
and flat control surfaces were prepared for SEM imaging. Fixation proce-
dures described in the static contamination experiments were followed by
washing five times with 100 μL of 1X PBS. The samples were dehydrated
through sequential ethanol and water mixtures (25, 50, 70, 80, 90, 100%
v/v, 15 min each), then critical point dried (Bal-Tec CPD 030 Critical Point
Dryer) and Au sputter-coated before SEM (Hitachi SU3500 – Variable Pres-
sure). SEM of each type of microbial cell was obtained by spreading a sus-
pension of the microbial cells onto a silicon wafer and treating them as
described above.

Data and Statistical Analysis: All experimental counts are plotted as a
mean value and an error bar of the standard deviation (±) using paired,
two-tailed t-tests as the statistical method to calculate the significance of
the reported data. All significant differences plotted in the Figures are –
ns (p ≥ 0.05), * (p between 0.01 to 0.05), ** (p between 0.001 to 0.01),
*** (p between 0.0001 to 0.001), or **** (p < 0.0001). All data was pro-
cessed using GraphPad Prism.
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