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ABSTRACT

Purpose. The aim of this study was to, firstly, investigate whether silicone-hydrogel contact lenses (CL) are more or less
susceptible to bacterial adhesion than conventional ones and, secondly, assess the influence of lens wear in the extent
of bacterial adhesion. Four silicone-hydrogel CL (galyfilcon A, balafilcon A, lotrafilcon A, and lotrafilcon B) and one
conventional hydrogel (etafilcon A) CL were tested.

Methods. Bacterial adhesion experiments were performed on unworn and worn CL using the strain Staphylococcus
epidermidis 9142. Worn lenses were obtained from a group of 31 subjects fitted with a silicone-hydrogel CL in one eye
and a conventional hydrogel CL as contralateral pair. These lenses were used on a daily basis in combination with a
multipurpose lens care solution. Adhesion assays were carried out in a parallel plate flow chamber, followed by image
analysis. Hydrophobicity, roughness, and topography of the lenses surfaces were assessed through contact angle
measurements and atomic force microscopy.

Results. Unworn conventional and silicone-hydrogel CL were equally susceptible to bacterial adhesion of S. epidermidis.
Conversely, worn conventional hydrogel (etafilcon A) were more prone to bacterial adhesion than worn silicone-hydrogel
materials, which exhibited similar adhesion extents among them. The results also showed that the lens surface properties
such as hydrophobicity, roughness, and surface topography changed during wear. The alteration of surface hydropho-
bicity of silicone and conventional hydrogel CL during wear had a great impact on lens bacterial adhesion susceptibility.
Accordingly, balafilcon A becomes significantly less hydrophobic and less prone to bacterial adhesion after lens wear,
whereas etafilcon A becomes more hydrophobic and also more susceptible to bacterial adhesion (p < 0.05).
Conclusions. Worn silicone-hydrogel galyfilcon A, balafilcon A, lotrafilcon A, and lotrafilcon B are equally prone to
microbial adhesion of S. epidermidis and generally less susceptible than the conventional hydrogel.

(Optom Vis Sci 2008;85:520-525)
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icrobial keraritis is a rare but serious ocular infection which
M can lead to permanent vision loss. Extended wear,' ocular

trauma, > hypoxia® and lack of compliance,” among other
factors, are predisposing issues for its occurrence.

With the introduction of silicone-hydrogel contact lenses (CL)
several improvements were achieved. Overnight edema was found
to be similar to those found on non-CL wearers and much smaller
than observed on conventional hydrogel CL wearers as a result of
their high oxygen transmissibility.* It was also found that the in-
cidence of microbial keratitis was five times smaller than with
conventional hydrogel lenses, for extended wearing periods.” This

lower incidence seems to be associated with their higher oxygen
transmissibility. However, some authors have also suggested that it
could be related to less bacterial binding to the lens surface as well.®

The first aim of this study was to verify whether silicone-hydrogel
CLs bind fewer bacteria than hydroxyethylmethacrylate (HEMA)-
based conventional ones, which might serve to reduce the inci-
dence of microbial keratitis. The second aim involved assessing the
influence of lens wear in the extent of adhesion. For this purpose,
in vitro microbial adhesion assays onto four unworn and worn
silicone-hydrogel CL, and one conventional hydrogel CL were
performed. It is well established that an increase in surface hydro-
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TABLE 1.
Contact lenses properties

521

Commercial name Manufacturer Material FDA group Water content (%) Surface treatment
Acuvue Johnson & Johnson Ctafilcon A v 55 No
Vision Care
Acuvue Advance Johnson & Johnson Galyfilcon I 47 No
Vision Care
Purevision Bausch & Lomb Balafilcon A ] 36 Plasma oxidation
Focus Night & Day CIBA Vision Lotrafilcon A | 24 25 nm plasma coating with
high refractive index
0, 0ptix CIBA Vision Lotrafilcon B I 33 25 nm plasma coating with

high refractive index

phobicity or roughness can lead to an increase of bacterial adhesion
susceptibility.”" Therefore, these properties were also assessed in this
work, Microbial adhesion studies to silicone-hydrogel have been pre-
viously performed by several authors.” " However, the present worl
covers awider range of CL materials with different surface treatments,
some of them never evaluated before with respect o roughness and
bacterial adhesion.” 1!

MATERIALS AND METHODS
Contact Lenses

The properties of the CLs used in this study are derailed in Table
1. Four silicone (galyfilcon A, balafilcon A, lotrafilcon A, and lotrafil-
con B) and one conventional hydrogel (ctafilcon A) CL were tested in
their unworn and worn states. The silicone-hydrogel lenses are surface
treated by gas plasma during manufacturing, except galyfilcon that has
an incorp()mted wetting agent {Hydraclear).

Experimental Design

Thirty-one subjects from both genders were enrolled in this
study, excluding any lost to follow-up. The average age of the
subjects was 23.6 £ 5.5 years and they were chosen according to
the following paramecters: they had never worn CL before (neo-
phytes), they were not taking any medications during the trial, they
did not suffer from any kind of ocular allergy, and they had no
tﬁndﬁncy ﬁ)r dl—)’ C}’C Syndl’()mc.

The subjects were randomly divided into four groups. Each
group wore a specific type of silicone-hydrogel lens and a conven-
tional one as contralateral pair in a single masked fashion way. The
silicone-hydrogel CL were monthly replaced and the conventional
hydrogel every 15 days, for 6 months. Apart from physiological
changes, no complications occurred during the trial. For the adhe-
sion studies 8 galyfilcon A, balafilcon A, lotrafilcon A and ctafilcon
A, and 7 lotrafilcon B CL were assayed. CL were worn on a daily
wear schedule of berween 12 and 14 hours. The subjects were
instructed to remove the lenses at the end of this period and to soak
them overnight in a multpurpose solution (ReNu MultiPlus,
Bausch and Lomb, polyhexanide 0.0001%, hydranate 0.03%, and
poloxamine 1%).

At the end of the wearing period, each lens was aseptically re-
moved from the eye and placed in a sterile vial containing a sterile
saline solution (0.9% NaCl). Vials were labeled with a code and

details of the lens material. The CL were stored at 4°C for no
longer than 5 days until analysis.

The research followed the tenets of the Declaration of Telsinki.
[nformed consent was obtained from the subjects after explanation
of the nature and possible consequences of this study.

According to the manufacturer’s recommendation, galyfilcon A
and lotrafilcon B should be replaced every two weeks, However, in
this study they were worn for 30 days to establish a comparison
with the other lenses which are recommended for use up o 30
days. Tt must be stressed that no complications resulted from the
extension of the wearing period.

Bacterial Strain and Growth Conditions

The bacterium 8. epidermidis 9142 was used in the present
study. This species is a Gram-positve pathogen commonly in-
volved in extended wear microbial keratitis'? and was therefore
chosen for the in vitro adhesion assays. S. epidermidis 9142 1s a
well-known producer of the polysaccharide that promores coagu-
lase negative staphylococei adherence and biofilm formarion,
which is referred to as either polysaccharide intercellular adhesin or
by its chemical composition, poly-N-acetyl glucosamine. This
strain was kindly provided by Dr. Gerald B. Pier, Harvard Medical
School, Boston, U.S. and its adhesion and biofilm formarion ca-
pabilities have been characterized in previous studies. >4

A 4°C culure stock was inoculated into an Erlenmeyer flask
containing 10 ml of tryptic soy broth (Merck, Germany) and in-
cubated ar 37°C for 24 hours. F()ll()wing this period, 1 ml of the
culture suspension was transferred to a second Erlenmeyer flask
containing 30 ml of trypric soy broth and incubated at 37°C for 18
hours to obrain a mid-exponential growth culture. Cells were har-
vested by centrifugation (15 minutes, 4000 rpm) and washed twice
with ultrapure warter and finally, the cells were resuspended in phos-
phate buffer saline (PBS, 8 g 17! NaCl, 0.2 g 17! KCI, 0.2 g I™!
KH,PO, 1.15 g|™! Na,HPO, pH 7.4).

Adhesion Assays and Image Analysis

The adhesion assays were performed with unworn and worn CL
in a parallel place flow chamber. T'wo opposite edges of cach CL
were cut to flatten the surface and the lens mounted on the botrom
plate of the flow chamber. All the tubes and the flow chamber were
filled with a PBS solution (special care was raken to remove all air
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bubbles from the system) which circulated through the system for
15 minutes. A pulse-free flow was established by hydrostatic pres-
sure, and the suspension was fed using a peristaldc roller pump.
Afterwards, the flow was switched to a bacterial suspension (6 X
10'"°CEU/ml) that circulated thrOnghout the system at room tem-
perature for 120 minutes in laminar regime, at a flow rate of 2E-4
ml/s. After this period, fresh PBS was circulated throughour the
system to remove the non-adhered or loosely adhered cells. Cell
quantification was performed using a phase contrast microscope
(Carl Zeiss, Germany) connected to a charge-coupled device video
camera (Carl Zeiss, Germany) that acquires images at a magnifica-
tion of 1622X with a resolution of 1300 X 1030 pixels. Twenty
images were randomly taken from each lens. To eliminate image
interference, the background was captured and subtracted from
the original image. Cells were enumerated using the Sigma Scan
Pro program and, with the magnification used, 1 cm? was equiv-
alent to 5110 captured images. These measurements were repeated
seven or eight times for each lens material,

Hydrophobicity

CL hydrophobicity has been assessed in other studies. Some
authors'” have estimated lens surface hydrophobicity using the
sessile drop technique whereas, more recently, other authors'® have
made use of the advancing type technique. In the present study,
water contact angle measurements were performed with Millipore
ultrapure water using the advancing type technique and an appa-
ratus OCA 20 (Dataphysics, Germany). Each lens were cut into
four pieces and placed on a microscope slide. The excess moisture
was removed by gentle blotting with absorbent paper. The mea-
surements were carried out on 4 CL from each type and repeated
four times on each lens piece.

Roughness

Surface roughness was assessed through atomic force micros-
copy (AFM) using the Tapping Mode (PicoScan Controller, Mo-
lecular Imaging, U.S.). Measurements were performed in a liquid
cell containing PBS and using a V-shaped Si;N, cantilever with a
constant spring of 0.58 N/m. AFM assays were performed on
unworn and worn CL. Roughness was expressed as average rough-
ness (Ra) of the surface.

The analyzed lenses were balahlesn A, locrafiloon B, and galy-
filcon A. Balafilcon A and lotrafilcon B exhibit different cypes of
surface treatment and galyfilcon A incorporates wetting agents as
an alternative to surface treatment. The analyzed area for balafilcon
Awas 100 pm* due to the fact that some surface details can only be
observed with this frame,"” whereas galyfilcon A and lotrafilcon B
were analyzed within a 25 pwm? frame. The measurements were
repeated three or four times per C'L material.

Data Analysis

Hydrophobicity data were evaluated by the one-way analysis of
variance test. The extent of bacterial adhesion and lens roughness
was statistically evaluated through the non-parametric Mann-
Whitney U test because the data were not normally distributed. All
tests were performed with a 95% confidence level using the statis-

tical program SPSS (Stadstical Packagc for the Social Sciences).
Two distinct comparisons were made: between lens materials and
within the same material before and after lens wear.

RESULTS
Bacterial Adhesion of Staphylococcus epidermidis

The number of adhered cell to unworm and worn CL is presented in
Fig. 1. No statistical differences were found among unworn CL (p >
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FIGURE 1.

Number of adhered cells to unworn and worn CL. *Statistically different
compared to unworn CL. tStatistically different from worn etafilcon A
Error bars represent standard deviations (n = 7) (Mann-Whitney U Test).
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FIGURE 2.

Contact angle (advancing} measurements performecd with water to unworn
and worn CL. *Statistically different from unworn lenses. tStatistically differ-
ant from Tlotrafilcon A, lotrafiicon B and unworn etafilcon A. #Statisticalfy
different from worn galyfilcon A, lotrafilcon A, and lotrafilcon B. Error bars
represent standard deviations (n = 16) (Dne-way ANOVA performed with
95% of confidence level).

TABLE 2.
Mean roughness of unworn and worn CL (nm)

Galyfilcon A Balafilcon A Lotrafilcon B
(5 % 5 um) (10 % 10 pm) (5 % 5 pum)
Unworn 2.32 £ 0,085 7.04 £ 0.66 4,51 = 2.83
Worn 30,09 = 11.27%¢ 1763 = 14787  4.96 = 4.12

(Mann-whitney with 95% confidence level) (n = 3).
aStatistically different from unworn balafilcon A and lotrafilcon B.
bStatistically different from unworn CL,

“Statistically different from worn lotrafilcon B.
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FIGURE 3.
Topography of balafilcon A before (a) and after (b) wear.
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FIGURE 4.
Topography of lotrafilcon B before (a) and after {b) wear.

0.05). Comparing worn CL, silicone-hydrogel materials showed to be
less prone to bacterial adhesion than the conventional hydrogel lens
(p < 0.05). Lotrafilcon B was the only exception, exhibiting a value
(p=0.055) that is almost statistically significant.

After wear, balafilcon A became less susceptible to bacterial ad-
hesion, but no statistical differences were found among the other
silicone-hydrogel marterials. Conversely, the conventional hydrogel
became more prone to bacterial adhesion.

Hydrophobicity

Inspection of Fig. 2 reveals that unworn silicone-hydrogel CL
have water contact angles >50° (the breakpoint between hydro-
philicity and hydrophobicity) and are relatively more hydrophobic
than the conventional hydrogel. Balafilcon A and galyfilcon
showed to be the most hydrophobic ones (p << 0.05). After lens
wear, silicone-hydrogel CL became less hydrophobic (p < 0.05)
and balafilcon A remained relatively more hydrophobic than the
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other materials (p << 0.05). Conversely, the conventional hydrogel
etafilcon A, after being worn, displayed an increase in the water
contact angle values from 44.8° = 2.4 10 82.3° = 11.6.

Roughness and Topography

The mean roughness (R, ) values are detailed in Table 2. Analysis
of unworn CL revealed that galyfilcon A seems to exhibit the
smoothest surface (p = 0.05). Afrer lens wear, galyfilcon A and
balafilcon A roughness increased and galyfilcon A became signifi-
cantly rougher than lotrafilcon B (p = 0.05).

As can be obscrved in Figs. 3 and 4, balafilcon A shows the
presence of macropores, whereas some grooves can be seen in lo-
trafilcon B, respectively. These structures disappeared after wear in
both cases. Fig. 5 confirms that galyfilcon A has a very smooth and
uniform surlace. Galyﬁlcon A, despite bccoming r()ugher after lens
wear, did maintain the same smooth appearance.

Optometry and Vision Science, Vol. 85, No. 7, July 2008



a
nm
¥ nm
I nm

B Wom

524 Bacterial Adhesion to Silicone Hydrogel Contact Lenses—Santos et al.
Ao
Yonm
a) Unwern Z nm
FIGURE 5.

Topography of galyfilcon A before (a) and after (b) wear.

DISCUSSION

The present study focuses on bacterial adhesion to four silicone-
hydrogel CLs and one conventional hydrogel lens. The main purpose
was to compare the prapensity of silicone-hydrogel CLs for bacterial
adhesion and to verify if these materials are more or less prone
bacterial adhesion than a conventional hydrogel material. A similar
comparative study was previously performed; however, in that case the
adhesion assays were performed only on unworn CL and using a static
adhesion method.!” Thercfore, in this work the in vitro adherence
experiments were carried out on both worn and unworn materials to
address the influence of wear on the susceptibility for adhesion. More-
over, in the present work, adhesion was assessed by a dynamic adhe-
sion method, using a parallel plate flow chamber as this is a more
realistic methodology and virtually induces less variabilicy.'®

The results obtained in the present work revealed that worn
silicone-hydrogel CL exhibiced similar levels of adhered bacteria
and are thus cqually prone to microbial colanization. However,
when compared with worn etafilcon A, these materials generally
bind fewer cells (Fig. 1). This fact supports the hypothesis that
silicone-hydrogels potentially induce fewer cases of microbial ker-
atitis on account of their weaker susceptibility to S. epidermidis
binding, although this is only true for worn CL. In fact, the suscep-
tibility for adhesion of unworn silicone and conventional hydrogels is
the same (Fig. 1) or even higher for silicone-hydrogel, as reported in a
previous study.'” However, it shall be considered that as soon asa CL
is placed in the eye it becomes rapidly conditioned by the tear film
molecules that greatly influence bacterial colonization.

This study demonstrates that wear has a great impact on CL adhe-
sion with special relevance for balafilcon A and ctafilcon A adhesion
susceptibilities. In fact, the extent of S. epidermidis adhesion o the
silicone-hydrogel decreased when worn. This evidence corroborates
the results of previous studies, in which P. aeruginosa adhered in a
slightly lower degree (not statistically significant) to worn balafilcon A?
and P. aeruginosa adhered in a lesser extent to worn lotrafilcon A and
balafilcon A materials.'® The fact that worn conventional hydrogel is
morc prone to 8. gpidermidis adhesion than unworn is contradicted by
a previous study in which worn etafilcon A lenses became less suscep-

tible to P. aeruginosa adhesion.'” Some authors have suggested that
CL wear increases susceptibility to bacterial adhesion whereas others
show the reverse.” """ The use of different strains, methods, wear
schedules, lens materials, maintenance solutions, and subjects are
certainly the underdying reasons for chis disparicy.

The use of only one strain and one conventional hydrogel CL
could be considered a limitation of our work since, and as men-
tioned before, the strain involved and the lens material can influ-
ence the adhesion extent. Therefore, the results obrained could not
hold true for all bacteria and all conventional hydrogels. However,
it has already been demonstrated that S epiderimnidis is one of the
most frequent pathogens colonizing CL'™'” and, together with
P. aeruginosa, is one of the most common bacteria involved in
microbial keraritis.'> Also, etafilcon A is one of the most popular
conventional hydrogel CL and thus it can be considered represen-
tative to establish a comparison with silicone-hydrogel materials.

It is generally recognized thart silicone-hydrogel CLs are rela-
tively more hydrophobic than conventional hydrogel lenses'® (Fig.
2) and therefore potentially bind more microbes.” Previous reports
also found that balafilcon A and galyfilcon A have the most hydro-

16:20 However, this study reveals thar their hydro-

phobic surfaces.
phobicity significantly decreases after wear, which may explain
their lower adhesion capability. The adsorption of proteins and
lipids from the tear film may have induced these changes, since
these molecules are amphiphilic and are therefore capable of mod-
ifying the surface hydrophobicity. For silicone-hydrogels, the ori-
entation of the hydrophilic regions of adsorbed molecules o the
outer environment may render the lens surface less hydrophobic.
Conversely, the conventional hydrogel erafilcon A, which is hydro-
philic, must have adsorbed the proteins and lipids through cheir hy-
drophilic region thus orienting their hydrophobic region to the outer
environment. As the surface becomes less hydrophilic, it attraces more
lipids which in tum increase surface hydrophobiciry.”'

It is generally accepred that roughness may boost microbial ad-
hesion, but that was not observed in this study. In fact, although
surface roughness has increased in most of the worn lens, the ad-
herence capability did not follow the same tendency. It is possible
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that the decrease of hydrophobicicy might have neutralized the
roughness impact. Additonally, surface topography may have
played an important role in this process. For example, in the case of
balafilcon, despite the increase in roughness of this worn lens, the
surface crevices and macroporous disappeared after wear and this
may have contributed to a decrease in adherence. Still, AFM anal-
ysis was a useful tool to study the impact of wear on lens roughness
and topography. This aspect is discussed clsewhere and related
with lens clinical psaI'fbrrnr1:.:.r1«::nss.22 Nonetheless, in this article we
would like to stress the increase in roughness of galyfilcon A and
balafilcon A after lens wear. Because these lenses possess polyvinyl
pyrrolidone, a liposoluble monomer, it is possible that lipids from
the tear film are responsible for such augmentation. However, an
in vitro study assessing lipid deposition (data not shown) revealed
that lipid deposition on galyfilcon A was not greater than that
observed for other silicone-hydrogel lenses. The total quantity of
adsorbed proteins onto this worn lens is similar to that observed in
other silicone-hydrogel lenses,®® which also excludes the hypothe-
sis of higher protein adsorption. Therefore, we address the possi-
bility that polyvinyl pyrrolidone could have been lost during wear,
resulting in such increment in roughness.

In summary, this study demonstrates that worn silicone-hydrogel
galyfilcon A, balafilcon A, lotrafilcon A, and lotrafilcon B are
equally prone to microbial colonization and generally less suscep-
tible than the conventional hydrogel, suggesting that wearing this
type of material does nor increase the risk of developing ocular
events associated to 8. epidermidis colonization.
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