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Abstract

Purpose—A contact lens (CL) can act as a vector for microorganisms to adhere to and transfer
to the ocular surface. Commensal microorganisms that uneventfully cohabitate on lid margins and
conjunctivae and potential pathogens that are found transiently on the ocular surface can inoculate
CLs in vivo. In the presence of reduced tissue resistance, these resident microorganisms or
transient pathogens can invade and colonize the cornea or conjunctiva to produce inflammation or
infection.

Methods—The literature was reviewed and used to summarize the findings over the last 30 years
on the identification, enumeration, and classification of microorganisms adherent to CLs and their
accessories during the course of normal wear and to hypothesize the role that these
microorganisms play in CL infection and inflammation.

Results—Lens handling greatly increases the incidence of lens contamination, and the ocular
surface has a tremendous ability to destroy organisms. However, even when removed aseptically
from the eye, more than half of lenses are found to harbor microorganisms, almost exclusively
bacteria. Coagulase-negative Staphylococciare most commonly cultured from worn lenses;
however, approximately 10% of lenses harbor Gram-negative and highly pathogenic species, even
in asymptomatic subjects. In storage cases, the incidence of positive microbial bioburden is also
typically greater than 50%. All types of care solutions can become contaminated, including up to
30% of preserved products.

Conclusions—The process of CL-related microbial keratitis and inflammation is thought to be
preceded by the presence or transfer or both of microorganisms from the lens to the ocular surface.
Thus, this detailed understanding of lens-related bioburden is important in the understanding of
factors associated with infectious and inflammatory complications. Promising mechanisms to
prevent bacterial colonization on lenses and lens cases are forthcoming, which may decrease the
incidence of microbially driven CL complications.
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In developed countries, contact lens (CL) wear, specifically extended wear (EW) with
hydrogel lenses, overrides all other risk factors for the development of microbial keratitis in
otherwise healthy eyes.! Thus, the presence of the CL influences development of infection
as the lens biomaterial acts as a vector for adherence of microorganisms with subsequent
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transfer to the ocular surface. Although the presence of microorganisms is necessary, it is
not necessarily sufficient for the development of infection. Other factors associated with
infection include disruption to the ocular surface, often caused by CL wear. Nevertheless,
the presence of bacteria, protozoa, and fungi on CLs clearly predispose a patient to the
development of infection. In fact, in studies where microbial keratitis was clinically proven,
the isolation of organisms from surfaces of the CLs worn during the event was a more
sensitive method to detect the causative microorganisms compared with corneal
scrapings.2— 4

Bacterial colonization of CLs has also been implicated in CL-induced inflammation.
Specifically, CL acute red eye (CLARE), CL peripheral ulcer (CLPU), and infiltrative
keratitis have all been associated with adherence of bacteria to hydrogel CLs.>11 In
particular, CLARE has been associated with Haemophilus influenzae Xt Acinetobactersp,?
Pseudomonas aeruginosa,’10 Aeromonas hydrophilal® Serratia liquefaciens® Serratia
marcescens,® Pseudomonas putiaa® and others. Infiltrative keratitis and CLPU have been
associated with Staphylococcus aureus,’” Streptococcus pneumoniae,® Abiotrophia
defectiva® Acinetobactersp,® and others. In animal models, Wu et al.12 have shown that
rabbits fit with EW CLs and inoculated with S. aureus develop corneal infiltrative events,
and Willcox et al.13 have shown that various microorganisms isolated from previous
inflammatory or infectious conditions create inflammation in the mouse cornea. However
the pathway between bacterial contamination of CLs and corneal inflammatory events is not
as straightforward as the link between CL bioburden and microbial keratitis. There are many
other speculative causes of inflammation (lens deposits or defects, hypoxia, cytotoxicity of
care solutions, changes in pH and oxygen and CO, concentration, and corneal surface
disruption), which may be present alone or in combination with lens bioburden. Even so,
most research has been applied to microbial colonization of CLs as it seems to be the most
consistent and repeatable finding and has biologic plausibility. Holden et al.5 have
hypothesized that endotoxin released from Gram-negative (Gram-) bacteria is a primary
cause of the cellular response and infiltration seen when CLs are highly contaminated with
Gram- bacteria, and the primary cell types detected are neutrophils.

Before unraveling the link among corneal infection, inflammation, and CL bioburden, first,
one must identify, enumerate, and classify microorganisms adherent to CLs and their
accessories during the course of normal wear. This review summarizes the findings over the
last 30 years and hypothesizes the role that these microorganisms play in CL-related
infection and inflammation. Finally, mechanisms to prevent bacterial colonization on lenses
and lens cases and the impact this may have on the incidence of CL complications will be
explored (Table 1).

Commensal Microorganisms of the Ocular Surface

Because of its constant exposure to the external environment, the ocular surface is subject to
intense and frequent microbial contamination. In fact, the conjunctiva and the lid margins
harbor many microorganisms, yet, in the absence of CL wear, the cornea is considered to be
sterile.1* Most environmentally introduced microorganisms are removed by the ocular
defense mechanisms with only a low density of microbiota remaining consisting of a
reduced number of species.

Normal microbiota of the eyelids and conjunctivae consist principally of aerobic bacteria. In
1935, Khorazo et al.1% found that Staphylococci and diphtheroids (Corynebacterium sp) are
the most frequent bacterial inhabitants of the normal conjunctiva. They also showed that the
incidence of diphtheroid organisms increased markedly with advancing age, the increase
being most pronounced from 30 to 50 years. The normal aerobic bacteria typically include
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coagulase-negative Staphylococci (CNS; primarily being Staphylococcus epidermidis),
Corynebacterium sp, Micrococcus sp, and Bacillus sp.18 =23 Under appropriate culture
conditions, anaerobic bacteria can be identified, particularly Propionibacterium sp, and some
Candida sp. The normal ocular microbiota undergo minimal change during the first two
decades of life, where Streptococciand Pneumococci are more prevalent and S. epidermidis,
S. aureus, and Corynebacterium sp remain the predominant bacteria on the conjunctiva and
the eyelids.2* With increasing age, however, there is a trend toward the presence of more
Gram- bacteria. There is not a great deal of variation in the commensal organisms with
geographic regions. Although rates differ among individuals and populations, S.
epidermidis, S. aureus, and Corynebacterium sp are the predominant conjunctival microbiota
regardless of geographic location.?4 Although bacteria and yeast are part of the commensal
organisms of the ocular surface, viruses and amoeba are not.

Varied factors enable a particular strain to remain as a nonpathogenic inhabitant of the
ocular surface including microbial metabolic end products, tear film components, and
bacteriocins. Bacteriocins are proteinaceous toxins secreted by a specific organism, which
are harmful to other competitive bacterial species. Of the conjunctival bacterial microflora,
Staphylococci, Corynebacteria, and Propionibacteria are all known bacteriocin producers,
thus their ability to synthesize and secrete toxins that are detrimental to the growth of other
closely related bacteria could afford these species the necessary competitive advantage to
survive in the ocular microenvironment.24 Bacterial metabolic end products such as
hyaluronidase and hydrogen peroxide also possess antibacterial activity that can alter the
surrounding bacterial composition. Finally, tear film components such as lipids, lysozyme,
lactoferrin, B-lysin, complement proteins, and immunoglobulins may be selectively toxic to
the noncommensal microbiota. For example, lysozyme, which comprises 20% to 40% of the
total protein content of tears, is active against many Gram+ bacteria and selectively
accelerates the lysis of Gram— bacteria in the presence of complement.2* Staphylococci,
Corynebacteria, and Propionibacteria are resistant to lysozyme because of their cell wall
composition, thus it is easier for them to remain inhabitants of the ocular surface.242° In
addition, lactoferrin binds iron and interferes with bacterial iron uptake, which decreases the
virulence of several bacteria including Pseudomonas sp.2* Thus, the combination of toxic
components, which are part of our ocular defense mechanism or are produced by
microorganisms selectively, enhances the ability of some strains to remain as commensal
ocular microbiota, whereas others are routinely removed from the ocular environment.

Although some species are considered nonpathogenic commensal organisms of the ocular
surface, the classification as pathogenic or nonpathogenic strains remains difficult. Although
normal ocular surface flora usually uneventfully cohabitate with the ocular surface, they can
also overwhelm the host defense mechanisms and cause external ocular infection and
inflammation in the presence of reduced tissue resistance. Resistance is affected by age,
trauma, surgery, systemic disease, immunosuppression, or CL use.2® Microorganisms
normally resident on the eyelids may invade and colonize the cornea or conjunctiva to
produce inflammation or infection.

Ocular Surface Flora With Lens Wear

To understand how potentially pathogenic organisms gain access to and colonize
hydrophilic CLs, a thorough knowledge of ocular surface microorganisms and their changes
resulting from lens wear are necessary. Even eye closure in the absence of CL wear has been
shown to significantly alter the normal microbiota. Ramachandran et al.2” has shown that
the incidence of clinically important Gram+ bacteria increases after 8 hr of eye closure,
whereas there are no increases in Gram- or fungal organisms. The effect of eye closure or
lens wear on the commensal microorganisms is important, because these organisms produce
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antimicrobial factors that play a role in defense of the ocular tissues from infection. If
changes to the normal flora were prominent with CL wear, suppression of factors that
normally inactivate or clear foreign microbes from the eye may facilitate an infectious or
inflammatory process.18 Many groups have documented a decrease in microbial
colonization of conjunctival surfaces after the introduction of CL wear. In 1979, McBride
found an early decrease in the percentage of positive cul-de-sac cultures with as little as 2
days of soft CL wear and speculated that the lenses may actually have an antibacterial effect
on the ocular surface. In 1981, Hovding® found a decrease in positive conjunctival cultures
in a group of patients wearing hydrogel lenses after 2 weeks of wear versus a nonwearing
control group and speculated this effect was because of a slow release of the chemical
disinfectants from the lens onto the ocular surface. It has been postulated that an increase in
pathogenic organisms may arise secondary to a decreased presence of commensal
organisms. In 1992, Fleiszig and Efron28 have shown that after 2 months of rigid gas
permeable (RGP) EW, the incidence of culture-negative eyes increased in conjunction with
increased incidence of conjunctival colonization with potentially pathogenic
microorganisms. They attributed the increased incidence of potential pathogens to
compromises in the mechanisms that normally clear foreign microorganisms, including the
reduction of normal ocular flora.28 In 1995, Stapleton et al.?2 found that during soft lens
EW, increased conjunctival colonization with potential pathogens occurred simultaneously
with reductions in colonization of normal flora in established wearers. At least four studies
document the effect of decreased conjunctival flora in the first few months of lens
wear.19.28 =30 The decrease in conjunctival flora may be a short-term response to lens wear.
However, in a cross-sectional study of long-term aphakic soft lens extended wearers and
preoperative cataract patients, the established CL wearers showed significantly fewer
pathogens recovered from the lids and conjunctivae.3! In addition, in Stapleton et al.’s
study, 2 the trend of decreasing colonization with time was noted only in established
(extended) lens wearers after 12 months of wear. Therefore, decreased conjunctival flora
reported in some studies does not likely represent a short-term response to lens wear.
Finally, a fewer positive conjunctival cultures has been reported in current (or nonwearers)
compared with former wearers in a cross-sectional study.® This suggests that CL wear
permanently altered the microbial flora, or the group of former, presumed failed, CL wearers
were predisposed to discomfort and complications from high levels of microbiota on their
ocular surface.

In contrast to decreased conjunctival colonization with CL wear, other studies have found
evidence of opposing trends, that is, increased16:20-22 or unchanged’:18:32 microbial loads
on the conjunctiva. Specifically, an increase in numbers but not types of organisms were
found on lid margins2122 or conjunctival-22 with soft CL daily wear (DW). These three
studies have shown that DW of soft lenses is associated with increased colonization by
commensal and nonpathogenic bacterial species on the lid margin, conjunctiva, or
both.16:21.22 Moreover, the bacterial populations that colonize the lids and conjunctiva
during long-term asymptomatic soft lens wear have been hypothesized to change based on
the wear schedule. Stapleton et al.22 have shown that more potential pathogens are
recoverable from the conjunctiva after EW compared with DW. In addition, during silicone
hydrogel (SH) EW, the frequency of positive conjunctival cultures for commensal
organisms increased. Iskeleli et al.2% found that the incidence of positive conjunctival
cultures rose from 34% before lens wear to 90% after 30 days of continuous wear with
lotrafilcon A lenses.

The lid margin consistently shows greater colonization than the conjunctiva during lens
wear when both are assessed simultaneously,21-23:33.34 thys it is often assumed that the lid
margin is the source of potential pathogens during lens wear. In that regard, Willcox et al.23
found a correlation between the isolation of bacteria from the CL and the lower lid margin,
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and Szczotka-Flynn et al. has shown that the presence of substantial lid and conjunctival
bioburden are associated with a 2.5-fold and more than a 4-fold greater risk of substantial
lens bioburden, respectively.34 Thus, the lid margins are likely the major route of
contamination and conjunctival contamination precedes or occurs simultaneously with CL
contamination.

CL Bioburden

There is a wide variation in the reporting of lens bioburden across studies. This variation
stems from sampling techniques, geographical location, differences in lens care systems,
modes of wear, materials, subjects sampled, and number of sampling occasions. Table 2
summarizes the results of studies that have assessed bacterial bioburden on CLs during
asymptomatic wear. In clinically normal individuals wearing hydrophilic CLs,
approximately 40% of lenses remain sterile in vivo, regardless of lens type or mode of wear.
The remainder of lenses is colonized with commensal or pathogenic organisms. Table 3 lists
the frequencies of isolation of specific species from soft CLs by study. As can be seen in
Table 3, most of organisms cultured are CNS in most studies. Approximately half of all
patient worn soft lenses are predominantly colonized by normal lid or skin flora including
CNS, Propionibacterium, Corynebacterium, Micrococcus, and Bacillussp and S.
epidermidis is the most frequently isolated staphylococcal species.19:29:35 | gitch et al.36
identified and enumerated all the Stap/iy/ococci found on traditional hydrophilic lenses on
repeated occasions over 1 year in 97 patients. Approximately half (48.8%) of all lenses
harbored some Staphylococciin agreement with other groups. However, in contrast to
previous studies, they reported that the capitis/warneri group was the most frequently
isolated staphylococcal group from both DW and EW soft CLs and the most numerous
group isolated from DW lenses, followed by the epidermidis group.38

Although Gram- and other pathogenic organisms are also present, they are found much
more sporadically and in a smaller percentage of samples (between 2% and 20%).
Nonetheless, even this percentage of contaminated lenses compared with the relatively low
prevalence of microbially driven CL-related infection (~2 in 10,000 for soft lens DW37)
highlights the potency of the ocular defense mechanisms. These defense mechanisms
include blinking (which mechanically removes loosely adherent organisms);
immunoproteins and mucin, which Kill or inhibit organisms; and normal ocular flora, which
inhibit the growth of pathogens by consuming nutrients and secreting antimicrobial toxins.

As seen in Table 2, the incidence of Gram— and highly pathogenic organisms cultured from
soft lenses in asymptomatic subjects is approximately 10%, but many studies report the
presence of such bioburden as less than 5% (Fig. 1). The exception is a study performed by
Lipener et al. in Brazil.38 They found an unusually high percentage (80%) of patients with
CLs colonized with pathogenic species. The patients initiated lens removal the night before
the visit and brought their lenses to the clinic in lens storage cases. The majority of the
organisms cultured were Gram— bacteria, and S. aureus was the only Gram+ organism
isolated. The large discrepancy between this study and others is partly because of hand
contamination from lens removal.

Handling CLs is a major source of CL contamination. Figure 2 shows a daily disposable lens
removed and handled with washed hands before culture in an agar sandwich technique. The
high levels of colony-forming units (CFU) present are assumed to come from hand contact,
because the organisms are almost exclusively CNS normal skin flora. In fact, hand-
transported microorganisms usually do not survive and colonize permanently on a lens
surface when worn on a normal, healthy eye.39 In 1992, Mowry-McKee et al. performed a
study where patients were given two sets of sterile lenses to handle. One set was handled
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and then worn for 5 hours, and the second set was handled only and then cultured.*? The
level of contamination after 5 hours wear was 22 to 65 times lower then the initial
contamination level induced by lens handling. In addition, the level of bacterial bioburden
before insertion was not predictive of the amount of contamination after wear. For example,
in Mowry-McKee et al.’s study,*0 the patients presenting with detectable levels of bacteria
on lenses after wear did not have greater bacterial bioburden on the corresponding handled-
only lenses. This further supports the idea that under normal conditions, the eye has a potent
antimicrobial system capable of destroying many organisms introduced during lens handling
and insertion and that there are other sources of contamination once the lens is placed on the
eye.

Most of the studies exploring bacterial bioburden on CLs have been performed during
asymptomatic wear of hydrophilic CLs. There is no doubt that the greater incidence of
microbial keratitis in soft lens wearers compared with RGP wearers has driven the
preponderance of studies to examine in vivo bacterial adhesion to hydrophilic lenses.
Consistent with the notion that the low incidence of microbial keratitis during rigid lens
wear is partly because of a low incidence of in vivo bacterial presence on rigid lenses, one
study prospectively examined both rigid and hydrophilic lenses and found a significantly
lower frequency of CNS and a higher frequency of sterile cultures obtained from hard or
RGP lenses.1® No other report has differentiated lens bioburden by rigid or soft lens type.

More recently, some authors have attempted to differentiate lens bioburden between low Dk
poly(2-hydroxyetthyl methacrylate [pHEMA])-based hydrogels and SH lens types. There is
interest in differentiating the bioburden between these lens types, because it may explain
why the incidence of inflammatory complications is increased with SH lens continuous
wear.*! In this regard, in vitro bacterial adhesion studies have shown that SH lenses have
increased adhesion compared with pHEMA lenses, which may explain the higher rate of
inflammation observed during SH lens wear.#2- 44 Specifically, when compared with
etafilcon A, P. aeruginosa shows increased adhesion to balafilcon A, galyfilcon A, and
lotrafilcon B lenses,*344 and S. epidermidis has increased adhesion to galyfilcon A,
balafilcon A, and lotrafilcon B lenses.*3 However, other in vitro studies found no difference
or decreased adhesion on SH lenses compared with etafilcon A.4546 Alternatively, three in
vivo studies that have directly compared the bioburden between pHEMA and SH materials
during wear4”=49 have found no difference between the microbial colonization of these
materials. Specifically, in 2001, Keay et al.#8 indicated that there were no differences in the
number and type of bacteria that adhere to a SH material during 30-day continuous wear
compared with 7-day EW with a low Dk pHEMA material, when lenses were worn for up to
1 year. Choo et al.*’ examined SH- and pHEMA-based lenses after swimming in a
chlorinated pool for 30 min and, also, found no difference between levels or frequency of
colonization of the two materials. Lastly, Santos et al.# showed that commensal organisms
are more prevalent on balafilcon A compared with etafilcon A lenses, but no differences
were seen between lotrafilcon A and B or galyfilcon A compared with etafilcon A lenses.

There is concern that deposition of protein on a lens surface may act as a ligand for bacterial
growth or may independently compromise the corneal epithelium, leaving it more
susceptible to infection. Thus, the combination of protein deposition supporting microbial
growth and potentially compromising the ocular surface would be especially worrisome. In
1988, Barr et al.5% have shown a positive linear association between in vivo protein
deposition and bacterial CFU counts on low Dk nondisposable soft lenses. However, in vitro
studies are conflicting in this regard. In 1986, Dart et al.,>! using in vitro adherence assays
for S. aureus and P. aeruginosa, determined that bacterial adherence onto low Dk soft lenses
was not affected by tear film deposits, even on those lenses that were worn for prolonged
use with numerous macroscopic nodular deposits present. However, the differences may be
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due to surface hydrophobicity of the adsorbed tear film components and base substrate.
Bruinsma et al.>2 reported that the presence of adsorbed tear film decreases the difference in
surface hydrophobicity between lens substrates, which alters the relative amount of bacterial
adhesion differences seen on unworn lenses. Willcox et al. found that tear film components
increase bacterial adhesion in vitro on a SH material (balafilcon A) but not on etafilcon A,
with increases in adhesion of P. aeruginosa and Aeromonas hydrophilia ranging from 243%
to 1,393%.44

A common misperception is that microbial bioburden increases gradually on lenses over
time. Several studies have shown that there is no increase in the colonization of lenses by
potential pathogens or normal flora with length of wear or age of lens. In this regard,
Willcox et al.14 monitored subjects in lotrafilcon A lenses replaced at monthly intervals over
2 years and sampled lenses at 1 month, 6 months, and 24 months of wear. There was no
increase in frequency of contamination or numbers of bacteria during that time period, with
the exception of Propionibacterium sp in which the frequency of colonization increased at
the 2-year visit. Furthermore, Gopinathan et al.>3 followed up 50 patients wearing low Dk
disposable lenses for EW over 18 months and also found no difference in lens contamination
with time. Alternatively, some studies have assessed the effect of lens age as opposed to
patient-years of experience on microbial bioburden of worn CLs. In 1993 Hart et al.3°
correlated lens age with the number of CFU cultured per lens in a cross-sectional study of
patients wearing nondisposable soft lenses aged between 0.5 and 12 months and found a
statistically significant correlation in an EW group of patients (= 0.028). In 1988, Barr et
al.>0 did not find a correlation between CFU counts per lens and lens age based on a cross-
sectional survey of nondisposable lenses worn between 1 and 48 months. In both the studies,
the patients used various lens types, disinfection regimens, and wearing schedules. In a
prospective study, Sweeney et al.,>* controlling for lens type, length of wear, and
disinfection regimen, assessed 20 subjects wearing low Dk lenses for increasing periods of
lens wear between 1 and 13 days and found no predictable increase in bacterial colonization
of lenses during those time points. Therefore, it appears that soft CL wearers establish a
baseline level of bioburden on their lenses at the first day of lens wear, which remains fairly
consistent over time.

The majority of organisms responsible for this persistent level of colonization on CLs are
ocular commensal species. Alternatively, colonization of lenses with pathogenic organisms
is more commonly transient as opposed to persistent. Boost and Cho°® noted that microbial
contaminants on lenses, lens cases, and suction holders of orthokeratology patients were of a
transient nature and did not match the organisms colonizing the eye. They found that only 3
of 22 patients experienced repeated isolation of potential pathogens from CLs over 6 visits
spanning more than 12 weeks of wear. In addition, Sweeney et al.>* noted that pathogenic
colonization of bacteria on low Dk EW CLs was intermittent rather than a gradual
accumulation over time. Although they noted that 80% of subjects were colonized at least
once with Gram— bacteria (over 14 visits), the colonization was sporadic. These studies
concur with data from our laboratory that examined lens bioburden after 1 week and 4
months of continuous wear with lotrafilcon A lenses in 205 patients. Only 9% of subjects
with significant lens bioburden at one visit showed persistent bioburden at a subsequent
visit. Transient association of pathogenic levels of bacteria on the lens and ocular surface
was more common than persistent colonization.34

In general, when contamination is detected, the mean number of CFUs found on CLs
removed aseptically from the eye are generally very low, usually below a median of 5 or 10
CFU per lens.3536:56 However, there are exceptions to this, with ranges as high as 9.3 x 10°
CFUl/lens. Although usually transient and unpredictable, when Gram- or other pathogenic
organisms are present, they are frequently isolated in very high levels (compared with ocular

Eye Contact Lens. Author manuscript; available in PMC 2012 October 28.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Szczotka-Flynn et al.

Page 8

commensal organisms), even during asymptomatic wear. For example, in Sankaridurg et
al.”s study,>8 where over 4,200 lens cultures were performed on asymptomatic patients
during an EW trial in India, 4 pathogenic species were present at a median of 140 CFUs/
lens, whereas all commensal organisms colonized at a median of 15 CFU/lens. They
postulated that pathogenic organisms increase their colonization of the lens surfaces by
mechanisms of adherence through the production of biofilm. The pathogens likely gain
access to the eye and lens from other body sites such as the oropharynx and then begin to
firmly attach to each other and the lens surface. Pathogenic species may adhere more
strongly to lenses and are not removed as easily as normal biota.22 In biofilm formation, a
phenotypic and genotypic shift occurs, and the organisms secrete a polysaccharide matrix
that envelopes and protects the newly formed multilayer microbial community from host
defenses and biocides in CL cleaning agents.5” Biofilm formation does not occur as often in
ocular commensal species, which may explain why colonization of lens surfaces by ocular
commensal organisms results in lower numbers of CFU per lens and less associated
pathogenicity. For example, many of the most common pathogenic species (P. aeruginosa,
S. marcescens, and S. aureus) are known biofilm producers, whereas among the commensal
flora (CNS, Corynebacteria, and Propionibacterid), only some of the S. epidermidis strains
are known biofilm producers.

The relevant findings with regards to lens-related microbial bioburden can be summarized as
follows: across all studies during normal CL wear, the incidence of microbial bioburden on
traditional hydrophilic or SH CLs is approximately 55% to 85%. Lens handling greatly
increases the incidence of lens contamination, and the ocular surface has a tremendous
ability to destroy organisms. However, even when removed aseptically from the eye, more
than half (~56%- 65%) of lenses are found to harbor microorganisms, almost exclusively
bacteria. The bacteria isolated are mostly considered normal microbiota, the greatest
percentage being CNS. The presence of ocular commensal organisms on lens surfaces
appears to be persistent when assessing groups of patients over time, and the presence of
ocular pathogens is typically sporadic and unpredictable. There appears to be an inverse
correlation between the frequency of isolation of microbes most commonly isolated from
asymptomatic wearers and those believed to be associated with ocular surface pathologic
conditions. Lens deposits influence bacterial adherence differentially depending on lens
substrate. Silicone hydrogel lenses do not appear to differ from traditional pHEMA lenses in
levels or frequency of bacterial colonization in vivo. The process of CL-related microbial
keratitis and inflammation is believed to be preceded by the presence or transfer of
microorganisms from the lens to the ocular surface or both. Thus, this detailed
understanding of lens-related bioburden is important in the understanding of factors
associated with infectious and inflammatory complications.

Special Circumstances of CL Bioburden

Orthokeratology

Renewed interest in orthokeratology has lead to global use of this technique and an
increased concern over microbial keratitis associated with this procedure.®® Reports of
infection in orthokeratology patients in Hong Kong and elsewhere reveal that the most
common pathogen is P. aeruginosa.>® ~ %4 There has been one in vivo study examining the
changes of ocular flora of overnight orthokeratology patients and the contamination of
orthokeratology lenses and lens accessories. Boost and Cho®° examined 41 newly fitted
orthokeratology subjects before and after 12 weeks after initiation of orthokeratology
treatment in Hong Kong. Before lens wear, three subjects (7.3%) yielded conjunctival
samples positive for potential pathogens (S. aureus), and during treatment, 29% of subjects
had potential pathogens isolated from the conjunctiva on at least one of six occasions after
orthokeratology treatment began. Overall, 54% of subjects yielded no growth or normal
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flora only, and 39% yielded potential pathogens on lenses made of hexafocon A (Boston
XO; Baush & Lomb, Rochester, NY) throughout the treatment. The pathogens isolated from
lenses included P. aeruginosa, other Pseudomonas sp, E. coli, Acinetobacter, yeast, S.
aureus, and others. The authors concluded that ocular flora was not altered by
orthokeratology treatment in this subset of infection-free patients throughout the study. The
frequency of lens colonization is similar to other soft and RGP CL studies; however, this
may be underestimated when compared with clinical practice, because positive
reinforcement was used to warn subjects of contamination noted at any visit.

Water exposure is implicated in many CL infections, most importantly Acanthamoeba
keratitis.55~ 67 Similarly, short-term swimming in a chlorinated pool significantly increases
the frequency of CL colonization with the same bacterial organisms found in the pool
water.#’ For chlorinated pools, the organisms present in both the water and on the lenses
included predominantly S. epidermidis, with small numbers of S. aureus and Strepfococcus
salivarius.

Shipboard Naval Environment

A shipboard naval environment increases colonization of Enterobacterand Pseudomonas sp
on EW CLs as reported by Theng et al.®8 CLs worn for 1 week of EW were found to be
colonized with S. epidermidis and S. aureus, as in most other studies of normal wear.
However, Enterobacterwas present at a frequency of approximately 16% and Pseudomonas
sp at a frequency of approximately 9%, which is much higher than frequencies cultured
during normal wear outside the naval environment (see Table 3). Because of the higher than
normal incidence of potential pathogens found on EW lenses and because seamen face
prolonged periods with limited access to eye care, EW use of soft contact is not indicated.

Bandage Lenses

Bandage lenses used after photorefractive keratectomy (PRK), laser subepithelial
keratectomy (LASEK), or corneal disease are often combined with topical antibiotics and
are, thus, infrequently colonized with bacteria.32:69.70 |n 1982, Hovding32 explored bandage
lens contamination with and without use of topical antibiotics. Although not statistically
significant and perhaps confounded by hand contamination, a greater incidence of sterile
cultures was found in the group using topical antibiotic therapy (66.7% compared with
46.7% in patients not using antibiotics). In more recent refractive surgery studies,
approximately 90% of bandage CLs used are sterile when combined with a regimen of
topical medications such as ofloxacin, tromethamine ketorolac, and fluorometholone® or
tobramycin and diclofenac.”® However, when bandage lenses in combination with antibiotic
prophylaxis are colonized, nonocular potential pathogens often prevail. One study, which
used vifilcon A lenses after LASEK, found 6.2% of lenses colonized with K/ebsiella
pneumoniae, S. aureus, or Streptococcus viridans.8® Another study using lotrafilcon A
lenses after PRK found 7.7% of lenses positive for Stenotrophomonas maltophilia,
Acinetobacter sp, or Aeromonas hydrophila. Nonetheless, the organisms found were
typically sensitive to the prophylactic antibiotics administered during lens use, thus the risk
of infectious keratitis after PRK and LASEK secondary to bandage lens is believed to be
low.

Lens Case Bioburden

The frequency of storage case contamination is higher than associated lens contamination.
Table 4 lists the relevant studies performed on lens case contamination. On average, well
more than half of all lens cases assessed were contaminated, mostly with bacteria, and many
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studies document contamination rates as high as 81%. In addition, in those studies that
specifically cultured for the presence of Acanthamoeba sp, the frequency of isolation was
approximately 8%. Assessing the lens storage case for contamination may provide insight
into organisms that may transfer to the lens surface and ultimately to the ocular surface.

Unlike lens contamination, which is almost exclusively bacterial, when contamination is
detected within solution found in lens cases or on the internal wells, the microorganisms
involved are usually mixed contaminants of bacteria, fungi, and protozoa.’1~"23 Gray et al.
reported on 101 consecutive CL patients in an optometry practice in New Zealand and found
that in the 24 cases that harbored fungi and the 20 cases that harbored protozoa, almost all
the cases showed bacterial co-contamination. Moreover, in the 78 cases that grew bacteria,
most (72%) demonstrated mixed bacterial contaminants.’2

Biofilm is a common culprit in the failure of care solutions to be effective against storage
case contamination. It is well known that biofilm established on lenses or within the lens
case becomes much more resistant to the biocide properties of lens care products.>’/4.7>
Although the incidence of mature, coalesced, biofilm formation on lens cases has not been
published, it is mentioned to have occurred frequently in some studies.”276 Cell surface
attachment to the lens case is the early stage of biofilm production, and even this stage of
biofilm development is known to contribute to the resistance of care system disinfectants.”*
Once glycocalyx formation occurs, the persistence of the cells increases in hostile
environments and mature biofilms then provide a seed of inoculum for continued growth.

The influence of care system on case contamination has been noted by several
authors.18:72.73.76 |n at least two studies, the use of peroxide care systems was associated
with greater case contamination.18.72 One study’2 noted that all microbial contaminants
contained the enzyme catalase, which breaks down hydrogen peroxide to water and oxygen.
The authors speculated that repeated use of peroxide care systems may have selected a
naturally resistant population of microbes adapted to survive in such an environment.
However, in other studies,”376 the use of peroxide in soft lens wearers was found to
decrease bacterial contamination.

Reviewing the literature on lens case contamination and the data in Table 4 lead to the
following conclusions: the incidence of positive microbial bioburden within storage cases
ranges from 24% to 81% and most (72.7%) studies report an incidence of greater than 50%.
Biofilms are considered the major culprit resulting in transfer of resistant organisms from
the lens case to the lens surface. Lens care solutions have varying efficacies against biofilm
and the ability of organisms to transfer from the case to the lens. In that regard, in 2008,
Vermeltfoort et al.”” published a biofilm model to determine efficacy of multipurpose lens
care solutions against biofilms grown in lens cases. They then used their in vitro model to
determine the efficacy of solutions on bacterial transmission from the biofilm laden case to
CLs stored within the case. Compared with biguanide-preserved multipurpose care
solutions, they found that a polyquaternium-preserved care solution was the most effective
in reducing transfer of bacterial cells from a biofilm laden case to a SH lens soaked for 8
hours within the case.’’

Contamination of Care Solutions

The care system bottles themselves can easily become contaminated and become a source of
microbes that may contaminate the lens storage cases, adhere to the lens, cause an
inflammatory reaction, or infect the cornea. In fact, microbial keratitis has been linked with
contaminated care products.’®79 All types of care solutions, including hydrogen
peroxide,8%81 have been shown to become contaminated, even in experienced and compliant
users,89-82 including unopened factory sealed bottles.83:84 Although CNS is usually detected,

Eye Contact Lens. Author manuscript; available in PMC 2012 October 28.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Szczotka-Flynn et al.

Page 11

potential pathogens such as S. marcescens and P. aeruginosa are commonly isolated,”8
which is a concern, because these organisms can directly infect the cornea under
compromised conditions. In addition, these microorganisms can serve as a food source for
other pathogenic organisms such as Acanthamoeba sp. In fact, Acanthamoeba organisms are
almost always found in lens cases or care solutions that also harbor bacteria or fungal
organisms.85

Table 5 outlines the incidence rates of contamination in lens care solutions assessed in this
review including products such as nonpreserved saline preparations, preserved rewetting
drops, saline and multipurpose solutions, and hydrogen peroxide-based care systems. As one
would expect, unpreserved saline products are the most likely to become heavily
contaminated. Homemade saline is contaminated in 100% of samples, commercially
prepared and bottled nonpreserved saline in 25% to 82% of samples, and aerosol saline in up
to 40% of samples assessed. In addition, Sweeney et al.8% have shown that unpreserved
saline becomes heavily contaminated within 1 week of patient use, predominantly with
Gram-negative organisms. The incidence of contamination in preserved products is less;
however, some contamination is usually detected, with most studies reporting contamination
rates up to 30%. As opposed to nonpreserved saline, preserved saline typically becomes
contaminated with Gram+ species. By using a similar approach to their previous study,
Sweeney et al.83 found that nozzles of preserved saline were contaminated at a rate of 55%
and the contents at a rate of 26%. More than half (53%) of the bottles harbored CNS;
Bacillus sp and Corynebacteria sp were also prevalent (22% and 19%, respectively).
Pseudomonas sp were cultured only 4% of the time, fungi had a very small presence, and
Acanthamoeba sp was never detected.83

Many of the studies documenting contaminated solutions have assayed the contents of the
bottle by squeezing the contents through the bottle tip.81:82 In such instances, the internal
solution became contaminated through suction of organisms through the tip, or the bottle’s
tip was contaminated. However, when culturing the solution tip separately from the bottle
contents, it usually becomes apparent that the microbes are usually confined to the orifice
rims or plastic caps on dispenser tips. In 1990, Wilson et al.”® sampled asymptomatic CL
wearers and found 11% of soft lens care system bottles were bacterially contaminated, and
more than half of aerosol saline canisters were contaminated if drawn through the bottle tip,
but the solution withdrawn through the sides of the containers with syringes was always
sterile. Sweeney et al.83 also noted that nozzles of preserved saline were twice as likely to be
contaminated compared with the solution contents.

In contaminated solution samples with asymptomatic patients, the level of bioburden is
typically low (<300 CFU/mL)81:83: however, it can exceed 10° CFU/mL.78:81 Under optimal
viewing conditions, contamination with more than 108 CFU/mL is required to note turbidity
in the solution.81 Thus, one cannot reliably educate a patient about potential solution
contamination by means of turbidity, because high levels of contamination, as noted in
several studies, would not be visible to the naked eye.

The length of time since a bottle was opened and used may influence the degree of
contamination. Although used bottles have been shown to harbor organisms as soon as 5
days after opening, risk of contamination increases the longer a bottle has been opened.82
Therefore, concern arises for those patients who use lenses and care products on an
occasional basis and over an extended period of time, where the risk of high levels of
microbial bioburden can rise to a dangerous level.
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Lens Wear and Care Habits and Role of Compliance

Good compliance and reinforcement of proper hygiene and care practices are associated
with decreased lens case contamination.’® In orthokeratology wearers, good compliance has
been significantly associated with no or low levels of lens, lens case, and suction holder
contamination.>® Conversely, poor compliance such as avoiding the rinsing step before
insertion is associated with soft lens contamination with pathogenic organisms.8’
Insufficient care with hand washing has been associated with increased contamination of
lens storage cases with Acanthamoeba sp.88 In addition, occasional lens wearers have been
found to have increased pathogenic organisms on the surfaces of their soft lenses, but
interestingly no differences were found in lens case contamination of occasional users.8’
The most likely scenario involves organisms transferred to the lens from the hands during
removal which are not destroyed by the disinfecting solution and allowed to proliferate over
time in a static lens case.

Prevention of Contamination

The widespread contamination of CLs and storage cases sets the stage for the potentially
devastating consequences of microbial and inflammatory keratitis. Thus, prevention of lens
and storage case microbial contamination is desirable even for compliant patients who use
modern care systems. Antimicrobial surfaces have been used for decades on indwelling
medical devices; the biggest threat to microbial colonization of a medical device is the
formation of resistant biofilm,8 and by preventing the initial colonization of
microorganisms, it is believed that biofilms will be likewise inhibited.

In addition to CLs serving as an antibiotic ophthalmic drug delivery system,%%:%1 CLs and
cases can also be formulated with antimicrobial surface treatments. To date, antimicrobial
CLs are still in investigational stages, although one type of antimicrobial treated case is
commercially available.92 Technologies with potential application to CLs include silver,
polyquats, polymeric pyridium compounds, free-radical producing agents, quorum-sensing
blockers, and antiinfective agents.93 Silver is a broad spectrum antimicrobial agent against
Gram+ and Gram- bacteria including antibiotic resistant strains, protozoa, and certain
viruses.% Silver has been used extensively in other medical devices and dressings, and the
large increase in the number of antibiotic resistant bacterial strains has prompted a renewed
interest in the use of silver as an antibacterial agent.%* Silver ions interact with the DNA of
bacteria preventing cell reproduction, disturb bacterial cell permeability and respiration, and
create defects in the bacterial cell wall, resulting in loss of cell contents and cell death.%
Nissen and Furkert®® has shown that nonionic, 55% water, hydrophilic lenses with a silver
layer decreased the number of adhered P. aeruginosa organisms by four logs and S. aureus
organisms by one log compared with uncoated lenses. In an attempt to decrease case
contamination, a silver impregnated lens case has been available in the United Kingdom
since 2004 and cleared by the United States Food and Drug Administration in 2005 under
the name PRO-GUARD.2 During manufacture of the PRO-GUARD case, ionic silver is
added during the injection molding process, thus, it is distributed throughout the entire
thickness of the plastic.92 Clinical trials using this case compared with a polypropylene
control case show that the silver-impregnated case had between 25% and 41% reduction in
bacterial lens case contamination.%2

Two other recently published methods of antimicrobial lens technology include quorum-
sensing blockers and free-radical producing agents such as selenium. Mathews et al.9
evaluated the safety (in rabbits) and efficacy of a covalent selenium coating on balafilcon A
CLs. Selenium in the —2 oxidation state (selenide) assists in reducing oxygen to superoxide,
which is toxic to cancer cells, bacteria, and viruses.%6 Selenium-coated lenses prevented in
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vitro colonization by P. aeruginosa compared with uncoated lenses and caused no detectable
changes to the corneas of rabbits when worn for up to 60 days.%® Zhu et al.97 evaluated the
safety (in humans and guinea pigs) and efficacy of a fimbrolide coating on lotrafilcon A
CLs. Fimbrolides (also known as furanones) are inhibitors of bacterial signaling systems and
quorum sensing, which were initially isolated from marine algae as they prevented bacterial
colonization on the algae’s surface.3 Fimbrolide-coated lenses reduced the adhesion of 2.
aeruginosa, S. aureus, S. marcescens, and Acanthamoeba sp between 67% and 92%
compared with uncoated lenses and caused no significant ocular responses in a 1-month
animal model or after 24 hours in human trials.%’

The first bit of evidence that antimicrobially treated lenses will reduce the incidence and
severity of bacterially driven adverse responses was recently published. Investigators from
the Institute for Eye Research in Australia covalently bound etafilcon A lenses with
melamine, an antimicrobial cationic peptide, and tested the ability to prevent CLPU and
CLARE in animal models.% In a S. aureus rabbit model of CLPU, the melamine-coated
lenses showed significant reductions in scores of symptoms and depth of corneal infiltration,
and in a P. aeruginosa guinea pig model of CLARE, there was significant improvement in
all ocular response parameters compared with control lenses.

CONCLUSIONS

CLs, lens care solutions, and lens storage cases can transfer high numbers of commensal or
potentially pathogenic organisms to the corneal surface. More than half of lenses routinely
harbor micro-organisms including potentially pathogenic species; however, the ocular
surface tolerates their presence and overcomes potentially devastating consequences under
normal conditions. Reduced tissue resistance secondary to trauma, surgery, age, systemic
disease, immunosuppression, CL use, and other unknown factors allows microorganisms
adherent to CLs to invade and colonize the cornea or conjunctiva to produce inflammation
or infection. Thus, the prevention of biofilms and adherent organisms on lens surfaces is
desirable to potentially decrease the incidence of microbially driven adverse events.
Antimicrobial surfaces have been successfully applied to other biomedical devices, and their
application to CLs is a natural step forward. There is early evidence in animal models that
antimicrobially treated CLs will decrease the risk of inflammatory complications such as
CLARE and CLPU. The influence of antimicrobial surfaces on the reduction of microbial
keratitis is not only biologically plausible but quite promising as well.
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FIG. 1.

Percentage of studies reporting incidence of lens contamination by species. CNS, coagulase-
negative Staphylococci, Prop, Propionibacterium sp; Cor, Corynebacteria sp; SA,
Staphylococcus aureus, Strep V, Streptococcus viridans, Strep P, Streptococcus
pneumoniae, Micro, Micrococcus, Bac, Bacillus, Fungi, yeast/fungi; Serr, Serratia sp;
Pseud, Pseudomonas sp; GmNeg, Other Gram-.
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FIG. 2.
A daily disposable lens that was removed and handled with washed hands before removal
culture in an agar sandwich technique.
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TABLE 1

Commonly Used Terms, Definitions and Abbreviations?

Term Abbreviation  Definition as used in this review

Antimicrobial An antimicrobial substance is one that kills or inhibits the growth of microorganisms
such as bacteria, fungi, or protozoans and destroys viruses

Bioburden The number of microorganisms with which an object is contaminated

Biofilm An aggregate of microorganisms in which cells are stuck to each other or to a surface or

Coagulase-negative Staphylococci CNS

Colony forming unit CFU

Commensal (microorganisms)

Daily wear DwW
Extended wear EW
Gram-negative bacteria Gram-
Gram-positive bacteria Gram+

Normal microbiota

Pathogenic organisms

to both. These adherent cells are frequently embedded within a self-produced matrix of
extracellular polymeric substance. The cells of a microorganism growing in a biofilm are
physiologically distinct from planktonic cells of the same organism, which by contrast,
are single cells that may float or swim in a liquid medium

Coagulase is an enzyme produced by Staphylococcus aureus, which converts fibrinogen
to fibrin. In the laboratory, it is used to distinguish between different types of
Staphylococcus isolates. Coagulase negativity excludes S. aureus

A measure of viable bacterial or fungal numbers. Unlike direct microscopic counts
where all cells, dead and living, are counted, CFU measures viable cells

A class of relationship between two organisms where one organism benefits but the
other is unaffected

Contact lenses wearing modality where lenses are removed nightly

Contact lenses wearing modality where lenses are worn continuously, typically at least 6
nights and up to 29 nights

Those bacteria that do not retain crystal violet dye in the Gram staining protocol based
on the structure of their cell walls. The pathogenic capability of Gram-negative bacteria
is often associated with certain components of their cell walls, in particular the
lipopolysaccharide (also known as LPS or endotoxin) layer

Those bacteria that are stained dark blue or violet by Gram staining. Gram+ organisms
are able to retain the crystal violet stain because of the high amount of thick
peptidoglycan in the cell wall

Organisms on the human host that are expected to be present and that under normal
circumstances do not cause disease, but instead may participate in maintaining health

Organisms that have the capability of causing infectious diseases

aAdapted from Wikipedia.99
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Care System Bioburden

TABLE 5

Type of care system

Rates of contamination (%) and respective study

Homemade saline

Unpreserved saline

Aerosol saline

Preserved saline: new, factory sealed

Used preserved saline

Soft lens cleaner

Soft disinfecting solution

Hydrogen peroxide soft disinfecting solution

Eyedrops (artificial tears or contact lens rewetting drops)

RGP cleaning solution

RGP wetting and soaking solution

100%
2582
7280
8278
082
407
082
2588
13%
14%0
2978
45-90%
15%
678
0drs
32
8.1%
117
179
3.6
g76
1790
082
978
10%
2182
4178

aMay include peroxide.
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