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Abstract
This paper provides a comprehensive review of the existing literature surrounding cosmetic contact lens infections. In this
paper, lens-related, dispensing-related and patient-related factors are examined in detail.

Introduction

Cosmetic contact lenses, although originally developed for
patients with disfiguring abnormalities of the iris and cornea
(Fig. 1), are also used by healthy individuals for cosmetic
enhancement (Fig. 2) [1, 2]. These lenses can either modify
or augment the appearance of an individual’s eye and are
commonly referred to as circle, decorative or “big-eye”
lenses [3, 4]. Novelty lenses are also available and fre-
quently used by patients for fancy dress events [5].

Cosmetic contact lens wearers make up a significant and
growing proportion of the contact lens wearing population
in Asian countries, such as Taiwan, Korea, Singapore,
Malaysia, Thailand, Hong Kong and China, ranging from
24% in Taiwan to 39% in Singapore of contact lens wearers
surveyed [6, 7]. The increased use of cosmetic lenses has
been reported particularly, in young emmetropic individuals
[8, 9]. These lenses are often used by females, with
industry-led surveys reporting up to 88 percent of women
surveyed expressing an interest in changing the appearance
of their eyes with coloured contact lenses [10].

Complications associated with the use of cosmetic con-
tact lenses are similar to those associated with conventional
contact lens use [11]. Of these, contact lens-related

microbial keratitis represents the most feared complication.
Microbial keratitis can be a visually devastating disease and
is associated with significant personal and societal costs
[12, 13]. The incidence of disease has yet to be reported due
to difficulties in estimating penetrance of wear within the
community. However, a case control study has established
that cosmetic contact lens wearers are at a 16.5 fold
increased risk of infection compared with wearers of lenses
used for refractive correction [14]. Cosmetic contact lens
wearers made up 12.5% of corneal infections presenting to
12 university hospitals in France while also appearing to be
overrepresented in a South Korean study, comprising 42.1%
of cases presenting to 22 institutions and clinics [8].

This review aims to explore the lens, patient and
dispensing-related factors that may contribute to the risk of
microbial keratitis in cosmetic contact lens wearers
(Table 1). We will also examine the microbiological char-
acteristics of microbial keratitis associated with cosmetic
contact lens wear.

Lens-related Factors

The production of cosmetic contact lenses involves a range
of methods used to achieve realistic colouring effects [15].
These methods include dye dispersion tinting, vat-dye
tinting, dye printing and chemical bond tinting techniques
for translucent tints, while opaque tints may be achieved
with dot-matrix printing, laminate, or opaque backing
techniques (Fig. 3) [15]. These characteristics have been
associated with visual disturbances, which may include
visual field limitations, blurring of peripheral vision and
increased higher-order aberrations resulting in a reduction
in contrast sensitivity [16–20].

Exposed pigments on the surface of cosmetic contact
lenses can predispose wearers to a host of complications
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[21–23]. Although specifics surrounding materials used to
achieve these coloured effects are limited, chlorine, titanium
and iron elements have been retrieved [22]. Dye pigments
used in the manufacturing process may induce toxic reac-
tions, with resultant corneal epithelial trauma and possible
long-term implications on systemic health [22]. Systemic
iron absorption for instance, may result in secondary
hemochromatosis and immune mediated organ dysfunction
secondary to cellular iron toxicity [24, 25]. The use of
cosmetic contact lenses during procedures, such as intense
pulsed-light therapy, may also result in corneal deposition
of pigments [21]. Laminate technologies have been

developed as a more stable and safe method to generate
coloured patterns. This method permits encapsulation of
dyes and tints within layers of the lens polymer, thus lim-
iting exposure of the ocular surface to these substances [15].
In a study performed by Chan et al., moistened cotton buds
were used to apply a gentle rubbing force to the surface of
cosmetic contact lenses [26]. Following which, the tip of
this cotton bud was inspected for the presence of any pig-
ments. Only 2 out of 15 brands of commercially available
cosmetic contact lenses tested demonstrated permanency of
pigments with a gentle rubbing force applied to the surface
of lenses using moistened cotton buds [26]. Pigments were
retrieved in 6 out of 8 of the included lenses where manu-
facturers had reported embedded or sandwich designs for
their lenses. Lenses which failed this test further demon-
strated higher levels of bacterial adherence [26]. A separate
study performed on tinted contact lenses using a variety of
imaging techniques including light microscopy, atom force
microscopy, focused ion beam milling, scanning electron
microscopy, and anterior segment fourier-domain optical
coherence tomography did not identify disparities between
reported manufacturing techniques and imaging findings
[27]. These findings taken together would suggest there is
considerable variability in manufacturing quality even
within laminate designs.

In addition, increased surface roughness of cosmetic
contact lenses compared to conventional contact lenses has
also been demonstrated [27, 28]. The extent of this char-
acteristic has been described to be dependent on the man-
ufacturing technique applied, with no differences identified
by Jung et al. in contact lenses where colourants were
buried in contact lenses [27]. However, in contact lenses
with surface pigment, a considerable difference was noted
between the roughness of front and back surfaces [27]. The
undulating lens surface and uneven application of pigments
may not only be associated with discomfort, but can also
result in mechanical trauma to the palpebral conjunctiva or
corneal surface [26, 29, 30]. This has been suggested as a
possible mechanism underlying bilateral diffuse lamellar
keratitis following cosmetic contact lens wear in a post-
laser-assisted in-situ keratomileusis patient [31]. Surface
roughness may further decrease lens wettability and facil-
itate adherence and proliferation of microorganisms and
protein deposits [26, 32, 33]. These factors may be relevant
in the development of microbial keratitis.

Given the popularity of these lenses, counterfeit and
unapproved cosmetic contact lenses (Fig. 4) have made
their way into various supply routes worldwide [34, 35].
This is of concern, as the quality and safety of these pro-
ducts are not established. A significant proportion of unused
counterfeit and unapproved decorative, non-corrective
contact lenses tested by the United States Food and Drug
Administration demonstrated microbial contamination with

Fig. 1 Use of a prosthetic contact lens in a patient with an iris colo-
boma to achieve a more natural appearance. Images courtesy of Orion
Vision Group

Fig. 2 Use of brown (b) and blue (c) cosmetic contact lenses to
achieve a varied cosmetic effect in an individual. Panel (a) demon-
strates the appearance prior to lens wear
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pathogenic organisms isolated from both the lenses and lens
solution within the packaging [35, 36]. These lenses have
also been demonstrated to possess altered lens properties;
including lower water content and increased lens thickness
compared to the original products [36]. These findings
increase the risks of developing complications such as

hypoxic related complications, and contact lens-related
discomfort and dryness.

Cosmetic contact lenses are also more likely to be worn
occasionally compared to conventional lenses used for
refractive correction [2]. These lenses may be stored in
contact lens solutions for prolonged periods [2]. The lack of
frequent disinfection and replacement of contact lens solu-
tions decreases the antimicrobial efficacy of the solutions
and may encourage microorganism adhesion, proliferation
and possible formation of biofilms on both contact lenses
and contact lens cases [37, 38]. The development of bio-
films not only provides potential areas of attachments for
microorganisms, but also protects bacteria from disin-
fectants [39–41]. These factors may contribute to a higher
bacterial load inoculated on the ocular surface and increase
retention time, which in-turn increases the risks of devel-
oping microbial keratitis [42].

Dispensing-related Factors

Challenges exist in the regulation of cosmetic contact
lenses [2]. Regulation of the supply and distribution of
medical devices is important in ensuring their quality and
safety [35]. Plano cosmetic contact lenses were, until recent
times, perceived as novelty items or cosmetic devices [43].
Their sale through unlicensed vendors such as flea markets
and street-side stalls, video stores, hair salons and gas sta-
tions, in addition to internet retailers has been
documented [44]. These lenses are often sold in colourful,
eye-catching packaging to appeal to a younger audience [3].
However, increased exposure to these products may result
in an increased number of infections [32].

The internet offers an attractive method of retailing
products, as transactions are completed virtually without a
need for consumers to be physically present. This also
obviates the need for a physical store, hence reduces over-
heads, which increases profit margins and reduces costs
passed on to consumers. However, internet purchase of
contact lenses is an independent risk factor in the devel-
opment of microbial keratitis [45].

Wearers purchasing contact lenses from these supply
routes are often not adequately assessed, counselled or
instructed on safe contact lens wear practices or potential
complications [26, 46–50].. These users are also less likely
to be compliant with safe lens wear practices [51]. A survey
of medical students who were contact lens wearers
demonstrated that only 2% of respondents were adequately
counselled about complications associated with contact lens
wear [52].

In response to increasing reports of complications,
cosmetic contact lenses were reclassified as medical

Fig. 3 An illustration of dot-matrix (a), opaque backing (b) or laminate
construction (c) techniques to apply opaque tints to cosmetic contact
lenses

Fig. 4 Comparison in packaging between counterfeit (a, c) and
authentic (b, d) and coloured contact lenses. Images courtesy of Health
Sciences Authority Singapore
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devices by the Food and Drug Administration in the
United States [53]. A warning was issued against the use
of such lenses without proper fitting and counselling in
2006 [53]. Unlicensed imports were also seized, whilst
warnings were issued regarding improper marketing and
distribution of such lenses by distributors. While many
non-licensed distributors voluntarily withdrew products,
contact lens manufacturers have also been actively
assisting the regulation of this industry. For instance,
CIBA Vision sent cease-and-desist letters to multiple
vendors in the United States distributing cosmetic lenses
illegally, and proceeded with legal action against recal-
citrant companies [54].

Cosmetic contact lenses have since been gradually
classified as medical devices in countries such as
Malaysia, China and Korea [26, 55–57]. Supply of contact
lenses to wearers has also been restricted to licensed eye
care professionals in countries such as Singapore [58].
While efforts have been made by various authorities to
educate and prosecute offenders, regulation of this
industry remains tenuous and unlicensed vendors are
often able to circumvent existing regulations to reach out
to potential customers without provision of prerequisite
professional advice or supervision through internet and
makeshift stalls [59–61]. Counterfeit cosmetic
contact lenses are also sold through conventional supply
routes such as optical shops, with licensed merchants
purchasing these lenses through third parties at reduced
cost [34].

Patient-related factors

These problems are further exacerbated by the demo-
graphics of the population likely to utilise cosmetic contact
lenses. Cosmetic contact lens wearers are more likely to be
young, female, emmetropic and contact lens naïve
[3, 8, 9, 32, 62].

Up to 6% of contact lens wearers surveyed in Hong
Kong were emmetropes, who were likely to be cosmetic
contact lens wearers, while 15% of asymptomatic cos-
metic contact lens wearers surveyed in Thailand were
emmetropes [3, 9]. Emmetropic cosmetic contact lens
wearers may perceive lenses as cosmetic accessories
and incorrectly assume that proper lens evaluation, fitting
and care is not required [2]. Cosmetic and novelty
lenses may be more commonly used in conjunction with
cosmetics for attendance at events. It has been demon-
strated that cosmetic agents such as hand creams, make-up
removers and mascara may adhere to the lens surface
and alter lens properties despite subsequent cleaning [63,
64]. This may further contribute to bacterial adherence
and proliferation. In a Korean survey of contact lens-

related complications, 62.2% of patients who presented
with cosmetic contact lens complications were emme-
tropic individuals [8].

Steinmann et al. have reported that up to 50% of all
decorative lens wearers are first-time contact lens wearers,
while Abbouda et al. who examined the attitude and
practice of teenage contact lens wearers have suggested
that younger contact lens wearers do not adequately
comply with contact lens care practices and are less likely
to be involved in their own care [44, 65]. For instance, in a
study by Mahittiokorn et al., 42% of cosmetic contact lens
wearers reported considering using lenses that had fallen
on the floor without prior cleaning or rinsing [3]. Patients
presenting with cosmetic contact lenses related microbial
keratitis are typically younger and less experienced con-
tact lens wearers [32]. This group of patients who pre-
sented to healthcare institutions with cosmetic contact
lens-related complications were also less likely to adhere
to scheduled follow-up consultations compared to coun-
terparts wearing conventional contact lenses [62]. The
findings by Abbouda et al, mirror findings of the Contact
Lens Assessment in Youth (CLAY) study, which has
demonstrated the greatest risk of developing corneal
infiltrates in patients was between the age of 15–25 [65,
66]. It was further found that patients younger than 15
years of age were more compliant with recommended lens
wear habits [66].

Multiple studies have demonstrated high rates of non-
compliance amongst conventional contact lens wearers
[8, 67–70]. Even when lenses are dispensed by eye care
professionals, large proportions of patients are non-
compliant with safe lens wear practices [8, 67, 69, 70].
A study surveying 500 healthcare workers in Pakistan
further corroborated these results [68]. This is likely to be
worse in the cosmetic contact lens population. Cosmetic
contact lens wearers have been reported to delay pre-
senting to an eye care specialist compared to conventional
contact lens wearers, which has been identified as a risk
factor for poorer visual outcomes [13, 32, 46, 71]. As a
greater proportion of cosmetic contact lens wearers pur-
chase lenses from non-conventional and unregulated
routes, these individuals are less likely to have received
adequate contact lens safety advice and may not be con-
nected to eye care providers, which can contribute to their
delayed presentation for treatment [46, 71]. A study by
Singh et al. found that all 13 patients in their case
series who developed microbial keratitis from cosmetic
contact lens wear, were from lower socioeconomic classes
[2]. While this has not been confirmed in an epidemio-
logical study, conceivably this factor may act as a
barrier to accessing healthcare and contribute to
delayed presentations with resultant increased disease
severity.
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Causative organisms

A range of pathogens have been implicated in the devel-
opment of contact lens-related microbial keratitis. Bacterial
keratitis typically predominates in temperate climates, while
rates of fungal keratitis make up a larger proportion of
microorganisms in tropical regions [72, 73]. It has been
suggested that severe contact lens-related microbial keratitis
is more likely to occur in warmer, humid weather compared
to cooler conditions [74–76]. Commonly implicated bac-
teria include Pseudomonas, Staphylococcus and Strepto-
coccus spp [2, 44, 70, 77–82]. Pseudomonas aeruginosa is
the most common species, accounting for up to 60% of
culture proven infections in contact lens wearers. Pseudo-
monas spp. was the most commonly isolated organism in a
series of cosmetic contact lens wearers with microbial
keratitis reported in India, Malaysia, Hong Kong, Australia
and New Zealand [2, 79, 80, 83].

Microorganisms use a variety of techniques to increase
their adherence and virulence [38, 84]. Bacteria have been
shown to possess varied ability to adhere to various contact
lens materials and grow on tear film components adsorbed
on the surface of worn lenses [39] Other mechanisms
include formation of biofilms on either contact lenses or
lenses by microorganisms such as Pseudomonas aerugi-
nosa, Staphylococcus aureus, and Elizabethkingia species
[29, 39, 42, 84].

In patients with contact lens-related fungal keratitis,
Fusarium, Aspergillus and less frequently Candida spp.
have been reported [80]. These organisms are of greater
significance in subtropical and tropical climate, such as in
the south-eastern Asian region.

Of significance, Acanthamoeba keratitis is a challenging
condition to treat and has been increasingly reported in
recent years, with case reports from the United States, New
Zealand and Korea identifying cases of Acanthamoeba
keratitis related to the use of cosmetic contact lenses
[46, 85–87]. It has been suggested in a multicentre survey in
the United Kingdom that up to 93% of patients presenting
with a diagnosis of Acanthamoeba keratitis are contact lens
wearers [88]. A more recent survey demonstrated similar
findings, with 93.5% of patients presenting with Acantha-
moeba keratitis reporting contact lens wear [89]. In these
individuals, domestic water sources and subsequent con-
tamination of contact lenses and associated lens care pro-
ducts have been identified as possible sources of
contamination [90]. Kilvington et al. using mtDNA testing
confirmed identical isolates recovered from the cornea and
bathroom tap water in six out of eight contact lens wearers
with Acanthamoeba keratitis [90]. In Korea, 4.2% of con-
tact lens storage cases and 7.7% of domestic tap water
samples recovered Acanthamoeba [91, 92]. A study

involving Scottish patients with Acanthamoeba keratitis
demonstrated higher rates of recovery (54 vs. 31%) of
Acanthamoeba in their home water supply compared to
healthy contact lens wearing controls [93]. A larger pro-
portion of cases were also identified to have used tap water
in their contact lens care regime compared to controls,
including the use of tap water for rinsing lens storage cases
(79 vs 43%) or contact lenses (21 vs 13%) [93]. A study
from Thailand by Mahittikorn et al. also demonstrated
retrieval of Acanthamoeba-like trophozoites from 2% of
cosmetic contact lenses obtained from healthy volunteers
[3]. However, the contamination rates of domestic water
sources reported in Asia are still comparatively lower
compared to studies performed in other parts of the world.

Recommendations

This is a challenging situation requiring greater oversight of
the licensing, manufacturing and distribution of cosmetic
contact lenses. The main difficulty however is the unregis-
tered manufacture, distribution and sale of these products.
The discrepancies between manufacturing claims of lami-
nated construction techniques and reported findings of
pigments on lens surfaces are of concern [26]. Reporting
channels for complications associated with cosmetic contact
lenses to regulatory authorities should also be established
and promoted amongst eye care and health professionals,
while recognising that these practitioners are generally not
part of the supply chain and may not see these wearers until
they present with a problem. Other potential aspects include
establishment of a regional registry to assist with informa-
tion sharing and tracking of unlicensed vendors.

While a number of case reports have identified risks
associated with these products, the size of the problem is
still unknown. The magnitude of the population wearing
these lenses in the community remains unclear due to the
presence of non-traditional supply routes. Population based
studies may allow estimates of incidence rates and potential
risk factors [94]. This may in turn help to guide informed
strategies to limit the risk associated with these products.
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