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How Could Contact Lens Wearers Be at Risk of Acanthamoeba 
Infection? A Review 
Youhanna W. Ibrahim1,2, David L. Boase1 and Ian A. Cree2,3

ABSTRACT
Contact lens wear is highly influential on the incidence of ulce-
rative keratitis worldwide, particularly in developed countries. 
The association between Acanthamoeba keratitis and contact lens 
wear is firmly established; it may account for up to 95% of the 
reported cases. Before the popularisation of soft contact lens wear, 
Acanthamoeba keratitis was extremely rare. In 2000 it was estima-
ted that the number of contact lens wearers worldwide was about 
80 million, out of whom 33 million were in the United States 
and 90% of them wore hydrogel soft lenses. Contact lens-related 
problems depend on many factors, such as lens material, wearing 
modality, lens hygiene, type of lens-caring solution, the degree of 
compliance of the lens user with lens wear and care procedures, 
lens overwear, sleeping in lenses, rate of changing lenses, and lens 
case hygiene. This paper is a thorough review of the literature 
aiming to highlight the role of one of the main risk factors of 
infectious keratitis, contact lens wear, and also to show the respon-
sibility of lens users in aggravating this risk.
(J Optom 2009;2:60-66 ©2009 Spanish Council of Optometry)
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RESUMEN
La utilización de lentes de contacto es un factor que influye suma-
mente en la incidencia de la queratitis ulcerosa, en particular en los 
países desarrollados. La asociación entre queratitis por Acanthamoeba 
y el uso de lentes de contacto está firmemente establecida; podría 
representar aproximadamente hasta un 95% de los casos registrados. 
Antes de la popularización del uso de lentes de contacto, la queratitis 
por Acanthamoeba era muy poco frecuente. En el año 2000 se estimó 
que, a nivel mundial, había unos 80 millones de usuarios de lentes 
de contacto, de los cuales 33 millones residían en los Estados Unidos 
y, de ellos, el 90% utilizaban lentes de contacto blandas de hidrogel. 
Los problemas derivados del uso de lentes de contacto dependen de 
otros muchos factores, como el material del que está hecha la lente, 
la modalidad de uso, las medidas de higiene empleadas, el tipo de 
solución utilizada para la limpieza y el mantenimiento de la lente, el 
grado de cumplimiento terapéutico del usuario de las lentes respecto 
a su utilización y a su limpieza/mantenimiento, el uso de las lentes 
durante periodos excesivamente prolongados, el dormir con las lentes 
de contacto puestas, la frecuencia con la que el usuario se cambia de 
lentes y la limpieza de la funda de las lentes de contacto. Este artículo 
presenta una revisión minuciosa de la literatura, con el objetivo de 
resaltar el papel de uno de los principales factores de riesgo de desa-
rrollo de queratitis infeccionsa, como es el uso de lentes de contacto, 

y con el fin de poner de relieve que el propio usuario de las lentes es, 
en ocasiones, el responsable de agravar este riesgo.
(J Optom 2009;2:60-66 ©2009 Consejo General de Colegios de 
Ópticos-Optometristas de España)

PALABRAS CLAVE: Acanthamoeba; queratitis; lentes de contacto; 
usuario de lentes de contacto; uso excesivo de las lentes de con-
tacto.

INTRODUCTION

Acanthamoeba is a ubiquitous pathogen that can be found 
worldwide with different incidence rates, showing the 
ability to survive in very harsh environmental circumstan-
ces.1 Acanthamoeba keratitis is a potentially blinding corneal 
infection2 that may aggressively affect both eyes3,4 with the 
possibility to recur after penetrating keratoplasty.4 Contact 
lens wear remains the main risk factor in transmitting 
Acanthamoeba trophozoites and cysts to the cornea.5,6 A 7-year 
1997-2003 survey7 showed an increase in the number of hos-
pitalised patients due to contact lens-related corneal ulcers, 
which correlated with the increase in the number of lens wea-
rers. Acanthamoeba has a great affinity for the attachment to 
the corneal epithelium8 and to contact lenses.9 The tendency 
for Acanthamoeba to adhere to surfaces is a key first step in the 
pathogenesis of Acanthamoeba keratitis, particularly in contact 
lens wearers. Contact lenses affect corneal epithelium inte-
grity in two different ways: directly, through the associated 
fitting-related abrasions10 and indirectly, by altering the nor-
mal physiological and metabolic cellular activities.11 These 
later changes render the epithelial cells in a hypoxic status 
that eventually alters their integrity. Corneal oxygenation is 
significantly reduced during contact lens overwear, particu-
larly for those who sleep in their lenses overnight.12 However, 
patient’s compliance and some basic hygienic standards can 
effectively minimise the risk of Acanthamoeba keratitis.13

CONTACT LENS-RELATED PROBLEMS

Contact Lens-Induced Trauma
Direct Traumatic Effect of Lenses. The corneal epithelium, 
with its tight junctions, creates an important barrier against 
Acanthamoeba invasion to the underlying corneal structures. 
Corneal epithelial cells are more resistant to the cytopa-
thic effect of Acanthamoeba trophozoites than keratocytes.14 
Contact lens wear cause minor corneal abrasions, which is 
the key initial step for Acanthamoeba infection. Martinez et 
al.10 suggested that corneal trauma was the crucial factor for 
Acanthamoeba infection, rather than immunosuppression. The 
adherence of the Acanthamoeba protozoon to an intact corneal 
epithelium without trauma did not lead, in animal models, 
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to the development of keratitis. Corneal abrasion was abso-
lutely essential for the induction of Acanthamoeba keratitis in 
hamsters infected with contaminated contact lenses.15 

Corneal epithelial defects make it possible for the 
Acanthamoeba protozoon to attach to the epithelium and to 
subsequently invade the rest of the underlying stromal layers. 
Corneal injury exposes protein sites known as mannose glyco-
proteins on the surface of injured corneas. The adhesion of the 
Acanthamoeba to the corneal epithelial cells is the result of mutual 
interaction between corresponding mannose-binding glycopro-
teins on the adjacent surface membranes.8,16,17 Sugar inhibition 
assays16,18 revealed how Acanthamoeba can selectively bind with 
high affinity to mannose saccharides and not to non-mannosyla-
ted neoglycoproteins, such as galactose, fucose, galactosamine 
or lactose. The corneal surface mannose receptors stimulate 
Acanthamoeba to secrete pathogenic proteases16 which, in turn, 
induce epithelium apoptosis19 and facilitate amoeba invasion to 
the underlying stroma. Alizadeh et al.20 showed that contact lens 
wear exacerbated Acanthamoeba keratitis through the secretion of 
mannose-induced protease 133. In addition, the attachment of 
Acanthamoeba to corneal epithelial cells helps the phagocytosis 
and digestion of bacteria21 that provide an important nutrition 
source for Acanthamoeba. However, Sharma et al.22 found no 
difference between the adherence ability of Acanthamoeba to 
corneal epithelial cells of normal non-lens wearers and that of 
asymptomatic contact lens wearers. 

Indirect Traumatic Effect of Lenses. Contact lens wear is 
usually associated with corneal epithelial hypoxia and hyper-
capnia, particularly when sleeping in lenses or when using len-
ses having low oxygen transmissibility.11 Carbon dioxide accu-
mulation alters the normal metabolic pathways, which leads to 
a series of micro-structural changes affecting all corneal layers, 
such as epithelial microcysts, depletion of epithelial glycogen 
storage, lactic acid accumulation, corneal acidosis, epithelial 
oedema,11 decreased mitotic rate, increased central corneal 
thinning,23 corneal hypoesthesia,24 compromised junctional 
integrity, increased epithelial cells permeability,25 increased 
cellular epithelial fragility, epithelial punctation, microscopic 
abrasion, sloughing of the epithelium and, eventually, corneal 
ulceration. In addition, changes in tear film thickness and 
stability26 and alteration of the normal profile of conjunctival 
commensals27 have been recognised. All these changes collec-
tively breach the natural extra ocular protective mechanisms, 
rendering the cornea an easy target to a wide array of patho-
gens, including the Acanthamoeba.

Attachment of Acanthamoeba to Contact Lenses
Contact lenses serve as a vehicle for the harbouring, 

transmission and delivery of microorganisms to the eye. 
Acanthamoeba has a high affinity for contact lens surfaces, a 
property that plays an important role in the pathogenesis of 
Acanthamoeba keratitis and creates an actual threat to contact 
lens wearers.28 The adherence of Acanthamoeba trophozoites 
and cysts to contact lenses can be detected and quantified 
using different methods and techniques.9,29-31 The ability 
of Acanthamoeba to attach to contact lenses is influenced by 
several factors:

Contact Lens Material, Ionicity, and Water Content. The 
manufacturing material affects contact lens ability as a mecha-
nical host allowing attachment and transfer of Acanthamoeba 
trophozoites or cysts onto the corneal surface. The incidence 
of Acanthamoeba is much lower with rigid lenses, as compa-
red with the soft type. The lower incidence of Acanthamoeba 

keratitis found in the Netherlands32 was attributed to the 
greater proportion of Dutch contact lens wearers that used 
rigid gas-permeable lenses. Rigid gas-permeable lenses were 
recommended to hospital staff members wearing lenses, with 
the aim of minimising the risk of infectious keratitis, due to 
the easy removal of the attached Acanthamoeba trophozoites 
and cysts from the surface of this type of contact lenses.33 
Kilvington et al.34 showed that cyst attachment occurred only 
for soft lenses, but not for gas-permeable ones. However, a 
significant adherence of trophozoites was detected in the case 
of rigid gas-permeable lenses, as compared with soft contact 
ones35, with greater affinity for the silicone acrylate material 
of rigid lenses than for the fluoropolymer material of those 
same lenses.36

The greater affinity of Acanthamoeba trophozoites for sili-
cone hydrogel lenses, as compared with conventional hydro-
gel lenses (P<0.001) was attributed to the attachment cha-
racteristics of the polymer of silicon type.37,38 The attachment 
of Acanthamoeba trophozoites to different soft contact lens 
materials, such as polymacon, etafilcon A, lidofilcon A, and 
bufilcon A varied significantly, with the greatest adherence 
being observed for lidofilcon A and the least for the etafilcon 
A lenses.29 Adherence of cysts and trophozoites was found 
to be higher for the non-ionic than for the ionic disposable 
lenses.28 Simmons et al.39 suggested that the attachment of 
Acanthamoeba was highly dependant on the ionic nature and 
the water content of soft contact lenses. Collectively, these 
reasons could explain why Acanthamoeba adherence is higher 
for disposable and extended-wear soft lenses than for the 
conventional soft daily and rigid lenses.

Duration of Exposure and Protozoon Concentration. Both 
cysts and trophozoites showed an immediate adherence to 
contact lenses, which was observed to happen within 10 
seconds after exposure.36 Acanthamoeba adherence to lens sur-
face increased significantly for longer exposure durations and 
for higher concentrations of inoculum.29,40 The higher water 
content of disposable soft contact lenses allows longer time of 
lens wear and, in turn, gives enough time of exposure for the 
lenses to be loaded with Acanthamoeba. This could add to the 
reasons why disposable soft contact lenses wearers are at grea-
ter risk of suffering from Acanthamoeba keratitis than those 
wearers of other types of contact lenses. However, Sharma et 
al.22 found no difference in Acanthamoeba adherence to diffe-
rent contact lenses with increasing exposure time. 

Acanthamoeba-Life Stage. Acanthamoeba trophozoite shows 
a greater tendency to adhere to contact lenses, as compared 
with the cystic form.29,36,40-42 In contrast to the cystic form, 
Sharma et al.36 noticed more adherence of trophozoites to 
rigid gas-permeable lenses than to soft ones. Similarly, Kelly 
et al.29 observed more preference of trophozoites to adhere 
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to rigid gas-permeable lenses and polymethylmethacrylate 
(PMMA) contact lenses compared with the cystic form, 
which showed non specific similar rates of adherence to a 
variety of lenses, such as rigid gas-permeable, PMMA, daily 
and disposable soft lenses.

Lens Surface Deposits. Attachment of trophozoites and cysts 
to contact lenses is highly influenced by the presence of pro-
tein deposits on the lens surface. Protein deposits on contact 
lens surface increase the adhesion of other bacterial microbes 
like Pseudomonas aeruginosa, on which Acanthamoeba feeds.43 
Protein and lipid deposition on lens surface is mediated by 
the chemical structure of the lens material and its water con-
tent. The high water content and the ionic material of some 
disposable soft lenses allow for more deposition of proteins, a 
fact that could explain the greater affinity of the Acanthamoeba 
protozoon for worn lenses than for unworn ones.39 Jones et 
al.44 reported significant deposition of low levels of lysozyme 
and high levels of lipid on silicone hydrogel contact lens 
materials, as compared with ionic contact lens materials. The 
adhesion of Acanthamoeba in unwashed worn versus unwashed 
unworn contact lenses showed a significantly lower adheren-
ce of Acanthamoeba to new lenses.40,41 The serine protease sub-
tilisin A enzyme used for protein removal from contact lenses 
has been found to have no cysticidal action even after 24 
hours of exposure.45 However, it could lower the number of 
protozoa attached to lens surface through protein removal. 

Mechanical Ways Used in Contact Lens Care. While sha-
king showed no significant effect on adherence, a post-incu-
bation wash using phosphate buffered saline decreased the 
number of adherent cysts and trophozoites.28

Several studies suggested that a good wash significantly 
decreased the adherence of trophozoites and cysts to the 
contact lens surface,40,42 though one study46 suggested that 
washing had no effect on either Acanthamoeba stage. Rinsing 
contact lenses in saline using the flow method was significan-
tly more effective than the immersion technique in removing 
adherent Acanthamoeba trophozoites from rigid gas-permeable 
lenses.41 Wiping, rinsing, and rubbing of contact lenses and 
lens cases with multipurpose disinfecting solutions dislodged 
adherent cysts and trophozoites and reduced the associated 
microbiological load.47 Recent studies, showed that multi-
purpose contact lens solutions that employed a manual rub 
regime were more effective in removing adherent loosely-
bound deposits48 and different pathogenic microbes49 from 
soft hydrogel lenses than rinsing or soaking alone. 

Associated Bacterial Organisms. The contamination of 
lens care systems with bacteria is an essential association 
in the development of Acanthamoeba keratitis. The bacterial 
microorganisms that adhere to the surfaces of contact lenses 
provide a good medium that facilitates attachment, feeding, 
survival, and growth of Acanthamoeba. Acanthamoeba can easily 
attach and grow on a lens surface previously loaded with bac-
terial microorganisms. Gorlin et al.50 found that about 50% 
of the eyes infected with Acanthamoeba had positive cultures 
for bacteria. Other study51 showed that 85% of contact lens 

systems infected with Acanthamoeba were contaminated with 
bacterial strains, mainly with the aerobic gram-negative baci-
lli P. aeruginosa and Xanthomonas maltophilia.

Other bacterial microorganisms, such as Flavobacterium 
breve, P. paucimobilis, P. fluorescens, Staphylococcus aureus, 
Staphylococcus epidermidis, Escherichia coli, Enterobacter 
agglomerans, Flavobacterium indolgenes, Salmonella enterica, 
Corynebacterium xerosis, Serratia marcescens and Klebsiella 
pneumoniae were isolated in patients with Acanthamoeba kera-
titis.20,52-56 Alizadeh et al.20 showed that Acanthamoeba could 
secrete increased amounts of pathogenic mannose-induced 
protease 133 upon exposure to C. xerosis. 

Acanthamoeba trophozoites and cysts could retain via-
ble bacteria with human pathogenic potential.57 Intra-
Acanthamoeba detection, survival, growth, and multiplication 
of salmonellae56 and P. aeruginosa58,59 were reported, with the 
possibility of reisolating58 P. aeruginosa from Acanthamoeba 
cysts. P. aeruginosa could significantly enhance Acanthamoeba 
trophozoite attachment to hydrogel contact lenses,60 but 
not to silicone ones.37 The combination of P. aeruginosa and 
Acanthamoeba was assumed to be selectively exclusive, causing 
potentially devastating ocular infections in contact lens wea-
rers.33,61 Sodium salicylate reduced trophozoite attachment 
to hydrogel lenses when inoculated with P. aeruginosa. This 
effect was attributed to the inhibition of bacterial biofilm-
formation, interference with the biofilm-amoebal attach-
ment, or modification of the lens surface.60

Contact Lens Disinfecting Solutions. The use of ineffective 
contact lens disinfecting solutions is strongly linked to the 
threat of Acanthamoeba infection in contact lens wearers. A 
10-year survey (1994-2004)62 showed that Acanthamoeba was 
isolated in contact lenses and contact lens disinfecting solu-
tions in all cases of Acanthamoeba keratitis. The one-step 3% 
hydrogen peroxide and multipurpose solutions were found 
to be ineffective in killing Acanthamoeba cysts and trophozoi-
tes, as well as bacteria and fungi. However, in addition to the 
broad antimicrobial activity of multipurpose solutions, they 
were found to be capable of reducing the adherence capabili-
ty of Acanthamoeba to contact lenses.63 Opti-Free express mul-
tipurpose solution significantly reduced the adherence of tro-
phozoites and cysts when used to clean, rinse, and soak soft 
contact lenses.64 Complete Easy Rub multipurpose solution 
was effective in removing bacteria, fungi and Acanthamoeba 
from silicone hydrogel lenses.49

PROBLEMS CAUSED BY CONTACT LENS WEARERS

Contact Lens Overwear
Corneal overwear-related problems could develop in the 

long term for any type of contact lenses, including those 
designed for extended wear. The overwear problems were 
influenced by the rate of oxygen transmission and permeabi-
lity through the lens material, lens thickness, lens type, 
wearing modalities, replacement schedule, repeated wear of 
disposable lenses, and overnight sleep in lenses. A lower inci-
dence of microbial keratitis was reported for silicone hydro-
gel lenses with high oxygen permeability than for other soft 
lenses having low oxygen permeability used with an extended 
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wear scheme.65,66 However, occasional pathophysiological 
problems, such as diffuse corneal infiltration,67 development 
of mucin balls, superior epithelial arcuate lesions, contact 
lens papillary conjunctivitis, corneal erosions,11,68 corneal 
dryness and discomfort,69 central corneal thinning,70 and 
thickened conjunctival epithelium due to increased meta-
plasia71 were reported with the overwear of silicone hydrogel 
lenses with high oxygen permeability. A significantly higher 
risk of bacterial keratitis and a greater incidence of complica-
tions, such as limbal neovascularisation and corneal oedema, 
were reported in wearers whose daily wear time was higher 
than 12 hours.72 

Overnight Sleep in Different Types of Contact Lenses
The cornea gets its oxygen supply directly from the air 

when the eye is opened and from the surrounding blood 
vessels when it is closed. The new versions of rigid and soft 
contact lenses were designed to allow oxygen delivery to 
the cornea at an almost similar level under either opened or 
closed-eye conditions.73 However, corneal hypoxia, subepi-
thelial infiltrations, immune ring formation,12 changes in 
corneal curvature, central corneal thinning,70 alteration in 
the number of polymorphonuclear leukocytes, and variations 
in the level of different inflammatory mediators in the tear 
film74 were reported upon wearing contact lenses for multiple 
sleep cycles. The results of various surveys75-78 suggested that 
the overnight wear of contact lenses was the main cause of 
microbial keratitis, with a greater concern for the immuno-
compromised patients, where the risk of unusual infections 
was very high.79 

The overnight wear-related corneal changes and the risk 
of ulcerative keratitis was found to be significantly depen-
dant on the lens type. Overnight wear of rigid gas-permeable 
contact lenses was associated with higher levels of corneal 
hypoxia and epithelial oedema, as compared with soft len-
ses.25 However, Graham et al.80 stated that the severity of 
corneal swelling with rigid gas-permeable lenses was not a 
reliable predictor of ocular complications. No significant 
difference was recognised in the bacterial binding ability to 
the corneal epithelium between the overnight wear of either 
conventional or hyper-oxygen transmissible rigid contact 
lenses.81 However, central corneal epithelial thinning with 
visual impairment82 and the increased risk of bacterial83,84 and 
Acanthamoeba keratitis84-89 were reported with the overnight 
wear of orthokeratology contact lenses.

The overnight wear of extended wear lenses increased the 
risk of ulcerative keratitis,90 with the possibility of conjunc-
tival cytologic changes.71,75,76 Schein et al.76 mainly attribu-
ted the high risk of microbial keratitis among the users of 
extended wear lenses to the overnight wear, rather than to 
lens hygiene or lens type. However, Brennan91 contradicted 
the common perception of optometrists in Western societies, 
who state that the use of extended wear lenses could increase 
the risk of microbial keratitis and the loss of vision. Brennan 
correlated the safety of the overnight wear to the high oxygen 
transmissibility of silicone hydrogel contact lenses. Other 
surveys92,93 denied the occurrence of clinically serious events 
of microbial keratitis with daily disposable contact lenses. 

Corneal hypoxic changes, such as epithelial oedema and 
microcysts were not recognised among the overnight wearers 
of extended wear lenses, with no significant difference in lim-
bal redness between them and the non-lens users.94 Kenyon 
et al.95 suggested that neither the level of overnight corneal 
swelling nor the period between removals could influence 
the incidence or the severity of corneal problems of extended 
wear lenses. 

Non-Compliant Contact Lens Users
The compliance of contact lens wearers with the recom-

mended lens care hygiene procedures is crucial to reduce 
the risk of serious infections. D’Aversa et al.96 reviewed the 
medical records of 12 patients and found that substandard 
lens-care methods were used in 13 out of 14 (92.9%) eyes 
infected with Acanthamoeba. The use of tap water for the care 
of contact lenses was widely accepted as the main risk factor 
in Acanthamoeba infection.5,85,97-102 

In the United Kingdom, 91% of the soft contact lens 
wearers and 94% of the rigid lens wearers avoided the disease 
by the complete avoidance of water and the use of powerful 
lens disinfecting solutions.5 In the USA, the withdrawal of 
salt tablets from the market was responsible for the decrease 
in the incidence of Acanthamoeba keratitis in the mid 80s.98 
A recent study103 showed that the Chicago-area tap water 
contained a highly virulent Acanthamoeba strain that was 
contributing to the increased incidence rate of Acanthamoeba 
keratitis in this area. Swimming, diving, showering or was-
hing the face while wearing contact lenses was reported to 
cause Acanthamoeba keratitis.97,104-108 The 50-fold increase in 
the risk of Acanthamoeba keratitis among disposable contact 
lens users was largely attributable to repeated wear of lenses, 
lack of disinfection, and use of saline and chlorine-based 
solutions.75

The compliance of contact lens users with the recom-
mended care procedures is ineffective if these solutions do 
not manage to kill Acanthamoeba.6,105,109 To avoid the persistent 
use of non-sterile solutions by non-compliant lens wearers, 
Moore13 recommended heat disinfection of lenses—between 
70 and 80°C for 10 minutes—and the use of 3% hydrogen 
peroxide for 2-3 hours, 0.001% thimerosal with edetate 
for 4 hours, 0.005% benzalkonium chloride with edetate 
for 4 hours, 0.001% chlorhexidine for 4 hours or 0.004% 
chlorhexidine for 1 hour. Better compliance of contact lens 
wearers was achieved with the introduction of multipurpose 
solutions. The multipurpose solutions replaced the need for 
an additional rinsing solution, offering a single solution for 
the cleaning, disinfection and contact lens storage.110 The 
multipurpose solutions provided potent antimicrobial pro-
tection with less toxic and less allergenic effects.48,49,75 

The non-compliance of contact lens users could occur 
in the case of deliberate reuse of daily disposable contact 
lenses, when wearing expired lenses without replacement 
or if using cheap contact lenses purchased from unlicensed 
vendors.111 Old contact lenses could colonise more micro-
organisms due to the increased lens surface tear and wear-
related scratches40 or to the accumulated deposits.43-45 The 
relationship between repeated use of daily disposable lenses 
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and risk of Acanthamoeba112,113 and microbial keratitis93,114 is 
well established. 

Daily disposable lenses were designed for single use only, 
where a new sterile set should be opened every morning and 
discarded in the evening. This wear modality aimed to provi-
de a great hygienic advantage, by avoiding the necessity and 
the cost of disinfecting solutions and storage cases. For hygie-
nic purposes, daily disposable lenses were recommended for 
those lens wearers having jobs entailing a great potential risk 
of infection, such as hospital staff members.33 Dart et al.115 
reported that vision loss was less likely to occur for daily 
disposable than for reusable soft lens wearers, though no sig-
nificant reduction in the risk of microbial keratitis was found 
for users of daily disposable and silicone hydrogel lenses. 
However, the assumed lens wearers’ compliance could some-
times divert the attention of professionals from considering 
Acanthamoeba infection in daily disposable contact lens wea-
rers. A delay of 17 days before starting the anti-Acanthamoeba 
treatment was reported.116 

Radford et al.75 stated that the low care philosophy of 
daily disposable lens use has resulted in an absolute absence 
of care, and emphasised the importance of warning patients 
against the increased risk of infection upon reuse of daily 
disposable contact lenses. The non-compliance of contact 
lens users has been attributed to the convenience of using 
multipurpose or one-step solutions instead of using two-
step hydrogen peroxide solutions. Financial savings achie-
ved by reusing daily disposable contact lenses is another 
factor.117

CONCLUSION

Contact lens wear is the main cause of ulcerative keratitis, 
which could get seriously complicated with corneal scarring 
and lead to permanent vision loss. The association between 
Acanthamoeba keratitis and contact lens wear is firmly establis-
hed. Contact lenses have a great impact on corneal epithelium 
integrity. This, added to the greater affinity of Acanthamoeba to 
adhere to either corneal or lens surfaces, increase the risk of 
keratitis in contact lens wearers. Lens hygiene, lens care solu-
tions, wearing modalities and the compliance of lens users are 
important factors in the lens-keratitis relationship. Every lens 
wearer should be aware of what the main risk factors are and, 
when given the routine instructions regarding lens fitting and 
care, they should also be provided with a thorough explanation 
of how contact lens misuse can seriously affect vision.

 
REFERENCES

  1.  Ibrahim YW, Boase DL, Cree IA. Factors affecting the epidemiology of 
Acanthamoeba keratitis. Ophthalmic Epidemiol. 2007;14:53-60. 

  2.  Awwad ST, Heilman M, Hogan RN, et al. Severe reactive ischemic 
posterior segment inflammation in Acanthamoeba keratitis: a new 
potentially blinding syndrome. Ophthalmology. 2007;114:313-320. 

  3.  Hassanlou M, Bhargava A, Hodge WG. Bilateral Acanthamoeba kera-
titis and treatment strategy based on lesion depth. Can J Ophthalmol. 
2006;41:71-73.  

  4.  Rama P, Matuska S, Vigano M, Spinelli A, Paganoni G, Brancato R. 
Bilateral Acanthamoeba keratitis with late recurrence of the infection in 
a corneal graft: a case report. Eur J Ophthalmol. 2003;13:311-314.

  5.  Radford CF, Lehmann OJ, Dart JK. Acanthamoeba keratitis: multicen-
tre survey in England 1992-6. National Acanthamoeba Keratitis Study 
Group. Br J Ophthalmol. 1998;82:1387-1392.

  6.  Butler TK, Males JJ, Robinson LP, et al. Six-year review of Acanthamoeba 

keratitis in New South Wales, Australia: 1997-2002. Clin Experiment 
Ophthalmol. 2005;33:41-46.

  7.  Verhelst D, Koppen C, Van Looveren J, Meheus A, Tassignon MJ, 
the Belgian Keratitis Study Group. Contact lens-related corneal ulcers 
requiring hospitalization: a 7-year retrospective study in Belgium. Acta 
Ophthalmol Scand. 2006;84:522-526. 

  8.  Jaison PL, Cao Z, Panjwani N. Binding of Acanthamoeba to manno-
se-glycoproteins of corneal epithelium: effect of injury. Curr Eye Res. 
1998;17:770-776.

  9.  Beattie TK, Seal DV, Tomlinson A, McFadyen AK, Grimason AM. 
Determination of amoebicidal activities of multipurpose contact lens 
solutions by using a most probable number enumeration technique. J 
Clin Microbiol. 2003;41:2992-3000.

10.  Martinez AJ, Janitschke K. Acanthamoeba, an opportunistic microorga-
nism: a review. Infection. 1985;13:251-256.

11.  Liesegang TJ. Physiologic changes of the cornea with contact lens wear. 
CLAO J. 2002;28:12-27.

12.  Klein P. Corneal immune ring as a complication of soft extended wear 
contact lens use. Optom Vis Sci. 1991;68:853-857.

13.  Moore MB. Acanthamoeba keratitis and contact lens wear: the patient 
is at fault. Cornea. 1990;9:S33-S35.

14.  Kinnear FB. Acanthamoeba pathogenicity for corneal cells. J Infect. 
2004;49:310-316.

15.  Van Klink F, Alizadeh H, He YG, et al. Chinese hamster model of 
Acanthamoeba keratitis: role of contact lenses, trauma, and Langerhans 
cells. Invest Ophthalmol Vis Sci. 1993;34:1937-1944. 

16.  Yang Z, Cao Z, Panjwani N. Pathogenesis of Acanthamoeba kerati-
tis: carbohydrate-mediated host-parasite interactions. Infect Immun. 
1997;65:439-445.

17.  Garate M, Alizadeh H, Neelam S, Niederkorn JY, Panjwani N. Oral 
immunization with Acanthamoeba castellanii mannose-binding protein 
ameliorates amoebic keratitis. Infect Immun. 2006;74:7032-7034.

18.  Cao Z, Jefferson DM, Panjwani N. Role of carbohydrate-mediated 
adherence in cytopathogenic mechanisms of Acanthamoeba. J Biol 
Chem. 1998;273:15838- 15845.

19.  Zheng X, Uno T, Goto T, Zhang W, Hill JM, Ohashi Y. Pathogenic 
Acanthamoeba induces apoptosis of human corneal epithelial cells. Jpn 
J Ophthalmol. 2004;48:23-29.

20.  Alizadeh H, Neelam S, Hurt M, Niederkorn JY. Role of contact lens 
wear, bacterial flora, and mannose-induced pathogenic protease in the 
pathogenesis of amoebic keratitis. Infect Immun. 2005;73:1061-1068.

21.   Allen PG, Dawidowicz EA. Phagocytosis in Acanthamoeba. (I). A man-
nose receptor is responsible for the binding and phagocytosis of yeast. J 
Cell Physiol. 1990;145:508-513. 

22.  Sharma S, Sankaridurg PR, Venkata N, et al. Adherence of Acanthamoeba 
to human corneal epithelial cells recovered from normal non-lens wea-
rers and asymptomatic contact lens wearers. Cont Lens Anterior Eye. 
1999;22:110-115.

23.   Myrowitz EH, Melia M, O’Brien TP. The relationship between long-
term contact lens wear and corneal thickness. CLAO J. 2002;28:217-
220.

24.   Ahuja M. Contact lens wear and microbial keratitis. J Indian Med 
Assoc. 2002;100:664-666.

25.   Lin MC, Graham AD, Fusaro RE, Polse KA. Impact of rigid gas-per-
meable contact lens extended wear on corneal epithelial barrier func-
tion. Invest Ophthalmol Vis Sci. 2002;43:1019-1024.

26.  Tutt T, Bradley A, Begley C, Thibos LN. Optical and visual impact of 
tear break-up in human eyes. Invest Ophthalmol Vis Sci. 2000;41:4117-
4123.

27.  Barequet IS, Jabbur NS, Barron Y, Osterhout GJ, O’Brien TP. 
Perioperative microbiologic profile of the conjunctiva in photorefractive 
keratectomy. J Refract Surg. 2001;17:55-62. 

28.  Ramachandran L, Janakiraman D, Sharma S, Rao GN. Effect of time 
and washing on the adhesion of Acanthamoeba to extended wear dispo-
sable hydrogel contact lenses. CLAO J. 1997;23:113-116.

29.  Kelly LD, Xu L. The effect of Acanthamoeba concentration on adherence 
to four types of unworn soft contact lenses. CLAO J. 1995;21:27-30.

30.  John T, Desai D, Sahm D. Adherence of Acanthamoeba castellanii cysts 
and trophozoites to unworn soft contact lenses. Am J Ophthalmol. 
1989;108:658-664.

31.  Mathers WD, Sutphin JE, Folberg R, Meier PA, Wenzel RP, Elgin RG. 
Outbreak of keratitis presumed to be caused by Acanthamoeba. Am J 
Ophthalmol. 1996;121:129-142.

32.  Cheng KH, Leung SL, Hoekman HW, et al. Incidence of contact-
lens-associated microbial keratitis and its related morbidity. Lancet. 
1999;354:181-185.

33.  Hay J, Seal DV. Contact lens wear by hospital health care staff: is there 
cause for concern? J Hosp Infect. 1995;30:275-281.



How Could Contact Lens Wearers Be at Risk of Acanthamoeba Infection? A Review: Ibrahim YW et al.   65

J Optom, Vol. 2, No. 2, April-June 2009 

34.  Kilvington S, Larkin DF. Acanthamoeba adherence to contact lenses 
and removal by cleaning agents. Eye. 1990;4:589-590.

35.  Cohen EJ, Fulton JC, Hoffman CJ, Rapuano CJ, Liabson PR. Trends 
in contact lens-associated corneal ulcers. Cornea. 1996;15:566-570.

36.  Sharma S, Ramachandran L, Rao GN. Adherence of cysts and tropho-
zoites of Acanthamoeba to unworn rigid gas permeable and soft contact 
lenses. CLAO J. 1995;21:247-451.

37.  Beattie TK, Tomlinson A, McFadyen AK, Seal DV, Grimason AM. 
(II). Enhanced attachment of Acanthamoeba to extended-wear silicone 
hydrogel contact lenses: a new risk factor for infection? Ophthalmology. 
2003;110:765-771.

38.   Beattie TK, Tomlinson A, Seal DV. Surface treatment or material cha-
racteristic: the reason for the high level of Acanthamoeba attachment to 
silicone hydrogel contact lenses. Eye Contact Lens. 2003;29:S40-S43; 
discussion S57-S59, S192-S194.

39.  Simmons PA, Tomlinson A, Connor R, Hay J, Seal DV. Effect of 
patient wear and extent of protein deposition on adsorption of 
Acanthamoeba to five types of hydrogel contact lenses. Optom Vis Sci. 
1996;73:362-368.

40.  Sehgal R, Saini J, Singh KD, Bhatti HS.  Acanthamoeba adherence to 
soft contact lens and human corneal stroma. Indian J Pathol Microbiol. 
2002;45:63-67.

41.  Cancrini G, Iori A, Mancino R. Acanthamoeba adherence to contact 
lenses, removal by rinsing procedures, and survival to some ophthalmic 
products. Parassitologia. 1998;40:275-278.

42.  Seal DV, Hay J, Kirkness CM. Chlorhexidine or polyhexamethylene 
biguanide for Acanthamoeba keratitis. Lancet. 1995;345:136.

43.  Butrus SL, Klotz SA. Contact lens surface deposits increase the adhe-
sion of Pseudomonas aeruginosa. Curr Eye Res.1990;9:717-724.

44.  Jones L, Senchyna M, Glasier MA, et al. Lysozyme and lipid deposition 
on silicone hydrogel contact lens materials. Eye Contact Lens. 2003;29:
S75-S79; discussion S83-S84, S192-S194.

45.   Hughes R, Kilvington S. Comparison of hydrogen peroxide contact 
lens disinfection systems and solutions against Acanthamoeba polypha-
ga. Antimicrob Ag Chemother. 2001;45:2038-2043.

46.   John T. Interactions of bacteria and amoebae with ocular biomaterials. 
Cells and Materials. 1991;1:129-139.

47.  Niszl IA, Markus MB. Treatment of Acanthamoeba keratitis. S Afr Med 
J. 1996;86:566.

48.  Cho P, Cheng SY, Chan WY, Yip WK. Soft contact lens cleaning: rub 
or no-rub? Ophthalmic Physiol Opt. 2009;29:49-57.

49.  Kilvington S, Lonnen J. A comparison of regimen methods for the 
removal and inactivation of bacteria, fungi and Acanthamoeba from 
two types of silicone hydrogel lenses. Cont Lens Anterior Eye. 2009; 
32:73-77.

50.   Gorlin AI, Gabriel MM, Wilson LA, Ahearn DG. Effect of adhered 
bacteria on the binding of Acanthamoeba to hydrogel lenses. Arch. 
Ophthalmol. 1996;114:576-580.

51.  Kelly LD, Xu L. The effect of concurrent Pseudomonas or Xanthomonas 
exposure on adherence of Acanthamoeba castellanii to soft contact len-
ses. Graefes Arch Clin Exp Ophthalmol. 1996;234:311-314.

52.   Bottone EJ, Madayag RM, Qureshi MN. Acanthamoeba keratitis. 
Synergy between amoebic and bacterial co-contaminants in contact lens 
care systems as a prelude to infection. J Clin Microbiol. 1992;30:2447–
2450.

53.   Clark BJ, Harkins LS, Munro FA, Devonshire P. Microbial contami-
nation of cases used for storing contact lenses. J Infect. 1994;28:293-
304.

54.  Wang X, Ahearn DG. Effect of bacteria survival and growth of 
Acanthamoeba castellanii. Curr Microbiol. 1997;34:212-215.

55.  Willcox MD, Low R, Hon J, Harmis N. Does Acanthamoeba protect 
Pseudomonas aeruginosa from the bactericidal effects of contact lens 
disinfecting systems? Aust N Z J Ophthalmol. 1998;26:S32-S35.

56.  Tezcan-Merdol D, Ljungstrom M, Winiecka-Krusnell J, Linder E, 
Engstrand L, Rhen M. Uptake and replication of Salmonella enterica 
in Acanthamoeba rhysodes. Appl Environ Microbiol. 2004;70:3706-
3714.

57.   Marciano-Cabral F, Cabral G. Acanthamoeba spp. as agents of disease 
in humans. Clin Microbiol Rev. 2003;16:273-307.

58.  Walochnik J, Picher O, Aspöck C, Ullmann M, Sommer R, Aspöck H. 
Interactions of “Limax amoebae” and gram-negative bacteria: experi-
mental studies and review of current problems. Tokai J Exp Clin Med. 
1999;23:273-278.

59.  Michel R, Burghardt H, Bergmann H. Acanthamoeba, naturally intra-
cellularly infected with Pseudomonas aeruginosa, after their isolation 
from a microbiologically contaminated drinking water system in a 
hospital. Zentralbl Hyg Umweltmed. 1995;196:532-544.

60.  Tomlinson A, Simmons PA, Seal DV, McFadyen AK. Salicylate inhibi-

tion of Acanthamoeba attachment to contact lenses: a model to reduce 
risk of infection. Ophthalmology. 2000;107:112-117.

61.   Dini LA, Cockinos C, Frean JA, Niszl IA, Markus MB. Unusual case 
of Acanthamoeba polyphaga and Pseudomonas aeruginosa keratitis in 
a contact lens wearer from Gauteng, South Africa. J Clin Microbiol. 
2000;38:826-829. 

62.  Tzanetou K, Miltsakakis D, Droutsas D, et al. Acanthamoeba kera-
titis and contact lens disinfecting solutions. Ophthalmologica. 2006; 
220:238-241.

63.  Borazjani RN, Kilvington S. Effect of a multipurpose contact lens 
solution on the survival and binding of Acanthamoeba species on 
contact lenses examined with a no-rub regimen. Eye Contact Lens. 
2005;31:39-45.

64.  Kilvington S, Anger C. A comparison of cyst age and assay method of 
the efficacy of contact lens disinfectants against Acanthamoeba. Br J 
Ophthalmol. 2001;85:336-340.

65.  Holden BA, Sweeney DF, Sankaridurg PR, et al. Microbial keratitis and 
vision loss with contact lenses. Eye Contact Lens. 2003;29:S131-S134; 
discussion S143-S144, S192-S194.

66.  Bialasiewicz AA. Infection immunology in silicone hydrogel contact 
lenses for continuous wear--a review. Klin Monatsbl Augenheilkd. 
2003;220:453-458.

67.  Skotnitsky C,  Jalbert I, O’Hare N, Sweeney DF, Holden BA. Case 
reports of three atypical infiltrative keratitis events with high Dk soft 
contact lens wear. Cornea. 2002;21:318-324. 

68.  Dumbleton K. Noninflammatory silicone hydrogel contact lens com-
plications. Eye Contact Lens. 2003;29:S186-S189; discussion S190-
S191, S192-S194.

69.  Fonn D, Dumbleton K. Dryness and discomfort with silicone hydro-
gel contact lenses. Eye Contact Lens. 2003;29:S101-S104; discussion 
S115-S118, S192-S194.

70.  Gonzalez-Meijome JM, Gonzalez-Perez J, Cervino A, Yebra-Pimentel 
E, Parafita MA. Changes in corneal structure with continuous wear 
of high-Dk soft contact lenses: a pilot study. Optom Vis Sci. 2003;80: 
440-446.

71.   Gurdal C, Aydin S, Kirimlioglu H, Toprak E, Sengor T. Effects of 
extended-wear soft contact lenses on the ocular surface and central 
corneal thickness. Ophthalmologica. 2003;217:329-336.

72.  Rapkin JS. The effect of daily wear time on contact lens complications. 
CLAO J. 1988;14:139-142.

73.  Weissman B, Mondino BJ. Why daily wear is still better than extended 
wear. Eye Contact Lens. 2003;29:S145-S146.

74.  Thakur A, Willcox MD. Contact lens wear alters the production of cer-
tain inflammatory mediators in tears. Exp Eye Res. 2000;70:255-259.

75.   Radford CF, Bacon AS, Dart JK, Minassian DC. Risk factors for 
Acanthamoeba keratitis in contact lens users: a case-control study. BMJ. 
1995;310:1567-1570.

76.  Schein OD, Buehler PO, Stamler JF, Verdier DD, Katz J. The impact of 
overnight wear on the risk of contact lens-associated ulcerative keratitis. 
Arch Ophthalmol. 1994;112:186-190.

77.  Lam DS, Houang E, Fan DS, Lyon D, Seal D, Wong E. Incidence 
and risk factors for microbial keratitis in Hong Kong: comparison with 
Europe and North America. Eye. 2002;16:608-618.

78.  Landers JA, Crompton JL. Microbial keratitis associated with over-
night wear of silicone hydrogel contact lenses. Med J Aust. 2006;185: 
177-178.

79.  Sridhar MS, Laibson PR, Rapuano CJ, Cohen EJ. Infectious crystalli-
ne keratopathy in an immunosuppressed patient. CLAO J. 2001;27: 
108-110.

80.   Graham AD, Fusaro RE, Polse KA, Lin MC, Giasson CJ. Predicting 
extended wear complications from overnight corneal swelling. Invest 
Ophthalmol Vis Sci. 2001;42:3150-3157.

81.  Cavanagh HD, Ladage P, Yamamoto K, Li SL, Petroll WM, Jester JV. 
Effects of daily and overnight wear of hyper-oxygen transmissible rigid 
and silicone hydrogel lenses on bacterial binding to the corneal epithe-
lium: 13-month clinical trials. Eye Contact Lens. 2003;29:S14-S16; 
discussion S26-S29, S192-S194.

82.  Alharbi A, Swarbrick HA. The effects of overnight orthokeratology lens 
wear on corneal thickness. Invest Ophthalmol Vis Sci. 2003;44:2518-
2523.

83.  Lau LI, Wu CC, Lee SM, Hsu WM. Pseudomonas corneal ulcer related 
to overnight orthokeratology. Cornea. 2003;22:262-264.

84.  Sun X, Zhao H, Deng S, et al. Infectious keratitis related to orthokera-
tology. Ophthalmic Physiol Opt. 2006;26:133-136.

85.  Watt K. Swarbrick HA. Microbial keratitis in overnight orthokeratolo-
gy: review of the first 50 cases. Eye Contact Lens. 2005;31:201-208.

86.  Hutchinson K, Apel A. Infectious keratitis in orthokeratology. Clin 
Experiment Ophthalmol. 2002;30:49-51.



J Optom, Vol. 2, No. 2, April-June 2009 

66   How Could Contact Lens Wearers Be at Risk of Acanthamoeba Infection? A Review: Ibrahim YW et al.

  87.  Lu L, Zou L, Wang R. Orthokeratology induced infective corneal 
ulcer. Zhonghua Yan Ke Za Zhi. 2001;37:443-446.

  88.  Xuguang S, Lin C, Yan Z, et al. Acanthamoeba keratitis as a complica-
tion of orthokeratology. Am J Ophthalmol. 2003;136:1159-1161.

  89.  Wilhelmus KR. Acanthamoeba keratitis during orthokeratology. 
Cornea. 2005;24:864-866.

  90.  Schein OD, Poggio EC. Ulcerative keratitis in contact lens wearers. 
Incidence and risk factors. Cornea. 1990;9:S55-S58; discussion S62-S63.

  91.  Brennan NA. Is there a question of safety with continuous wear? Clin 
Exp Optom. 2002;85:127-140.

  92.  Levy B, McNamara N, Corzine J, Abbott RL. Prospective trial of daily 
and extended wear disposable contact lenses. Cornea. 1997;16:274- 
276. Erratum in: Cornea 1997;16:600.

  93.  Sankaridurg PR, Sweeney DF, Holden BA, et al. Comparison of 
adverse events with daily disposable hydrogels and spectacle wear: 
results from a 12-month prospective clinical trial. Ophthalmology. 
2003;110:2327-2334.

  94.  Sweeney DF. Clinical signs of hypoxia with high-Dk soft lens extended 
wear: is the cornea convinced? Eye Contact Lens. 2003;29:S22-S25; 
discussion S26-S29, S192-S194.

  95.  Kenyon E, Polse KA, Seger RG. Influence of wearing schedule on 
extended-wear complications. Ophthalmology. 1986;93:231-236.

  96.  D’Aversa G, Stern GA, Driebe WT Jr. Diagnosis and successful 
medical treatment of Acanthamoeba keratitis. Arch Ophthalmol. 
1995;113:1120-1123.

  97.  Seal DV, Dalton A, Doris D. Disinfection of contact lenses without 
tap water rinsing-is it effective? Eye. 1999;13:226-230.

  98.  Mathers WD, Sutphin JE, Lane JA, Folberg R. Correlation bet-
ween surface water contamination with amoeba and the onset of 
symptoms and diagnosis of amoeba-like keratitis. Br J Ophthalmol. 
1998;82:1143–1146.

  99.  Jeong HJ, Yu HS. The role of domestic tap water in Acanthamoeba 
contamination in contact lens storage cases in Korea. Korean J 
Parasitol. 2005;43:47-50.

100.  Visvesvara G.S. Epidemiology of infections with free-living amebas 
and laboratory diagnosis of microsporidiosis. Mt. Sinai J. Med. 
1993;60:283-288.

101.  Cohen EJ, Buchanan HW, Laughrea PA, et al. Diagnosis and management 
of Acanthamoeba keratitis. Am. J. Ophthalmol. 1985;100:389-395.

102.  Moore MB, McCulley JP, Newton C, Cobo LM, Foulks GN, O’Day 
DM. Acanthamoeba keratitis. A growing problem in soft and hard 
contact lens wearers. Ophthalmology. 1987;94:1654-1661.

103.  Shoff ME, Joslin CE, Tu EY, Kubatko L, Fuerst PA. Efficacy of con-
tact lens systems against recent clinical and tap water Acanthamoeba 
isolates. Cornea. 2008;27:713-719.

104.  Radford CF, Minassian DC, Dart JK. Acanthamoeba keratitis in 
England and Wales: incidence, outcome, and risk factors. Br J 
Ophthalmol. 2002;86:536-542.

105.  Stehr-Green JK, Bailey TM, Brandt FH, Carr CH, Bond WW, 
Visvesvara GS. Acanthamoeba keratitis in soft contact lens wearers: a 
case-control study. JAMA. 1987;258:57-60.

106.  Ondriska F, Mrva M, Lichvar M, Ziak P, Murgasova Z, Nohynkova E. 
First cases of Acanthamoeba keratitis in Slovakia. Ann Agric Environ 
Med. 2004;11:335-341.

107.  De Jonckheere JF. Epidemiological typing of Acanthamoeba strains 
isolated from keratitis cases in Belgium. Bull Soc Belge Ophtalmol. 
2003;287:27-33.

108.  Kaji Y, Hu B, Kawana K, Oshika T. Swimming with soft contact lenses: 
danger of Acanthamoeba keratitis. Lancet Infect Dis. 2005;5:392.

109.  Niszl IA, Markus MB. Anti-Acanthamoeba activity of contact lens 
solutions. Br J Ophthalmol. 1998;82:1033–1038.

110.  Stevenson RW, Seal DV. Has the introduction of multi-purpose solu-
tions contributed to a reduction in Acanthamoeba keratitis in contact 
lens wearers? Contact Lens Anterior Eye. 1998;21:89-92.

111.  Gagnon MR, Walter KA. A case of Acanthamoeba keratitis as a result 
of a cosmetic contact lens. Eye Contact Lens. 2006;32:37-38.

112.  Blades K, Tomlinson A, Seal DV. Acanthamoeba keratitis occu-
rring with daily disposable contact lens wear. Br J Ophthalmol. 
2000;84:805.

113.  Woodruff SA, Dart JK. Acanthamoeba keratitis occurring with daily 
disposable contact lens wear. Br J Ophthalmol. 1999;83:1088-1089.

114.  Stapleton F. Contact lens-related microbial keratitis: what can epide-
miologic studies tell us? Eye Contact Lens. 2003;29:S85-S89; discus-
sion S115-S118, S192-S194.

115.  Dart JK, Radford CF, Minassian D, Verma S, Stapleton F. Risk factors 
for microbial keratitis with contemporary contact lenses: a case-con-
trol study. Ophthalmology. 2008;115:1647-1654.

116.  Niyadurupola N, Illingworth CD. Acanthamoeba keratitis associated 
with misuse of daily disposable contact lenses. Cont Lens Anterior 
Eye. 2006;29:269-271.

117.  Hiti K, Walochnik J, Haller-Schober EM, Faschinger C, Aspock H. 
Viability of Acanthamoeba after exposure to a multipurpose disinfec-
ting contact lens solution and two hydrogen peroxide systems. Br J 
Ophthalmol. 2002;86:144-146.


	How Could Contact Lens Wearers Be at Risk of Acanthamoeba Infection? A Review
	Introduction
	Contact Lens-Related Problems
	Contact Lens-Induced Trauma
	Attachment of Acanthamoeba to Contact Lenses

	Problems Caused by Contact Lens Wearers
	Contact Lens Overwear
	Overnight Sleep in Different Types of Contact Lenses
	Non-Compliant Contact Lens Users

	Conclusion
	References


