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bstractA

The presenting symptoms of corneal ulcers vary from patient to 

patient depending on the severity of the ulcer early symptoms include eye 

discomfort, foreign body sensation, swollen eye lid and watering of the 

eyes. More serious symptoms are redness (especially circum-corneal 

injection), severe pain, photophobia, eye discharge and blurring of vision. 

Hypopyon  (pus in the anterior chamber) may occur in severe cases and if 

patient presents late to the clinic,  Eye lid odema, Conjunctival hyperemia 

Corneal infiltration, hypopyon formation.
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Introduction

Contact lenses are a successful form of vision correction. However, 

under certain circumstances inflammatory adverse responses can occur 

during lens wear and the most severe of these is contact lens related 

microbial keratitis (MK).                                     (Holden et al., 2000)

The use of contact lens was first reported in 1887. Since then, it has 

developed into a dynamic industry. Hard contact lens came into the 

market in 1950s, followed by soft contact lens in early 70s and rigid gas 

permeable lenses in late 70s.                                             (Bar, 2004)

New types of contact lens have been developed over the past 10 

years, with more than 85 million people are using contact lens worldwide. 

One of the health concerns is the increasing incidence of corneal ulcers 

associated with contact lens user especially if they do not follow the 

proper instruction or strict regimens in using their contact lenses, whereas 

corneal ulcer caused by infection is one of the major causes of blindness 

worldwide.                                                                       (Bar, 2004) 

Many predisposing factors associated with the development of 

corneal ulcers with colonization of bacteria on the contact lens will 

eventually lead to corneal infection (keratitis) and ulcer formation with 

subsequent  permanent visual loss  in serious conditions.

                                                                 (Morgan et al., 2005)
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Being a significant public health concern for the regular contact 

lens user, the incidence of contact lens related corneal infection is 

expected to rise in the near future. The traditional major risk factors for 

microbial corneal infection (microbial keratitis or MK) include trauma 

and preceding corneal compromise such as surgery (e.g., cataract 

extraction, penetrating keratoplasty, refractive surgery) or herpetic 

corneal disease.                                                  (Morgan et al., 2005)

Other participating factors include systemic (e.g., HIV infection, 

diabetes) and local (topical steroid treatment) immunosuppression, acne 

rosacea/blepharitis, severe dry eye, and corneal exposure, whereas contact 

lens wear has emerged as another risk factor for MK during the past 50 

years.                                                                (Morgan et al., 2005)

Contact lens induced microbial keratitis is a sight-threatening 

disease. For this reason, MK is considered an ophthalmic emergency. 

Even when "successfully" treated, MK can result in corneal scarring and 

neovascularization leading to the loss of central corneal clarity, 

necessitating a corneal transplant in an effort to restore vision.

  (Stein, 1988) 
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Aim of Work

The aim of this work is to review literature regarding the role of 

contact lens in corneal infection concerning the diagnose and 

management of the patient early to prevent permanent visual impairment.



 Chapter (1)

- 4 -

Corneal Epithelial Physiology & Contact Lens Wear

Corneal Epithelial Physiology and 

Contact Lens Wear

The corneal epithelium is a self-renewing, stratified epithelial sheet 

that provides the first-line of defense against microorganisms invading 

the eye and a smooth refractive surface essential for vision.

(Holden et al., 2000)

Contact lenses share an intimate relationship with the epithelial 

surface, whereas all forms of contact lens wear, regardless of lens 

material and modality of wear, have been noticed to have a profound 

effect on the physiology of this tissue.                  (Holden et al., 2000)

For more than two decades, researchers have focused on 

elucidating the effects of contact lens wear on the epithelium in both 

clinical and laboratory based studies in hopes of identifying a potential 

linkage between these events and the risk for contact lens-related 

infection. Importantly, the substantial accumulation of these studies have 

shown that the physical presence of a contact lens, irrespective of oxygen 

transmissibility, disrupts corneal epithelial renewal mechanisms, 

producing a thinned, stagnant epithelium.            (Ladage et al., 2001)

The multiple layers of epithelial cells provide a formidable barrier 

to bacterial infection. The mucin-coated surface is resistant to bacterial 
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adhesion. The constant shedding of desquamating epithelial cells rid the 

eye of attached bacteria. The multiple layers of epithelial cells give the 

ocular surface extra security. If one layer of cells is penetrated, it can be 

sloughed, while the remaining layers remain to provide continued 

protection.                                                         (Kovacevic et al., 2008)

It is well established that the continual supply of epithelial cells 

originates in the limbus, where limbal stem cells, the gatekeepers of 

epithelial renewal reside. Offspring from the limbus migrate centrally, 

where in basal epithelial cells undergo a single round of cell division, 

with both daughter cells migrating vertically toward the ocular surface.

      (Ren et al., 1999)

Preliminary studies on the effects of contact lens wear shows that 

this retention of older cells on the surface of the epithelium is a result of 

an inhibition in apoptosis-driven surface cell desquamation into the pre-

ocular tear film, whereas in the non contact lens wearing eye, the majority 

of epithelial cells desquamate from the central corneal.   

      (Ren et al., 2002)

Mechanical forces from the eyelid during blinking may be 

responsible for this unique geographic pattern, likely through activation 

of stress proteins along the epithelial surface. In addition, the ability of 

epithelial cells to continually shed in a controlled manner represent an 

important component in the innate immune response, as cells infected 

with microorganisms might initiate apoptosis and shed from the surface 
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of the normal eye, providing inherent anti-infective protection. In 

contrast, in the contact lens wearing eye, central epithelial desquamation 

is markedly reduced. (Ladage et al., 2001)

Studies in the rabbit cornea using Annexin V and Ethidium 

labeling following 24 hours of contact lens wear have further 

demonstrated a significant reduction in central epithelial cell death for 

both rigid gas permeable (RGP) and soft contact lenses with varying 

levels of oxygen transmissibility, as well as prolonged eyelid closure.

    (Yamamoto et al., 2001)

In both rabbit and human tissue, changes in the pattern of epithelial 

cell localization of the antiapoptotic protein BCL2 have been 

documented, where BCL2 localizes to the nuclei of surface central 

corneal epithelial cells and disappears or becomes undetectable prior to 

positive TUNEL labeling, indicating apoptosis has ensued . In the contact 

lens wearing eye, co-localization experiments with BCL2 and TUNEL 

following 24 hours of contact lens wear reveals persistent nuclear BCL2 

expression in central surface cells corresponding to a loss of positive 

TUNEL Labeling.                                            

                                                                         (Yamamoto et al., 2001)

Thus, severe reduction of normal epithelial desquamation at the 

cellular level secondary to daily or overnight lens wear as well as the 

inhibition of the apoptotic response also represents a further breakdown 
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in the barrier function of the cornea when challenged with microbial 

invasion.                                                        

                                                                          (Yamamoto et al., 2001)

An additional factor is the tear film that provide a smooth and 

transparent refractive surface, essential moisture, and oxygen to the 

epithelial cells. Tears also contain immunoglobulins, complement, and 

other proteins, which help protect against infection. The health of the 

ocular surface is entirely dependent upon an adequate quantity and 

quality of tear film, both of which can be altered by the presence of 

contact lenses.                                                  (Ovodenko et al., 2009)

Bacteria and debris are collected in the tear film, wiped by the lid 

blink, and rinsed away from the surface of the eye. The presence of a 

contact lens on the eye substantially reduces the interchange of tears 

across the ocular surface.                                  (Ebrahimi et al., 2009)

Furthermore, the cornea is richly innervated with sensory nerves, 

which respond to bacterial toxins, inflammation, and epithelial defects. 

The resultant pain increases tearing and blinking resulting in increased 

protection.                                                             (Khan et al., 2011)

Corneal epithelial damage, bacterial adherence and internalization

Contact lenses demonstrated that oxygen played an important role 

in contact lens-related cell loss and damage to the underlying corneal 

epithelium. In early animal studies, lactate dehyrdrogenase (LDH), an 
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enzyme that is released by damaged or dying cells, was used as a measure 

of the direct effects of contact-lens hypoxia and lens pressure on the 

epithelial surface.                                                 (Ichijima et al., 1992)

Analysis of the effects of seven-day extended wear of high (Dk/t = 

34), super high (Dk/t = 56), and ultra high (Dk/t = 64) oxygen 

transmissible RGP contact lenses demonstrated that both high and super 

high lens wear significantly increased LDH activity, whereas ultra high 

oxygen transmitting lenses failed to increase LDH activity compared to 

controls.                                                             (Imayasu et al., 1994)

Additional studies using scanning electron microscopy and tandem 

scanning confocal microscopy confirmed that polymethylmethacrylate 

(PMMA) lenses with zero oxygen transmissibility induced robust 

epithelial surface damage, whereas RGP lenses with varying levels of 

oxygen transmissibility induced milder levels of surface cell loss. 

Significantly, the rigid lens with the highest oxygen transmissibility (Dk/t 

= 64) resulting in an equivalent oxygen percentage of 19.13 produced no 

apparent epithelial surface damage. In comparison, all soft hydrogel 

lenses induced more moderate levels of surface cell loss at all lens 

oxygen levels studied.                                         (Imayasu et al., 1994)

The pathogen Pseudomonas aeruginosa (PA) most commonly 

involved in corneal infections associated with extended wear of contact 

lenses (CLs), has been demonstrated to be able to bind, invade, and 

replicate within corneal epithelial cells in animal models of corneal 

infection.                                                               (Fleiszig et al., 1994)


