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Abstract

Contact lens wear is one of the primary risk factors for the development of ocular surface 

inflammatory events. The purpose of this review is to examine and summarize existing knowledge 

on the mechanisms of contact lens related ocular surface inflammation and the evidence for the 

effectiveness of current objective methods to measure ocular surface inflammation. Contact lens 

wear is postulated to trigger an inflammatory response on the ocular surface due to mechanical, 

chemical, hypoxic stress, or by the introduction of microbes and their toxins. Apart from the 

traditional signs of inflammation, such as swelling, oedema, redness and heat, on the ocular 

surface, other methods to measure ocular surface inflammation in sub-clinical levels include tear 

inflammatory mediator concentrations, conjunctival cell morphology, and corneal epithelial 

dendritic cell density and morphology. Tear inflammatory mediator concentrations are up- or 

down-regulated during contact lens wear, with or without the presence of associated inflammatory 

events. There is higher conjunctival cell metaplasia observed with contact lens wear, but changes 

in goblet cell density are inconclusive. Dendritic cell density is seen to increase soon after 

initiating soft contact lens wear. The long term effects of contact lens wear on dendritic cell 

migration in the cornea and conjunctiva, including the lid wiper area, require further investigation. 

Currently patient factors, such as age, smoking, systemic diseases and genetic profile are being 

studied. A better understanding of these mechanisms may facilitate the development of new 

management options and strategies to minimize ocular surface inflammation related to contact lens 

wear.
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1. Introduction

The use of contact lenses is one of the primary risk factors associated with corneal and 

ocular surface inflammatory events [1–4]. It has been reported that soft contact lens related 

corneal inflammatory and infiltrative events occur in 7–44% of wearers per year and are 

associated with significant morbidity and economic cost (> $175 million US dollars in 2010, 

USA) [1,5–7]. Contact lens induced adverse events can be inflammatory and/or infectious in 

nature [2,8]. Contact lens wear can induce hypoxic or mechanical stress on the ocular 

surface and may also act as a vehicle for microbial inoculation, leading to pathogenic events 

ranging from subtle epithelial injury and infiltration by pathogens, antigens and white blood 

cells to the most severe microbial keratitis (MK)[9].

It has been hypothesized that a contact lens on the eye induces an ocular surface 

inflammatory process. Efron has comprehensively shown how contact lens wear can lead to 

the five cardinal signs of inflammation (mild and severe) that are clinically seen on the 

ocular surface namely- rubor (redness), calor (heat), tumor (swelling), loss of function 

(Functio laesa) and dolor (pain), which is encompassed as discomfort [10], and this is 

consistent with the Merriam- Webster dictionary definition of inflammation. Even though 

the forms of inflammations are mild in successful contact lens wearers, cardinal signs, such 

as hyperaemia [11], increased ocular temperature when wearing contact lens [12,13], 

symptoms [14], and corneal oedema in subjects who wear low oxygen transmissibility 

contact lenses [15], can be more readily observed than in non-contact lens wearers. These 

milder forms of inflammation can be managed by altering the contact lens material, fitting, 

decreasing wearing time and instillation of artificial tears [13,15–17]. However, in severe 

cases, the contact lens induced inflammation can lead to adverse events that warrant 

discontinuation of lens wear [18].

A large proportion of soft contact lens wearers report ocular dryness and discomfort [19,20]. 

It has been stated that this, so-called, ectopic corneal pain could be due to subclinical 

inflammation with the presence of normal tear secretion and corneal sensitivity [21,22]. 

Contact lens wear has been shown to induce higher ocular temperature and conjunctival 

hyperemia, which supports the notion that soft contact lens wear induces ocular surface 

inflammation, along with other compromised ocular surface parameters, such as lower tear 

stability and higher ocular surface staining [13,23–25].

This manuscript aimed to review the findings of these non-invasive contemporary techniques 

for detecting inflammatory responses at the cellular and molecular levels, including a) 

Ocular inflammatory response related to contact lens wear in humans; b) Recent objective 

methods used to evaluate the inflammatory responses on the ocular surface; and c) Potential 

factors that may be related to the risk of ocular inflammatory events in contact lens wearers.

2. Ocular surface inflammation in contact lens wear

The proposed mechanism driving this contact lens related inflammatory response can be 

described in two main steps: First, the ocular surface releases pro-inflammatory molecules 

and proteins [2,26] in response to the presence of a contact lens. These proteins then 
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modulate the ocular surface (i.e, migration of antigen presenting cells and changes in the 

morphology of conjunctival cells) and these changes further drive the inflammatory cascade, 

in a vicious cycle (Fig. 1) [27]. These inflammatory responses can be measured 

noninvasively as is discussed in this manuscript (Fig. 1).

When a pathogen or foreign body is presented to the ocular surface, the innate immune 

system is activated, which leads to the secretion of certain inflammatory proteins by natural 

killer cells (NK cells) which in turn, can damage the ocular surface [28]. One family of the 

innate immune response proteins, the toll-like receptors (TLRs), can be activated by 

pathogen associated molecular patterns (PAMPs) on pathogens and endogenous ligands of 

intracellular components of dead cells, such as small nuclear ribonucleoprotein particles 

(snRNPs) [29]. In contact lens wear, TLRs are likely to be modulated by microbes and their 

products on the contact lenses and/or the damaged epithelial cells caused by contact lens 

wear [30]. After the activation of TLRs, Interleukin-1R associated kinase (IRAK) is 

activated and leads to activation of the Nuclear Factor kappa light chain enhancer of 

activated B cells (NF-kβ) pathway on the ocular surface. This leads to expression of multiple 

cytokines and chemokines, including interleukin (IL)-1α, IL-1β, IL-6, IL-8, IL-23, IL-17A, 

interferon (IFN)-γ and tumor necrosis factor (TNF)-α. Even though the activation of TLRs 

has been identified in dry eye [31], corneal inflammation and infection in animal studies 

[32,33], an appropriate animal model to study the role that TLRs in contact lens wear 

induced inflammation is warranted.

Damaged cells of the ocular surface can also release cytokines and chemokines and 

transform immature antigen presenting cells (APCs), which are dendritic cells and 

macrophages, into mature APCs [34]. APCs play a vital role in the activation of the immune 

system and the communication between B and T cells [35–37]. In the presence of certain up-

regulating inflammatory mediators (IL-1, IL-6, IL-8, TNF- α and IFN-γ), infiltrating T 

cells, macrophages and HLA class II molecules on APCs increase in the epithelium on the 

ocular surface [38,39], which may up-regulate neuropeptides as inflammatory mediators 

[40,41]. Increased expression of inflammatory mediators was shown to correlate negatively 

with goblet cell density of the conjunctiva [42]. The released cytokines and chemokines may 

also lead to apoptosis of the ocular surface cells (Fig. 1). However, these relationships have 

not been fully investigated in contact lens wearers.

2.1. Inflammatory mediators on the ocular surface

More than 1500 proteins have been identified on the ocular surface and tear film [43,44]. 

Among them, at least 25 inflammatory mediators can be detected in tears in healthy 

subjects[45]. In this review, the known inflammatory mediators related to contact lens wear 

are briefly discussed in this section and the association with contact lens wear is further 

addressed in Section 3.1.2.

IL-6, IL-8 and TNF-α are the most studied inflammatory mediators during contact lens wear 

and are up-regulated in inflammation and/or infection by activation of inflammatory cells. 

Their role on the ocular surface is to defend against pathogens and promote epithelial wound 

healing [46–50]. Higher tear IL-6 and IL-8, but not TNF-α, concentrations are significantly 

associated with ocular surface integrity and goblet cell density [51,52]. TNF-α stimulates 
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the acute phase reaction and the reaction with other cytokines (IL-1, IL-17 and IFN-γ) also 

leads to cell apoptosis on the ocular surface [53].

IL-10, IL-12 and matrix metalloproteinases-9 (MMP-9) have also been studied during 

contact lens wear. IL-10, which is suppressed by IL-12 [54], is a potent inhibitor or 

autoregulator of IL-8. The ratio of IL-8/ IL-10 may be an important marker of the overall 

ocular inflammatory status. IL- 12, released by APCs, is a potent regulator of T-helper type 

1 (Th1) cells, whose role it is to terminate bacteria on the ocular surface; however, it also 

damages normal tissue [55]. MMP-9 is produced by stressed corneal and conjunctival 

epithelial cells [56]. An increase in MMP-9 could be related to immunological inflammation 

and by degrading collagen, it may contribute to poorer corneal barrier function and corneal 

epithelial desquamation. This may further affect wound healing on the ocular surface [57–

59].

Mature IL-1β acts as a mediator of the inflammatory response for defending against 

infection, increasing cellular activity [53] and inducing other cytokines (IL-6, IL-8 and TNF 

α) and stimulating MMPs, particularly MMP-9 [60–63]. It has been shown that higher tear 

IL-1β concentration is associated with severity of dry eye disease and ocular surface staining 

[51,52]. In contrast, IL-1 receptor antagonist (IL-1Ra) inhibits the activity of the IL-1β by 

binding to the type 1 IL-1 receptor [64]. Therefore, the imbalance between IL-1β and 

IL-1Ra has been speculated as a reason for the excess presentation of IL-1β on the ocular 

surface in bacterial keratitis [65]. However, the balance between proand anti-inflammatory 

mediators has not been investigated in contact lens induced ocular surface inflammatory 

events.

During an inflammatory event such as bacterial or an autoimmune keratitis, IL-17, which is 

activated by memory T cells, is responsible for the induction of other cytokines, chemokines 

and MMPs by the epithelial cells of the ocular surface [65,66]. An increased concentration 

of IL-17 is also associated with corneal damage during systematic inflammatory disease [66] 

and linked to many immuno-pathological changes [53,65,67]. In support of this, elimination 

of IL-17 has been shown to attenuate the severity of dry eye [53].

Pain sensation is also one of the clinical signs of inflammation. Therefore, neuromediators, 

such as nerve growth factor, substance P and calcitonin gene related peptides, are also 

considered as inflammatory mediators [40,41,68]. Up-regulation of neurotransmitters have 

been reported in allergy, inflammation and injury on the ocular surface [68–70]. Differences 

in substance P and calcitonin gene related peptides were not found in healthy contact lens 

wearers [14], however further research is needed in those with ocular surface inflammation.

2.2. Conjunctival cells

Mucin has an important role in the stabilization of the tear film [71] and is also identified as 

a defense layer against bacteria. The mucin layer of the tear film functions to bind with 

foreign particles and bacteria which is then removed by the blinking action of the eyelids. 

For example, higher Pseudomonas aeruginosa adhesion to mucin was found in ocular 

pathogenic strains [72]. Mucin also contains molecules with antimicrobial properties such as 

IgA, lactoferrin and lysozyme to protect the ocular surface from infections [73].
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Contact lens wear interferes with the structure of the mucin layer and induces inflammatory 

cells which may cause actual goblet cells loss [74–76]. The consequent decrease in mucin 

secretion can lead to keratinization [77] in which epithelial cells separate and show 

upturning of their edges. These features are thought to be morphologically characteristic of 

cells that are about to be shed from the ocular surface [77]. Therefore, the density of goblet 

cells and the morphology of human conjunctival epithelium have been evaluated in contact 

lens wear and this is further addressed in Section 3.2.

2.3. Antigen presenting cells (APCs) on the ocular surface

APCs are Y- or X-shaped forms with a small cell body [78,79]. As mentioned in Section 2, 

inflammatory mediators activate APCs to morph from an immature form (cell bodies only) 

into a mature form (long dendrites) [34–37,80]. Migration of epithelial dendritic cells into 

the central cornea is considered pathognomonic of activation of the immune response on the 

ocular surface [81,82]. Also, dendritic cell density and maturation in conjunctiva and eyelid 

may represent the status of ocular inflammation [83–85].

3. Evaluation of ocular surface inflammation at the cellular and molecular 

level

In this section, the methodology of sample collections and analyses of tear inflammatory 

mediators, conjunctival cell morphology, including goblet cell density and epithelial 

squamous metaplasia, and antigen presenting cells on the ocular surface and the effects of 

contact lens wear are discussed.

3.1. Inflammatory mediators

A broad range of inflammatory mediators, including those pro-inflammatory cytokines, 

chemokines, MMPs and neuromediators described in Section 2.1, can be detected in human 

tears and conjunctival cells. Inflammatory mediator concentrations have been shown to be 

directly associated with ocular surface staining, severity of dry eye (including contact lens 

related dry eye) and allergies. For example, there are significant increases in IL-1β, IL-1Ra, 

IL-6, IL-8, IL-10, IL-17A, TNF-α, MMP-9 and nerve growth factors and decrease in 

calcitonin gene related peptide in dry eye and associated with staining [52,56,57,66,86–94] 

and increased IL-1β, IL-2, IL-6, IL-10, IL-12, TNF-α, substance P and calcitonin gene 

related peptide in allergy [95,96]. Additional tear film biomarkers such as IgE, histamine, 

tryptase, prostaglandin, leukotriene B4, and eosinophilic cationic protein are also present in 

allergy, often related to degranulation of a mast cell or as a consequence of the release of 

inflammatory mediators from the degranulation of a mast cell [97]. Tear analysis of 

inflammatory mediators is more common than conjunctival cell analysis since it is relatively 

less invasive and requires fewer procedures in sample collection and extraction.

3.1.1. Tear analysis—A number of different techniques of tear collection have been 

reported in the literature. Possible methods used to collect tears include microcapillary tubes 

(Fig. 2A), Schirmer strips (Fig. 2B) and microsponges (Fig. 2C). Different types of tears 

[98], such as flush, reflex or basal tears can also be collected. The collection method and/or 

the type of tears collected can significantly affect tear protein concentrations [99–101]. For 
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example, levels of albumin, transferrin and Immunoglobulin G are significantly higher in 

samples collected by Schirmer strips than by glass capillary [102]. It was postulated that 

reflex tears may have resulted from the discomfort produced by the strips or sponges in the 

eye [99,100]. Tear proteins may also interact with the collecting tube material (glass/plastic). 

Flush and reflex tears have been shown to have lower concentration of tear proteins and 

inflammatory mediators than normal tears, due to the dilution of the tears [103]. Thus the 

method and type of tear collection must be taken into account when comparing studies.

Concentrations of tear cytokines have been quantified using Enzyme Linked Immuno 

Sorbent Assay (ELISA), Cytometric Bead Assay (CBA), microarrays, membrane assay 

(MA), Polyacrylamide Gel Electrophoresis (PAGE), and multiplex bead and 

electrochemiluminescence-based assays [45,52,89,104–109]. Among these, ELISA is 

considered the current gold standard and remains the most commonly used method to 

measure tear cytokine concentrations. However, the small volume of tears that can be 

collected from human subjects limits the number of cytokines that can be evaluated from a 

single sample of up to 10–12 μl of basal tears. With the recent advent of multiplex 

techniques, multiple tear proteins can be measured from a single sample of volume as small 

as a few microliters (μl). Multiplex assays have, as a result, been increasingly used, but they 

are not without their limitations [45,110–113]. La Fránce et al. [114] showed that in different 

multiplex assays, the level of tear dilution and the sample preparation can affect the 

concentration of tear cytokines measured. Good within-kit/operator repeatability was 

recently reported using custom bead-based multiplex assays but significant differences 

across studies of similar patient populations were also found [115].

The relative ability of ELISA and multiplex assays to measure tear cytokines has not, so far, 

been assessed. However, preliminary data indicate coefficients of repeatability for measuring 

tear IL-6 concentration using both validated techniques at 234 pg/ml for bead-based 

multiplex analyses (Bio-Rad Laboratories, CA) and 5.3 pg/ml for ELISA (Affymetrix 

ebioscience, CA) (unpublished data Chao and Richdale). There are large differences in the 

level of IL-6 detected [multiplex: mean 406 ± 132 pg/ml; ELISA: mean 5 ± 11 pg/ml; n = 

24] and no correlation between the concentrations determined by these two methods. Similar 

to tear collection methods, the use of different tear analysis methods makes it difficult to 

compare across studies. There are not enough published data to indicate which method may 

be superior.

3.1.2. Tear inflammatory mediators in contact lens wear—Both contact lens wear 

and contact lens associated inflammatory diseases have the ability to up- or down-regulate 

certain tear cytokines [2,116–118] (Table 1). For example, IL-6, 8, TNF-α and MMP-9 are 

increased in healthy contact lens wearers [2,108,119–122]. The influence of contact lenses 

on ocular surface inflammation was seen in a study where IL-6 levels could only be detected 

in contact lens wearers but not in non-lens wearers [108]. Furthermore, IL-6 was not 

detectable when contact lens wear was ceased for 6 days, and returned to the original values 

upon resuming lens wear [108]. However, the changes in tear IL-6 and TNF-α after short 

term daily soft contact lens wear could not be replicated when measured using multiplex 

assays [112]. This highlights the impact of analysis methods on the results of changes in tear 

film inflammatory mediator concentration after contact lens wear. Differences in tear nerve 
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growth factor, substance P and calcitonin gene related peptides were not found between 

healthy contact lens and non-lens wearers [14,123]. In contrast, concentrations of IL-1β and 

IL-12(p70) decreased after short-term daily contact lens measured using multiplex assays 

[112].

Contact lens discomfort is a major problem for contact lens wear [19,20,129]. However, 

there have been no reported association between absolute concentrations of cytokines and 

contact lens induced discomfort [112]. Interestingly, a higher concentration of tear nerve 

growth factor has been reported in symptomatic soft contact lens wearers [123]. The 

comparisons in tear neuropeptide and cytokine concentrations between symptomatic and 

asymptomatic contact lens wearers require further investigation.

Many tear proteins, including GM-CSF, IFN-γ, TNF-α, IL-2, IL-4, IL-5, IL-6, IL-13, IL-15 

and IL-17, increased with the use of certain lens care products [125]. MMP-9 and its tissue 

inhibitor metalloproteinase (TIMP)-1 are up-regulated during overnight contact lens wear 

[128]. However, differences could not be demonstrated in 27 cytokine concentrations (IL-1β, 

IL-1Ra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15 and 

IL-17A, TNF-α, IFN-γ, GM-CSF, Exotaxin, FGF-b, G-CSF, IP-10, MCP-1, MIP-1α and β, 

PDGF-BB, RANTES and VEGF) between 30 days of extended, versus daily, silicone 

hydrogel soft contact lens wear [127].

A trend for increased levels of IL-6, IL-8 and GM-CSF in reflex tear has been suggested in 

subjects with contact lens induced red eye (CLARE) and contact lens induced peripheral 

ulcer (CLPU) [117]. Higher tear IL-6, IL-8 and IL-10 concentrations were found in a patient 

with CLARE using the aforementioned 27 cytokine multiplex assay [127]. However, these 

27 cytokines mentioned above have only been studied when first initiating lens wear [112]. 

Also, the levels of these cytokines/inflammatory mediators, including neuromediators, need 

to be evaluated in contact lens-induced inflammatory events, due to their role in the normal 

ocular immune defense system.

3.2. Conjunctival cell morphology

Apart from tear analysis, conjunctival cells have been used to assess the ocular surface 

inflammatory responses. Abnormal cellular findings reported in ocular surface disease have 

been typically described as an increase/enlargement in the epithelial cell size and change to 

epithelial cell shape from round or oval to polygonal, with concurrent decrease in the size of 

the nuclei and/or a snake like appearance of the nucleus, and a decrease in goblet cell 

density [130–132]. Conjunctival epithelium morphology and goblet cell density have been 

evaluated in ocular inflammation associated with dry eye [31,133], after LASIK surgery 

[134,135], trachoma [136], chemical burn [137] and other ocular surface diseases [132,138–

144].Lower goblet cell density and MUC5AC and higher squamous metaplasia were also 

found in atopic subjects with corneal ulcer [145]. Recently, impression cytology of a specific 

conjunctival region at the lid margin (often called the lid wiper) has been used to 

characterize ocular surface health [146,147]. Differences in cell morphology in the lid wiper 

area between contact lens and non-lens wearers have not been investigated.
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3.2.1. Conjunctival cell collection and analysis—Conjunctival impression cytology 

is considered as a form of “conjunctival biopsy.” Impression cytology can be easily 

conducted on the ocular surface with filter inserts (Fig. 3A) or filter papers. Filters with 

different pore size, between 0.025–0.45 μm, and the presence of surfactant, affect the 

consistency of cells yielded and the details of the cell morphology [148,149]. Larger pore 

size filters can pick up more cells than smaller pore size filters without being affected by the 

presence of surfactant [148]. However, the details of cell morphology could be better 

observed with smaller pore size [148]. Periodic acid-Schiff staining (PAS) (Fig. 3B) is one 

of the most common methods to evaluate conjunctival impression cytology samples. In 

addition, immunolabelling staining of MUC5AC, a type of mucin secreted by conjunctival 

goblet cells, can be used for the assessment of mucin expression (Fig. 3C) [145]. The most 

common assessment of conjunctival cell homeostasis is conducted through measurement of 

goblet cell density and epithelial metaplasia [150]. Therefore, the selection of filters depends 

on the purpose of the observation and has to be considered when comparing studies.

In vivo confocal microscopy has also been used to assess human conjunctival cells and 

image the superficial conjunctival epithelial layer with its hyper-refractive desquamating 

cells and presumed goblet cells (Fig. 3D). Impression cytology and confocal microscopy 

methods have shown good correlation in the measurement of goblet cell density [151,152]. 

Even though in vivo confocal microscopy allows less invasive conjunctival cell assessment, 

limitations of in vivo confocal microscopy include: a. Small area (400 μm2) scanned, which 

is likely to induce higher variability of density estimations; b. Significant inter-observer 

difference in counting assumed goblet cells density [153]; c. Less detailed cell morphology, 

such as cell nuclei and cytoplasm comparing with impression cytology sample (Fig. 3B and 

D).

3.2.2. Conjunctival cell morphology in contact lens wear—Reduced goblet cell 

density has been widely reported in contact lens wearers (reviewed in Doughty 2011 [154]), 

even though a small number of prospective studies have not been able to show this effect 

[138,155–158]. Significant differences in temporal bulbar conjunctival goblet cell density 

were not demonstrated using impression cytology between habitual contact lens wearers (11 

years) and non-lens wearers (Fig. 4A) [159]. This is consistent with findings previously 

reported from a study using in vivo confocal microscopy [79]. There was also no difference 

in goblet cell density between hydrogel and silicone hydrogel in extended wear over a 6-

month study period [155]. However, higher goblet cell density was found with 2-weekly 

reusable soft lens wear compared to daily disposable lens wear over a 6-month period [160]. 

Changes in goblet cells were associated with contact lens intolerance and/or contact lens 

papillary conjunctivitis, which could be attributed to possible lipid deposition from the 

irritated goblet cells [77,154,155,161,162]. These inconclusive findings suggest the use of a 

more functional measure, such as the number of MUC5AC positive goblet cells, as a more 

efficient method to characterize the ocular surface inflammation [163]. Future randomized 

controlled clinical trials are needed to further understand the effect of contact lens wear on 

conjunctival cell morphology.

Contact lens wear has been shown to cause conjunctival metaplasia [138]. Epithelial 

metaplasia increases with duration of contact lens wear [155,157,164,165]. It is 

Chao et al. Page 8

Cont Lens Anterior Eye. Author manuscript; available in PMC 2020 May 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



hypothesized that mechanical friction, contact lens induced dry eye or solution toxicity may 

be causing the conjunctival epithelial changes. In a study with 34 habitual contact lens and 

37 non lens wearers, significantly greater conjunctival metaplasia measured using Nelson 

grading scheme was found [132] in the contact lens wear group than the non-lens wearers 

(Fig. 4B, p = 0.02)[159]. Higher density of superficial conjunctival epithelial cells was also 

observed in contact lens wearers compared to controls using in vivo confocal microscopy 

[79]. Higher epithelial cell density in contact lens wearers may be because of the delayed 

desquamation/keratinization caused by retardation of the cells, which could not have been 

observed using in vivo confocal microscopy. Therefore, the grading of metaplasia using 

impression cytology may be a better biomarker of tissue damage than goblet cell density for 

contact lens wearers.

On the basis of ocular surface inflammation (Fig. 1), it can be expected that there are 

changes in goblet cell density, MUC5AC expression and squamous metaplasia in contact 

lens induced corneal infiltrative events. Further investigation is required in this area.

3.3. Epithelial dendritic cells

Density of epithelial dendritic cells is higher in the periphery compared to the central cornea 

[166,167]. Epithelial dendritic cells have been found in increased numbers in the central 

cornea of dry eye [168], diabetic neuropathy [27], Thygeson’s disease [169], bacterial 

keratitis [65] and mechanical corneal injury patients [170]. Higher conjunctival dendritic cell 

density was also found in Langerhans cells histocytosis [171], atopic dermatitis [172], ocular 

cicatricial pemphigoid [84] using eye specimens and vernal keratoconjunctivitis using in 
vivo confocal microscopy [83,173].

3.3.1. Ocular surface epithelial dendritic cell analysis—Confocal microscopy 

allows in vivo visualization and quantification of the number of dendritic cells in the cornea 

(Fig. 3E), conjunctiva (Fig. 3F) and lid wiper. The maturity of dendritic cell visualized using 

in vivo confocal microscopy may also provide clues to the status of inflammation 

[78,80,83,173].

3.3.2. Ocular surface epithelial dendritic cells in contact lens wear—Dendritic 

cell recruitment to the central cornea has been shown to occur following as little as one week 

of contact lens wear in humans [167,174,175] and in animal models [55,176]. With 

cessation of contact lens wear, a corresponding decline in dendritic cell density is noted, 

with minimal detection of dendritic cells after 2 weeks of no lens wear in an animal model 

[55]. Corneal dendritic cell recruitment may also be higher in silicone hydrogel than 

hydrogel wearers, as well as higher in peroxide than multipurpose solution users [174]. A 

relationship between corneal dendritic cell density and corneal staining could not be 

demonstrated, in either contact or non-contact lens wearers [177]. Changes in corneal 

dendritic cell response over a period of contact lens wear beyond 1 month has not been 

investigated, nor has the time course of dendritic cell changes following discontinuation of 

contact lens wear in humans. Levels of dendritic cells have also not been measured during 

active contact lens-related inflammation.
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Dendritic cell density at nasal bulbar conjunctiva assessed using in vivo confocal 

microscopy increased 1 week after hydrogel contact lens wear and returned to baseline 

levels at 24 weeks [76]. Another study confirmed that there was no difference between 

experienced contact lens wearers and non-lens wearers [78]. Higher dendritic cell density in 

lid wiper was found in contact lens wearers with dry eye compared to contact lens wearers 

without dry eye and non contact lens wearers [76], which could be contributed to the 

rubbing effects [76] between lid wiper caused by insufficient tear film. These findings 

confirmed that conjunctival dendritic cells play a role in innate immune system with higher 

density immediately after contact lens wear. The migration and maturation of conjunctival 

dendritic cells in contact lens-related inflammation require further investigation.

4. Factors affecting ocular surface inflammation

Contact lens wear related factors, such as duration of wear, lens power, replacement 

schedule and lens materials [1,178]; and behaviors and non-modifiable patient factors, such 

as age and sex, must be taken into consideration when investigating contact lens related 

ocular surface inflammation. For example, the peak prevalence for contact lens induced 

corneal inflammatory events occurs in 15–44 years old [178–181]. However, the effect of 

age and innate immune system in contact lens related corneal infiltrates event has not been 

investigated. Smoking [182], poor hygiene [182], exposure of contact lenses to tap water, 

sleeping, showering or swimming in contact lenses are established risk factors for the 

development of ocular inflammation and infection [183]. General health issues such as 

diabetes, herpes and autoimmune diseases can also affect the ocular surface. General history 

taking and use of instruments such as the Contact Lens Risk Survey [183] can facilitate a 

proactive management approach to contact lens related ocular surface inflammation.

It is the clinical experience of the authors that some contact lens wearers remain more 

susceptible to ocular inflammation than others. Recent research in the field of genetics and 

ocular microbiome may provide further insight into the possible causes of contact lens 

related infiltrative events. Genetic differences in single nucleotide polymorphisms (SNPs) of 

key inflammatory cytokines [118,184,185] and ocular microbiome [186] have been linked to 

susceptibility to and severity of corneal infiltrative events during contact lens wear. Further 

work is needed in this area including confirmation of the existence of a microbiome on the 

ocular surface. Future studies should focus on whole genome sequencing, which has been 

successfully used in other eye and vision fields [187–189], and the association with 

microbiomes on the ocular surface in contact lens wear.

5. Conclusion

Recent improvements in technology have significantly increased the ability to quantitatively 

and objectively assess the inflammatory status of the human ocular surface in vivo. This 

manuscript provided a review of contemporary techniques to measure the inflammatory 

responses on the ocular surface during contact lens wear, and highlighted the potential 

limitations of techniques and challenges comparing results across studies, suggesting that 

standardizing test methods and interpretations are required. This review also identified the 

following future research needs.
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• To evaluate the TLRs that lead to a cascade of expression of multiple cytokines 

and chemokines in contact lens wear.

• To understand the mechanism by which the inflammatory mediators, such as 

IL-1, IL-6, IL-8, TNF- α and IFN-γ, infiltrating T cells, macrophages and HLA 

class II molecules on APCs lead to ocular surface cell apoptosis during contact 

lens wear.

• To consider the balance of pro- and anti- inflammatory cytokine concentrations, 

such as IL-1β:IL-1Ra, which is seen in bacterial keratitis, in contact lens wear 

and other associated inflammatory events.

• To investigate the diurnal changes in the concentration of inflammatory 

mediators in order to standardize the tear collection time.

• To assess the role of neurotransmitters such as substance P and calcitonin gene 

related peptides, which are linked to pain sensations, on symptoms of dryness 

and discomfort in symptomatic contact lens wearers.

• To evaluate the ocular surface cellular changes by investigating the MUC5AC 

positive goblet cells and imaging techniques for conjunctival metaplasia in 

contact lens wearers.

• To better understand environmental and general health related variations in the 

concentrations and of ocular surface inflammatory mediators.

• To evaluate potential genetic differences in the SNPs of key inflammatory 

cytokines and the ocular microbiome between asymptomatic and symptomatic 

contact lens wearers to better understand risk factors.

Further work is required to understand the mechanism of contact lens related inflammation 

and link risk factors to the ocular inflammatory response. The results of future studies will 

hopefully allow for characterization of individual susceptibility to contact lens induced 

ocular surface inflammation and support the development of improved treatment and 

management options for all contact lens wearers.
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Fig. 1. 
Brief schematic diagram of ocular inflammation induced by contact lens wear and its 

measurements. TLRs: toll-like receptor; NK cells: natural killer cells. The blue boxes 

describe recent methods used to objectively measured lens induced inflammation. (For 

interpretation of the references to colour in this figure legend, the reader is referred to the 

web version of this article.)
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Fig. 2. 
Possible methods of tear collections, using a microcapillary tube (A), a Schirmer strip (B) 

and a microsponge (C).
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Fig. 3. 
Ocular surface cell morphology. Conjunctival impression cytology using filter insert (A); 

conjunctival cells stained with PAS (B) and MUC5AC (C). Presumed goblet cells (arrow) 

(C), epithelial dendritic cells (arrow) (D) on conjunctiva and presumed dendritic cells on 

cornea using in vivo confocal microscopy.
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Fig. 4. 
Goblet cell density (A) and conjunctival epithelial metaplasia (B) between contact lens and 

non-contact lens wearer [159]. The contact lens wear group demonstrated a significantly 

higher conjunctival metaplasia grade than the non-lens wear group.
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Table 1

Changes in key known tear inflammatory mediators in soft contact lens wear and contact lens related 

situations in human’s studies.

 Tear Protein Healthy SCL Wear Multipurpose Solution Contact lens induced CIEs

 IL-1β ↓[112], ↑[124] – –

 IL-6 ↑[2,108,116];
↓[124]
↑Trend[120]

↑[125,126] ↑[117,127]

 IL-8 ↑[2,116],
=[112,124]
↑Trend[120]

↑[126] ↑[117,127]

 IL-10 – – ↑[127]

 IL-12 ↓[112] – –

 IL-17A – ↑[125] –

 TNF- α =[112] ↑[125] –

 MMP-9 ↑[128]
↑Trend[120]

– –

 NGF =[123] – –

 Substance P =[14] – –

 CGRP =[14] – –

NGF: nerve growth factor, CGRP: calcitonin gene related peptide; SCL: soft contact lens; CIEs: corneal infiltrative events; ↑: increase; ↓: decrease; 
___: not reported; =: No significant changes.
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