
UC Irvine
UC Irvine Previously Published Works

Title
American Academy of Optometry Microbial Keratitis Think Tank.

Permalink
https://escholarship.org/uc/item/7df0088n

Journal
Optometry and Vision Science, 98(3)

ISSN
1040-5488

Authors
Szczotka-Flynn, Loretta B
Shovlin, Joseph P
Schnider, Cristina M
et al.

Publication Date
2021-03-12

DOI
10.1097/opx.0000000000001664
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7df0088n
https://escholarship.org/uc/item/7df0088n#author
https://escholarship.org
http://www.cdlib.org/


American Academy of Optometry Microbial Keratitis Think Tank

Loretta Szczotka-Flynn, OD, PhD, FAAO, Joseph P. Shovlin, OD, FAAO, Cristina M. 
Schnider, OD, MBA, FAAO, Barbara E. Caffery, OD, PhD, FAAO, Eduardo C. Alfonso, MD, 
Nicole A. Carnt, BOptom, PhD, FAAO, Robin L. Chalmers, OD, FAAO, Sarah Collier, MPH, 
Deborah S. Jacobs, MD, MSc, Charlotte E Joslin, OD, PhD, FAAO, Abby R. Kroken, PhD, 
Carol Lakkis, BScOptom, PhD, FAAO, Eric Pearlman, PhD, Oliver D. Schein, MD, MPH, 
MBA, Fiona Stapleton, PhD, FCOptom, FAAO, Elmer Tu, MD, Mark D. P. Willcox, PhD, DSc, 
FAAO
Case Western Reserve University Department of Ophthalmology & Visual Sciences, University 
Hospitals of Cleveland Eye Institute, Cleveland, Ohio (LS-F), Northeastern Eye Institute, 
Scranton, Pennsylvania (JPS), C Schnider Insights & More, Brush Prairie, Washington (CMS), 
Toronto Eye Care, Toronto, Ontario, Canada (BEC), Bascom Palmer Eye Institute, University of 
Miami Miller School of Medicine, Miami, Florida (ECA), School of Optometry and Vision Science, 
University of New South Wales, Sydney, New South Wales, Australia (NAC, FS, MDPW), Clinical 
Trial Consultant, Atlanta, Georgia (RLC), US Centers for Disease Control and Prevention, Atlanta, 
Georgia (SC), Massachusetts Eye and Ear, Cornea Service, Harvard Medical School, Boston, 
Massachusetts (DSJ), Department of Ophthalmology and Visual Science, College of Medicine, 
Division of Epidemiology and Biostatistics, School of Public Health, University of Illinois at 
Chicago, Chicago, Illinois (CEJ), School of Optometry, University of California, Berkeley, Berkeley, 
California (ARK), iBiomedical Consulting, Jacksonville, Florida (CL), University of Houston 
College of Optometry, Houston, Texas (CL), Departments of Ophthalmology, and Physiology and 
Biophysics, University of California, Irvine, Irvine, California (EP), Wilmer Eye Institute, Johns 
Hopkins University School of Medicine, Baltimore, Maryland (ODS), and University of Illinois Eye 
and Ear Infirmary, Chicago, Illinois (ET)

Abstract

Significance.—Think Tank 2019 affirmed that the rate of infection associated with contact 

lenses has not changed in several decades. Also, there is a trend towards more serious infections 

associated with acanthamoeba and fungi. The growing use of contact lenses in children demands 

our attention with surveillance and case control studies.

Purpose.—The American Academy of Optometry (AAO) gathered researchers and key opinion 

leaders from around the world to discuss contact lens associated microbial keratitis at the 2019 

AAO Annual Meeting.

Methods.—Experts presented within four sessions. Session 1 covered the epidemiology of 

microbial keratitis, pathogenesis of Pseudomonas aeruginosa, and the role of lens care systems and 

storage cases in corneal disease. Session 2 covered non-bacterial forms of keratitis in contact lens 

wearers. Session 3 covered future needs, challenges and research questions in relation to microbial 
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keratitis in youth and myopia control, microbiome, antimicrobial surfaces, and genetic 

susceptibility. Session 4 covered compliance and communication imperatives.

Results.—The absolute rate of microbial keratitis has remained very consistent over 3 decades 

despite new technologies, and extended wear significantly increases the risk. Improved oxygen 

delivery afforded by silicone hydrogel lenses has not impacted the rates, and while the 

introduction of daily disposable lenses has minimized the risk for severe disease, there is no 

consistent evidence that they have altered the overall rate of microbial keratitis. Overnight 

orthokeratology lenses may increase risk for microbial keratitis, especially secondary to 

Acanthamoeba, in children. Compliance remains a concern and a significant risk factor for 

disease. New insights into host microbiome and genetic susceptibility may uncover new theories. 

More studies such as case-control designs suited for rare diseases, and registries are needed.

Conclusions.—The first annual AAO Think Tank acknowledged that the risk of microbial 

keratitis has not decreased over decades, despite innovation. Important questions and research 

directions remain.

In the past several decades, we have seen tremendous increases in technology in the areas of 

contact lens materials, design, and wearing modalities. Changes have occurred in contact 

lens affordability and access around the world. New research and regulatory approvals in the 

critical area of myopia control have the potential to further expand the reach of contact 

lenses into ever younger and broader audiences. However, questions remain regarding ways 

to improve the safety of contact lenses, particularly with regards to contact lens-related 

microbial keratitis. The first annual American Academy of Optometry Think Tank gathered 

several researchers and key opinion leaders around the world to tackle this topic at the 2019 

Annual Meeting of the American Academy of Optometry. The Think Tank Organizing 

Committee (BC, JS, CS, LS-F) consisted of 2 leaders from the 2019 American Academy of 

Optometry (AAO) Board of Directors (President and Immediate Past Chair) and 2 leaders 

from the AAO Section on Cornea, Contact Lenses and Refractive Technologies (2019 Chair 

and Special Advisor). The Organizing Committee selected researchers and key opinion 

leaders based on their past contributions and on-going research to the Think Tank topic, 

“Microbial Keratitis”. Consideration was given to matching presenters to specific topic areas 

of interest where gaps in research exist such as identifying and minimizing risk, making a 

timely diagnosis with new technology, and employing management strategies for corneal 

infections in contact lens wearers in order to reduce morbidity. Fifteen invitations were 

extended with only two invitees declining their offer. The individuals who declined had 

conflicts and either sent their research associate to present their laboratory’s data or 

suggested that other Think Tank members could comprehensively cover their same topic.

SESSION 1- WHAT WE KNOW TODAY ABOUT CONTACT LENS-RELATED 

MICROBIAL KERATITIS

Panel: Fiona Stapleton, FCOptom, PhD; Abby Kroken, PhD, Oliver Schein, MD, MPH, 

MBA; and Carol Lakkis, BScOptom, PhD

The first session of the Think Tank brought together experts on the epidemiology of 

microbial keratitis, the pathogenesis of Pseudomonas aeruginosa, a pathogen commonly 
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responsible for contact lens-related microbial keratitis, and the role of lens care systems and 

storage cases in corneal disease.

Epidemiology

Stapleton has directed or been critically involved in many of the seminal studies on rates and 

risks of microbial keratitis since the hallmark studies by Poggio and Schein, published in 

1989.1, 2 Her conclusions mirror those of the earlier studies: the absolute rate of microbial 

keratitis has remained very consistent at 2-4/10,000 contact lens wearers per year over many 

decades and technologies, and extended wear or overnight wear increases the risk.3 She also 

noted that while the introduction of daily disposable lenses has minimized the risk for severe 

disease (i.e. a positive corneal culture or a corneal infiltrate and overlying epithelial defect 

with either central location, uveitis or significant pain),4 there is no consistent evidence that 

they have significantly altered the overall rate of microbial keratitis.3

Numerous studies have confirmed that the incidence of infection is highest for extended 

wear and lowest for daily wear, with occasional overnight use associated with rates 

somewhere in between (Figure 1).1, 3–10 Newer data shows that the improved oxygen 

delivery afforded by silicone hydrogel (SiH) lenses has not appreciably impacted microbial 

keratitis rates, particularly for extended wear.3, 11 Corneal rigid gas permeable lenses 

(RGP/GP) worn on a daily wear basis have been associated with a low risk of infection.3 

There are limited data on overnight use of RGPs, such as with orthokeratology, but a 

retrospective analysis estimated a similar rate of microbial keratitis as seen with other 

overnight wear modalities, although the confidence intervals on the estimate were large 

(7.7/10,000 orthokeratology wearers per year; range 0.9 to 27.8 per 10,000).9 It has also 

been reported that using overnight orthokeratology RGP lenses constituted a significant risk 

for acanthamoeba, along with storing lenses in tap water and topping off solutions.12 

Population based studies to establish risks associated with corneal infections in specialty 

RGP lens use are unavailable.

A useful approach to understanding risks shared by Stapleton was the concept of dividing 

risk factors into categories13:

• Consistent – corroborated by at least two well-controlled clinical studies

• Probable – confirmed by one well-controlled study with supporting data from 

case reports, etc.

• Inconclusive – limited to one study or conflicting information across studies

Further, as seen in Table 1, there are known risks for infection that are modifiable and non-

modifiable. Over the past five years, younger adult age appears as a consistent risk factor for 

infection, with several studies showing increased risk in groups ranging from twenty years 

of age well into the thirties.14, 15 Other risks to note are the firmly established modifiable 
risk factors including contact with tap water and storage case hygiene.3–5,10,13 Importantly, a 

population attributable risk percentage model predicts that disease load in daily wear 

reusable lenses could be reduced by almost two thirds by attending to just TWO factors: 

storage case hygiene and storage case replacement.4
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It is also important to distinguish the severe cases of microbial keratitis from those that have 

less potential for morbidity.(Figure 2) Data on severe cases strongly suggests that daily 

disposable lenses reduce the severity of disease.4, 16 Not surprisingly, daily disposable 

lenses, worn for pure daily wear (no overnight use), were associated with the lowest risk of 

severe infection.3,15 Severe disease was defined as central or large peripheral ulcers, or 

culture proven cases, or reduced best-corrected visual acuity. Daily disposable lenses proved 

to have a slightly lower culture proven rate of infection compared to other daily wear or 

extended wear microbial keratitis cases, and a significantly lower likelihood of 

environmental organisms as a cause. When looking solely at daily disposable lenses, 

overnight (non-compliant) wear, and not washing and drying hands are again impactful risk 

factors.16 In multivariable analyses, when controlling for other hygiene and compliance 

factors, material type (SiH or hydrogel) does not appear to be associated with an increased 

risk.3, 17 It has been well established, however, that the rate of infiltrative keratitis with SiH 

lenses is consistently higher than with hydrogels.18,19

Finally, in areas where colored/cosmetic lens use is prevalent, the rate of disease is 

disproportionately high, though there are no population based studies to develop incidence 

data.20–22 Of equal concern, is that despite the global focus on arresting myopia progression, 

the data on safety in children is scarce and variable.11,12

Pathogenicity of Pseudomonas aeruginosa

While recent years have seen a rise in keratitis due to environmental organisms such as 

Acanthamoeba and Fusarium, Pseudomonas aeruginosa remains the most common cause of 

serious infectious keratitis in contact lens wearers and is, therefore, an important area of 

study. Kroken provided an update on some of the newest research in the area of mechanisms 

of infection of the cornea by P. aeruginosa. A key finding was that individual P. aeruginosa 
bacteria behaved differently within a given cornea, suggesting that there are multiple 

virulence factors and some redundancy between them. Kroken discussed several related 

findings derived from observation of living P. aeruginosa in various environments, and more 

specifically, the intracellular lifestyle of P. aeruginosa.

Previously, their group demonstrated that P. aeruginosa exit after the invasion of a cell. The 

capacity to cross epithelial cell multilayers in vivo required a type of surface-associated 

movement called twitching motility.23, 24 Twitching is conferred by type IV pili (T4P), 

composed of PilA protein, and is accomplished through the extension (dependent on PilB) 

and retraction (dependent on PilT) of T4P by ATPases that antagonistically polymerize and 

depolymerize PilA.25

Another promising area of work has been the ability to look at how bacterial populations 

change when they are in contact with the ocular surface. As noted previously, bacteria 

require functioning T4P to move around in host tissue. Li and coworkers,24 showed that 

DMBT1, an abundant mucosal fluid glycoprotein, enabled tear fluid to inhibit P. aeruginosa 
twitching motility, even though T4P was expressed. These findings contribute to our 

understanding of mucosal fluid protection against infection, and suggest that DMBT1, or its 

derivatives, have potential as novel anti-virulence agents that protect against infection.
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In new work by Nieto et al,26 live wide-field fluorescent imaging combined with quantitative 

image analysis was used to explore how twitching contributes to epithelial cell egress. They 

found that twitching defective/lacking T4P mutants could invade epithelial cells, where they 

replicated forming intracellular aggregates but were defective in their capacity for cell 

egress. The wild-type bacteria slowly disseminated throughout the cytoplasm in a pattern 

consistent with twitching motility, while rapidly replicating. The authors concluded that 

intracellular motility is driven primarily by the T4P twitching function. In a publication 

related to this work,27 Kroken established that P. aeruginosa entered epithelial cells, with 

subsequent intracellular survival and replication occurring in both the cytosol and bleb 

niches, and that its entry was not restricted by the strain type nor epithelial cell type.

She also shared unpublished work showing that bacteria that make the secretion system 

needed for virulence (T3SS) only appeared to migrate about halfway through the corneal 

epithelium, but other T3SS-negative bacteria existed down to the basal lamina, suggesting a 

concept of sharing the burden of making virulence factors within a population. In short, 

bacteria not only adapt to the ocular surface through gene regulation but within a population, 

they also diversify in their activities to cause disease.

Furthermore, Kroken shared some research that looked at the host response to P. aeruginosa 
invasion using a live mouse model.28 Compared to the healthy mouse cornea, the contact 

lens wearing cornea contained moving cells in the stroma. Neutrophils were identified as a 

portion of this population through staining of fixed corneas. Of note is that no visible corneal 

opacification was discernible after a week of extended wear. However, when a lens with an 

established bacterial biofilm was placed on the eye for a period approaching 3 weeks, 

confocal microscopy revealed a slightly distorted epithelium and a complete remodeling of 

the stroma. Here the morphology of the keratocytes was missing, replaced by motile 

neutrophils, yet only moderate haze was visible on slit lamp examination. This work yielded 

a new model of the pathogenesis of contact lens-related keratitis.29(Figure 3)

This work yields some potentially promising avenues for a better understanding of both 

bacterial virulence factors and the host response to the bacteria. If we cannot keep the 

bacteria out of the cornea, can we at least limit its virulence? What are the implications of 

bacterial population biostability on anti-virulence strategies? Is the para-inflammatory 

environment after extended wear protective, or does it enable susceptibility to P. aeruginosa?

The Role of Care Solutions

Across the world, approximately 35% of contact lens wearers are in daily disposable contact 

lenses, either hydrogel (12%) or silicone hydrogel (22%), and this proportion continues to 

grow as affordability and parameter availability improve in the various markets.30 However, 

that means that 65% of wearers still require care solutions and cases, both of which are 

identified as risk factors for contact lens microbial keratitis. Lakkis shared some research on 

the relationship between solutions and microbial keratitis.

Lakkis reiterated data shared by Stapleton regarding the known association between 

contamination of storage cases when certain contact lens solutions are used, and microbial 

keratitis. Of note is that case contamination can occur even with proper compliance to wear 
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and care instructions. She also underscored the concern around the use of tap water by 

contact lens wearers. She reinforced that multiple factors contribute to the development of 

contamination: the inherent disinfection efficacy of the care system, microbial resistance, 

and the formation of biofilms.

Though all contact lens disinfecting systems must pass regulatory scrutiny before marketing, 

there have been several solutions associated with infections under certain conditions, 

including chlorine,31 heat,32 certain formulations containing PHMB4, 14 and the chlorine 

disinfectant in oxipol.33 Behavioral issues add to risks with case replacement4 and 

handwashing16 being two of the most relevant and modifiable factors.

Two outbreaks of note that were associated with solution inadequacies involved the 

environmental pathogens Fusarium solani and Acanthamoeba. During the Fusarium 
outbreak, it was discovered that the efficacy of the ReNu MoistureLoc formulation 

decreased with solution evaporation34 and the formulation showed instability at higher 

temperatures.35 Topping off was also a factor that contributed to the failure of the system.34 

Acanthamoeba infections with Complete MoisturePlus formulation were investigated. The 

combination of potassium chloride buffer and propylene glycol36 promoted encystment of 

Acanthamoeba. Additionally, risky behaviors including solution reuse and topping off, lack 

of lens rubbing, and showering with contact lenses37 were contributing factors.

Regardless of the pathogen, contamination of storage cases occurs in up to 80% of cases 

sampled.38–41 Frequent case replacement is essential, though single isolated colonies can be 

seen as early as 7 days of use of a new storage case, with microcolonies seen at 14 days and 

mature biofilms and heavy contamination by 30 days.42 When looking at risk factors for 

storage case contamination, reuse of solution is a major component, with 100% of cases 

contaminated when solutions are reused.41 Other key risks include male gender,41 bottle tip 

contamination,41 not rinsing the case, failure to handwash,40 and use of tap water to rinse.39

The literature surrounding contact lens care solutions and storage cases is clear: elimination 

of solutions and cases by using a daily disposable modality can reduce the risk of more 

severe infection but not eliminate the risk. Since affordability and availability issues remain, 

looking at enhanced antimicrobial activity is an option. Here it would be wise to focus on 

Gram-negative bacteria, P. aeruginosa in particular, and technologies that inhibit virulence 

and adherence, as mentioned by Kroken. Antimicrobial cases or antifouling technologies for 

lenses and storage cases are areas that require more research. Compliance and education 

could play a role, particularly if focused on high-risk behaviors, but as shown in many fields, 

this represents a very daunting task.

A near term fix might be new and improved standards for testing and approving solutions 

that more closely represent real-world conditions, such as using clinical isolates, and testing 

in the presence of nutrients. Addressing the impact of biofilm, non-compliant behaviors, and 

more attention to the environmental organisms may reduce the incidence of disease. 

However, with increases in daily disposable prescribing worldwide, significant investment in 

new solution disinfection technologies is unlikely.
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Summary and Unanswered Questions

As summarized by Schein, we know that the risk of microbial keratitis with contact lens 

wear has remained remarkably consistent at 2-4/10,000 patients per year over many decades 

and technologies, that daily disposable modalities minimize the risk of severe disease, and 

extended wear, or overnight wear of any kind significantly increases the risk. We know that 

storage case contamination, lens care solutions, and wearer behaviors can influence the risk 

of infection, particularly for the rarer, non-bacterial conditions discussed in more detail in 

session 2, such as Acanthamoeba and Fusarium keratitis. However, a worldwide increase in 

the use of daily disposables has not lowered the rate of infections. There is still much we do 

not know. As we move to more widespread prescribing to children, what types of research is 

required? Are regulatory bodies doing enough to ensure expedient approval of lenses and 

solutions that will address the known risk factors? These and other questions posed in the 

other sessions should help guide focus and funding for future research endeavors.

SESSION 2- TRENDS IN NON-BACTERIAL CONTACT LENS RELATED 

INFECTIONS

Panel: Eduardo Alfonso, MD; Elmer Tu, MD; Deborah Jacobs, MD, MSc; and Nicole Carnt, 

BOptom, PhD

This session dealt with non-bacterial forms of keratitis in contact lens wearers. These 

infections are found infrequently and are more difficult to diagnose on the first presentation. 

Despite increased research and new information on contact lens related microbial keratitis, 

important questions remain. The important questions include: what are the most effective 

treatment options for these rare infections and how we can minimize risk to lens wearers. 

Furthermore, little is known of the role of gut microbiome, changes that take place in the 

ocular microbiome before and during infection, and why corticosteroids are harmful in the 

early management of both fungal and Acanthamoeba keratitis.

Fungal Keratitis

Alfonso stated that empiric antibiotic therapy cannot adequately treat the increasing number 

of non-bacterial corneal ulcers. Empiric treatment is problematic because of the increasing 

presence of non-bacterial organisms. He addressed the problem of fungal keratitis in contact 

lens wearers and stressed that future studies should investigate maintaining and improving 

the quality and function of the tear film during contact lens wear. Early diagnosis of fungal 

infections is the key to better outcomes and remains elusive. In the future, artificial 

intelligence might aid in an early diagnosis, since clinical information misleads us about 

55% of the time. Endogenous (hands, eyes, throat) and exogenous (contact lens 

paraphernalia, water, air) sources have been implicated and are evident in fungal keratitis.

Compared to bacterial infections of the cornea, which are usually caught quickly, the 

diagnosis of non-bacterial events is often delayed as they are more challenging to diagnose. 

Fungal keratitis may present with similar characteristics to other forms of infectious 

keratitis, but does not generally respond to empiric antibiotic therapy. A thorough scraping, 

biopsy, and culturing of lens paraphernalia assists in the diagnosis of fungal keratitis. 
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Confocal microscopy (Figure 4) has excellent specificity (93%) and sensitivity (89%) in 

making a differential diagnosis when a lens wearer presents with a suspicious infiltrate(s).43 

It is exceedingly difficult to grow fungi from a small infiltrate. Therefore, patients should be 

referred to a center that has confocal imaging when a definitive diagnosis is in question.

Molecular diagnosis, looking at a transcribed region of the organism (target encoding), can 

give us valuable information on the important characteristics of fungal organisms and aids in 

developing sensitivity profiles of the organism by isolating mycotoxins.44–46 Research 

conducted at Bascom Palmer Eye Institute, University of Miami, using multiplex 

polymerase chain reaction (PCR) identification, identified significant mycotoxin presence in 

fungal keratitis.47 When FUM1 mycotoxin positive F. solani was detected by PCR, the 

patient had a worse acuity outcome and required penetrating keratoplasty more often. Thus 

the genetic footprint of the mycotoxins, will likely determine the outcome.48 Overall, anti-

fungal agents have poor penetration into the cornea.45, 46 Corneal scrapings remove 

epithelium and necrotic material and allow for better topical anti-fungal drop penetration. 

Providers who treat these infections use multiple agents in an attempt to impart a cure. 

Unfortunately, there are few topical anti-fungal agents. Recent fungal treatment studies 

(Mycotic Ulcer Study I and II) have shown natamycin, the only Food and Drug 

Administration approved anti-fungal agent, to be the most effective agent for filamentous 

fungi infections.45 Oral voriconazole did not demonstrate a significant benefit in treating 

filamentous fungal keratitis.46

The use of topical corticosteroids is contraindicated in early fungal disease. It is speculated 

that this is a result of the enhancement of virulence of the microbes due to uncontrolled 

fungal growth accompanied by a reduced host immune response. Fungal corneal infections, 

in particular Fusarium, can be more destructive than bacteria, and can quickly ravage the 

whole eye.49 Although infrequent, endophthalmitis is more commonly seen with this fungal 

infection than with any bacteria, and enucleations are an unfortunate possibility.

Recent reports have cited the use of photodynamic therapy with rose bengal, similar to 

corneal cross-linking, as a treatment for fungal keratitis. The mechanism is the inhibition of 

the growth of microbes. The results for fungal keratitis are mixed. This treatment is likely 

most effective when treating anterior stromal disease.50,51

In summary, the number of non-bacterial keratitis events in contact lens wearers has 

increased over the past few decades.52 Target encoding and mycotoxin profiling is an 

exciting new research area that should improve outcomes. It is impossible to predict “the 

perfect storm” in the microbial world. Therefore active surveillance is needed.

Protozoan Infections

Tu addressed protozoan infections, specifically Acanthamoeba, and highlighted the 

epidemiology of disease transmission from lens to patient. Protozoans are a class of 

organisms that may become corneal parasites. Unlike many corneal parasites, 

Acanthamoeba do not require a host to survive. The most common parasitic infections of the 

cornea are microsporidia (although these are now generally classified as fungi or as a closely 
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related group) and Acanthamoeba. Both present, initially, with a non-specific keratitis (sub-

acute, chronic), which makes them difficult to recognize on examination.

Acanthamoeba, a free-living protozoan, was described as a potential eye pathogen in 1973 

and subsequently with modest seasonal variations (more prevalent in warmer temperatures).
53 Generally, early detection and treatment is strongly associated with a more favorable 

outcome, but individual patients show a varied clinical course and a wide range of 

symptoms. Surprisingly, some patients present with very little pain; whereas others have 

excruciating pain. Several masquerade syndromes are commonly confused with this disease 

including dry eye, fungal, microsporidia and most commonly herpes simplex pseudo-

dendritic epithelial or stromal keratitis. A peculiar ground glass appearance of the epithelium 

seen in early Acanthamoeba infections can easily resemble dry eye corneal epitheliopathy, 

but in Acanthamoeba keratitis, the granular appearance will usually stop a millimeter or two 

from the limbus (unlike dry eye disease).

It is critical to understand the risk factors associated with Acanthamoeba keratitis. Most 

Acanthamoeba corneal infections occur in contact lens wearers (85-100%). Seven to eleven 

percent of cases are bilateral either at presentation or sequentially. Rates of infection in the 

United Kingdom were 21.1/1,000,000 for soft lens wearers, and 17.5/1,000,000 for RGP 

lens wearers.54 There have been reports of an alarmingly high proportion of Acanthamoeba 
keratitis in orthokeratology-related infections (33%).55

Diagnosis is often elusive. Unfortunately, there is a relatively low yield on standard culture 

media (30–50%).56 Molecular diagnostic techniques (high sensitivity, high specificity) can 

be difficult to validate in a rare disease where Acanthamoeba commonly colonizes contact 

lens paraphernalia without causing disease.39 A multimodal approach to diagnosis including 

clinical, microbiologic, confocal imaging (high sensitivity, high specificity) and molecular 

techniques is the best, most accurate approach. Regardless, clinicians should always suspect 

Acanthamoeba keratitis in any contact lens-related infection responding poorly or 

inappropriately to empiric antibacterial therapy.

The course of disease is generally non-linear with a variable response worsened by poor 

access to effective topical medications. There is always a guarded prognosis with deep 

stromal inflammation, ring infiltrates (late sign), and extra-corneal inflammation. Standard 

medical therapy includes: (1) mechanical debridement (debulks organism load and aids in 

diagnostic confirmation), (2) combination topical agents (propamidine and biguanide/

chlorhexidine 0.02% q 1 h for the first month) tapered according to response, (3) oral agents 

as needed, and (4) elimination or reduction of corticosteroid use at the time of diagnosis. 

Benzalkonium chloride (BAK) containing compounds may be helpful. Laboratory studies 

demonstrate that BAK-containing compounds have similar effectiveness as 3% hydrogen 

peroxide for some strains.57 Alkylphosphocholine (miltefosine), FDA-approved for both 

leishmaniasis and Acanthamoeba, and dosed at 50mg BID-TID has recently been shown to 

have efficacy against Acanthamoeba keratitis and systemic infections.58

The role of topical and oral corticosteroids during treatment is controversial and unnecessary 

in most cases. These agents are reserved for uveitis, extra-corneal inflammation, indolent 

Szczotka-Flynn et al. Page 9

Optom Vis Sci. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ulcers, and severe pain after at least two weeks of biguanide treatment. Supplemental or 

alternative use of systemic NSAIDs is advised, whenever possible, and can be helpful for 

pain. Topical NSAIDs should be used sparingly over concerns for ocular surface toxicity and 

potential for corneal melts.

Another concern is treatment resistance and an apparent increase in treatment failures. A 

recent article from the Wills Eye Institute examined the increasing treatment times and 

poorer outcomes of recent cases that are also being experienced around the world.59 

Environmental shifts may be influencing these outbreaks that center around natural disasters. 

Treatment failures are often a result of drug resistance, compliance problems, and 

polymicrobial infections, along with other inflammatory and infectious sequelae. A 

significant cause of inadequate response to seemingly appropriate therapy for Acanthamoeba 
keratitis is co-infection with other organisms. Commonly encountered co-infecting microbes 

are members of the “viridians” streptococci presenting as an infectious crystalline 

keratopathy. For recalcitrant Acanthamoeba infections, an increase in both frequency and 

concentration in biguanide agents (0.02% to 0.06%) can beconsidered along with a second 

line systemic medication such as miltefosine. The cost of this anti-amebic medication 

(miltefosine), and others, can present a barrier to use for many patients. Surgical 

management primarily involves corneal transplantation, preferably after medical control of 

the infection and cross-linking for very select cases of superficial disease.

In summary, Acanthamoeba is the best-characterized form of parasitic infection in the eye. 

Contact lens wear is the primary risk factor in Acanthamoeba keratitis and a possibility in 

any contact lens related infection. Early recognition improves prognosis significantly. 

Treatment is generally successful, although there is some evidence that more resistant cases 

are occurring. Surgical options remain viable treatments in medically recalcitrant cases.

Summary and Unanswered Questions

As summarized by Carnt, the presentations on non-bacterial keratitis highlighted the need 

for high-level imaging, as we have seen in diagnostic advances in the retina and optic nerve. 

Artificial intelligence will likely play a significant role in the management of non-bacterial 

infections of the cornea very soon. Molecular diagnosis for fungal and protozoan infection is 

sensitive and works well in combination with confocal microscopy.

Acanthamoeba keratitis continues to be a concern in orthokeratology patients (most are 

children). The majority of cases used water in their care sequence.12, 60, 61 A 2016 CDC 

multi-state investigation showed a large percentage (nearly 25%) of Acanthamoeba 
infections among gas permeable lens wearers using an orthokeratology program.12 Active 

surveillance is crucial to monitor these dreaded conditions in contact lens wearing 

populations. It is the only way to adequately detect any increase in prevalence and gauge 

severity over time. We look forward to novel treatment options for these infections that 

occur in contact lens wearers.
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SESSION 3- FUTURE NEEDS AND RESEARCH QUESTIONS

Panel: Robin Chalmers, OD; Loretta Szczotka-Flynn, OD, PhD; Charlotte Joslin, OD, PhD; 

Mark Willcox, PhD; Eric Pearlman, PhD; and Carol Lakkis, BScOptom, PhD

Youth and Contact Lenses

The third session of the Think Tank addressed future needs, challenges and research 

questions. Chalmers reviewed some of her work with youth and contact lenses. These results 

brought the conversation back to the questions posed in the first session around compliance 

and the risks for children wearing contact lenses for myopia control. In the past, the primary 

use of contact lenses in young children was for medical conditions such as amblyopia and 

aphakia. It is intuitive that the parents of these children understood the medical necessity of 

the lenses and the care and vigilance required. The difference now is that, with the use of 

contact lenses for myopia control, the eyes of many more children will be exposed to the 

risks and benefits of contact lens use.

Under myopia control protocols, children as young as six years old are considered for 

contact lens fitting, in order to achieve the best efficacy early in the development of their 

myopia. Several groups62,63 have now published the success and risks of their myopia 

control clinical trials. However, most of these studies have included relatively small sample 

sizes of approximately 200 subjects per study, which is insufficient to study rare safety 

outcomes. Therefore, the risk of microbial keratitis in this age group is unknown. There are 

growing concerns in this age group. Specifically, one study suggested that contact lenses 

were the most commonly used medical device among children presenting for urgent care.64 

However, since the study could not estimate the prevalence of contact lens use among 

children in general, if they are the most commonly used medical device in the pediatric 

population, the study does not demonstrate added risk. Additionally, another study65 

concluded that the incidence of ulcerative keratitis in their entire population in Northern 

California, including children, was higher than previously reported.

Understandably, the FDA has special provisions for devices that carry an indication for 

pediatric use. Specifically, Section 522 of the Federal Food, Drug and Cosmetic Act allows 

the FDA to mandate post-market surveillance in any product used in a pediatric population. 

Such surveillance will ensure that our understanding of the risks of contact lens wear in 

children will grow. In one such study, Bullimore9 reported two microbial keratitis cases in 

children wearing orthokeratology lenses. The estimated incidence in children was 13.9 per 

10,000 patient-years (95% CI = 1.7 to 50.4) while there were no cases in adults (0 per 

10,000 patient-years (95% CI 0 to 31.7).

A survey of fitting practices of contact lenses for myopia control in children, between 2011 

through 2018,66 found a wide variation by country, with some countries having negligible 

fitting and a few countries such as the Netherlands, Canada, and Australia doing much more. 

The greatest increase in types of lenses used for myopia control were RGP lenses, 

presumably used for overnight orthokeratology. With the conclusion of studies and release 

of soft multifocal lenses for myopia control,67 there will likely be a large increase in soft 

lens use for this purpose. The CLAY retrospective chart review study was conducted with 
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sufficient sample size to detect the rate of infiltrates, including microbial keratitis, across 

younger age groups wearing soft lenses.8 This study observed 3,549 patients and 14,305 

visits. In the 8-12-year-old age group, there was a very low rate of corneal infiltrative events 

(CIEs) (< 2%) and no microbial keratitis. A study utilizing the MiSight lens on 144 children,
67 reported no cases of serious ocular adverse events, and four asymptomatic CIEs over three 

years. Additionally, among 202 children and teens in the TEMPO Registry of daily 

disposable lenses, no CIEs were reported.68

To minimize microbial keratitis in children, we expect that daily disposable lenses will be 

prescribed since daily disposable lenses demonstrated a decreased risk of severe, though not 

overall, microbial keratitis in adults.3 Additionally, we should emphasize contact lens 

hygiene at each patient visit, including no use of tap water. We must also stress the 

importance of parental involvement. The persistent gap in knowledge is the incidence of 

microbial keratitis in daily disposable wearers in all age groups. This knowledge is essential 

for the future, as children are now being fitted with myopia control contact lenses. We also 

do not know how effective our repeated teaching and training are on long-term compliance.

Microbial Keratitis Risk in Myopia Control

Joslin discussed the risk of microbial keratitis with myopia control procedures. A recent 

publication in Ophthalmology summarized the use of orthokeratology in slowing myopia 

progression, but added: “safety remains a concern because of the risk of potentially blinding 

microbial keratitis from contact lens wear.”69 The problem remains that there is very little 

data on rates or risk factors for microbial keratitis in children using overnight 

orthokeratology lenses or daily wear multifocal soft contact lenses. Of note, a recent case 

series of 47 minors with Acanthamoeba keratitis identified a high proportion of cases among 

minors with orthokeratology use (n=6, 13%), which exceeds the expected proportion of 

orthokeratology cases based on orthokeratology market penetrance (1%), suggesting a 

potential increased risk of AK in orthokeratology users compared to users of other lens 

modality types.70 In general, the relatively small prospective studies performed to date are 

not adequate to address these problems, and different study designs are required to 

determine both rate and risk factors when rare diseases such as microbial keratitis are 

studied.

Case control studies may prove to be the best approach to this disease as this type of design 

is the most efficient way to study rare diseases. They require much smaller study samples 

than a cohort study, avoid logistical challenges of prospective follow-up, allow intensive 

evaluation of exposures of cases and controls, and if properly performed (e.g., appropriate 

sampling) provide information that mirrors a cohort study, with considerably less cost and 

time. An adequately designed case-control study may allow us to efficiently understand the 

modifiable behavioral risk factors for microbial keratitis in children in considerably less time 

than a cohort study. Such case-control studies that recruit based upon disease status, as 

opposed to exposure, have been significantly underutilized, given the rare disease status of 

microbial keratitis. Additionally, a disease registry would be beneficial.
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Microbiome in Relation to Microbial Keratitis

Willcox presented on the influence of the ocular and systemic microbiome on predisposition 

to microbial keratitis. The term microbiome refers to the combined genetic material of the 

microbes at a particular site. While this type of research can identify, in theory, any microbe 

in an environment, as it does not require them to be amenable to growth in the laboratory, 

DNA does not determine whether the organisms are alive, dead, transient, or static. 

Furthermore, as DNA can be found almost anywhere as a common contaminant, these 

studies require excellent environmental and reagent controls. The biogeography of the 

human ocular microbiota, compared to animals, demonstrates that the skin above the lid has 

the most microbiota (and hence microbiome) compared to other sites. The conjunctival 

surface had the second largest amount, followed by the lid margin, and lastly, tissue samples 

had very low levels.71 Therefore, all the sites differ in the types of bacteria they harbor 

(Figure 5), with the conjunctival tissue having the most diverse microbiome.

The known microbiota of the ocular surface, such as Corynebacteria spp. and 

Staphylococcus spp., were detected on the skin, the lid margin tissue, and the conjunctival 

surface.72 Interestingly, there is a group of gram-negative bacteria found almost exclusively 

in the conjunctival tissue of humans that we believe are persistent members of our normal 

ocular microbiome. For example, a Pseudomonas species is found in human conjunctival 

tissue. (Note: this Pseudomonas is not Pseudomonas aeruginosa). These bacteria can be 

visualized in the ocular tissue using fluorescence in situ hybridization.73

There is a microbiome “fingerprint” for individuals. Some people have more than one type 

of microbe in their tissue, some people seem to have none, and some people predominantly 

have, one, for example the Pseudomonas species. At this point we have no knowledge of 

what these differences might result in – could it be that the differences predict problems 

during contact lens wear or development of dry eye symptoms? More research is needed in 

this area. During contact lens wear, the common genera Corynebacteria and Staphylococcus 
decrease while Pseudomonas increases with contact lens wear.74, 75 Future research should 

determine whether changes in the levels of common or sporadic genera are more likely to 

lead to adverse events with contact lens wear.

The ocular microbiota is likely involved in defense. Studies in germ-free animals show that 

they are more susceptible to Pseudomonas keratitis.76 Thus, the resident microbiota have a 

protective effect. Introducing a possible commensal organism has an immune effect in mice. 

These treated animals, when challenged with Candida or Pseudomonas, demonstrate an 

increase in T cell signaling.77 From a disease standpoint, there is evidence of fairly strong 

relationships between changes in the gut microbiota and various forms of ocular disease.78 

Removing gut commensals increases the number of bacteria and clinical scores in a 

Pseudomonas keratitis mouse model.77 Animal models demonstrate that the gut microbiome 

alters the ability to produce secretory IgA in the eye.79 This demonstrates the concept of the 

common mucosal immune system.

Similar to the bacterial microbiome, there is an ocular surface fungiome, that is, a 

microbiome composed of fungi,80 although its stability and viability have yet to be proven. 

The ocular fungiome is altered during fungal keratitis as well.81 Also, changes to the ocular 
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bacteriome have been observed during fungal keratitis.82 Although concomitant 

antimicrobial therapy was not considered, there was dysbiosis in patients with fungal 

keratitis, with fewer Corynebacteria and Staphylococcus but more Pseudomonas, Serratia, 

and others.81 Lastly, there is some evidence of dysbiosis of the conjunctival microbiome in 

people who have experienced a contact lens induced CIE. Specifically, studies suggest that 

after experiencing a CIE, some patients may have had more Neisseria on their conjunctiva.83

In summary, there is a stable specific microbiome on the ocular surface with regional 

differences that are person-specific. We have yet to determine what effect this has on ocular 

surface susceptibility to infections or CIEs with contact lens wear. It is extremely important 

to account for possible contamination from the swabs or buffers etc. that are used during 

microbiome research as DNA can be present almost anywhere as a simple contaminant. 

Future research of the effects of the ocular microbiome on susceptibility to infection or 

pathogenesis of dry eye should use suitable animals models that as nearly as possible 

replicate the normal human ocular microbiome. There is emerging evidence of the ocular 

microbiome being important in defense, and some evidence suggests that dysbiosis of the 

microbiome is associated with keratitis.

Antimicrobial Surfaces

Lakkis resumed with a presentation about antimicrobial surfaces and why the contact lens 

industry is not using them. Several antimicrobial devices are in use in the healthcare 

environment, including stents and catheters. One of the features of an antimicrobial system 

is the need for a variety of different mechanisms by which it is active, so that resistance does 

not develop. For example, some of the technologies presently available either kill microbes 

on the surface or in the vicinity with different mechanisms, or inhibit microbial adhesion, 

growth, or replication. From a regulatory (FDA) perspective, such devices are considered 

combination products and regulatory review is based upon the primary mode of action. 

However, policies and regulations from both the device and drug or biologic sides may 

apply, which makes it a much more complicated path for approval.

An ideal anti-microbial contact lens device would include a broad spectrum of activity, a 

long shelf life (e.g.> 5 years), retention of activity when bound or incorporated in a contact 

lens or case, compatibility and retention of activity when exposed to lens care solutions and 

tear film deposits, and low toxicity at the ocular surface and systemically. The device should 

not promote resistance development in microbes nor impact the normal microbiota. Ideally, 

a compound should not be released into the ocular environment, or should only be triggered 

to release when it is needed. Lastly, and practically, lens parameters and performance, 

including comfort and vision, must not be impacted, and the product must be autoclavable, 

affordable and scalable.

In the contact lens field, there has been a variety of antimicrobial strategies investigated. The 

two technologies with the most information include silver (and silver salt) and cationic 

peptides. There are different methods of incorporating these anti-microbials, including 

infusion, adsorption, covalent binding, and impregnation. Silver is a broad-spectrum anti-

microbial with multiple mechanisms of action that are concentration-dependent.84 In low 

concentrations, it is bacteriostatic, while at higher concentrations, it can be bactericidal. 
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Some bacteria such Citrobacter freundii, Proteus mirabilis, Enterobacter cloacae, and 

Klebsiella pneumoniae are inherently resistant to silver. Although silver is broad-spectrum, 

some bacteria can develop resistance although this resistance does not appear to be 

widespread. Additionally, as we have learned from people who have used colloidal silver eye 

drops, long-term use of high concentrations can lead to irreversible graying of the 

conjunctiva (argyrosis) and deposits within the cornea, which would be a negative side 

effect.85 However, the amount of silver used in lenses or lens cases is very much less than 

amounts that have been shown to cause these side effects, even if lenses are used daily for a 

long period.

There have been several studies investigating silver iodide-infused soft contact lenses to 

better understand their ability to reduce microbial adhesion and their impact on clinical 

performance.86–88 In vitro, there was about a 2-log reduction (which corresponds to about a 

99% reduction) in bacterial adherence, in addition to delayed Fusarium hyphael invasion.88 

Silver salt-infused galyfilcon A lenses in a daily wear clinical study performed similarly to 

normal galyfilcon A lenses, with no significant differences in comfort, acuity, and ocular 

health.87 The test lenses were compatible with multipurpose contact lens solutions.86 There 

were no significant differences between test and control eyes in the incidence of positive 

cultures, culture classification grades, levels or types of microorganisms isolated from the 

conjunctiva of study participants.86 A 60 patient 6-night extended wear pilot study in India 

of these lenses found a 50% reduction in CIEs in the anti-microbial lens wearing eyes 

compared to historical data in other silicone hydrogels.[Lakkis and Lorenz, personal 

communication] What remains unknown are the long-term adverse event rates and exposure 

effects from such silver technology on the ocular environment.

The other application for silver has been in contact lens cases. In vitro, good efficacy of 

silver cases against bacteria and in particular gram-negative bacteria has been demonstrated.
89–91 As seen in Table 2, in clinical trials, overall contamination rates are not necessarily 

reduced with the use of silver cases, but there is a significant reduction in gram-negative 

contamination rates as well as the numbers of microbes contaminating lenses.92, 93 

Therefore, silver cases do show potential in terms of antimicrobial activity and reducing 

contamination by pathogens. However, studies have not been sufficiently powered to show 

evidence for lessening of adverse events rates with such anti-microbial storage cases.89,92,93

The antimicrobial synthetic peptide, melimine has been investigated as an antimicrobial 

contact lens coating. When covalently attached to hydrogel contact lenses, it reduces 

bacterial adhesion by 2–3 log10 and gives 1-log10 reduction of Acanthamoeba and Fusarium 
adhesion.94 In animal model studies, Contact Lens Acute Red Eye (CLARE), Contact Lens 

Peripheral Ulcers (CLPU), and microbial keratitis were reduced.95, 96 However, when they 

tested these lenses in a one-day clinical study, the lenses did retain antimicrobial activity but 

the corneas exhibited increased corneal staining. It was hypothesized that this might have 

been due to an amino acid interaction with cell membranes.97 A shorter version of the 

peptide, with the hydrophobic amino acids removed, was synthesized that gave 1–2 log10 

reductions in bacterial adhesion and no corneal staining after one week of daily wear.98 They 

recently completed a three-month extended wear study in India and showed that they had a 
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very low CIE rate in both test and control eyes. Also there was less gram-positive bacteria 

cultured from melimine lens wearing eyes.99

In the patent literature, there is another naturally occurring antimicrobial peptide produced 

by Streptomyces spp, epsilon poly-L-lysine (e-PLL, εPL or PεL), a common food 

preservative and classified as “generally regarded as safe” by regulatory authorities. The 

patent holders have identified e-PLL as an antimicrobial that may be used in lens packing 

solutions. Soaking contact lenses in a solution of e-PLL produced > 2 log10 reductions of P. 
aeruginosa, S. aureus and S. marcescens binding to lenses.100, 101 In a handling study there 

was 1.0–1.7 log10 reduction of bacterial contamination of soft contact lenses but this was 

reduced to reductions of 0.7–0.9 log10 in the presence of an artificial tear fluid.102

To summarize, there are multiple reasons why antimicrobial surfaces are not yet commonly 

used in the contact lens field. There are high costs and complexities in getting a combination 

product approved from the regulatory standpoint. Currently, there are no established efficacy 

targets regarding bacterial reductions in adhesion or reductions in adverse event incidence. 

Large-scale clinical and post-market surveillance studies are needed to demonstrate 

reductions in CIE incidence rates, with good short-and long-term ocular and systemic safety 

data and evidence of no impact on normal ocular microbiota. The product should have no 

impact on resistance and cross-resistance to avoid the same situation which occurred with 

triclosan,103 an antimicrobial used in many products including toothpaste, furniture, kids’ 

toys, and hand soap. Lastly, we need better technologies and animal models for testing the 

impact on contact lens-related microbial keratitis. If the microbial keratitis rate can be 

reduced to an acceptably low level with daily disposable lenses – lower than we have 

experienced in the past 40 years with reusable lenses – then the need for anti-microbial 

lenses is significantly diminished. The TEMPO registry68 already demonstrated incredibly 

low rates of CIEs with daily disposable lenses and microbial keratitis epidemiology studies 

have also shown that certain daily disposable lens materials have lower rates of microbial 

keratitis compared to others.16, 17 The severity of microbial keratitis is reduced in daily 

disposable lens wearers.3, 17 Therefore, it might make more sense to put more effort into 

determining the best daily disposable lens materials to avoid microbial keratitis. However, 

we must not forget the potential need for antimicrobial lenses when rigid lenses are required 

in orthokeratology, myopia control, and corneal disease and when soft lenses must be worn 

overnight.

Genetic Susceptibility to microbial keratitis

Szczotka-Flynn discussed the emerging role of host genetics in susceptibility to contact lens-

related microbial keratitis infections. With more than 125 million people worldwide wearing 

contact lenses, it is quite surprising that, even though most worn lenses and used storage 

cases harbor microbial organisms, microbial keratitis is still a relatively rare event. We 

believe that contact lens-associated microbial keratitis requires microbial exposure, 

subsequent attachment, and infection to the cornea. Thus, although bacterial contamination 

may be necessary, it is not sufficient to cause microbial keratitis in all circumstances. Other 

factors must be involved that escalate the initial steps to infection. Genetic predisposition 

could affect corneal integrity and immune responses, thus influencing how the eye will 
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respond when confronted with microbial challenges. Additionally, the microbiome may be 

genetically determined and further impact which patients proceed to microbial keratitis.

There is a plethora of evidence on the high rate of substantial bioburden recovered from 

worn contact lenses and storage cases, including isolation of known microbial keratitis 

pathogens. In a series of studies encompassing > 700 patients wearing lenses for daily or 

extended wear, approximately 1/3 of lenses worn on normal eyes, without complications, 

harbored substantial bioburden, and about 10% of the organisms were highly pathogenic 

species.104–106 Additionally, at any one point in time, about 50% of used storage cases are 

heavily contaminated,107 and 46% of patients present with contaminated cases repeatedly 

when assessed over time.105 Nevertheless, among these hundreds of patients that were 

exposed, the majority of whom were using lenses for extended wear, only 1 of 700 

experienced microbial keratitis.108 This apparent resistance provides opportunities for 

unique study designs to understand the genetic basis of microbial keratitis.

There is evidence that genetic predisposition plays a role in other infectious diseases. For 

example, Toll-like receptor polymorphisms have been identified in pyelonephritis, 

tuberculosis, and multiple other gram-positive and gram-negative infections.109–113 Large 

scale genomic approaches have uncovered genetic susceptibility to infection in HIV, 

Hepatitis C, and typhoid fever.114–116 Of particular interest are resistance genes. For 

example, among 128 South African families, all presumed to be exposed to M. tuberculosis, 

40% had no reaction to the PPD delayed hypersensitivity test. This resistance was controlled 

by a major locus on chromosome 11p14.117 In P. aeruginosa infection protein variants have 

been discovered that are associated with such infection in cystic fibrosis.118

In murine models of corneal infection, the absence of certain inflammatory mediators leads 

to increased severity of infection, and these mediators are genetically determined. IL-6 gene 

knockout mice exposed to both P. aeruginosa and S. aureus have increased bacterial load and 

inflammation in corneal tissue.119, 120 Similarly, Toll-like receptor (TLR) 4 and 5 signaling, 

as well as IL-1 alpha and beta production, are required for protection from P. aeruginosa 
corneal infection.121,122

Evidence for genetic predisposition in microbial keratitis is building in humans. Variants in 

the genes for IL-6, IL-10, β-defensin and IL-17F123, 124 have been associated with both 

susceptibility and severity to contact lens-related microbial keratitis. Specifically, haplotypes 

of the anti-inflammatory Th2-associated cytokine IL-10 were associated with protection and 

reduction of severity of bacterial keratitis.125 However, no IL-10 SNP was associated with 

keratitis in another study.126 SNPs in the promoter region of pro-inflammatory IL-6 cytokine 

are associated with susceptibility to contact lens-related microbial keratitis with a dose-

response effect.123 Lastly, genetic variation in the β-defensin gene DEFB1 and IL-17A 

exhibit tendencies toward increased susceptibility or severity of CL-microbial keratitis.
124,126

The host immune response to infection in Acanthamoeba keratitis,127,128 especially the most 

severe form of the disease with inflammatory complications, ring-like infiltrates, and 

scleritis is being investigated. Although there are predictors for this severe stage, including 
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older age, corticosteroids pre-diagnosis and treatment, and treatment for Herpes simplex 

keratitis before diagnosis, they do not explain all the risk. However, when genetic factors 

were considered from 105 Acanthamoeba patients, 40 of which had the severe inflammatory 

reactions,129 there was a significant effect of a mutation in the gene for IL-8 that remained 

after adjusting for age, sex, steroids, and HSK misdiagnosis and steroids pretreatment.

In summary, the evidence to date in the genetics of contact lens associated microbial keratitis 

points to the need for appropriate clearance of pathogens, which is critically dependent on 

host immunity. This immunity is rooted in the genetic variation of the host. The process is 

likely similar to other infectious diseases where only a fraction of exposed individuals 

develop clinical disease, suggesting the importance of the resistance genotype. Studies are 

now underway funded by the National Eye Institute in the United States (U.S.) to explore the 

genetic differences between cases and presumed “exposed” at-risk contact lens wearers with 

no evidence of disease.

Summary and Unanswered Questions

Pearlman summarized some of the presentations in this session surrounding neutrophils, as 

they are critically important in microbial keratitis inflammation. Neutrophils are important in 

Pseudomonas and Streptococcus pneumoniae corneal ulcers, and are among the first white 

blood cells to mobilize to the site of infection. Neutrophils can be involved in the 

inflammatory response which produces some of the pathology associated with microbial 

keratitis, yet are critical for killing infecting microbes. Understanding events in neutrophil 

recruitment and activation may identify potential new targets for both anti-inflammatory and 

antimicrobial therapy. TLRs are important for susceptibility to infection. Corneal epithelial 

cells make or express TLRs and respond to specific TLR receptor ligands. TLRs are present 

on corneal epithelial cells. Binding their ligands leads to activation and release of pro-

inflammatory cytokines, including the chemokine IL-8, which leads to the recruitment of 

neutrophils. Neutrophils also express TLRs, which become activated, leading to the killing 

of microbes but also tissue damage that is associated with corneal opacity.

SESSION 4- COMPLIANCE & COMMUNICATION IMPERATIVES

Panel: Robin Chalmers, OD, Loretta Szczotka-Flynn, OD, PhD, Deborah S. Jacobs MD, 

MSc and Sarah Collier, MPH

In the last session, the Think Tank looked at compliance. Of special interest were the 

accomplishments of the Centers for Disease Control and Prevention (CDC) over the last 

number of years. We were fortunate to hear from Sarah Collier, MPH, from CDC’s 

Waterborne Disease Prevention Branch in this session. The CDC Waterborne Disease 

Prevention Branch investigated the 2007 multistate outbreak of Acanthamoeba keratitis.130 

This outbreak resulted in the recall of the AMO Complete Moisture Plus solution. After the 

recall, when the number of cases remained elevated above the pre-outbreak baseline,131 

another multistate investigation was launched in 2011. The 2011 investigation did not 

identify a single contact lens care product, but did identify some hygiene-related risk factors.
132 The most significant hygiene-related risk factor was topping off lens solution.
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CDC has since partnered with the Contact Lens Institute to work on spreading the word 

about healthy contact lens habits. When the program was established, one of the first things 

accomplished was developing web content on healthy contact lens wear and care. The 

website (https://www.cdc.gov/contactlenses/) now has 47-pages including evidence-based 

recommendations and multiple health communications resources. CDC’s main health 

promotion push comes during Contact Lens Health Week, which is held annually during the 

third week in August, and usually involves a report in the Morbidity and Mortality Weekly 

Report (MMWR). Past MMWR reports have included an estimate of the burden of keratitis 

in the U.S. and national surveys estimating the number of contact lens wearers in the U.S. 

and their risk behaviors.133–137 These campaigns include widely disseminated health 

promotion materials using social media, podcasts, newsletters, and other platforms. Outside 

of their primary observance week, they also disseminate messages at Halloween regarding 

decorative contact lenses. A third effort occurs in March, in time for most university spring 

breaks, with messages that focus on behaviors that are more likely to happen while traveling, 

including sleeping in lenses or forgetting a backup pair of lenses or glasses.

Collier then addressed the effectiveness of compliance campaigns. Health promotion 

campaigns can be quite effective. For example, the “truth” campaign (https://

www.thetruth.com/) was an anti-smoking campaign that focused on preventing teenagers 

from starting smoking. The cost-benefit analysis demonstrated a campaign cost of $324 

million but a savings of $1.9 billion in health care costs.138 This is an example of an 

economically successful health promotion campaign. Campaigns can be more successful if 

they are grounded in the theories of behavior change, e.g. the Health Belief Model, which 

considers the likelihood of engaging in a health-promoting behavior based on several 

modifying variables.139 Another theoretical model is the Stages of Change Model, which 

focuses on individual decision-making.140 These models have been incorporated into survey 

questions asked of contact lens wearers, i.e. respondents are asked about their awareness of 

the CDC’s messages and their perception of their risk for contact lens-related eye infection.

The CDC Contact Lens Health program regularly quantifies the reach and engagement of 

their campaigns. As part of Contact Lens Health Week in 2019, CDC subject matter experts 

took part in a Reddit “Ask Me Anything,” which is a community of forums where people 

can post questions and interact anonymously. A common query (among hundreds of 

questions) was, “How bad is it really to wear contacts longer than I’m supposed to?” The 

forum was an opportunity to promote healthy contact lens wear and care messages. The chat 

was viewed over 60,000 times. The CDC Contact Lens Health program regularly assesses 

how many people have heard healthy contact lens wear and care messages using nationally 

representative surveys. Between 2016 and 2018, awareness increased from 20% to 30%. 

However, because there is a constant stream of new contact lens wearers, many of whom are 

young, contact lens education requires continuous effort.

The CDC Contact Lens Health program has many free printable, downloadable materials on 

their website, including posters and tear-off pads that are free to order at https://

wwwn.cdc.gov/pubs/CDCInfoOnDemand.aspx.
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Summary and Unanswered Questions

Jacobs summarized the key think tank questions and brought up some opportunities for 

impact. What can clinicians do today to reduce the burden of microbial keratitis? Her 

suggestions were to counsel against extended wear, prescribe daily disposables, eliminate all 

tap water, and dispose of storage cases regularly. Lastly, we need to advocate for 

enforcement to prevent unregulated sale of lenses.

Jacobs commented on the many barriers in these areas. For example, patients have 

preference for extended wear, because no solutions or cases are required, there’s no mess, no 

fuss, and they want to wake up with good vision. In these scenarios, information campaigns 

and changing the habits of prescribers can help. She also reiterated that microbial keratitis 

severity could be reduced to the lowest possible level if patients were refit and truly 

compliant with daily disposal. Infections will not be eliminated, because of endogenous 

pathogens. It is noteworthy that the U.S. market has a relatively low rate of daily disposable 

prescribing. We need to understand the barriers to change. Are daily disposable lenses the 

preferred option for new patients? Why not? Why aren’t practitioners converting more 

patients? If the issue is cost, the manufacturers and sellers could be pressured to lower 

pricing, and the professional organizations can be involved in changing the habits of 

prescribers.

Summary and Unanswered Questions for the Entire Think Tank

Jacobs then led the final discussion on future research questions. Case-control studies are 

needed to answer many of the questions brought up in this Think Tank. Most importantly, 

the group felt we need them soon, especially in children, to guide us on myopia control. 

However, the issue is not merely determining odds ratios for risk of infection. One also 

needs to have a better understanding of absolute risk no matter how difficult that is to get.

Additionally, data on effectiveness of long-term myopia control with orthokeratology or 

myopia control with soft multi-focal contact lenses is crucial because parents must know the 

potential benefit before they assume the risk. The group suggested creating a registry 

database. For example, a central data collection site for populations fitted with overnight 

orthokeratology or soft multifocal lenses, would allow industry, the FDA, and researchers to 

look retrospectively and assess risk. There are examples in other medical specialties, like 

psychiatry, where the entire industry has committed to making all of their clinical data 

available in one database so that any researcher can use it to test hypotheses or look at 

mechanisms. A registry or database is something to push for as a profession, especially with 

the questions around safety of contact lenses for myopia control in children. The group also 

discussed compliance campaigns, explicitly targeting direct-to-consumer campaigns as the 

CDC is doing. The social media platforms can be matched to the target audience working 

with health communicators and graphic artists. The messaging should be vetted by 

researchers to assure it is evidence based and tested in contact lens wearers to assure it is 

meaningful. Additionally, in collaborative work between the CDC and CLAY Study teams,
141 it was found that the behaviors of contact lens wearers who bought contact lenses 

directly from their optometrist’s office were no different to those in wearers who bought on 
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the internet. This should encourage practitioners to emphasize retraining and contact lens 

risk education at every follow-up visit.

In conclusion, collectively the Think Tank participants agreed that complacency must not 

hold us back. We should not just accept the status quo. We should not subscribe to the 

mentality that if we cannot fix it easily, then we will simply acknowledge the rate of 

infection and eventually lose track of it. We understand that the risk of microbial keratitis, of 

overnight wear, and of Acanthamoeba keratitis has not decreased over decades, despite 

innovation. For these reasons, the profession, federal agencies, and industry need to move 

forward in funding studies to solve these problems. We need to push harder against the 

barriers to change.
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Figure 1. 
Unadjusted incidence of microbial keratitis reported by lens type and mode of wear. 

Incidence per 10,000 wearers with 95% confidence intervals. RGP = rigid gas permeable 

(corneal); HG = hydrogel; SiH = silicone hydrogel; Mixed = mixed hydrogel and silicone 

hydrogel; DD = daily disposable; DW = daily wear; O/N = overnight wear; EW = extended 

wear; OK = Orthokeratology. Data based on findings from these studies: Stapleton et al 

2008,3 Chalmers et al 2011,8 Bullimore et al 2013,9 Bullimore 2017.10
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Figure 2. 
Incidence of severe microbial keratitis reported by lens type and mode of wear. Incidence 

per 10,000 wearers with 95% confidence intervals. RGP = rigid gas permeable (corneal); 

HG = hydrogel; SiH = silicone hydrogel; DD = daily disposable; DW = daily wear; O/N = 

overnight wear; EW = extended wear; Occ = occasional. Data based on findings from 

Stapleton et al 2008.3
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Figure 3. 
Model of mechanism of infection of cornea by Pseudomonas aeruginosa.29
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Figure 4. 
Confocal Microscopy of Filamentous Elements in a Patient with Fungal Keratitis
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Figure 5. 
Biogeography of the ocular microbiome (Courtesy of Dr Jerome Ozkan, School of 

Optometry and Vision Science, University of New South Wales). Conjunctiva_tissue = 

limbal conjunctiva removed from fellow eye of patients undergoing pterygium surgery; 

Conjunctiva_surface = swabs of the bulbar conjunctiva of humans; Lid_margin = swabs of 

the lid margin of humans; skin = swabs of the skin on the upper eyelid of humans. MDS = 

multidimensional scaling which is used to display the positions of the OTUs in two 

dimensions; this gives information regarding the similarities of OTUs between and within 

mammalian species.
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TABLE 2.

In-vitro silver lens cases decrease contamination & biofilm formation (cells represent percentages of cases 

with microbial contamination unless otherwise indicated).

In vivo studies MicroBlock (CIBA Vision) Control P-value

Contamination rate

Lakkis & Lakkola 2006* 90% 100% NS

Dantam et al 201288 71% 82% NS

Gram-positive contamination

Lakkis & Lakkola 2006* 81% 83% NS

Dantam et al 2012- cocci88 64% ~45% NS

Dantam et al 2012- bacilli88 33% 53% P = .03

Gram-negative contamination

Lakkis & Lakkola 2006* 26% 46% P < 0.05

Dantam et al 201288 11% 25% P = .04

Contamination levels

Lakkis & Lakkola 2006* 19% Mod/Heavy 43% Mod/Heavy P < .05

Dantam et al 201288 1.7 log CFU per well 4.1 log CFU per well P < .005

*
Lakkis C, et al. CLAE 2006;29;BCLA Abstract 205.
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