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Purpose of review

Infectious keratitis is a medical emergency. Improper

management can lead to marked loss of vision. This review

identifies recent trends in the study of infectious keratitis.

Recent findings

A multicountry outbreak of Fusarium keratitis emphasizes

that contact lens wear is a major risk factor for infectious

keratitis. Acanthamoeba and fungal keratitis are the most

expensive forms of infectious keratitis to treat. Noninvasive

methods and molecular techniques have improved

diagnosis of infectious keratitis. Fortified topical antibiotics

and fluoroquinolones are still the mainstay of bacterial

keratitis therapy. Voriconazole and new routes of

administration of conventional antifungals appear promising

for fungal keratitis. Antivirals and amelioration of host

inflammatory response are promising for viral keratitis; the

host response is also crucial in pathogenesis of

Pseudomonas aeruginosa keratitis. Trauma-induced

bacterial and fungal keratitis and contact lens-associated

keratitis are preventable entities.

Summary

Improved modalities of diagnosis and treatment have

improved the outcome of infectious keratitis, but therapy of

acanthamoebal, fungal and P. aeruginosa keratitis is still a

challenge. Effective strategies must neutralize potential risk

factors and counter host response overactivity without

impairing killing of infecting microorganisms. Trauma-

induced bacterial and fungal keratitis can be prevented.
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Introduction
Infectious keratitis (microbial keratitis) is characterized

by a defect of the corneal epithelium (hence the

terms ‘infectious keratitis’ and ‘ulcerative keratitis’ are

frequently used interchangeably) with inflammation of

the underlying corneal stroma caused by replicating

organisms including bacteria, viruses, fungi and protozoa

[1��]. The presentation is acute, with patients often in

significant pain and distress. Infectious keratitis is a

medical emergency; rapid initiation of aggressive

treatment is needed to halt the disease process and limit

the extent of corneal scarring and loss of vision. All

clinicians who treat infectious diseases, and not just

ophthalmologists, should recognize this sight-threatening

condition. This review aims to highlight recent advances

in our understanding of this problem.

Epidemiology
The actual prevalence of infectious keratitis is not known.

The incidence of corneal ulceration per 100 000 population

per year is estimated to vary from 6.3 in Hong Kong [2] and

11 in the USA [3] to 339 in Bhutan and 710 in Burma [4];

the incidence is six-fold higher in contact lens wearers [2].

Routine culture and virological investigations of such

corneal ulcers may yield positive results in 55% [1��] to

67% [5�]; the remaining ‘sterile’ ulcers may occur due to

nonmicrobial causes, or may be of infectious origin with

negative culture and virological results due to various

reasons (see below).

Gender

Infectious keratitis affects both males and females. A

male preponderance [1��,5�,6�] has been noted, although

this may simply reflect the frequency of antecedent

ocular trauma during outdoor work as a risk factor [1��].

Age

Age may influence the aetiological agent and outcome of

therapy in infectious keratitis. When patients were cate-

gorized into three age-based groups, namely, paediatric

(�16 years), elderly (�65 years) and control (17–64 years),

fungal keratitis was found to occur significantly less fre-

quently in the paediatric group than in other groups;

polymicrobial infections were less frequent in controls

(5%) than in other groups (�20%); elderly patients

presented with severe central ulcers with a significant risk

of a poor visual outcome and non-traumatic predisposing

factors (ocular surface disorders, prior ocular surgeries)

approached trauma in importance [5�]. In Australia,

individuals with contact lens wear as a risk factor tended
129
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to be significantly younger (mean age 30 years) than

those with other risk factors (mean age 40–47 years)

[1��]. The reasons for these age-based variations need to

be elucidated.

Occupation

Agricultural work and outdoor occupations appear to

predispose to infectious keratitis [6�]. It is not clear

whether certain occupations predispose to specific aetiol-

ogies of keratitis, for example agricultural work to fungal

keratitis, although fungal keratitis was reported to occur

frequently in onion harvesters in Taiwan [7].

Environmental factors

The relative prevalence of filamentous fungal keratitis

has been found to increase toward tropical latitudes,

possibly due to the influence of wind, temperature and

rainfall [8]. Similarly Curvularia keratitis along the Gulf

of Mexico was found to cluster during the hotter, moister,

summer months, possibly reflecting the increase in

airborne Curvularia spores during these months [9�].

Infectious keratitis due to other aetiological agents,

however, does not exhibit such obvious geographical

localization or relation to environmental factors.

Risk factors for infectious keratitis
Risk factors for infectious keratitis due to nonviral patho-

gens include trauma to the eye, overnight or extended

wear of conventional contact lenses or orthokeratology

lenses, chronic ocular surface disease (including atopic

or vernal keratoconjunctivitis and blepharitis), prior

ocular surgery, other ocular defects (lagophthalmos),

systemic diseases (diabetes mellitus, leprosy, rheuma-

toid arthritis), use of topical corticosteroids or traditional

eye medicines [1��,2,3,5�,6�,7,8,10�–15�,16,17,18�–20�].

Around 10% of individuals with infectious keratitis may

not exhibit any risk factor [1��].

Risk factors for specific aetiologies of
infectious keratitis
These have been described [13�–15�,16,17,18�–20�], but

mostly in uncontrolled case series. Such descriptions may

be misinterpreted, so that a risk factor is believed to be

specific for infection by a specific microorganism. For

example, in two recent series describing keratitis due to

Moraxella [19�] and that due to Haemophilus influenzae
[20�], multiple ocular risk factors were noted, the most

frequent being prior ocular surgery and herpes simplex

virus (HSV) keratitis. Thus, case–control studies are

needed to elucidate risk factors unique to specific causes

of infectious keratitis, but there have hitherto been few

such investigations.

Trauma as a risk factor

Trauma to the eye can cause ulceration of the corneal

epithelium; once the epithelium is breached, the corneal
stroma and deeper part of the cornea are prone to become

secondarily infected by bacteria and fungi and, to a lesser

extent, by Acanthamoeba or other protozoa. This has been

reported across different regions [1��,5�,8,14�,15�,16,17,

18�] and age-groups [5�]. One case–control study [21]

noted antecedent ocular trauma in 35% of fungal and 52%

of bacterial keratitis patients while another such study

[22] observed that filamentous fungal keratitis was more

frequently related to mechanical ocular trauma while

bacterial keratitis (principally due to Pseudomonas aeru-
ginosa) was less frequently related to trauma. Thus, it is

unclear whether trauma per se, or specific traumatizing

agents, predisposes to specific aetiologies in infectious

keratitis.

Wearing of contact lenses or orthokeratology lenses as

a risk factor

Contact lens wear is one of the most, if not the most,

important risk factor for infectious keratitis in the devel-

oped world [1��,2,3,23�] and for Acanthamoeba keratitis in

China and Turkey [14�,24�]. Increasingly, overnight wear

of orthokeratology lenses, which are used for the tempor-

ary reduction of myopic refractive error, is being impli-

cated as a risk factor for infectious keratitis in East Asia,

where these lenses have become popular [11�,12�].

Type and composition of lens as predisposing factors for

contact lens-associated infectious keratitis

One study noted the highest incidence of infectious ker-

atitis in those who wore extended wear lenses, followed by

users of daily wear lenses and by users of rigid lenses [2].

The composition of the lens worn may also be a risk factor,

with higher numbers of Acanthamoeba trophozoites found

to attach to first-generation lotrafilcon A silicone hydrogel

lenses, compared with second-generation galyfilcon A

lenses and conventional (etafilcon A) lenses [25�].

Other factors predisposing to contact lens-associated

infectious keratitis

When using conventional contact or orthokeratology

lenses, inappropriate lens care procedures, patient non-

compliance with practitioner instructions, overnight wear

of lenses, smoking and persisting in lens wear despite

discomfort, appear to be key risk factors; rinsing the

lenses in tap water may predispose specifically to Acantha-
moeba infection [2,11�,12�,14�,15�]. Contact lens wear

may predispose to infectious keratitis because of pro-

longed hypoxia (experimentally found to augment

internalization of P. aeruginosa in the cornea) [26�], by

causing minor breaks in the corneal epithelium (thereby

exposing the underlying stroma to infection), or by other

hitherto undefined mechanisms.

An outbreak of contact lens-associated Fusarium keratitis

From mid-2005 to around July 2006, a rather unique,

multicountry outbreak of contact lens-associated keratitis
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due to Fusarium species was witnessed, unique because

hitherto filamentous fungi have been infrequently

implicated in contact lens-associated keratitis [27�].

The outbreak appears to have been first recognized in

Hong Kong, but gained attention after reports from

Singapore [28�], where more than 60 patients were

observed, and the USA [29,30,31�,32�,33��], where more

than 160 patients in 33 states were affected. Epidemio-

logical and microbiological studies implicated the use of

a specific brand of contact lens multipurpose solution,

ReNu with Moisture Loc, in many patients. Fusarium was

not recovered from the factory, warehouse or solution

filtrate, however, or in any unopened bottles of this

product, and the Fusarium strains isolated revealed high

genetic diversity, suggesting that intrinsic contamination

of the contact lens solution was not the direct cause of

the infection [33��]. The high polymer content of the

solution, as well as patient noncompliance (particularly

adding fresh solution to left-over solution in the contain-

ers), was hypothesized to have facilitated contamination

of the solution by Fusarium derived from the local

environments of the patients. This hypothesis, however,

fails to consider the fact that there are numerous

microbial species in the environment, and not just

Fusarium. If contamination had been derived from the

patients’ environments, one would have expected to see a

greater diversity of contaminating organisms.

Ocular surgery as a risk factor

With increasing recourse to refractive surgery such as

laser in-situ keratomileusis (LASIK) and photorefractive

keratectomy (PRK), it is natural that corneal surgery is a

risk factor for infectious keratitis. LASIK has now

become the surgery of choice for correction of errors of

refraction between �8 and þ3 dioptres, due to various

advantages. Although infectious keratitis during the early

postoperative period is rare (<1 in 2919) [34], it is a

dreaded enough complication to have warranted the

publication of a white paper on its management [35�].

Infectious keratitis may also rarely occur following PRK

[36�].

Risk factors associated with perforated corneal ulcers

A case–control study in India found significant associ-

ations between 11 factors and the occurrence of corneal

perforation in infectious keratitis [6�]; of these, the

lack of corneal vascularization, delay in starting initial

treatment and failure to start fortified antibiotics

retained significance on a logistic regression model.

The authors themselves identified several limitations

of their study.

Aetiological agents of infectious keratitis
The principal organisms isolated from various aetiologies

of infectious keratitis are summarized in Table 1

[1��,8,14�,15�,16,17,37,38,39�–45�].
Aetiological agents of trauma-associated infectious

keratitis

Regional variations in infecting organisms even within

defined age groups can be discerned. In Australia,

corneal scrapings from patients aged 15–64 years who

had sustained ocular trauma yielded no growth of organ-

isms (including Acanthamoeba) in 60%, and growth of

Gram-positive bacteria (particularly coagulase-negative

staphylococci, CoNS) in 31%, Gram-negative bacilli

(GNB) in 5% and filamentous fungi in 3.2% [1��]. In

contrast, in India, corneal scrapings from essentially

the same age-group of patients (many of whom had

suffered ocular trauma) yielded no growth in 35%, and

growth of filamentous fungi alone in 32.7%, bacteria

alone (predominantly Streptococcus pneumoniae and
P. aeruginosa) in 25% and Acanthamoeba in one patient

[5�], while in Malaysia, the commonest bacterial causes

of keratitis were P. aeruginosa and Staphylococcus aureus
[13�].

Aetiological agents of lens-associated infectious

keratitis

Worldwide, aetiological agents of lens-associated infec-

tious keratitis appear to be P. aeruginosa and Acanthamoeba
in wearers of conventional and of orthokeratology lenses

[11�,12�,14�,15�]. In Australia, Gram-negative organisms

were isolated significantly more frequently in contact lens

wearers than in trauma cases [1��].

Aetiological agents of postsurgical infectious keratitis

In post-LASIK infectious keratitis, nontuberculous

mycobacteria (NTM), particularly Mycobacterium chelonae,
are the most commonly cultured organisms [34,39�,40�],

followed by staphylococci [including methicillin-resist-

ant S. aureus (MRSA) [41�], fungi such as Exophiala
dermatitidis [42�], streptococci, Nocardia [43�] and GNB

such as P. aeruginosa [44�]].

Other aetiological agents

In a study on infectious keratitis where attempts were

made to detect viral pathogens, herpetic keratitis was

diagnosed in 6.9% [1��]. Microsporidial keratoconjuncti-

vitis was found to account for 0.4% of suspected infec-

tious keratitis in southern India [45�].

Factors detrimental to isolation or detection of

aetiological agents in infectious keratitis

It may not be possible to detect a microorganism in

around 35–60% of patients with suspected infectious

keratitis, possibly because of scanty sample material,

delay in performing investigations, prior use of antimi-

crobial agents or even the use of certain corneal stains

such as rose bengal and lissamine green [46�]. Prior use of

topical antibiotics may only delay the time taken to grow

organisms in culture without affecting culture-positivity

rates [1��,47].
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Co-infection by multiple aetiological agents

Multiple similar or diverse pathogens may sometimes

occur simultaneously or sequentially in an ocular infec-

tion. Specific investigations should be done to ensure that

such polymicrobial infections are not missed, since the

clinical evolution of the disease and the response to

treatment may be affected. The reported incidence of

polymicrobial keratitis varies from 5 to 22% [5�,13�,48��],

even when the same criteria are used to define an

organism as a pathogen or contaminant. A recent study

[48��] established criteria to define a bacterial co-infec-

tion in fungal keratitis. Superinfection by the normal

bacterial flora during early keratomycosis was believed

to have led to polymicrobial keratitis. Candida isolates

tended to be coinfected with staphylococci, the risk of

polymicrobial infection being approximately three times

greater than that with infection by filamentous fungi.

Such synergism possibly contributes to the generally poor

prognosis for fungal keratitis. Candida keratitis, however,

actually tends to resolve better than does filamentous

fungal keratitis [17], so the importance of bacterial

co-infection in filamentous fungal keratitis in tropical

regions requires further study.

Aetiological agents of infectious keratitis and financial

implications

An interesting study tried to assess the financial burden of

infectious keratitis [1��]. Acanthamoeba keratitis was the

most expensive to treat, followed by fungal and herpetic

keratitis and lastly by culture-proven bacterial keratitis or

culture-negative cases.

Clinical features
Early signs and symptoms of infectious keratitis include

redness, tearing, pain, sensitivity to light, discharge,

decreased vision and a white corneal infiltrate. Certain

signs have been described as being unique to specific

presentations of infectious keratitis (Table 1). Again, the

specificity of such findings requires simultaneous study of

multiple presentations of infectious keratitis.

Clinical features of fungal keratitis

Serrated margins, raised slough and colour other than

yellow were found to be independently associated with

fungal keratitis in a logistic regression model [49�]. The

probability of fungal infection was 63% if one clinical

feature was present, increasing to 83% if all three features

were present. A drawback of this study was that clinical

presentation was not stratified based on duration of

symptoms nor were infecting bacteria or fungi arranged

by genus.

Clinical features of less frequent causes of infectious

keratitis

Microsporidial keratitis may mimic atypical or unusual

adenoviral keratoconjunctivitis [45�] while keratitis due
to NTM is indolent in evolution and mimics herpetic,

mycotic and Nocardia keratitis or even crystalline

keratopathy [34,39�]. Nonulcerative stromal keratitis, a

complication of late congenital syphilis that typically

begins during childhood or adolescence, may mimic viral

interstitial keratitis [50�].

Diagnosis
In recent years, there have been notable advances in

noninvasive techniques for diagnosis of infectious

keratitis and in molecular techniques for diagnosis of

viral and fungal keratitis.

Noninvasive methods

Noninvasive methods of diagnosis include confocal

microscopy and impression cytology.

Confocal microscopy

The confocal microscope allows in-vivo examination of

the cornea. First-generation confocal microscopes

have yielded to the advanced tandem scanning confocal

microscope and the Heidelberg retina tomograph II

(HRT-II) with cornea module. These two confocal

microscope models have been used for diagnosis

of Acanthamoeba keratitis [14�,15�,51�] by direct

visualization of Acanthamoeba cysts in the corneal

stroma, while HRT-II demonstrated inflammatory

necrotic cells in the corneal stromal and anterior

chamber cell reaction in bilateral infectious ulcers

due to Streptococcus sanguis [10�]. This facility is

valuable in regions where cost is no constraint to the

investigation of infectious keratitis.

Impression cytology

Impression cytology can be used for diagnosis of ocular

diseases, including infectious keratitis. A cellulose acetate

filter is applied to the ocular surface to remove the

most superficial layers of the ocular surface epithelium,

the cells obtained then being subjected to histological,

immunohistological or molecular analysis; deeper cells can

also be accessed by repeated application over the same site

[52�]. Impression cytology has permitted the diagnosis of

superficial infections due to HSV, varicella-zoster virus and

adenoviruses [53], and of Acanthamoeba keratitis [54].

Conventional method of specimen collection

To identify the aetiological agent in infectious keratitis,

samples (usually scrapings) are obtained from the

infected cornea; a biopsy or (in LASIK patients)

material from the stromal bed after lifting the

flap may sometimes be needed; material from the

anterior chamber or a corneal endothelial plaque is an

infrequent sample [17,37,39�,40�,45�]. The material

thus obtained is used for microscopic examination,

using various stains, or inoculated onto appropriate

culture media (Table 1).
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Diagnosis of viral keratitis

This is done by cell culture using Vero cell lines, the

direct fluorescent antibody test (DFA) or the polymerase

chain reaction (PCR). In diagnosis of HSV keratitis,

DFA was found to be more sensitive than PCR, which

was in turn more sensitive than culture; DFA had better

sensitivity and negative predictive values while PCR had

better specificity and positive predictive values [55�].

Demonstration of antibodies to HSV and varicella-zoster

virus in samples from the anterior chamber may help to

diagnose recurrent herpes keratitis in patients presenting

with intraocular inflammation and neovascularization

[56]. Recently, a fully automated molecular assay using

an automated extraction system and a real-time PCR

protocol successfully detected human adenoviral DNA

in conjunctival smears, the results coinciding with those

obtained using an immunofluorescent test kit [57�].

Diagnosis of fungal keratitis

A sensitive and rapid PCR-based method using single-

stranded conformation polymorphism was recently

described for diagnosis of fungal keratitis in four patients

[58�]. This approach may yield positive results when the

conventional approach proves negative. Interestingly, in

this study, a clinical diagnosis of fungal keratitis had been

made in all four patients, and the PCR results only

confirmed the diagnosis.

Treatment

Conventional lines of therapy for infectious keratitis are

outlined in Table 1. The efficacy of povidone-iodine

(betadine) in reducing the microbial load of corneal ulcers

before patients were given antibiotics was recently

assessed [59�]. A single application of 5% betadine was

not found to reduce the bacterial load of corneal ulcers

more than just scraping and rinsing alone, possibly due to

lack of penetration deep into the corneal stroma and the

number of organisms present, as well as other factors.

Acanthamoeba keratitis

In Acanthamoeba keratitis, propamidine or hexamidine,

in combination with polyhexamethylene biguanide

(PHMB) or chlorhexidine, is the recommended line

of treatment [14�,15�]. A combination of PHMB and

hexamidine diisethionate exerted a synergistic effect

and was more effective than PHMB, hexamidine

diisethionate or miltefosine alone in a rat model of

chronic Acanthamoeba polyphaga keratitis [60�]. The

advent of effective antiamoebic therapy has permitted

a redefining of the goal of therapeutic penetrating

keratoplasty in Acanthamoeba keratitis, from a mere salva-

ging of the affected cornea to restoration of useful vision

after the infection has completely resolved. A study on a

small series of patients showed that when penetrating

keratoplasty was undertaken at least 3 months after dis-

continuation of antiamoebic therapy, with a negative
preoperative confocal microscopy examination, there

were no recurrences [61�]. Here, the ‘waiting period’

of at least 3 months was identified as being crucial to

success so that when the corneal limbus was affected,

there was a longer waiting period. In some instances of

very refractory infection, a combination of conjunctival

flap surgery, corneal cryo treatment and penetrating

keratoplasty may be needed [62�].

Bacterial keratitis

While treatment of P. aeruginosa keratitis requires

special antibiotics, other forms of bacterial keratitis

continue to be treated either by a combination of

fortified topical antibiotics, using a cephalosporin and

an aminoglycoside, or by fluoroquinolone monotherapy

(Table 1). When combined therapy with cephalothin

and gentamicin was used to treat patients with

infectious keratitis, there was a clinical lack of response

in 13% and treatment failure in 4%, whereas when

ciprofloxacin monotherapy was used there were no

treatment failures [63�]. Treatment groups were

nonrandomized, however, and the differential outcomes

possibly reflected a desire to treat milder cases with

monotherapy. The use of fluoroquinolone monotherapy

(possibly in an inadequate frequency) and the delay or

failure in starting fortified antibiotics were reported to

be risk factors for perforation in patients with infectious

keratitis [6�]. There have also been concerns regarding

the safety of fluoroquinolone use in keratitis. Fluoro-

quinolones, however, continue to be considered as use-

ful alternatives, due to inherent problems in preparation

and storage of fortified antibiotics [5�,6�,63�]. Use of

fluoroquinolones such as ofloxacin may be associated

with corneal precipitates and poor wound healing due to

impaired epithelialization [64]; fortunately these effects

resolve when treatment is stopped.

Fourth-generation fluoroquinolone therapy

Gatifloxacin, was found to be superior to ciprofloxacin in

treatment of bacterial keratitis, particularly that due to

Gram-positive cocci [65�], while gatifloxacin and moxiflox-

acin were found effective in M. chelonae keratitis, in varying

combinations with amikacin, clarithromycin or other

fluoroquinolones [39�,40�]. MRSA keratitis, however,

was reported in a patient who was receiving gatifloxacin

after LASIK, while P. aeruginosa keratitis developed in a

patient receiving moxifloxacin after PRK; both cases

resolved only after topical aminoglycoside therapy and

surgical intervention [41�]. Therefore, overuse of these

advanced fluoroquinolones should be avoided to prevent

development of widespread resistance.

Therapy of keratitis due to nontuberculous mycobacteria,

Moraxella and Haemophilus

The course of post-LASIK infectious keratitis due to

NTM is often protracted because of delayed diagnosis,
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the advent of resistance to monotherapy, the inadvertent

use of corticosteroids, inadequate penetration of drugs

into the cornea and slow response to therapy. More than

25% of patients with Moraxella keratitis were reported to

have a poor visual outcome, which was attributed to both

the nature of the infection and the predisposing factors

[19�]. Fortunately, H. influenzae keratitis appears to have a

favourable outcome, with a good response to medical

antibiotic therapy being noted in all 10 patients in a

recently reported series of patients with this condition

[20�].

Subpalpebral lavage therapy

The technique of subpalpebral lavage therapy was

devised to provide continuous irrigation of the eye so

as to improve scleral penetration by antibiotics, such as

tobramycin (100 mg/ml) and levofloxacin (500 mg/100 ml)

[66�]. This technique also allows the cleaning of necrotic

debris, causes a decrease in the free bacterial load,

reduces likelihood of recurrences and is ideally suited

for patients who may resist frequent nursing care.

Defensins

Defensins are small cationic peptides with broad in-vitro

antimicrobial activity. They also offer potential as wound

healing agents. Their efficacy in treating ocular microbial

infections, however, may be affected by the presence of

tears [67�].

Fungal keratitis

Filamentous fungal keratitis continues to be difficult to

treat despite the use of topical and systemic antifungal

agents and adjuvant surgery, such as corneal transplan-

tation. Few prospective studies have evaluated the effec-

tiveness of different therapeutic approaches for fungal

keratitis [17].

Medical therapy of fungal keratitis

Medical therapy has been boosted by the use of vorico-

nazole, given topically or by other routes [68�,69�]. In

addition, new ways of administering established drugs

have been tried, for example intrastromal corneal injection

of amphotericin B (5mg per 0.1 ml) [70�], subconjunctival

fluconazole (0.5–1.0 ml of a 2% solution) [71�,72�], and

topical fluconazole with oral ketoconazole [73�]. It should

be noted that the amphotericin B paper dealt with a single

case, while in the fluconazole papers, there was insufficient

detail regarding the severity of the keratitis in the patients.

Amniotic membrane transplantation for fungal keratitis

When amniotic membrane transplantation (AMT) was

used to treat acute, culture-proven fungal keratitis in 23

eyes (23 patients), complete epithelialization was

achieved in 75% of patients with active disease and in

all patients with inactive disease. [74�]; importantly,

antifungal agents were administered throughout the
entire duration of hospitalization, and repeated cultures

were done immediately before AMT.

Viral keratitis

While antivirals continue to be important in therapy of

viral keratitis, there is increasing emphasis on methods to

ameliorate the effects of an overactive host inflammatory

response (Table 1).

Treatment of herpes simplex virus epithelial keratitis

Acyclovir is currently the drug of choice [75�]. In a small

series of patients, topical ganciclovir gel 0.15%, given every

6 h, was helpful in the treatment of herpetic epithelial

keratitis; when given twice daily, it was effective prophy-

laxis for patients with herpetic keratitis who were under-

going penetrating keratoplasty [76�], while perioperative

prophylaxis with oral valacyclovir and topical acyclovir

ointment was found to prevent reactivation of latent

HSV keratitis in a small series of patients who underwent

LASIK [77�]. These encouraging results require further

confirmation in a larger series of patients, using controls.

Treatment of herpes simplex virus stromal keratitis

For nonnecrotizing (disciform) stromal keratitis, topical

corticosteroids are predominantly applied. Topical

corticosteroid use has many undesired side-effects and

response to such therapy may be limited in some patients,

hence other modalities of treatment have been tried. In a

recent study [78�], 10 of 12 patients with HSV nonne-

crotizing stromal keratitis, who had failed to respond to

4 weeks of 1% topical prednisolone acetate therapy, were

found to respond to 1 month of topical cyclosporine

0.05% twice daily; unfortunately, the keratitis recurred

in four patients when therapy was discontinued. Oral

acyclovir therapy, in conjunction with corticosteroids,

might ameliorate the deep corneal inflammation of

disciform keratitis. For necrotizing stromal keratitis, oral

acyclovir is given to control the viral invasion and replica-

tion in corneal tissue, while topical corticosteroids are

given twice daily to control inflammation. Recently,

attempts have been made to apply protective cytokines

topically, either as naked DNA or in plasmids, to mitigate

the course of experimental herpes stromal keratitis [75�].

Other methods of applying the DNA have also been tried

[79�].

Treatment of adenoviral keratitis

Two new compounds, namely N-chlorotaurine [80�] and

a topical cobalt chelate, CTC-96 [81�], were found to be

effective against adenovirus in tissue culture and in Ad5/

NZW rabbit ocular model. Clinical trials with these

compounds are awaited.

Pathogenesis
Infectious keratitis arises from an interplay between

organism factors (e.g., invasiveness, toxins) and host
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Table 2 Recent advances in understanding pathogenesis/resistance in infectious keratitis

References Putative virulence/resistance factor Important findings

[83,84�] IL-8 (not normally found in cornea;
present in certain pathological conditions)

IL-8 production by corneal and conjunctival stromal cells caused
chemoattraction of neutrophils leading to corneal ulceration
and marked angiogenesis

[85] Toll-like receptors (TLRs) and common
adapter protein MyD88

Activation of TLR2 and TLR4 caused chemokine secretion and
neutrophil infiltration into corneal stroma, causing keratitis. This
mechanism may be relevant to pathogenesis of Gram-positive and
Gram-negative bacterial keratitis, respectively

[86,87�] IL-1; NFkB; IL-1 stimulated (a) collagen degradation by cultured corneal fibroblasts
(this effect is mediated by NF-kB) (b) synthesis or activation of
matrix metalloproteinases. Sulfasalazine inhibited these effects.

[26�] Prolonged hypoxia (> 3 days) of cornea due
to contact lens wear/eyelid suturing

Physical effects of contact lens wear found to direct localization of
lipid-raft associated P. aeruginosa internalization on corneal surface.

[88�] Nitric oxide causes bacterial killing/stasis Absence of IFNa and reduced nitric oxide synergistically increased
proinflammatory cytokines, neutrophil number and bacterial load
after corneal infection with P. aeruginosa

[89��] Matrix metalloproteinase (MMP)-9 MMP-9 found to regulate immune function in cornea by proteolysis,
degrade collagen IV in corneal basement membrane and to upregulate
chemotactic cytokines/chemokines IL-1 beta and MIP-2, thereby
promoting corneal perforation in B6 mice with P. aeruginosa keratitis.

[90��] Toll-like receptor (TLR) 4 In P. aeruginosa keratitis in mice, TLR4 deficiency caused increased
neutrophil infiltration and proinflammatory cytokines, decreased induced
nitric oxide synthase (iNOS) and beta-defensin-2 production, and
impaired bacterial killing

[91�] Single immunoglobulin IL-1R-related
molecule (SIGIRR)

In P. aeruginosa keratitis in mice, inhibition of SIGIRR led to increased
corneal opacity, stromal damage and bacterial load; significant
upregulation of corneal mRNA levels of proinflammatory and type 1
cytokines; significant upregulation of protein levels for IL-1 beta and MIP-2

[92�] 20-kDa polysaccharide (PS) antigen of
Staphylococcus epidermidis
(slime-producing strain)

Active immunization with the antigen and passive immunization with
anti20 kDa PS antibodies resulted in high levels of antibodies
in serum and aqueous and significantly less corneal damage
than in unimmunized rabbits

[93] Toll-like receptor (TLR)-2 Cultured corneal epithelial cells exposed to Staphylococcus aureus
peptidoglycan produced proinflammatory cytokines, chemokines
and antimicrobial peptide

[94�] Vitronectin This extracellular matrix protein promoted and enhanced in-vitro infection of
human corneal epithelium by adenovirus serotype 19

[95�] Nitric oxide (NO) In primary HSV keratitis, NO was neuroprotective without antiviral effect. In
recurrent HSV keratitis, inhibition of NO did not affect virus shedding or
clinical disease. Therefore, NO may not have a significant role in evolution
of recurrent HSV keratitis

[96�] IL-6 IL-6 played a key role in angiogenesis in HSV keratitis by stimulating
production of vascular endothelial growth factor (VEGF). This effect was
reversed by antibody to IL-6

[97,98��] Herpes simplex virus (HSV) type 1
immediate early protein ICPO

HSV1 ICPO found in virus-free tears from rabbit eyes acutely infected
with HSV1. Using ex vivo confocal microscopy to scan rabbit corneas
infected with a HSV1-derived strain expressing ICPO, this protein
was found expressed in corneal epithelial and stromal cells of acutely
infected corneas. HSV 1 ICPO possibly excites the immune response in
herpes stromal keratitis

[99] Protease activities of Acanthamoeba Protease patterns in Acanthamoeba polyphaga and Acanthamoeba
castellanii found to be complex (17 bands ranging from 30 to 144
kDa). Aprotinin inhibited crude extract protease activity in cell culture.

[100��] Anterograde axonal spread of HSV1 HSV mutant was able to produce keratitis even when anterograde
axonal spread was not possible

[79�] IL-10 and IL-4 After gold particle-mediated gene transfer to mouse corneas 2 days before
HSV1 infection, IL-10 and IL-4 were expressed in cornea, leading to reduced
expression of IL-6 and milder clinical course of keratitis

[101�] Mannose-binding protein (MBP)
of Acanthamoeba

Trophozoites of A. castellanii bound strongly to cultured corneal epithelial cells
in a mannose-inhibitable manner (cysts did not). Trophozoites of other
Acanthamoeba strains that bound strongly to corneal cells and produced
marked CPE robustly expressed MBP

[102��] Recombinant mannose-binding protein
(rMBP) of Acanthamoeba

Oral immunization with rMBP ameliorated Acanthamoeba keratitis in a
hamster model. This protection was associated with elevated levels
of anti-MBP IgA in tear fluid of immunized animals.

CL, contact lens; CPE, cytopathic effect; HSV, herpes simplex virus; IFN, interferon; IL, interleukin; iNOS, induced nitric oxide synthase; MBP,
mannose-binding protein; MIP-2, macrophage inflammatory protein-2; MMP, matrix metalloproteinase; NF, nuclear factor; PS, polysaccharide; rMBP,
recombinant mannose-binding protein; SIGIRR, single Ig IL-1R-related molecule; TLR, Toll-like receptor; VEGF, vascular endothelial growth factor.
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factors (e.g., polymorphonuclear leucocyte infiltration).

Initially, much of the focus was on contribution of organ-

ism factors to pathogenesis of infectious keratitis; in

recent years, there is increasing realization of the import-

ance of host factors such as Toll-like receptors [82��].

Recent advances in our understanding of the pathogen-

esis of, and resistance to, infectious keratitis are summar-

ised in Table 2 [82��,83,84�,85,86,87�,88�,89��,90��,91�,

92�,93,94�–96�,97,98��,99,100��,101�,102��].

Prevention
There have been advances in prevention of trauma-

associated and contact lens-associated infectious keratitis

and in development of vaccines for some types of

infectious keratitis.

Prevention of trauma-associated infectious keratitis

If posttraumatic infectious keratitis is initiated following

infection of a breach in the corneal epithelium, then

application of antimicrobials to the abraded cornea soon

after trauma should reduce the incidence of infectious

keratitis. Proof that this hypothesis is correct has been

provided by two studies at the village level, one in

Bhutan [103��], and the other in Burma [104��];

application of 1% chloramphenicol ointment or 1% chlor-

amphenicol–clotrimazole ointment soon after detection

of trauma-induced corneal abrasion effectively prevented

bacterial and fungal keratitis respectively. These reports

stressed the importance of committed grassroots workers

(volunteer or otherwise), a fairly extensive rural health

network and a campaign (either official or by word of

mouth) to publicize the fact that individuals with

abrasions could seek treatment with the health workers.

Interestingly, neither of these papers dwelt on

the importance of traditional healers in these defined

populations, and whether it was necessary to solicit

their cooperation.

Prevention of contact lens-associated infectious

keratitis

General measures include proper storage, disinfection

and cleaning of contact lenses and their cases; overnight

contact lens wear should be avoided, and the contact

lenses promptly removed at the onset of ocular irritation

[27�]. To prevent contact lens-associated Acanthamoeba
keratitis, patients should be informed of the possible

danger of wearing first-generation silicone hydrogel

lenses when exposed to sources of the organisms while

swimming or in showers and hot tubs, since such lenses

are very sticky for Acanthamoeba trophozoites and may

increase the chances of infection [25�]; use of these lenses

on a trial basis, or use of second-generation lenses could

be advised. Infectious keratitis should not be treated with

a corticosteroid in the absence of appropriate antimicro-

bial therapy since it may aggravate an unrecognized

fungal keratitis.
Prevention of infectious keratitis by using vaccines

Vaccines for S. epidermidis and Acanthamoeba are at an

experimental stage [92�,102��]. Much progress has been

made, however, in developing vaccines to prevent HSV

keratitis, and the routine use of such vaccines may

become a reality one day [75�,105�].

Conclusion
While infectious keratitis is a well recognized cause of

visual loss in the developing world, the recent outbreak of

contact lens-induced Fusarium keratitis has heightened

the awareness of the international community about

this problem. Hopefully, this will lead to increased

recognition of potential risk factors predisposing to the

condition, as well as improvements in diagnosis and

therapy. An overactive host response is detrimental to

the resolution of infectious keratitis, so methods need to

be devised to check this overactivity without, however,

impairing the elimination of pathogens. There should be

increased emphasis on the prevention of infectious

keratitis by prompt recognition of trauma-induced

corneal abrasions, and by eliminating potential predis-

posing factors.

Acknowledgements
We wish to thank Drs C.M. Kalavathy, J. Kaliamurthy, Sunil Kumar and
Selvakumar Subramanian and Mrs A. Geetha for their help in the
preparation of this manuscript.

References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:
� of special interest
�� of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (pp. 205–206).

1

��
Keay L, Edwards K, Naduvilath T, et al. Microbial keratitis: predisposing
factors and morbidity. Ophthalmology 2006; 113:109–116.

This is a key addition to the literature on infectious keratitis, being the first paper
reporting the financial implications of hospitalization for infectious keratitis and one
of the few papers on infectious keratitis that reports on the entire spectrum of
causative microorganisms (including herpesviruses).

2 Lam DS, Houang E, Fan DS, et al. Incidence and risk factors for microbial
keratitis in Hong Kong: comparison with Europe and North America. Eye
2002; 16:608–618.

3 Erie JC, Nevitt MP, Hodge DO, Ballard DJ. Incidence of ulcerative keratitis in
a defined population from 1950 through 1988. Arch Ophthalmol 1993; 111:
1665–1671.

4 World Health Organization. Guidelines for the management of corneal ulcer
of primary, secondary, and tertiary care health facilities in the South-East Asia
Region. SEA/Ophthal/126. New Delhi: WHO Regional Office for South-East
Asia; 2004. pp. 1–36.

5

�
Parmar P, Salman A, Kalavathy CM, et al. Microbial keratitis at extremes of
age. Cornea 2006; 25:153–158.

This interesting study sought to assess the association of age with culture-
positivity, aetiological agents, clinical outcome and other features of infectious
keratitis.

6

�
Titiyal JS, Negi S, Anand A, et al. Risk factors for perforation in microbial
corneal ulcers in north India. Br J Ophthalmol 2006; 90:686–689.

This describes one of the few case–control studies on infectious keratitis. This
study specifically looked for factors predisposing to an unsatisfactory outcome
(corneal perforation); unique risk factors identified were illiteracy and excessive
alcohol consumption.

7 Lin SH, Lin CP, Wang HZ, et al. Fungal corneal ulcers of onion harvesters in
southern Taiwan. Occup Environ Med 1999; 56:423–425.



Infectious keratitis Thomas and Geraldine 139
8 Leck AK, Thomas PA, Hagan M, et al. Aetiology of suppurative corneal ulcers
in Ghana and south India, and epidemiology of fungal keratitis. Br J Ophthal-
mol 2002; 86:1211–1215.

9

�
Wilhelmus KR. Climatology of dematiaceous fungal keratitis. Am J Ophthal-
mol 2005; 140:1156–1157.

This is a brief communication but important in emphasizing the influence of
environmental factors on the frequency of occurrence of filamentous fungal
keratitis; clustering of Curvularia keratitis was found when the temperature was
23.98C�38C and relative humidity averaged 73�13%.

10

�
Labbe A, Dupas B, Bensoussan L, Baudouin C. Bilateral infectious ulcers
associated with atopic keratoconjunctivitis. Cornea 2006; 25:248–250.

This is a case report but important in providing details of bilateral bacterial keratitis
with an ocular disorder as the risk factor; a new-generation confocal microscope
(Heidelberg retinal tomograph II with cornea module) contributed to the diagnosis.

11

�
Watt K, Swarbrick HA. Microbial keratitis in overnight orthokeratology: review
of the first 50 cases. Eye Contact Lens 2005; 31:201–208.

This is the first review of infectious keratitis associated with overnight wear of
orthokeratology lenses; most patients were found to be from East Asia.

12

�
Sun X, Zhao H, Deng S, et al. Infectious keratitis related to orthokeratology.
Ophthalmic Physiol Opt 2006; 26:133–136.

This is a case series of infectious keratitis in China where the risk factor was
wearing of orthokeratology lenses.

13

�
Hooi SH, Hooi ST. Culture-proven bacterial keratitis in a Malaysian general
hospital. Med J Malaysia 2005; 60:614–623.

This is an interesting report on more than 100 patients with culture-proven
bacterial keratitis in a general hospital in a tropical setting.

14

�
Sun X, Zhang Y, Li R, et al. Acanthamoeba keratitis: Clinical characteristics
and management. Ophthalmology 2006; 113:412–416.

This is a retrospective analysis of risk factors, presentation and management of 20
consecutive patients with Acanthamoeba keratitis in China.

15

�
Parmar DN, Awad ST, Petroll WM, et al. Tandem scanning confocal corneal
microscopy in the diagnosis of suspected Acanthamoeba keratitis. Ophthal-
mology 2006; 113:538–547.

This is a retrospective analysis of risk factors (principally contact lens wear),
diagnosis (principally by tandem scanning confocal microscopy) and management
of 63 patients with Acanthamoeba keratitis in the USA.

16 Wang AG, Wu CC, Liu JH. Bacterial corneal ulcer: a multivariate study.
Ophthalmologica 1998; 212:126–132.

17 Thomas PA. Current perspectives on ophthalmic mycoses. Clin Microbiol
Rev 2003; 16:730–797.

18

�
Ritterband DC, Seedor JA, Shah MK, et al. Fungal keratitis at the New York
Eye and Ear Infirmary. Cornea 2006; 25:264–267.

In this retrospective analysis of fungal keratitis, seropositivity to human immuno-
deficiency virus was reported as the most important risk factor, a most unique
finding.

19

�
Das S, Constantinou M, Daniell M, Taylor HR. Moraxella keratitis: predis-
posing factors and clinical review of 95 cases. Br J Ophthalmol 2006;
90:1236–1238.

This case series of 95 patients contradicts the misplaced notion that Moraxella
keratitis tends to occur in derelict individuals.

20

�
Yang K-S, Lin H-C, Ma DHK, et al. Ulcerative keratitis caused by Haemo-
philus influenzae. Cornea 2006; 25:701–704.

A retrospective analysis of 10 patients with keratitis due to H. influenzae, one of the
few bacteria that can penetrate an intact corneal epithelium.

21 Dunlop AA, Wright ED, Howlader SA, et al. Suppurative corneal ulceration in
Bangladesh: a study of 142 cases, examining the microbiological diagnosis,
clinical and epidemiological features of bacterial and fungal keratitis. Aust NZ
J Ophthalmol 1994; 22:105–110.

22 Wong T-Y, Ng T-P, Fong K-S, Tan DTH. Risk factors and clinical outcome
between fungal and bacterial keratitis. A comparative study. CLAO J 1997;
23:275–281.

23

�
Schein OD, McNally JJ, Katz J, et al. The incidence of microbial keratitis
among wearers of a 30-day silicone hydrogel extended-wear contact lens.
Ophthalmology 2005; 112:2172–2179.

This was another study to emphasize the importance of extended-wear contact
lenses as a risk factor for infectious keratitis.

24

�
Demirci G, Ay GM, Karabas LV, et al. Acanthamoeba keratitis in a 5 year old
boy without a history of contact lens usage. Cornea 2006; 25:356–358.

This is a description of Acanthamoeba keratitis in a Turkish boy with no apparent
risk factor for Acanthamoeba keratitis.

25

�
Beattie TK, Tomlinson A, McFadyen AK. Attachment of Acanthamoeba to
first- and second-generation silicone hydrogel contact lenses. Ophthalmol-
ogy 2006; 113:117–125.

This experimental study showed that the composition of a contact lens may
predispose to Acanthamoeba keratitis.
26

�
Yamamoto N, Yamamoto N, Jester JV, et al. Prolonged hypoxia induces lipid
raft formation and increases Pseudomonas internalization in vivo after contact
lens wear and lid closure. Eye Contact Lens 2006; 32:114–120.

This paper suggests that hypoxia arising from prolonged contact lens wear may
predispose to infectious keratitis.

27

�
Margolis TP, Whitcher JP. Fusarium: a new culprit in the contact lens case.
JAMA 2006; 296:985–987.

This commentary discusses the implications of the recent contact lens-associated
outbreak of Fusarium keratitis.

28

�
Khor W-B, Aung T, Saw S-M, et al. An outbreak of Fusarium keratitis
associated with soft contact lens wear in Singapore. JAMA 2006; 295:
2867–2873.

This describes the characteristics of patients in Singapore affected by the recent
contact lens-associated outbreak of Fusarium keratitis.

29 Centers for Disease Control and Prevention. Fusarium keratitis: multiple
states. MMWR Morb Mortal Wkly Rep 2006; 55: 400–401.

30 Centers for Disease Control and Prevention. Update: Fusarium keratitis
United States, 2005–2006. MMWR Morb Mortal Wkly Rep 2006; 55:
563–564.

31

�
Bernal MD, Acharya NR, Lietman TM, et al. Outbreak of Fusarium keratitis in
soft contact lens wearers in San Francisco. Arch Ophthalmol 2006;
124:1051–1053.

This describes the characteristics of patients in San Francisco affected by the
recent contact lens-associated outbreak of Fusarium keratitis.

32

�
Alfonso EC, Cantu-Dibildox J, Munir WM, et al. Insurgence of Fusarium
keratitis associated with contact lens wear. Arch Ophthalmol 2006; 124:
941–947.

This describes the characteristics of patients in Florida affected by the recent
contact lens-associated outbreak of Fusarium keratitis.

33

��
Chang DC, Grant GB, O’Donnell K, et al., for the Fusarium Keratitis
Investigation Team. Multistate outbreak of Fusarium keratitis associated with
use of a contact lens solution. JAMA 2006; 296:953–963.

This is a brilliant exposition of the epidemiological aspects of the recent contact
lens-associated outbreak of Fusarium keratitis in the United States. The conclu-
sions made, however, may be open to debate.

34 Solomon R, Donnenfeld ED, Azar DT, et al. Infectious keratitis after laser in
situ keratomileusis: results of an ASCRS survey. J Cataract Refract Surg
2003; 29:2001–2006.

35

�
Donnenfeld ED, Kim T, Holland EJ, et al. ASCRS White Paper: Management
of infectious keratitis after laser in situ keratomileusis. J Cataract Refract Surg
2006; 31:2008–2011.

This is a straightforward description of management of infectious keratitis following
LASIK.

36

�
Wroblewski KJ, Pasternak JF, Bower KS, et al. Infectious keratitis after
photorefractive keratectomy in the United States Army and Navy. Ophthal-
mology 2006; 113:520–525.

Infectious keratitis is a rare occurrence after photorefractive keratectomy in
personnel of the US Army and Navy.

37 Jones DB. Strategy for the initial management of suspected microbial
keratitis. In: Barraquer JI, Binder PS, Buxton JN, et al., editors. Symposium
on medical and surgical diseases of the cornea: Transactions of the New
Orleans Academy of Ophthalmology. St Louis: CV Mosby; 1980. pp. 86–
119.

38 Seal DV, Bron AJ, Hay J. Ocular infection: investigation and treatment in
practice. London: Martin Dunitz; 1998.

39

�
UmapathyT, Singh R, DuaHS,Donald F. Nontuberculousmycobacteria related
infectious crystalline keratopathy. Br J Ophthalmol 2005; 89:1374–1375.

This is a case report describing an unusual presentation of infectious keratitis.

40

�
Hamam RN, Noureddin B, Salti HI, et al. Recalcitrant post-LASIK Mycobac-
terium chelonae keratitis eradicated after the use of fourth-generation fluor-
oquinolone. Ophthalmology 2006; 113:950–954.

The authors describe the efficacy of fourth-generation fluoroquinolones for post-
LASIK keratitis.

41

�
Moshirfar M, Mirzaian G, Feiz V, Kang PC. Fourth-generation fluoroquinolone-
resistant bacterial keratitis after refractive surgery. J Cataract Refract Surg
2006; 32:515–518.

This provides a warning about the emergence of resistance to fourth-generation
fluoroquinolones.

42

�
Patel SR, Hammersmith KM, Rapuano CJ, Cohen EJ. Exophiala dermatitidis
keratitis after laser in situ keratomileusis. J Cataract Refract Surg 2006;
32:681–684.

This describes an unusual pathogen in post-LASIK infectious keratitis.

43

�
Patel NR, Reidy JJ, Gonzalez-Fernandez F. Nocardia keratitis after laser in situ
keratomileusis: clinicopathologic correlation. J Cataract Refract Surg 2005;
31:2012–2015.

This describes another unusual pathogen in post-LASIK infectious keratitis.



140 Skin and soft tissue infections
44

�
Sharma N, Sinha R, Singhvi A, Tandon R. Pseudomonas keratitis after laser in
situ keratomileusis. J Cataract Refract Surg 2006; 32:519–521.

This is believed to be the first documented case of P. aeruginosa keratitis following
LASIK.

45

�
Joseph J, Sridhar MS, Murthy S, Sharma S. Clinical and microbiological
profile of microsporidial keratoconjunctivitis in southern India. Ophthalmology
2006; 113:531–537.

This paper describes the clinical presentation (mimics adenoviral keratoconjunc-
tivitis), diagnosis using readily available stains and management of the largest
documented (19 patients) case series of microsporidial keratoconjunctivitis; most
of the patients were immunocompetent and did not wear contact lenses.

46

�
Seitzman GD, Cevallos V, Margolis TP. Rose bengal and lissamine green
inhibit detection of herpes simplex virus by PCR. Am J Ophthalmol 2006;
141:756–758.

Rose bengal, lissamine green and calcium alginate were found to inhibit PCR
detection of several viruses and toxoplasma; this needs to be considered when
using PCR for diagnosis of viral keratitis.

47 Marangon FB, Miller D, Alfonso EC. Impact of prior therapy on the recovery
and frequency of corneal pathogens. Cornea 2004; 23:158–164.

48

��
Pate JC, Jones DB, Wilhelmus KR. Prevalence and spectrum of bacterial co-
infection during fungal keratitis. Br J Ophthalmol 2006; 90:289–292.

This unique paper defines bacterial co-infection and describes criteria for asses-
sing the relative importance of a bacterial isolate in a patient with culture-proven
fungal keratitis; these criteria reflect the bacterial load in the wound but give
relatively less weight to the virulence of the organism.

49

�
Thomas PA, Leck AK, Myatt M. Characteristic clinical features as an aid to the
diagnosis of suppurative keratitis caused by filamentous fungi. Br J Ophthal-
mol 2005; 89:1554–1558.

This describes a partial diagnostic score to help in differentiating filamentous
fungal from bacterial keratitis based on criteria such as serrated margins, raised
slough and dry texture.

50

�
Wilhelmus KR, Jones DB. Adult-onset syphilitic stromal keratitis. Am J
Ophthalmol 2006; 141:319–321.

This is a reminder that a syphilitic cause needs to be excluded when confronted
with a presentation of non-necrotizing stromal keratitis.

51

�
Bourcier T, Dupas B, Borderie V, et al. Heidelberg retina tomograph II
findings of Acanthamoeba keratitis. Ocul Immunol Inflamm 2005; 13:
487–492.

This describes how Acanthamoeba keratitis can be diagnosed using this ad-
vanced version confocal microscope.

52

�
Singh R, Joseph A, Umapathy T, et al. Impression cytology of the ocular
surface. Br J Ophthalmol 2005; 89:1655–1659.

This reviews the use of impression cytology for diagnosis of various ocular
disorders, including infectious keratitis.

53 Thiel MA, Bossart W, Bernauer W. Improved impression cytology techniques
for the immunopathological diagnosis of superficial viral infections. Br J
Ophthalmol 1997; 81:984–988.

54 Sawada Y, Yuan C, Huang AJ. Impression cytology in the diagnosis of
acanthamoeba keratitis with surface involvement. Am J Ophthalmol 2004;
137:328.

55

�
Abd El-Aal AM, El Sayed M, Mohammed E, et al. Evaluation of herpes simplex
detection in corneal scrapings by three molecular methods. Curr Microbiol
2006; 52:379–382.

This paper suggests that immunofluorescence be used for rapid primary screen-
ing, and viral culture and PCR to confirm the diagnosis, in suspected herpes
simplex viral keratitis.

56 Robert P-Y, Liekfeld A, Metzner S. Specific antibody production in herpes
keratitis: intraocular inflammation and corneal neovascularisation as
predicting factors. Graefe’s Arch Clin Exp Ophthalmol 2006; 244:
210–215.

57

�
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