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Debate over the use of corticosteroids in infectious corneal disease has
existed since the introduction of these agents in the late 1940s [1-3]. The
central controversy around topical steroid use has been the risk of aug-
menting an infection versus the benefit of controlling the inflammatory
response. We have chosen to examine the literature regarding corticoste-
roid use in Acanthamoeba keratitis, fungal keratitis, and epidemic keratocon-
junctivitis (EKC). Recent advances in the development of animal models
for these diseases have allowed a better understanding of the interplay
among cornea, infectious agent, and corticosteroids, thus permitting a
more objective analysis of the usefulness of corticosteroids in treating pa-
tients. In this chapter, we review the currently available data pertaining to
corticosteroids and these three infectious corneal entities and offer our
own opinions as to their appropriateness.

B Acanthamoeba Keratitis
Pathological Features

Acanthamoeba keratitis is an uncommon, chronic, painful infection
caused by a ubiquitous resilient amoeba, found commonly in soil, freshwa-
ter, and seawater (Fig 1). Additionally, Acanthamoeba has been identified in
swimming pools [4] and hot tubs [5]. The organism has two forms,—the
trophozoite or active form and a cyst or vegetative form, which it assumes
when it is environmentally stressed—making treatment of Acanthamoeba
keratitis difficult. Five different species of Acanthamoeba are implicated in
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Figure 1 Acanthamoeba keratitis with a
o dense central corneal infiltrate and immune
— - ring.

human keratitis: A. castellani, A. culbertsoni, A. hatchetti, A. polyphaga, and A.
rhysodos [6]. Of these, A. castellani and A. polyphaga are reported to be the
most commonly involved in human keratitis [7]. Interestingly, it has been
observed that the total sterol counts of virulent strains of Acanthamoeba
trophozoites are higher compared to the nonpathogenic strains and spe-
cies [8].

Sources for contamination in Acanthamoeba keratitis include trauma
associated with vegetable matter, exposure to freshwater, hot tub use, and
exposure to swimming pool water [9, 10]. However, the strongest risk
factor remains soft contact lens wear, owing to poor cleaning habits and
the use of tap water or homemade saline solutions [11, 12].

Prevention and Treatment

Since Acanthamoeba was recognized as an agent of infectious keratitis
nearly 20 years ago [13], treatment of the entity has not been satisfactory
and has posed a therapeutic dilemma. The mediocre response to currently
available drugs and difficulty in diagnosis has only compounded the man-
agement problems of this disease. Patients often are treated for herpes
simplex keratitis before Acanthamoeba keratitis is suspected or confirmed
[14]. Lack of standardized methods and models in this disease are only
now being addressed in the literature. For these reasons, use of corticoste-
roids in the treatment of Acanthamoeba keratitis remains controversial and
has been clouded by anecdotal case reports of its use.

Currently, authors agree that prevention or elimination of risk factors
is the best defense against Acanthamoeba keratitis [14—16]. However, most
authors believe that once Acanthamoeba has seeded the cornea, early recog-
nition and aggressive topical treatment with a multidrug regimen are criti-
cal in neutralizing the infection [17]. Most protocols for Acanthamoeba kera-
titis advocate multidrug therapy and include propamidine isethionate 0.1%
(Brolene®) and neomycin drops. Several other antibiotic and antifungal
agents have been helpful in treating Acanthamoeba infections, including
ketoconazole, clotrimazole, miconazole, paramomycin, and itraconazole
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[14]. Recently, polyhexamethylene biguanide (PHMB), a new drug used
in the treatment of Acanthamoeba in Europe, has shown excellent in vitro
sensitivity and moderate clinical results [18].

Because of delayed diagnosis and often inadequate response to medical
therapy, however, penetrating keratoplasty often is necessary in affected
patients. Recurrence in the graft is not unusual. Ficker and colleagues [19],
in a recent article, examined retrospectively 13 eyes of 11 patients with
Acanthamoeba keratitis to determine the risk factors for penetrating kerato-
plasty. They found that graft survival was significantly better in quiet eyes
than in eyes inflamed by recurrent infection. Six of seven inflamed eyes
required regrafting, whereas none of the quiet eyes had graft failures. The
authors cited delayed clinical diagnosis as a serious risk factor in predicting
final outcome in patients with Acanthamoeba keratitis.

New potential hypothesized treatments include the use of proteinase
inhibitors [20] and magainin, a peptide present in the skin of the clawed
frog Xenopus laevi. A synthetic analog, magainin G, has shown excellent
cysticidal and trophocidal activity against A. castellani [21].

The role of steroids in managing and treating Acanthamoeba remains
obscure and is still being debated [9]. Most patients in the literature have
received topical steroids as adjunctive therapy, including the first case of
successfully medically treated Acanthamoeba keratitis, reported by Wright
and colleagues [22]. However, most authors either urge care with steroid
use {9, 14] or strongly discourage such use altogether [23].

Animal Models Recently, animal models have been developed for
Acanthamoeba keratitis using rabbit, rat, and pig. This has allowed more
objective evaluation of therapeutic agents as well as a better understanding
of the pathogenesis of this disorder. Font and coworkers [24], in 1981,
developed the first experimental model of Acanthamoeba keratitis in rabbits
using corticosteroids, but Badenoch and associates [25] now report de-
velopment of a rat model without steroid pretreatment. Interestingly,
Badenoch’s model of experimental Acanthamoeba keratitis required co-
injection of Corynebacterium xerosis, a bacterium that has been previously
isolated from the corneas of patients with Acanthamoeba keratitis [26]. The
possible role of commensal bacteria in the pathogenesis of Acanthamoeba
keratitis has been postulated by others [27].

He and coworkers [28] reported the use of the Yucatan micropig as
an animal model in which disease is transmitted via a contaminated contact
lens, 1 of 11 species tested (other than humans) to display this property in
vitro. In another study, Cote and colleagues [29] intrastromally inoculated
the corneal stroma of 12 rabbits with A. castellani. These rabbits then re-
ceived either topical and subconjunctival steroids or subconjunctival pla-
cebo. The results showed that steroid treatment did not enhance the sever-
ity of the keratitis or affect the rate of culture isolation of Acanthamoeba.

Osato and coworkers [30], in an initial in vitro study, demonstrated
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that dexamethasone altered the timing of morphogenesis and inhibited
the replication of Acanthamoeba. Such an effect by corticosteroids in vivo
would be efficacious in treating the keratitis as some authors believe that
the trophozoites encyst when therapy is begun and, in such a state, are
more refractory to antimicrobial therapy [31-33]. Unfortunately, these
observations were not supported in subsequent animal models by Osato.

In another study by John’s group [34], 20 New Zealand white rabbits
received intrastromal injections of A. castellani. These were divided into
three groups. Group A received no corticosteroids, group B received intra-
corneal dexamethasone, and group C received subconjunctival injections
of dexamethasone on days 0, 14, and 21. All rabbits developed Acantha-
moeba keratitis in the experimental eye. Greater amounts of corneal infil-
trate and neovascularization were seen in the rabbits that received the
dexamethasone, suggesting a detrimental effect of corticosteroids to the
host. In addition, dexamethasone did not seem to affect, to any appreciable
degree, morphogenesis of Acanthamoeba from the cyst to the trophozoite
form in vivo. In fact, proliferation appeared to be enhanced.

The importance of host resistance to Acanthamoeba was emphasized
in a recent experiment by Silvany and associates [35] when their group
demonstrated lysis of A. castellani by rat neutrophils and T-cell cytokine-
activated macrophages. This observation argues against the use of cortico-
steroids in Acanthamoeba keratitis as steroids inhibit neutrophil and macro-
phage response.

Thus, current experimental data imply a possible detrimental effect
to the host from the use of corticosteroids in Acanthamoeba keratitis. Steroid
use in animal models of Acanthamoeba keratitis appears to have a potentiat-
ing effect that may relate to enhanced pathogenicity or decreased host
defense. Recently, a study found that antifungal agents used to treat Acan-
thamoeba keratitis are impaired by topical steroids in experimental fungal
keratitis [36]. This finding discourages corticosteroid use and may cripple
the few moderately effective agents currently available for treatment of
this disease.

Clinical Findings The clinical literature offers little help when evalu-
ating the usefulness of corticosteroids in Acanthamoeba keratitis. There are
equal numbers of cases suggesting clinical improvement on topical steroids
or progressive deterioration with steroid therapy. This most likely explana-
tion for such discrepancies relates to variable length of follow-up, use of
combined medical and surgical approaches, duration and intensity of ther-
apy, and lack of controlled clinical data.

In one clinical study, Rabinovitch and coauthors [37] reviewed the
outcome of Acanthamoeba keratitis as it related to intensity of treatment,
time of diagnosis, and the use of corticosteroids. Using multivariate analy-
sis, steroid use was the only factor associated with poor outcome (p <



Steroid Management of Keratitis m 23

0.0001), suggesting that use of corticosteroids was the single most impor-
tant factor in predicting failure of medical treatment.

Summary In summary, it can be concluded that the literature con-
cerning the role of steroids in Acanthamoeba keratitis remains ambiguous.
Although several authors strongly discourage steroid use, we maintain that
there is a role for steroids in Acanthamoeba keratitis. When the eye is in-
flamed, steroids help to quiet the eye. In addition, they are very useful
prior to keratoplasty for progressive disease and play an integral part fol-
lowing keratoplasty, preventing graft rejection and reducing postoperative
inflammation. Until more controlled data become available, judicious use
of corticosteroids in Acanthamoeba seems rational.

®  Fungal Keratitis

Fungal keratitis continues to be a clinical challenge because of the
difficulties in diagnosis and treatment (Fig 2). Of the existing controversies,
there is less debate over the use of corticosteroids in fungal keratitis than
in other infectious corneal diseases. That corticosteroids promote fungal
growth has been recognized for more than three decades [38, 39]. Recent
laboratory studies using animal models and in vitro pharmacological ex-
periments confirm this fact [40], with numerous clinicians echoing this
finding from their own practical experience.

Pathological Features

Although relatively uncommon in the United States, fungal keratitis
appears to have increased in incidence in recent decades [41]. The wide-
spread use of corticosteroids has been implicated as one cause of this rise
in cases [42]. Three major groups of fungal ocular pathogens have been
identified [42]. The first are the filamentous fungi, which possess hyphae
with or without septa. These include the septate genera Fusarium, Aspergil-
lus, Penicillium, and Cephalosporium (a cardinal group causing keratomyco-

Figure 2 Fungal corneal ulcer treated with
topical steroids (Fusarium).
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sis) and the nonseptate genera Rhizopus, Mucor, and Absidia. The second
group are the unicellular yeast organisms, which include Cryptococcus and
Candida species. Candida is the principal corneal pathogen in this group.
The third group encompasses the diphasic organisms—Blastomycoses, Coc-
cidioides, and Histoplasma—which play a negligible role in corneal disease.
Thus, the principal fungal corneal pathogens are yeast and filamentous
septate fungi.

Treatment

It is currently agreed that corticosteroids potentiate mycotic infections,
at least in part, by reducing tissue resistance through altered host cellular
defense mechanisms. Numerous animal studies have demonstrated en-
hanced virulence of fungal pathogens when corticosteroids are adminis-
tered [43—47].

Few reports have substantiated any claims of benefit from corticoste-
roid use in fungal keratitis, either clinically or experimentally. In a study
by Newmark and colleagues [48], using a rabbit model of Aspergillus fungal
keratitis, low-dose dexamethasone sodium phosphate (0.001%) combined
with 5% pimaricin and 2% potassium iodide effectively suppressed ocular
inflammation and appeared to improve infection resolution without pro-
moting mycotic proliferation or interfering with the antifungal agent.
O’Day and coworkers [49], in a case report, described the use of combined
corticosteroid-antifungal therapy to quiet an eye before a successful thera-
peutic penetrating keratoplasty was performed in a patient with a deep
fungal corneal abscess (Aspergillus). In this article, routine use of corticoste-
roids was not recommended.

It has been shown that phagocytic competence plays a large role in
antifungal defense [50]. In light of this and the well-known fact that corti-
costeroids inhibit neutrophil and macrophage function, the role of cortico-
steroids would seem to be contraindicated in mycotic infections. This is
particularly important as most antifungal agents are primarily fungistatic
in nature and, therefore, intact antimicrobial body defenses are crucial.

In an enlightening article by O’Day and associates [36], the influence
of corticosteroids on the efficacy of various antifungal agents was evaluated
using a quantitative rabbit model of Candida keratitis. In the study, 1%
prednisolone acetate exacerbated the fungal keratitis when administered
alone and negatively influenced topical 5% natamycin, 1% flucytosine, and
1% miconazole when administered jointly. However, amphotericin B in
concentrations of 0.5% and 0.15% appeared to be unaltered in efficacy
with simultaneous corticosteroid use. This study demonstrated that highly
efficacious antifungal drugs are not hindered in the presence of corticoste-
roids but that the effect of marginal antifungal agents is diminished or
ablated, most likely due to impaired host response. The role of synergism
between antifungal agents was not addressed.
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It should be remembered that all current topical antifungal medica-
tions have poor corneal penetration and often do not reach fungicidal
concentrations in the cornea. This fact as well as the previously cited litera-
ture strongly argue against the application of corticosteroids in kerato-
mycosis. We concur that there is no role for steroids at any stage of fungal
keratitis, as our own clinical experience with steroids even late in the course
of such disease has been very discouraging.

m  Epidemic Keratoconjunctivitis
Pathological Features

EKC is a highly contagious and communicable disease that carries sig-
nificant morbidity and occasionally results in visual disturbances that per-
sist for months or, very rarely, years. EKC is not, however, associated with
the blinding potential of Acanthamoeba or fungal keratitis and is considered
an acute or subacute self-limiting entity. Fuchs [51] described this entity
in 1889 and called it keratitis punctata superficialis, but it was not until 1955
that adenovirus was identified by Jawetz and coworkers [52, 53] as the
causative agent of EKC. The term epidemic keratoconjunctivitis was coined
by Hogan and Crawford [54] in the early 1940s after a review of the
literature.

EKC is caused by the globally found adenovirus family of which 42
serotypes have been identified [55]. Clinically, three distinct adenovirus
ocular infections are recognized: epidemic keratoconjunctivitis, pharyngo-
conjunctival fever, and nonspecific follicular conjunctivitis [56]. EKC is
most commonly associated with serotypes 8 and 19, but several other sero-
types have also been isolated in this disease [57]. Currently, there is no
effective antiviral therapy available for adenoviral ocular disease, and the
role of topical corticosteroids has been debated. Good hygienic care is the
best preventive of this contagious disease. During the acute stage of
the infection, making the patient comfortable is the main objective.

In most cases, topical steroids in EKC usually are not necessary. The
extended use of topical corticosteroids is of particular concern to clinicians
owing to the possibility of superinfection, glaucoma, and cataract forma-
tion. The potential for misdiagnosis in the acute phase of EKC is another
reason for the objection to topical steroids.

The clinical course of EKC has been amply described [58, 59]. After
an average incubation period of 8 days, patients present with conjunctival
infection, foreign-body sensation with watery discharge, and a conjunc-
tival follicular reaction. Small petechial hemorrhages on the tarsal con-
Jjunctiva, as well as preauricular adenopathy, are often seen. A pseudo-
membrane may develop in very severe cases and can result in cicatrization
with symblepharon formation (Fig 3).

The cornea usually is not involved in the first 3 days of the infection.
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A Figure 3 Everted upper eyelid with a pseu-
= - domembrane due to epidemic keratoconjunc-
- tivitis.

Then a fine diffuse epithelial keratitis that does not stain may ensue, gener-
ally resolving by the end of the first week. It may be followed by the
development of a focal epithelial keratitis that lasts 1 week or so. This does
stain and is easily seen with biomicroscopy. These focal epithelial lesions
have been shown to harbor active virus [60] and persist in the presence of
topical steroids, as opposed to the superficial punctate keratitis of Thyge-
son’s disease that readily responds to low-dose topical steroid therapy [56].
Two to three weeks after the onset of the disease, corneal subepithelial
infiltrates develop in the area underlying the focal epithelial keratitis.
These infiltrates may persist for months, years, or even decades [59]; how-
ever, most gradually resolve (Fig 4).

It has been suggested that viral antigens are adsorbed by the corneal
stroma from the overlying infected epithelial cells, leading to the formation
of subepithelial infiltrates when sensitized T lymphocytes react with these
antigens [61]. Two histopathological studies of EKC-related subepithelial
infiltrates have demonstrated lymphocytic or histiocytic infiltration and
fibroblastic cells with no evidence of virus particles, intracellular inclusions,
or indirect immunofluorescence of the virus [62, 63]. The histological
findings suggest an immunological basis for the subepithelial infiltrates.
Steroids would thus suppress the lymphocytic response, resulting in clear-
ing of the infiltrate; when discontinued with no further immunosuppres-
sion, the infiltrates would be expected to reappear. The fibroblastic re-

Figure 4 Visually significant subepithelial
infiltrates in epidemic keratoconjunctivitis.
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sponse most likely reflects a chronic inflammatory state, causing permanent
scarring, which explains why, at times, these infiltrates fail to respond to
topical steroid therapy.

Treatment

Several authors believe patients with pseudomembranes and potential
symblepharon formation benefit from a short course of topical steroids
[66, 59]. Laibson [59] recommends 0.25% prednisone with 10 to 15% sulfa-
cetamide drops two to four times daily, used for as long as the patient is
highly symptomatic and weaned after 7 to 10 days. In another study, Mur-
rah [64] treated 15 EKC patients with a topical antibiotic-steroid mixture
for supportive treatment and was convinced that topical steroids relieved
discomfort in most cases, with no reported sequelae. In our own experi-
ence, no case of EKC treated with topical steroids in the acute stage has
displayed any obvious complications from this regimen. In addition, our
patients claim to have felt almost immediate relief from the symptoms
when started on steroids, and this amelioration is clinically very significant.

Studies have demonstrated the ability of topical steroids to reduce or
prevent the appearance of subepithelial infiltrates in EKC, but this is transi-
tory; the lesions recur after cessation of the steroids. Laibson and col-
leagues [65] examined 32 eyes with EKC prior to the appearance of sub-
epithelial infiltrates in a double-blind study using Prednefrin Forte or
Liquifilm. Four weeks after therapy was started, 13 of 16 eyes developed
subepithelial deposits on Liquifilm, whereas only 6 of 16 steroid-treated
eyes developed subepithelial infiltrates. Two weeks after medication was
stopped, the steroid-treated patients developed subepithelial lesions that
resolved with reinstitution of the steroid therapy but later reappeared after
the steroids were stopped. This effect could be seen from 1 year after
the initial infection. In this article, steroids were not recommended unless
photophobia and tearing were incapacitating or the infiltrates involved the
deep stroma over the pupil. It was also pointed out that these were uncom-
mon scenarios in EKC.

A second publication from Germany examined in a prospective ran-
dom study 53 patients with adenovirus type 8 EKC using artificial tears or
topical steroids for 6 weeks [66]. Their findings were similar to those of
Laibson [65]. There was no difference in the course of the conjunctivitis
or frequency of superficial punctate keratitis. Moreover, there was a high
incidence of permanent dry eye in the postinfective period. The investiga-
tors suggested only limited topical steroid use in severe cases to relieve
symptoms.

Experimentally, productive viral infections with human adenovirus
have been documented using cells from other species. This has been ex-
panded to corneal organ cultures using New Zealand rabbits in which
permissive viral infection of adenovirus types 8 and 19 have been demon-
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strated [67]. More recently, two promising animal models of ocular adeno-
virus infection have been published [68, 69]. Using New Zealand rabbits,
Gordon and colleagues [68] intrastromally inoculated a clinical isolate of
adenovirus type 5 into the corneal stroma. This model produced an acute
reproducible ocular infection, that included conjunctivitis, corneal edema,
subepithelial infiltrates, and iritis, comparable to human ocular adenovirus
disease. Similarly, Tsai and coworkers [69] demonstrated typical EKC fea-
tures in the eyes of cotton rats inoculated with adenovirus types 5 and 8.
In contrast, Gordon failed to observe these changes in his cotton rat model
with adenovirus type 5.

These encouraging animal models will allow further analysis of the
role of topical corticosteroids in EKC. Many external disease experts
remain wary of steroid use in EKC despite the fact that adverse effects
have not been convincingly shown. We have never seen side effects of
short-term steroid therapy in EKC, whereas the benefits of these drugs in
reducing morbidity and discomfort are substantial. It is our conviction that
topical steroids can be used safely during the acute phase of EKC and
tapered over 2 to 4 weeks. Should subsequent stromal infiltrates cause
glare or reduce vision, very low doses of steroids can be given safely for
months.

B Conclusion

Although the literature is ambivalent, we believe there is a role for
topical corticosteroids in Acanthamoeba keratitis. Corticosteroids help re-
duce inflammation, may inhibit trophozoite conversion, giving antimicrobi-
als a better opportunity to act, and prevent immune reactions following
keratoplasty for progressive disease. It is also our opinion that steroids
should be avoided at all costs in fungal keratitis as they can change a
steady course into a disaster. This sentiment is strongly documented in the
literature. Finally, we have no objections to topical steroid use at any stage
of EKC, particularly to reduce morbidity in the acute phase. When pseudo-
membranes are present, a short course of high-dose topical steroids is
absolutely necessary. With subepithelial infiltrates, low-dose steroids can
be used to suppress glare and improve visual acuity; the drug is then
tapered slowly.
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