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Introduction

The key objective of infectious keratitis treatment is to clear the causative organism with 

appropriate antimicrobial therapy. However, corneal infections are invariably accompanied 

by a host immune response, leading to corneal scarring, corneal thinning, corneal 

neovascularization, and subsequent vision loss. Corticosteroids are a consideration in the 

management of infectious keratitis given their potent anti-inflammatory activity, which in 

theory could reduce corneal scarring and thinning and improve visual outcomes, while 

concomitantly reducing ocular pain and discomfort. However, use of corticosteroids in 

infectious keratitis is controversial. In vitro studies have found that corticosteroids can 

promote growth of certain pathogens, and some animal studies have reported worse 

clinical outcomes when corticosteroids were administered in the absence of appropriate 

antimicrobial therapy. Moreover, topical corticosteroids can result in ocular hypertension 

and other adverse effects. The indications for topical corticosteroids in the management 

of infectious keratitis have been more definitively established for some clinical situations 

than others. As reviewed here, the role of corticosteroids depends to a large extent on the 

causative pathogen and the efficacy and timing of antimicrobial therapy.

Bacterial Keratitis

The role of corticosteroids for bacterial keratitis was once highly controversial.1 Animal 

models demonstrated that corticosteroids used in the absence of antibiotics could promote 

the growth of some organisms, including Pseudomonas aeruginosa.2 Observational clinical 

studies found that patients treated with topical corticosteroids prior to diagnosis of bacterial 

keratitis had worse clinical outcomes, including perforation and penetrating keratoplasty.1 

Animal and human studies investigating the impact of corticosteroids when instituted after 

starting antibiotic therapy had mixed results, with some showing worse clinical outcomes 

and others showing no difference or better outcomes.1 Several preliminary randomized trials 
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found no difference in those treated with steroids, although these studies could not provide a 

definitive answer due to their small sample size.3–5

The Steroids for Corneal Ulcers Trial (SCUT) was a large double-masked randomized trial 

funded by the National Eye Institute that greatly expanded the understanding of the role of 

corticosteroids for bacterial keratitis.6 In SCUT, participants with culture-positive bacterial 

keratitis who had received ≥48 hours of hourly topical moxifloxacin were randomized to a 

3-week course of prednisolone sodium phosphate, 1%, or to an identical-appearing placebo 

eye drop, with each applied 4 times daily for 1 week, then 2 times daily for 1 week, 

then once daily for 1 week. Of 500 participants enrolled, the vast majority (n=485) were 

from the Aravind Eye Care System in South India, and very few (n=8) were contact lens 

wearers. The pre-specified primary outcome, best spectacle corrected visual acuity at 3 

months, was not significantly different between treatment arms (−0.009 logMAR, 95%CI 

−0.085 to 0.068 [i.e., less than a 1-letter difference, with 95% confidence interval ranging 

from approximately 4 letters better in the steroid group to 3 letters worse]).6 Scar size at 3 

months was also not significantly different between the two arms (0.06 mm larger in steroid 

group, 95%CI −0.07 to 0.17). Time to re-epithelialization was likewise not significantly 

different (hazard ratio [HR] 0.92, 95%CI 0.76–1.12), although more participants had an 

epithelial defect at 21 days in the steroid group (18% vs. 11%; P = 0.04). Importantly, rates 

of serious adverse events such as perforation were not different between the two treatment 

arms, although IOP elevations were more likely in those who received placebo.

Several pre-specified subgroup analyses of SCUT added evidence regarding which types of 

bacterial keratitis might be likely to benefit from institution of topical corticosteroids. In 

general, ulcers with worse severity at presentation were more likely to benefit from steroids. 

For example, steroids were beneficial for central ulcers (~ 2 lines better; P = 0.02), deep 

ulcers (~1.5 lines better for those with involvement of the posterior third of the cornea; 

P = 0.07), large ulcers (~1.5 lines better for largest quartile; P = 0.07), and ulcers with 

poor vision (~1.5 lines better for those with a baseline visual acuity of Counting Fingers 

or worse; P = 0.03).6 The effect of steroids was similar for the Pseudomonas keratitis 

subgroup, with similar vision outcomes compared with other pathogens and no increase 

in corneal perforation (2% of Pseudomonas ulcers perforated in each group).7 In contrast, 

steroids appeared to be harmful when administered for Nocardia keratitis in SCUT, with 

a 3-month scar size 0.4 mm larger in the Nocardia group (P = 0.03) and 3-month visual 

acuity ~1.5 lines worse (P = 0.21).8 Another subgroup analysis suggested that steroids may 

be more effective when given earlier in the treatment course: steroids resulted in a 1-line 

improvement in 3-month visual acuity in the subgroup given study drug 2–3 days after 

starting antibiotics (P = 0.01), but not in the subgroup given study drug ≥ 4 days after 

starting antibiotics (1 line worse in steroid group, P = 0.14).9

Although the primary outcomes of SCUT were at 3 months, participants were also 

monitored at 12 months. Overall, results of the secondary 12-month endpoint were similar 

to the primary 3-month outcomes. However, in non-pre-specified analyses, non-Nocardia 
ulcers treated with steroids experienced a 1-line improvement in 12-month visual acuity 

(95%CI 2-letter to 2-line improvement; P = 0.02) and a slight but non-significant reduction 

in scar size (−0.06 mm, 95%CI −0.21 to 0.10; P = 0.46) relative to the placebo group.10 
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Thus, when synthesizing the available data, SCUT did not demonstrate a benefit of topical 

corticosteroids for culture-proven bacterial keratitis in its primary pre-specified analyses, but 

several pre-specified and non-prespecified subgroup analyses suggest that steroids may have 

a benefit when used promptly (i.e., within 2–3 days) for ulcers not due to Nocardia, and 

especially for severe ulcers (i.e., large, deep, central ulcers).

An ongoing randomized trial will expand on the findings of SCUT. The SCUT II trial 

(clinicaltrials.gov NCT04097730) is a double-masked trial enrolling patients with bacterial 

keratitis due to typical bacteria (i.e., not due to Nocardia or Mycobacteria) with moderate 

to severe vision loss (i.e., 20/40 or worse). Participants are treated with moxifloxacin 

and then randomized to one of three groups: difluprednate 0.05%, corneal crosslinking 

(i.e., ultraviolet-A and riboflavin) plus difluprednate 0.05%, or neither. (Topical placebo 

and sham crosslinking are provided to the treatment groups not randomized to these 

treatments to maintain masking.) Part of the rationale of the crosslinking arm stems from 

the possibility that crosslinking may immediately reduce the burden of organisms, thus 

making corticosteroid therapy safer.11 Compared with SCUT I, the steroids in SCUT II are 

administered at a higher concentration and started 24 hours earlier.

Fungal keratitis

Corticosteroids are thought to be detrimental in the management of fungal keratitis by 

the vast majority of ophthalmologists, although the evidence base for this belief is weak. 

No randomized trials have assessed the role of corticosteroids for fungal keratitis, so 

current practice patterns are based on the results of in vitro studies, animal studies, and 

observational studies of humans.12

Animal models have been the primary source of evidence regarding the role of 

corticosteroids for fungal keratitis. Corticosteroids have been shown to promote fungal 

growth in the animal cornea when used without antifungals. Indeed, animal models often 

require local application of a corticosteroid in order to establish and maintain a fungal 

infection, and several studies have shown greater rates of fungal keratitis – both for molds 

and yeast – in animals treated with steroids.13, 14 Recovery of fungal organisms has been 

shown to be greater when animals are pre-treated with subconjunctival triamcinolone, with 

consistent findings for Candida, Aspergillus, and Fusarium keratitis.15 Corticosteroids have 

also been shown to alter outcomes of antifungal treatment in animal models, especially when 

used before antifungal therapy or at the same time antifungal therapy is started or when used 

at higher concentrations:

• In one study of Candida albicans keratitis in rabbits, eyes were treated with 

antifungal medications 10 times per day for 48 hours, and then the corneas 

were removed and the efficacy of treatment assessed by measuring the number 

of colony forming units (CFU) recovered in culture.16 Candida recovery was 

greatly reduced when ulcers were treated with amphotericin B, and moderately 

reduced when treated with natamycin. In experiments in which prednisolone 

acetate 1% was used four times daily in addition to the antifungals, the steroid 

did not affect the antifungal activity of amphotericin B 0.5% or amphotericin B 
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0.15%, but non-significantly reduced the efficacy of amphotericin B 0.075%, and 

significantly reduced the efficacy of natamycin.

• In a different rabbit study, Aspergillus keratitis was treated with 5% 

pimaricin and 2% potassium iodide every 2–3 hours, and the effect of 

varying concentrations of dexamethasone, 4 times daily, were assessed.17 

Dexamethasone at higher concentrations (0.1% and 0.01%) initially reduced the 

signs of inflammation but eventually (i.e., from days 12–19) led to an increase 

in ulcer size and worsening inflammation. In contrast, a low concentration of 

dexamethasone (0.001%) resulted in less corneal inflammation compared with 

eyes treated with antifungals alone, and did not cause progression of the ulcer 

over 19 days of observation.

• In a study of C albicans keratitis in rabbits, ulcers treated with topical 

fluconazole 10 times per day were allocated to early-, mid-, or late-onset steroids 

(i.e., started at the same time as the antifungal, 6 days later, or 12 days later, 

respectively).18 After 3 weeks of treatment, C albicans was recovered from 

approximately two-thirds of eyes given early-onset steroids, one-third of eyes 

given mid- or late-onset steroids, and one-fifth of control eyes not treated with 

steroids. Corneal clouding initially decreased in the early steroid group, but then 

increased after a week of therapy. Corneal clouding and neovascularization were 

lowest in the group receiving steroids 6 days after fluconazole.

Human studies that have investigated the role of corticosteroids on fungal keratitis have 

mostly been observational studies of risk factors, and have shown that use of topical steroids 

prior to diagnosis of fungal keratitis is associated with poorer outcomes.19 Case series 

have demonstrated that abrupt discontinuation of topical steroids in a patient with fungal 

keratitis can lead to inflammatory complications including perforation.20, 21 Few studies 

have reported on patients intentionally treated with topical corticosteroids following a 

diagnosis of fungal keratitis, although one retrospective study reported use of topical steroids 

in 16 patients with fungal keratitis, started a mean of 42 days (range 13–100 days) after 

starting topical antifungal therapy, and found recurrence in only one patient.22, 23 Adjuvant 

steroid therapy has typically been avoided for fungal keratitis in trials studying the efficacy 

of antifungal medications or surgical procedures such as crosslinking.24, 25 Some have 

advocated treating inflammation with topical calcineurin inhibitors such as cyclosporine 

or tacrolimus instead of steroids, especially given in vitro reports demonstrating that 

cyclosporine inhibits growth of several species of Fusarium.26 However, human studies 

of calcineurin inhibitors for fungal keratitis are limited.27 The role of corticosteroids after 

therapeutic penetrating keratoplasty (TPK) for fungal keratitis is unclear since steroids may 

help prevent immune rejection but may also increase the risk of recurrent infection. Several 

reports advocate withholding steroids for 1–2 weeks after surgery and only instituting 

steroid treatment if no signs of recurrent infection have developed during that period.28 

In one case series that started steroids 1 week post-TPK, only 3 of 244 (1%) eyes had a 

recurrence of infection.29 Despite the lack of research, the vast majority of clinicians refrain 

from using steroids in fungal keratitis.
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Amoebic keratitis

The role of corticosteroids remains controversial for acanthamoeba keratitis. Acanthamoeba 

has a biphasic life cycle, with a dormant cyst form that is resistant to treatment, and 

a motile, replicating trophozoite form. In vitro studies have shown that application of 

dexamethasone causes excystment of acanthamoeba cysts into the trophozoite form, and 

marked proliferation of trophozoites.30 Animal studies of acanthamoeba keratitis have found 

that systemic steroids administered during the first week of infection resulted in longer and 

more severe infections, and that topical steroids increased the severity of keratitis in animals 

inoculated with a mixture of acanthamoeba and P aeruginosa.30, 31 These animal studies 

suggest caution when using topical corticosteroids for acanthamoeba keratitis.

Several relatively large observational studies of humans have shown poorer outcomes for 

patients that received topical corticosteroids prior to antiamoebic therapy, although poorer 

outcomes have not been demonstrated for patients started on corticosteroids after institution 

of antiamoebic agents. For example, a British study of 174 eyes with acanthamoeba keratitis 

found that steroid use prior to diagnosis was associated with a nearly 4-fold increased risk 

of poor outcomes (OR 3.9, 95%CI 1.8–8.6).32 However, a multivariable analysis of 129 

eyes from the same institution found that corticosteroids started after diagnosis were not 

associated with poor outcomes (OR 1.1, 95%CI 0.4–3.0; median time to starting steroids: 

16 days after antiamoebics, interquartile range 4–33 days).33 A similar result was found 

in a study of 65 eyes from Chicago, which found that disease severity at presentation 

was significantly associated with a poor outcome, but post-diagnosis corticosteroid use was 

not.34 This latter study found a strong relationship between post-diagnosis corticosteroid 

use and poor outcomes in the univariable analysis, suggesting that corticosteroid use is 

very likely subject to confounding by indication. Topical corticosteroids have also been 

used for acanthamoeba sclerokeratitis. In one report of 36 eyes with acanthamoeba scleritis, 

topical corticosteroids were effective for controlling pain and inflammation in approximately 

one-third of cases.35 Systemic steroids or other immunosuppressive agents were required in 

the remaining two-thirds of cases. Other retrospective case series have also documented 

that corticosteroids can be effective for relief of pain, even allowing for withdrawal 

of narcotics.36 Most clinicians start topical corticosteroids when treating acanthamoeba 

keratitis with oral miltefosine, since this anti-amoebic agent has been reported to cause an 

exuberant inflammatory response.37 In addition, some routinely start topical corticosteroids 

after the newly described surgical procedure of Rose Bengal Photodynamic Antimicrobial 

Therapy (RB-PDAT), although others insist on withholding steroids after this treatment 

(personal communication, Guillermo Amescua).38 The evidence base for miltefosine and 

RB-PDAT – including the benefit of adjuvant steroids and their optimal timing, duration, 

and dosing – is weak. In general, although it is unclear if and when it is safe to start topical 

corticosteroids, some reports have suggested waiting for at least 2 weeks following initiation 

of anti-amoebic therapy with a biguanide agent.33 A randomized trial would be helpful to 

clarify the role of topical corticosteroids in acanthamoeba keratitis.
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Viral keratitis

Although a wide variety of viruses can cause corneal infections, this discussion is limited to 

the human herpes viruses and adenoviruses, which are among the most common viral causes 

of keratitis and are frequently treated with steroids.

Human herpes viruses

Unlike nonviral causes of keratitis, herpes viruses are never cleared from the body but 

instead establish latency. The host immune system is important for keeping the virus in 

check, but reactivation of latent virus remains a possibility. For example, in the case 

of herpes simplex virus (HSV), the virus establishes latency in the trigeminal ganglion. 

Reactivation is common, leading to retrograde viral shedding along the trigeminal nerve.39 

Reactivated virus can be found in the corneal epithelium, stroma, and endothelium.40 

The host immune response is responsible for clearing virus, but can also result in 

white blood cell infiltration, edema, and vascularization of the cornea. Thus, the 

immunosuppressive activity of corticosteroids is a double-edged sword, helping prevent 

inflammatory complications but also making it more difficult to clear actively replicating 

virus. Indeed, the use of corticosteroids for herpetic keratitis was once controversial. 

Case reports published in the 1950s and 1960s—before the era of effective antiviral 

therapy—found that corticosteroids delayed healing of epithelial keratitis and led to more 

severe stromal keratitis.41 Later case series demonstrated that topical corticosteroids may 

predispose to development of geographic ulcers.42 However, other case series found that 

corticosteroids could improve corneal clarity when used with concomitant antiviral therapy. 

Definitive evidence was provided by a randomized trial performed from 1989 to 1992 as part 

of the Herpetic Eye Disease Study (HEDS).

HEDS consisted of a series of double-masked randomized trials designed to assess optimal 

treatment strategies for herpetic keratitis. In one of the trials, participants with herpetic 

stromal keratitis were randomized to a 10-week course of prednisolone sodium phosphate 

(starting at a 1% concentration every 8 hours, and tapering to 0.125% once daily) or 

identical-appearing placebo eyedrops.43 Both treatment groups were also treated with topical 

trifluridine for the 10-week treatment regimen. The primary outcome was the time to 

treatment failure up to a 16-week endpoint, with failure defined as one of the following: 

a 4-line reduction in visual acuity; increase in the area of keratitis by ≥75%; failure of 

any clinical improvement over 2 weeks, 2-step increase in cells or 3+ cells for 1 week; 

IOP > 35 mm Hg and not controlled with antihypertensive treatment for 1 week; active 

herpetic lesion; or epithelial defect > 1 mm. The trial enrolled 106 participants, and was 

stopped early after interim analyses found benefit for the steroid group. The corticosteroid 

group had significantly less treatment failure than the placebo group at the end of the 

10-week treatment course (26% failure versus 73% failure), with a median of 89 days 

(95%CI 81 to >120) until treatment failure in the steroid group versus 17 days (95%CI 

14 to 27) in the placebo group. However, once the study medications were discontinued at 

week 10, the likelihood of treatment failure increased considerably in the steroid group, to 

49% at 16 weeks. The relatively high number of treatment failures after discontinuation of 

treatment suggests that many patients require longer than 2.5 months of topical steroids. 
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In practice, many patients will require lifelong low-dose topical corticosteroid therapy to 

prevent recurrence. Once treatment failure occurred in HEDS, further management was at 

the discretion of the provider. Approximately three-quarters of the control group received 

topical corticosteroids before resolution, and the total duration of corticosteroid therapy was 

similar in the two treatment groups by week 16. Visual acuity at 6 months was similar 

between the two treatment groups—with about 60% achieving ≥ 2 lines improvement—

suggesting that the delay in corticosteroid therapy in the control group did not result 

in substantially worse visual outcomes. The main adverse event was dendritic keratitis, 

observed in 7% of the steroid group and 2% of the placebo group at week 16. However, 

the rate of epithelial keratitis likely depends in part on the effectiveness of the antiviral 

coverage, since a separate HEDS trial found a rate of dendritic keratitis of only 2% over 

16 weeks when using same treatment regimen but with the addition of oral acyclovir.44 

Treatment of herpetic endothelial keratitis was not specifically addressed in HEDS, but 

smaller randomized trials have found that topical corticosteroids are effective for endothelial 

keratitis when used concomitantly with an antiviral, and that oral acyclovir provides 

adequate antiviral coverage.45–47

HEDS provided high-quality data regarding the benefit of topical corticosteroids for herpetic 

stromal keratitis. Some of the basic management principles apply to other herpes viruses, 

including Varicella zoster virus (VZV), Cytomegalovirus (CMV), and Epstein-Barr virus 

(EBV). In each, steroids are effective for reducing inflammatory complications but also 

run the risk of reducing the host immune response and thus indirectly promoting viral 

replication. In the case of VZV, the virus establishes latency in the dorsal root ganglion but 

asymptomatic viral shedding is uncommon. Zoster stromal keratitis is thought to primarily 

be an immune-mediated keratitis without active viral replication, and thus corticosteroids 

are typically used without antiviral coverage. However, case series have found active viral 

replication in late dendriform corneal epithelial lesions that develop months after acute 

zoster keratitis, suggesting that corticosteroids should be used with antiviral coverage in 

some cases.48, 49 The Zoster Eye Disease Study (ZEDS) is a randomized trial investigating 

the effectiveness of oral antivirals for zoster keratitis. A subgroup of ZEDS participants will 

likely be on chronic topical steroids, allowing study of the role of oral antivirals when using 

steroids for zoster keratitis.50 Corneal disease from CMV comes primarily in the form of 

an endotheliitis, caused by active viral replication in the endothelium. Although randomized 

trials are lacking, steroids appear to be effective in reducing corneal edema and keratic 

precipitates if accompanied by effective topical or systemic antiviral therapy.51 Stromal 

keratitis attributed to EBV, based primarily on consistent serologic testing, has been reported 

to respond well to topical corticosteroids, usually administered without antiviral coverage 

since no clinically effective antiviral against EBV currently exists.52

Human adenoviruses

Corneal subepithelial infiltrates (SEIs) are a delayed immunological response of epidemic 

keratoconjunctivitis (EKC) due to adenovirus, typically arising 2–3 weeks following acute 

infection and lasting for months or years.53 The host immune response typically clears 

adenovirus from the ocular surface over a period of 1–2 weeks, although persistent or latent 

adenovirus infections have been observed in the lymphoid cells of the adenoids and distal 
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gastrointestinal tract, and also from the ocular surface.54–56 Corticosteroids may reduce the 

discomfort and decreased vision associated with corneal inflammation. However, there is 

evidence from animal models that steroids may prolong clearance of adenoviral infection.57

Several randomized trials in humans have assessed the role of corticosteroids in acute 

epidemic keratoconjunctivitis. In one trial, participants with acute EKC and no SEIs were 

randomized to a 4-week course of a topical steroid (a preparation that included prednisolone 

acetate, 1%) or placebo.58 Participants treated with steroids were less likely to develop SEIs 

compared with those treated with placebo (38% vs 81%) at the 5-week endpoint, although 

SEIs appeared in some participants following cessation of the steroids. In a larger trial done 

in the UK, participants randomized to a 1-week course of dexamethasone developed SEIs at 

statistically indistinguishable rates as those given placebo (5% vs 13%).59 There has been 

speculation that combining a steroid with an antiviral may be a more effective strategy for 

treatment of EKC, and several trials have assessed the effectiveness of using povidone iodine 

plus dexamethasone. In one trial, no participants with acute EKC randomized to a 7-day 

course of povidone iodine 1% plus dexamethasone 0.1% developed SEIs, compared with 

40% of those treated with dexamethasone only and 12% of those treated with vehicle.60 

However, a larger trial did not confirm this result: among participants with adenoviral 

conjunctivitis, SEIs developed in 20% of those randomized to povidone iodine 0.6% plus 

dexamethasone 0.1% for 5 days, compared with 30% of those randomized to povidone 

iodine alone and 21% of those randomized to vehicle.56 Similarly, a trial that randomized 

participants with acute EKC to a 7-day course of povidone iodine 0.4% plus dexamethasone 

0.1% or artificial tears found no difference in the proportion of eyes developing SEIs over 

the 30-day observation period.61

Fewer randomized trials have assessed the effectiveness of topical steroids for established 

SEIs. In one of the reports mentioned above, participants with chronic SEIs that were still 

present 9–12 months following acute EKC were again randomized to a 4-week course of 

steroids or placebo.58 Resolution of SEIs was observed in 81% of the steroid group and 7% 

of the placebo group. However, SEIs reappeared upon cessation of topical corticosteroids in 

half the participants treated with topical steroids. Another trial that randomized participants 

with SEIs to a 6-month course of either fluorometholone or 0.5% cyclosporine found that 

SEIs were more likely to resolve in the steroid group at 3 months (39% vs 13%) and 6 

months (70% vs 47%), although with wide confidence intervals.62 Recurrence of SEIs 1 

month after discontinuation of therapy was observed in 16% of the steroid group and 9% 

of the cyclosporine group. Thus, although the role of topical steroids for EKC has not 

been fully established, trials have not consistently found a benefit for preventing SEIs when 

used in acute EKC. In contrast, most evidence suggests corticosteroids are effective for 

treating existing SEIs, although long treatment courses are frequently necessary given the 

high likelihood of recurrence upon discontinuation of therapy.

Conclusions

Although at times a subject of controversy, topical corticosteroids have an important role 

in the treatment of infectious keratitis. The manner in which steroids are used should 

be tailored to the underlying pathogen, but some general principles apply. First, the 
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main rationale for using a topical corticosteroid in a corneal infection is to reduce the 

host inflammatory response in order to prevent or limit corneal scarring, thinning, and 

neovascularization, as well as to treat ocular pain associated with inflammation. Second, 

and especially for fungal and acanthamoeba keratitis, steroids started prior to treatment have 

consistently been shown to be associated with poorer outcomes. However, studies have not 

convincingly shown that corticosteroids started after a suitably long period of antimicrobial 

therapy are harmful. Third, when used during an acute infection, corticosteroids should 

be used concomitantly with an antimicrobial. The in vitro and clinical efficacy of the 

antimicrobial is crucial when deciding how to administer steroids. Corticosteroids reduce 

the ability of the host immune system to clear the infection, and thus if used without an 

antimicrobial, or with an ineffective antimicrobial, or with an antimicrobial that has poor 

corneal penetration, corticosteroids could enhance pathogen replication and lead to deeper, 

more advanced infections. For bacterial keratitis and herpetic keratitis, highly effective 

antimicrobials exist, and thus corticosteroids can be used safely. Antifungal and antiamoebic 

drugs are less effective, and thus corticosteroids present a greater risk in these infections. 

Finally, randomized trials have proven instrumental in our understanding of the role of 

corticosteroids in bacterial and herpetic keratitis. Additional randomized trials are important 

to better define the role of steroids for other causes of infectious keratitis.

Source of funding:

National Eye Institute, National Institutes of Health grant UG1EY028518

REFERENCES

1. Wilhelmus KR. Indecision about corticosteroids for bacterial keratitis: an evidence-based update. 
Ophthalmology 2002;109:835–42; quiz 43. [PubMed: 11986084] 

2. Badenoch PR, Hay GJ, McDonald PJ, Coster DJ. A rat model of bacterial keratitis. Effect of 
antibiotics and corticosteroid. Arch Ophthalmol 1985;103:718–22. [PubMed: 3843063] 

3. Blair J, Hodge W, Al-Ghamdi S, et al. Comparison of antibiotic-only and antibiotic-steroid 
combination treatment in corneal ulcer patients: double-blinded randomized clinical trial. Can J 
Ophthalmol 2011;46:40–5. [PubMed: 21283156] 

4. Srinivasan M, Lalitha P, Mahalakshmi R, et al. Corticosteroids for bacterial corneal ulcers. Br J 
Ophthalmol 2009;93:198–202. [PubMed: 18829631] 

5. Carmichael TR, Gelfand Y, Welsh NH. Topical steroids in the treatment of central and paracentral 
corneal ulcers. Br J Ophthalmol 1990;74:528–31. [PubMed: 2203467] 

6. Srinivasan M, Mascarenhas J, Rajaraman R, et al. Corticosteroids for bacterial keratitis: the Steroids 
for Corneal Ulcers Trial (SCUT). Arch Ophthalmol 2012;130:143–50. [PubMed: 21987582] 

7. Sy A, Srinivasan M, Mascarenhas J, et al. Pseudomonas aeruginosa keratitis: outcomes and response 
to corticosteroid treatment. Invest Ophthalmol Vis Sci 2012;53:267–72. [PubMed: 22159005] 

8. Lalitha P, Srinivasan M, Rajaraman R, et al. Nocardia keratitis: clinical course and effect of 
corticosteroids. Am J Ophthalmol 2012;154:934–9 e1. [PubMed: 22959881] 

9. Ray KJ, Srinivasan M, Mascarenhas J, et al. Early addition of topical corticosteroids in the treatment 
of bacterial keratitis. JAMA Ophthalmol 2014;132:737–41. [PubMed: 24763755] 

10. Srinivasan M, Mascarenhas J, Rajaraman R, et al. The steroids for corneal ulcers trial (SCUT): 
secondary 12-month clinical outcomes of a randomized controlled trial. Am J Ophthalmol 
2014;157:327–33 e3. [PubMed: 24315294] 

11. Radhakrishnan N, Prajna VN, Prajna LS, et al. Double-masked, sham and placebo-controlled trial 
of corneal cross-linking and topical difluprednate in the treatment of bacterial keratitis: Steroids 

Keenan Page 9

Cornea. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and Cross-linking for Ulcer Treatment Trial (SCUT II) study protocol. BMJ Open Ophthalmol 
2021;6:e000811.

12. Stern GA, Buttross M. Use of corticosteroids in combination with antimicrobial drugs in the 
treatment of infectious corneal disease. Ophthalmology 1991;98:847–53. [PubMed: 1866135] 

13. Berson EL, Kobayashi GS, Becker B, Rosenbaum L. Topical corticosteroids and fungal keratitis. 
Invest Ophthalmol 1967;6:512–7. [PubMed: 6061674] 

14. Forster RK, Rebell G. Animal model of Fusarium solani keratitis. Am J Ophthalmol 1975;79:510–
5. [PubMed: 804817] 

15. O’Day DM, Ray WA, Head WS, et al. Influence of corticosteroid on experimentally induced 
keratomycosis. Arch Ophthalmol 1991;109:1601–4. [PubMed: 1755744] 

16. O’Day DM, Ray WA, Robinson R, Head WS. Efficacy of antifungal agents in the cornea. II. 
Influence of corticosteroids. Invest Ophthalmol Vis Sci 1984;25:331–5. [PubMed: 6321389] 

17. Newmark E, Ellison AC, Kaufman HE. Combined pimaricin and dexamethasone therapy of 
keratomycosis. Am J Ophthalmol 1971;71:718–22. [PubMed: 5313279] 

18. Schreiber W, Olbrisch A, Vorwerk CK, et al. Combined topical fluconazole and corticosteroid 
treatment for experimental Candida albicans keratomycosis. Invest Ophthalmol Vis Sci 
2003;44:2634–43. [PubMed: 12766067] 

19. Cho CH, Lee SB. Clinical analysis of microbiologically proven fungal keratitis according to 
prior topical steroid use: a retrospective study in South Korea. BMC Ophthalmol 2019;19:207. 
[PubMed: 31619199] 

20. Peponis V, Herz JB, Kaufman HE. The role of corticosteroids in fungal keratitis: a different view. 
Br J Ophthalmol 2004;88:1227.

21. Knutsson KA, Iovieno A, Matuska S, et al. Topical Corticosteroids and Fungal Keratitis: A Review 
of the Literature and Case Series. J Clin Med 2021;10. [PubMed: 35011750] 

22. Iyer SA, Tuli SS, Wagoner RC. Fungal keratitis: emerging trends and treatment outcomes. Eye 
Contact Lens 2006;32:267–71. [PubMed: 17099386] 

23. O’Day DM, Moore TE Jr., Aronson SB. Deep fungal corneal abscess. Combined corticosteroid 
therapy. Arch Ophthalmol 1971;86:414–9. [PubMed: 4938789] 

24. Prajna NV, Krishnan T, Mascarenhas J, et al. The mycotic ulcer treatment trial: a randomized trial 
comparing natamycin vs voriconazole. JAMA Ophthalmol 2013;131:422–9. [PubMed: 23710492] 

25. Prajna NV, Radhakrishnan N, Lalitha P, et al. Cross-Linking-Assisted Infection Reduction: A 
Randomized Clinical Trial Evaluating the Effect of Adjuvant Cross-Linking on Outcomes in 
Fungal Keratitis. Ophthalmology 2020;127:159–66. [PubMed: 31619359] 

26. Bell NP, Karp CL, Alfonso EC, et al. Effects of methylprednisolone and cyclosporine A on fungal 
growth in vitro. Cornea 1999;18:306–13. [PubMed: 10336034] 

27. Chatterjee S, Agrawal D. Use of Topical Cyclosporine 0.1% in Therapeutic Penetrating 
Keratoplasty for Fungal Keratitis. Cornea 2022;41:1116–21. [PubMed: 34483271] 

28. Rogers GM, Goins KM, Sutphin JE, et al. Outcomes of treatment of fungal keratitis at the 
University of Iowa Hospitals and Clinics: a 10-year retrospective analysis. Cornea 2013;32:1131–
6. [PubMed: 23538629] 

29. Wang T, Li S, Gao H, Shi W. Therapeutic dilemma in fungal keratitis: administration of steroids 
for immune rejection early after keratoplasty. Graefes Arch Clin Exp Ophthalmol 2016;254:1585–
9. [PubMed: 27342585] 

30. McClellan K, Howard K, Niederkorn JY, Alizadeh H. Effect of steroids on Acanthamoeba cysts 
and trophozoites. Invest Ophthalmol Vis Sci 2001;42:2885–93. [PubMed: 11687533] 

31. Nakagawa H, Koike N, Ehara T, et al. Corticosteroid eye drop instillation aggravates the 
development of Acanthamoeba keratitis in rabbit corneas inoculated with Acanthamoeba and 
bacteria. Sci Rep 2019;9:12821. [PubMed: 31492880] 

32. Robaei D, Carnt N, Minassian DC, Dart JK. The impact of topical corticosteroid use before 
diagnosis on the outcome of Acanthamoeba keratitis. Ophthalmology 2014;121:1383–8. [PubMed: 
24630688] 

Keenan Page 10

Cornea. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



33. Carnt N, Robaei D, Watson SL, et al. The Impact of Topical Corticosteroids Used in Conjunction 
with Antiamoebic Therapy on the Outcome of Acanthamoeba Keratitis. Ophthalmology 
2016;123:984–90. [PubMed: 26952591] 

34. Tu EY, Joslin CE, Sugar J, et al. Prognostic factors affecting visual outcome in Acanthamoeba 
keratitis. Ophthalmology 2008;115:1998–2003. [PubMed: 18571729] 

35. Iovieno A, Gore DM, Carnt N, Dart JK. Acanthamoeba sclerokeratitis: epidemiology, clinical 
features, and treatment outcomes. Ophthalmology 2014;121:2340–7. [PubMed: 25097155] 

36. Park DH, Palay DA, Daya SM, et al. The role of topical corticosteroids in the management of 
Acanthamoeba keratitis. Cornea 1997;16:277–83. [PubMed: 9143798] 

37. Thulasi P, Saeed HN, Rapuano CJ, et al. Oral Miltefosine as Salvage Therapy for Refractory 
Acanthamoeba Keratitis. Am J Ophthalmol 2020;223:75–82. [PubMed: 33045218] 

38. Sepulveda-Beltran PA, Levine H, Altamirano DS, et al. Rose Bengal Photodynamic Antimicrobial 
Therapy: A Review of the Intermediate-Term Clinical and Surgical Outcomes. Am J Ophthalmol 
2022;243:125–34. [PubMed: 35952754] 

39. Kaufman HE, Azcuy AM, Varnell ED, et al. HSV-1 DNA in tears and saliva of normal adults. 
Invest Ophthalmol Vis Sci 2005;46:241–7. [PubMed: 15623779] 

40. Holbach LM, Font RL, Naumann GO. Herpes simplex stromal and endothelial keratitis. 
Granulomatous cell reactions at the level of Descemet’s membrane, the stroma, and Bowman’s 
layer. Ophthalmology 1990;97:722–8. [PubMed: 2165231] 

41. Thygeson P, Hogan MJ, Kimura SJ. The unfavorable effect of topical steroid therapy on herpetic 
keratitis. Trans Am Ophthalmol Soc 1960;58:245–62. [PubMed: 13776796] 

42. Wilhelmus KR, Coster DJ, Donovan HC, et al. Prognostic indicators of herpetic keratitis. Analysis 
of a five-year observation period after corneal ulceration. Arch Ophthalmol 1981;99:1578–82. 
[PubMed: 6793030] 

43. Wilhelmus KR, Gee L, Hauck WW, et al. Herpetic Eye Disease Study. A controlled trial of topical 
corticosteroids for herpes simplex stromal keratitis. Ophthalmology 1994;101:1883–95; discussion 
95–6. [PubMed: 7997324] 

44. Barron BA, Gee L, Hauck WW, et al. Herpetic Eye Disease Study. A controlled trial of oral 
acyclovir for herpes simplex stromal keratitis. Ophthalmology 1994;101:1871–82. [PubMed: 
7997323] 

45. Collum LM, Logan P, Ravenscroft T. Acyclovir (Zovirax) in herpetic disciform keratitis. Br J 
Ophthalmol 1983;67:115–8. [PubMed: 6336952] 

46. Power WJ, Hillery MP, Benedict-Smith A, Collum LM. Acyclovir ointment plus topical 
betamethasone or placebo in first episode disciform keratitis. Br J Ophthalmol 1992;76:711–3. 
[PubMed: 1486070] 

47. Porter SM, Patterson A, Kho P. A comparison of local and systemic acyclovir in the management 
of herpetic disciform keratitis. Br J Ophthalmol 1990;74:283–5. [PubMed: 2191712] 

48. Pavan-Langston D, Yamamoto S, Dunkel EC. Delayed herpes zoster pseudodendrites. Polymerase 
chain reaction detection of viral DNA and a role for antiviral therapy. Arch Ophthalmol 
1995;113:1381–5. [PubMed: 7487598] 

49. Hu AY, Strauss EC, Holland GN, et al. Late varicella-zoster virus dendriform keratitis in patients 
with histories of herpes zoster ophthalmicus. Am J Ophthalmol 2010;149:214–20 e3. [PubMed: 
19909942] 

50. Cohen EJ, Hochman JS, Troxel AB, et al. Zoster Eye Disease Study: Rationale and Design. Cornea 
2022;41:562–71. [PubMed: 35090154] 

51. Wong AHY, Kua WN, Young AL, Wan KH. Management of cytomegalovirus corneal endotheliitis. 
Eye Vis (Lond) 2021;8:3. [PubMed: 33441165] 

52. Alba-Linero C, Rocha-de-Lossada C, Rachwani-Anil R, et al. Anterior segment involvement in 
Epstein-Barr virus: a review. Acta Ophthalmol 2022;100:e1052–e60. [PubMed: 34766457] 

53. Jonas RA, Ung L, Rajaiya J, Chodosh J. Mystery eye: Human adenovirus and the enigma of 
epidemic keratoconjunctivitis. Prog Retin Eye Res 2020;76:100826. [PubMed: 31891773] 

54. Kaye SB, Lloyd M, Williams H, et al. Evidence for persistence of adenovirus in the tear film a 
decade following conjunctivitis. J Med Virol 2005;77:227–31. [PubMed: 16121360] 

Keenan Page 11

Cornea. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



55. Radke JR, Cook JL. Human adenovirus infections: update and consideration of mechanisms of 
viral persistence. Curr Opin Infect Dis 2018;31:251–6. [PubMed: 29601326] 

56. Pepose JS, Ahuja A, Liu W, et al. Randomized, Controlled, Phase 2 Trial of Povidone-Iodine/
Dexamethasone Ophthalmic Suspension for Treatment of Adenoviral Conjunctivitis. Am J 
Ophthalmol 2018;194:7–15. [PubMed: 29787732] 

57. Romanowski EG, Roba LA, Wiley L, et al. The effects of corticosteroids of adenoviral replication. 
Arch Ophthalmol 1996;114:581–5. [PubMed: 8619769] 

58. Laibson PR, Dhiri S, Oconer J, Ortolan G. Corneal infiltrates in epidemic keratoconjunctivitis. 
Response to double-blind corticosteroid therapy. Arch Ophthalmol 1970;84:36–40. [PubMed: 
4316409] 

59. Wilkins MR, Khan S, Bunce C, et al. A randomised placebo-controlled trial of topical steroid in 
presumed viral conjunctivitis. Br J Ophthalmol 2011;95:1299–303. [PubMed: 21252084] 

60. Kovalyuk N, Kaiserman I, Mimouni M, et al. Treatment of adenoviral keratoconjunctivitis with 
a combination of povidone-iodine 1.0% and dexamethasone 0.1% drops: a clinical prospective 
controlled randomized study. Acta Ophthalmol 2017;95:e686–e92. [PubMed: 28342227] 

61. Pinto RD, Lira RP, Abe RY, et al. Dexamethasone/Povidone Eye Drops versus Artificial Tears 
for Treatment of Presumed Viral Conjunctivitis: A Randomized Clinical Trial. Curr Eye Res 
2015;40:870–7. [PubMed: 25310347] 

62. Gouider D, Khallouli A, Maalej A, et al. Corticosteroids Versus Cyclosporine for Subepithelial 
Infiltrates Secondary to Epidemic Keratoconjunctivitis: A Prospective Randomized Double-Blind 
Study. Cornea 2021;40:726–32. [PubMed: 33201059] 

Keenan Page 12

Cornea. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Introduction
	Bacterial Keratitis
	Fungal keratitis
	Amoebic keratitis
	Viral keratitis
	Human herpes viruses
	Human adenoviruses

	Conclusions
	References



