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This study analyzed the clinical characteristics of patients exposed to topical steroids before bacterial
keratitis diagnosis (the prior topical steroid use, PS group), and compared these with those of the non-
exposed group (the no prior topical steroid use, NPS group). We retrospectively analyzed 194 patients
(PS, 34; NPS, 160) with culture-proven bacterial keratitis between 2007 and 2016. The microbiological
profiles, epidemiology, predisposing factors, clinical characteristics, and treatment outcomes of PS
and NPS were compared, and the risk factors for surgical intervention were evaluated. Pseudomonas
spp. and Staphylococcus spp. were the most common isolates in PS and NPS, respectively, and no
significant difference in the strain distribution between the two groups were observed. Significant
differences were observed between PS and NPS for previous ocular surface disease (41.2%: 23.8%),
initial BCVA <0.1 (70.6%: 49.4%), epithelial defect size =5 mm? (64.7%: 41.2%), epithelial healing
time > 14 days (55.9%: 37.3%), and surgical intervention (23.5%: 8.8%). Prior topical steroid use,
strong steroid use, and long-term steroid use groups were included in significant risk factors for
surgical intervention. Previous exposure to topical steroids before the diagnosis of bacterial keratitis
was associated with a worse initial clinical presentation and treatment outcomes. Additional
multicenter studies should be conducted in the future.

Infectious keratitis is the leading cause of sight-threatening ocular disease, and is associated with various pre-
disposing factors, including corneal trauma, previous ocular disease, and contact lenses'. Prior topical steroid
use is an important risk factor for infectious keratitis. Although topical steroids are generally used for various
ophthalmic diseases to control ocular inflammation?, steroid use promotes the proliferation of bacteria, fungi,
and acanthamoeba, and can act as a potential factor in causing or exacerbating corneal infections®°.

From a therapeutic point of view, four randomized controlled trials, including the Steroid Corneal Ulcer
Trial (SCUT), have been reported as prospective studies on the therapeutic effect of topical steroids in bacterial
keratitis”~!°. These trials compared treatment results for topical steroids or placebo following the use of antibiotics
for more than 24-48 h after a culture-proven diagnosis of bacterial keratitis. The results of the SCUT revealed
that topical steroid use did not have a negative effect on treatment outcomes other than delayed epithelial regen-
eration, and no significant increase in adverse reactions such as surgical treatment and corneal perforation was
observed’.

However, cases of infection exacerbation after topical corticosteroid use prior to the culture-proven diagnosis
of infectious keratitis were not included in these prospective studies”*!°. Meanwhile, in tertiary hospitals, refer-
ral cases due to corneal infection exacerbation after topical steroid use are common. Topical steroid use prior to
an infectious keratitis diagnosis may cause temporary relief for corneal inflammation, thus concealing typical
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corneal presentation and making diagnosis and treatment difficult*'2. Therefore, retrospective evaluation of
the clinical characteristics and treatment outcomes of infectious keratitis in patients previously exposed to topi-
cal steroid use is important.

In the case of fungal and acanthamoeba keratitis, topical steroid use before the diagnosis of infectious kera-
titis has been reported as a risk factor for poor treatment outcomes™*'*-'°. However, studies on the distribution
of microorganisms, clinical characteristics, and treatment outcomes according to prior use of topical steroids
with a focus on bacterial keratitis are limited®. Therefore, we conducted a retrospective comparative study of
patients with culture-proven bacterial keratitis according to prior topical steroid use at a tertiary referral center
in South Korea.

Methods

Study design. This was a retrospective, consecutive case series. The medical records of patients with cul-
ture-proven bacterial keratitis who were hospitalized and treated at the Yeungnam University Hospital between
January 2007 and December 2016 were analyzed. Yeungnam University Hospital is a major tertiary referral
hospital in Daegu Metropolitan City, South Korea, and covers the rural areas of Gyeongsangbuk-do Province.

The inclusion criteria for this study were a diagnosis of culture-positive bacterial keratitis and hospitaliza-
tion for treatment. The exclusion criteria were a diagnosis of microbiologically-proven fungal or acanthamoeba
keratitis, or bacteria and fungi were simultaneously isolated from the culture. Patients who used antifungal,
antiviral, or anti-amoebic topical drugs were used for treatment were also excluded.

The overall cases were divided into the prior topical steroid use (PS) group, comprising those who had been
using topical steroids for any reason at the time of initial presentation to our hospital and the no PS (NPS) group,
comprising those with no prior topical steroid use. Microbiological profiles, baseline epidemiology, predispos-
ing factors, clinical characteristics, and treatment outcomes were evaluated and compared between the PS and
NPS groups.

For subgroup analysis, the PS group was divided into two categories based on: duration of prior steroid use
and potency of steroid use. First, according to the duration of prior steroid use, the patients were divided into
long- and short-term groups. The long-term group comprised cases of topical steroid use for 14 days or more
prior to visiting our hospital, and the short-term group comprised cases of topical steroid use for less than
14 days prior to visiting our hospital. Second, based on the potency of the steroids, these were divided into
strong and weak groups. The strong steroid group comprised patients who used loteprednol, prednisolone, or
dexamethasone as a topical steroid prior to visiting our hospital, and the weak steroid group included those
who use fluorometholone as a topical steroid prior to visiting our hospital*". The clinical features and treatment
results were compared between the long- and short-term groups and the strong and weak steroids in terms of
epidemiology, predisposing factors, initial clinical characteristics, and treatment outcomes.

Ethical approval. This study complied with the principles outlined in the Declaration of Helsinki and was
approved by the Institutional Review Board of Yeungnam University Hospital (No. 2020-11-038), Republic
of Korea. The Institutional Review Board of our institution waived off the requirement of informed consent
because obtaining consent from the patients during research was not possible and the risk to patients was very
low as per the Bioethics and Safety Act of the Republic of Korea (Chapter 3, Article 16, Paragraph 3, Act No.
14839. Enforcement Date: July 26, 2017).

Epidemiological investigation. Epidemiological characteristics such as sex, age, residential area, sea-
sonal distribution, and symptom duration were investigated. Symptom duration was defined as the interval
between symptom onset and the initial visit to our institution. Predisposing factors included previous ocular
surface disease (OSD), previous ocular surgery, underlying systemic diseases, ocular trauma, contact lens use,
and prior topical antibiotic use.

Initial clinical characteristics. The location and size of corneal lesions, depth of infiltration, presence of
hypopyon, and best-corrected visual acuity (BCVA) at the initial visit were investigated. The locations of the cor-
neal lesions within half the radius of the center and limbus were classified as center and peripheral, respectively.
Corneal lesion size was determined by measuring the corneal epithelial defect size (EDS) and was calculated
as the area of a rectangle multiplied by the longest diameter of the epithelial defect measured using a slit lamp
microscope ruler and the diameter perpendicular to it, as described by Mukerji et al.** The depth of infiltration
was categorized as either superficial (less than two-thirds of the depth of the stroma) or deep (more than two-
thirds of the depth of the stroma). The BCVA at the initial visit was categorized under one of two groups, >0.1,
or<0.1, based on the Snellen visual acuity (VA). The mean VA was calculated by converting it to the logarithm
of the minimum angle of resolution (logMAR), with hand motion, light perception, and no light perception
defined as 2.6, 2.9, and 3.1, respectively®.

Bacterial culture and identification. To identify the causative bacteria, specimens were collected through
corneal scrapings from all patients before the administration of empirical antibiotics, and smear and culture tests
were performed. Topical anesthesia was induced with 0.5% proparacaine hydrochloride (Alcaine’, Alcon, Fort
Worth, TX, USA) before obtaining corneal scrapings. Corneal scrapings were obtained from all patients using a
No.15 Bard-Parker knife (Bard-Parker Co., Danbury, CT, USA). Conjunctival swabs were collected simultane-
ously for all patients using sterile cotton-tipped swabs. The scrapings were smeared on glass slides and Gram
staining was performed. To rule out fungal keratitis, KOH smear specimens were obtained from the margins
and base of the ulcers, and placed within a marked area on a glass slide. One drop of 10% KOH was placed on
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the smear and a clean coverslip was added. Corneal scrapings were stained using Gram stain and acid-fast bacilli
methods and inoculated on a variety of solid and liquid media that supported the growth of bacteria and fungi.
Thioglycollate broth, blood agar, MacConkey agar, and Sabouraud’s dextrose agar media were used. The media
were incubated for an appropriate period under the atmospheric conditions required for each medium and
examined daily for the growth of the organisms. Cultured bacteria were identified using an automatic microbial
analyzer (VITEK system; BioMérieux-Co, Lyon, France).

Drug therapy. For empirical treatment, fortified eye drops of 2% tobramycin and cephalosporin antibiotics
(5% cefamandole, 2007-2010; 5% ceftazidime, 2011-2016) were administered, commercially available fluoro-
quinolone antibiotic eye drops (0.5% moxifloxacin, Vigamoxm, Alcon, Fort Worth, TX, USA) were administered
every 1 h. Second-generation cephalosporins and aminoglycosides were administered systemically. If the clinical
findings improved after follow-up, antibiotic use was continued, regardless of the susceptibility of the microor-
ganisms. If the clinical course worsened, the antibiotics were changed according to the antibiotic susceptibility
results. If topical steroid use was identified at the initial visit, the dose was gradually reduced and discontinued
within a few days.

Treatment outcomes. Treatment outcomes were assessed after 3 months or at treatment completion and
were evaluated based on the epithelial healing time (EHT), duration of hospitalization, complications, surgical
intervention, and final BCVA. The completion date of epithelial healing was defined as the period from the initial
visit to the complete recovery of the epithelium. For statistical analysis, the final BCVA was classified as<0.1
or>0.1, according to the Snellen chart.

Statistical analysis. Data were analyzed using IBM SPSS Statistics for Windows (version 25.0; IBM Corp.,
Armonk, NY, USA). Chi-squared and Fisher’s exact tests were used to assess categorical data. Independent sam-
ple ¢ tests were used to compare the mean values. Statistical significance was set at p <0.05.

The risk of surgical intervention was evaluated using a Z-score obtained by performing a two-proportion
Z-test on each independent variable. A risk factor analysis of the total cases was performed to determine which
independent variable, including prior topical steroid use, had a significant effect on surgical intervention. The
Z-score indicated the distance from the mean value of the normal population, and each independent variable is
a multiple of the standard deviation. The Z-score indicated the relative position of statistical significance. When
the conditions for each specified independent variable were satisfied, the Z-score was set as positive. The values
corresponding to the 95%, 99%, and 99.9% confidence intervals of the Z-score were defined as+1.96,+2.58,
and +3.29, respectively*.

Results

Enrolled patients. A total of 592 patients with infectious keratitis were admitted to Yeungnam University
Hospital during the study period. Overall, 331 patients who were culture-negative, 60 with culture-proven fun-
gal keratitis, 1 with acanthamoeba keratitis, and 6 with bacterial keratitis treated with antiviral or anti-amoeba
topical drug were excluded from the study. Finally, 194 patients with culture-positive bacterial keratitis were
included in the study. Among them, 34 eyes (17.5%) were included in the PS group and 160 eyes (82.5%) were
included in the NPS group. In the PS group, 17 eyes (50.0%) were assigned to the long- and short-term groups,
respectively. Further, based on the potency of the prior topical steroid, 19 eyes (55.9%) and 15 eyes (44.1%) were
assigned to the weak steroid and strong steroid groups, respectively (Fig. 1).

Epidemiologic characteristics and predisposing factors. No significant differences in mean age, sex,
age 2 60 years, residence, seasonal distribution, or symptom duration >7 days between the PS and NPS groups
were observed (Table 1).

Corneal trauma (PS, 55.9%; NPS, 58.8%) was the most common predisposing factor in both groups. The
proportion of patients with previous OSD (41.2% vs. 23.8%, p=0.037) was significantly higher in the PS group
than in the NPS group. Contact lens use was less common in the PS group than in the NPS group (8.8% vs. 22.5%,
p=0.071). Further, no significant differences in corneal trauma, previous ocular surgery, diabetes, or prior topical
antibiotic use between the two groups were observed (Table 1).

Microbiological profiles. A total of 227 isolates were identified from 194 patients, including 40 isolates
from the PS group and 187 isolates from the NPS group. A total of 65 (28.6%) gram-positive and 162 (71.4%)
gram-negative bacteria were identified in the total group. Notably, Staphylococcus spp. and Pseudomonas spp.
(47/227, 20.7%, respectively), followed by Enterobacter spp. (42/227, 18.5%) were the most common bacteria
(Table 2).

In the PS group, Pseudomonas spp. (26.5%) was the most common, followed by Enterobacter spp. (20.6%), and
Staphylococcus spp. (14.7%). In the NPS group, Staphylococcus spp. (26.3%) was the most common, followed by
Pseudomonas spp. (23.8%), and Enterobacter spp. (21.9%). The proportion of gram-negative bacteria was higher
than that of gram-positive bacteria in both the PS and NPS groups (73.5% vs. 65.0%, p =0.339). Polymicrobial
infection was observed in five eyes (14.7%) in the PS group and 24 eyes (15.0%) in the NPS group (p=0.965)
(Table 2).

Initial clinical characteristics and treatment outcomes. A corneal EDS of>5 mm? (64.7% vs. 41.7%,
p=0.013) was more common in the PS group than in the NPS group. No significant differences were observed
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Figure 1. Flowchart of patient enrollment and group classification in the study.

between the two groups in terms of deep stromal infiltration (8.8% vs. 11.9%, p=0.771) or hypopyon (26.5%
vs. 24.4%, p=0.797). The mean initial BCVA was significantly worse in the PS group than in the NPS group
(1.77£0.95 logMAR vs 1.32+1.05 logMAR, p=0.023), and the proportion of patients with an initial BCVA
of <0.1 (Snellen) was also significantly higher in the PS group than in the NPS group (70.6% vs. 49.4%, p=0.024)
(Table 3).

The mean final BCVA improved compared with that at the first visit in both groups (both p <0.001), and the
proportion of patients with a BCVA of < 0.1 after treatment was also significantly reduced compared with that at
the initial visit (PS: 70.6% — 37.5%, p=0.007; NPS: 49.4% — 24.7%, p <0.001). No significant differences in the
mean final BCVA were observed between the two groups (1.12 logMAR vs 0.76 logMAR, p=0.080). Compared
to the initial BCVA, the final BCVA decreased in 3 eyes in the PS group and in 12 eyes in the NPS group (9.4%
vs. 8.2%, p=0.735) (Table 3).

The proportion of patients with EHT > 14 days was significantly higher in the PS group than in the NPS group
(55.9% vs. 37.3%, p=0.045). The mean hospitalization duration was significantly longer in the PS group than
in the NPS group (11.7 days vs. 9.6 days, p=0.025). Surgical treatment was performed in 8 (23.5%) and 14 eyes
(8.8%) in the PS and NPS groups, respectively (p=0.031). Amniotic membrane transplantation was the most
frequently performed surgical treatment in both groups (17.6% vs. 6.3%, p =0.040) (Table 3).

Comparison according to duration and potency of prior topical steroid use within the PS
group. In the analysis based on the duration of steroid use, the long-term group had a higher proportion of
patients with symptom duration > 7 days (64.7% vs. 35.3%, p=0.086), previous OSD (70.6% vs. 23.5%, p=0.006),
and EDS>5 mm? (94.1% vs. 35.3%, p<0.001) than the short-term group. No significant difference in strong
steroid use (41.2% vs. 47.1%, p=0.730), hypopyon (29.4% vs. 23.5%, p=1.000, Fisher’s exact test), or surgical
intervention (29.4% vs. 17.6%, p=0.688) between the long- and short-term groups was observed (Fig. 2).

In the analysis based on steroid potency, the strong steroid use group had a relatively higher proportion
of patients with symptom duration >7 days (66.7% vs. 36.8%, p=0.084) and EHT > 14 days (73.3% vs. 42.1%,
p=0.069) than the weak steroid use group, with no significant difference. No significant difference in the distri-
bution of long-term prior steroid use (46.7% vs. 52.6%, p=0.730), previous OSD (26.7% vs. 52.6%, p=0.127),
EDS =5 mm? (66.7% vs. 63.2%, p=0.832), deep infiltration (6.7% vs. 10.5%, p = 1.000, Fisher’s exact test),
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Characteristics PS (n=34) NPS (n=160) p-value (x test)
Epidemiology
Age, years 51.1+21.8 53.8+22.1 0.508*
Range (median, IQR) 6-78 (56.5, 35) 1-92 (58, 34)
>60 15 (44.1) 78 (48.8) 0.623
Male sex 17 (50.0) 81 (50.6) 0.947
Rural residency 16 (47.1) 72 (45.0) 0.827
Seasonal distribution 0.778
Spring (Mar-May) 11 (32.4) 49 (30.6)
Summer (Jun-Aug) 8(23.5) 39 (24.4)
Autumn (Sep-Nov) 7 (20.6) 44 (27.5)
Winter (Dec-Feb) 8(23.5) 28 (17.5)
Symptom duration>7 days 17 (50.0) 60 (37.5) 0.176
Predisposing factors
Corneal trauma 19 (55.9) 94 (58.8) 0.758
Contact-lens wear 3(8.8) 36 (22.5) 0.071
Previous ocular surface disease 14 (41.2) 38(23.8) 0.037
Herpetic keratitis 4(11.8) 9 (5.6) 0.249°
Exposure keratitis 2(5.9) 6(3.8) 0.631°
Previous corneal ulcer 4(11.8) 9 (5.6) 0.249°
Bullous keratopathy 2(5.9) 5(3.1) 0.355"
Others* 3(8.8) 11 (6.9) 0.715°
Previous ocular surgery 5(14.7) 31(194) 0.525
Diabetes mellitus 3(8.8) 17 (10.6) 1.000°
Prior topical antibiotics use 18 (52.9) 73 (45.6) 0.438

Table 1. Baseline epidemiology and predisposing factors of bacterial keratitis according to prior topical
steroid use. Values are presented as number (%) or mean +standard deviation. IQR, interquartile range;

NPS, no prior topical steroid use; PS, prior topical steroid use. *p-values were calculated using independent
t-tests. ®p-values were calculated using Fisher’s exact test. “Includes dry eye disease with superficial punctate
keratopathy (PS, one case; NPS, four cases), band keratopathy (NPS, two cases), acute keratoconjunctivitis (PS,
one case; NPS one case), atopic keratoconjunctivitis (PS, one case; NPS, one case), Stevens-Johnson syndrome
(NPS, one case), Mooren’s ulcer (NPS, one case), and recurrent corneal erosion (NPS, one case).

hypopyon (20.0% vs. 31.6%, p=0.697), final BCVA <0.1 (33.3% vs. 41.2%, p=0.647), and surgical intervention
(33.3% vs. 15.8%, p=0.417) between the strong and weak steroid use groups was observed (Fig. 2).

Risk factors leading to surgical intervention. A two-proportion Z-test in the total group revealed that
deep infiltration (Z=5.35), diabetes (Z=3.51), age =60 years (Z=2.47), and EDS>5 mm? (Z=2.28) were sig-
nificant risk factors for surgical intervention. Among prior topical steroid-related factors, prior topical steroid
use (Z=2.46), strong steroid use (Z=2.79), and long-term steroid use (Z=2.45) were significant risk factors for
surgical intervention (Fig. 3).

Discussion

The results of this study showed no significant differences in the distribution of causative isolates between the
two groups. The PS group had a higher proportion of patients with previous OSD and poorer initial clinical
characteristics, including a poorer initial BCVA and larger EDS, than the NPS group. The PS group experienced
worse disease progression, including delayed epithelial healing and more surgical treatments, than the NPS
group. In the PS group, the long-term group had a significantly higher proportion of patients with a previous
OSD and larger epithelial defects than the short-term group, and the strong steroid group showed a relatively
delayed hospital visit and epithelial healing time compared with the weak steroid group.

In this study, 17.5% of patients used topical steroids before their first visit to our hospital. In several reported
studies, the proportion of prior steroid exposure in infectious keratitis has been reported to vary, with 3.1% of
bacterial keratitis cases in Paris, France; 7% of infectious keratitis cases in Japan®; and 41.3% of contact lens
keratitis cases in Singapore®. In addition, a study of keratitis including acanthamoeba conducted in Nottingham,
UK, reported that chronic steroid use before diagnosis was observed in 40% of cases?’. Fluorometholone (55.9%)
was the most commonly used topical steroid in the present study. In a Japanese study, betamethasone was the
most commonly used drug (64.2%)°. The steroid use may vary depending on the country, region, and personal
preference of the hospital medical staff in which the study was conducted.

Pseudomonas spp. were the most common in the PS group. Other studies have reported varying results
regarding the frequently isolated microorganisms in steroid-treated groups. In one study of contact lens bacterial
keratitis, P. aeruginosa was reported to be the most common pathogen in the steroid and non-steroid groups®.
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Identified organisms PS (n=34) NPS (n=160) p-value (y test)
Gram-positive

Staphylococcus species 5(14.7) 42 (26.3) 0.154
Enterococcus species 2(5.9) 8 (5.0) 0.688%
Streptococcus species 2(5.9) 6(3.8) 0.631%
Gram-negative

Pseudomonas species 9 (26.5) 38(23.8) 0.737
Enterobacter species 7 (20.6) 35(21.9) 0.869
Stenotrophomonas species 2(5.9) 25 (15.6) 0.177%
Serratia species 4(11.8) 15 (9.4) 0.750%
Acinetobacter species 4(11.8) 7 (4.4) 0.105%
Achromobacter species 0(0.0) 5(3.1) 0.589*
Delftia species 1(2.9) 1(0.6) 0.321*
Klebsiella species 1(2.9) 1(0.6) 0.3212
Ochrobactrum species 1(2.9) 0(0.0) 0.175%
Proteus species 1(2.9) 0(0.0) 0.175%
Morganella species 1(2.9) 0(0.0) 0.175%
Citrobacter species 0(0.0) 1(0.6) 1.000%
Leclercia spp. 0(0.0) 1(0.6) 1.000*
Moraxella species 0(0.0) 1(0.6) 1.000?
Pantoea species 0(0.0) 1(0.6) 1.000%
Total® 40 (100.0) 187 (100.0)

Table 2. Microbiological test results according to prior topical steroid use. NPS, no prior topical steroid

use; PS, prior topical steroid use. *p-values were calculated using Fisher’s exact test. "Twenty-nine eyes had
polymicrobial infection (PS, five eyes; NPS, twenty-four eyes); two isolates were observed in 26 eyes, three
isolates were observed in two eyes, and four isolates were observed in one eye. E. aerogenes, S. marcescens
(two cases); E. cloacae, S. aureus (two cases); E. cloacae, S. maltophilia (two cases); P. aeruginosa, S. maltophilia
(two cases); A. xylosoxidans, P. putida (one case); A. baumannii, S. epidermidis (one case); A. baumannii, S.
maltophilia (one case); E. faecalis, E. cloacae (one case); E. faecalis, S. aureus (one case); E. faecium, P. putida
(one case); M. catarrhalis, P. stutzeri (one case); P. aeruginosa, A. baumannii (one case); P. aeruginosa, E.
aerogenes (one case); P. aeruginosa, S. epidermidis (one case); P. putida, A. denitrificans (one case); P. putida,
S. aureus (one case); S. marcescens, E. cloacae (one case); S. marcescens, E. faecium (one case); S. marcescens,
K. pneumoniae (one case); S. marcescens, S. maltophilia (one case); S. epidermidis, E. cloacae (one case); S.
epidermidis, P. stutzeri (one case); E. cloacae, A. baumannii, E. aerogenes (one case); E. cloacae, E. aerogenes, S.
epidermidis (one case); S. marcescens, A. xylosoxidans, S. epidermidis, E. cloacae (one case).

A Japanese study reported that S. epidermidis is the most common bacterium in steroid-exposed eyes’. Previous
experimental studies have reported that certain strains proliferate better with steroid use*****?°. One animal
experimental study reported that steroids enhance the stromal growth of some bacteria, such as Pseudomonas
spp., but not Staphylococcus spp. and Streptococcus spp®.

In this study, previous OSD was significantly more common in the PS group (41.2%) than in the NPS group
(23.8%). In addition, the proportion of patients with previous OSD was 70.6% in the long-term group, which was
significantly higher than that in the short-term (23.5%) and NPS (23.8%) groups. These findings may be related to
the prior long-term use of steroids to treat underlying ocular surface conditions. Other studies have also reported
amore frequent history of OSD in the PS group'®**>?. In the PS group, herpetic keratitis was the most common,
accounting for 33.3% (4/14) of previous OSD. Similarly, Otri et al. reported that herpetic keratitis (42.6%) was
the most common OSD in patients with sight-threatening infectious keratitis*’. In bullous keratopathy, topical
steroid use has been reported as a significant risk factor for the development of ulcerative keratitis (odds ratio
2.63, 95% confidence interval = 1.41-4.91)* Notably, corticosteroids increase the risk of infection in eyes with
OSD by suppressing innate corneal epithelial defense*-33.

Poor initial clinical characteristics, including poor initial BCVA (<0.1, Snellen) and EDS of =5 mm?, were
more common in the PS group than in the NPS group, which is consistent with the similar studies. Wong et al.
also reported that the median diameter of epithelial defect in steroid-treated eyes was significantly larger (3.5 mm
vs. 2.0 mm, p=0.031)**. Wang et al. reported that patients with prior steroid use had a 7.7-fold increased risk of
developing larger ulcers (p=0.033)%. In general, topical steroid use may reduce the initial inflammatory response
in infectious keratitis. However, if antibiotic treatment is not sufficiently administered simultaneously in early
keratitis or if topical steroids are stopped after the infection is recognized, it can lead to rapid inflammation and
disease progression. These mechanisms are thought to contribute to worse initial clinical characteristics in the
PS group. In addition, a higher proportion of patients with previous OSD in the PS group than in the NPS group
may have contributed to the higher proportion of patients with poor initial clinical characteristics in the PS group.

In terms of treatment outcomes, EHT > 14 days was more common in the PS group (55.9% vs. 37.3%,
Pp=0.045). Delayed epithelial healing has been similarly reported in previous studies evaluating the effectiveness
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Characteristics PS (n=34) NPS (n=160) p-value (x test)
Initial clinical characteristics
Central corneal lesion 24 (70.6) 86 (53.8) 0.072
Epithelial defect size>5 mm? 22 (64.7) 66 (41.2) 0.013
Deep infiltration 3(8.8) 19 (11.9) 0.771*
Hypopyon 9(26.5) 39 (24.4) 0.797
Initial BCVA, logMAR® 1.77+0.95 1.32+1.05 0.023°
<0.1, Snellen® 24 (70.6) 78 (49.4) 0.024
Treatment outcomes
Final BCVA, logMAR¢ 1.12+1.10 0.76 £ 1.04 0.080°
<0.1, Snellen* 12 (37.5) 36 (24.7) 0.138
Decreased BCVA* 3(94) 12(8.2) 0.735°
Epithelial healing time > 14 days® 19 (55.9) 57 (37.3) 0.045
Duration of hospitalization, days 11.7+5.6 9.6+4.9 0.025°
Surgical intervention 8 (23.5) 14 (8.8) 0.031*
AMT 6(17.6) 10 (6.3) 0.040*
Tarsorrhaphy 0(0.0) 1(0.6) 1.000*
Scleral lamellar graft 0(0.0) 1(0.6) 1.000*
Conjunctival flap 1(2.9)f 0(0.0) 0.175*
Penetrating keratoplasty 1(2.9) 0(0.0) 0.175%
Evisceration 1(2.9) 2(1.3) 0.441°

Table 3. Initial clinical characteristics and treatment outcomes of bacterial keratitis according to prior

topical steroid use. AMT, amniotic membrane transplantation; BCVA, best-corrected visual acuity; logMAR,
logarithm of the minimum angle of resolution; NPS, no prior topical steroid use; PS, prior topical steroid use.
ap-value calculated using Fisher’s exact test. ®p-value calculated using independent t-test. “Total n = 192; two
patients with NPS who could not check visual acuity were excluded. ¢Total n=178; 16 cases were excluded due
to follow-up loss or inability to check visual acuity (PS, two cases; NPS, 14 cases). “Total n =187; seven patients
with NPS were excluded due to loss to follow-up. ‘In this patient, evisceration was performed because the
course worsened after the conjunctival flap surgery.

of a combination of antibiotics and topical steroids in infectious keratitis**>*®. In one prospective study, rand-
omized administration of topical steroids in culture-positive bacterial keratitis significantly delayed re-epithelial-
ization in the steroid-treated group compared with that in the placebo group’. Chung et al. reported that topical
steroid treatments had a negative effect on keratitis by exacerbating infection due to severe inflammatory side
effects and also had an effect on microbial replication and delayed epithelial regeneration®. In an experimental
study using rabbits, the rate of corneal epithelial regeneration was significantly slower in the steroid-administered
group than in the control group®. In addition to delayed epithelial healing, the PS group showed relatively poor
clinical features and treatment outcomes, which may be related to the high prevalence of previous OSD in the PS
group. This is because in the case of previous OSD, poor visual acuity and poor treatment results may be more
common due to pre-existing corneal lesions and opacities.

Our study showed that prior topical steroid use (Z=2.46) was a significant risk factor for surgical interven-
tion. This may be related to the relatively high incidence of delayed epithelial healing and impending corneal
perforation in the prior topical steroid use group. Many studies have reported an increased risk of subsequent
complications in bacterial keratitis associated with previous topical steroid use, including indolent ulceration'’,
perforation'*'¥, endophthalmitis®”, and treatment failure.">* Coster et al. reported a higher proportion of suc-
cessful treatment outcomes in patients without steroid use (78%) than in those who received steroids (69%).
In addition, other significant risk factors for surgical intervention in the total study population were deep infil-
tration, diabetes, old age, and large EDS. These findings are similar to those of many other studies of bacterial
keratitis that reported that the severity of the initial clinical findings and an older age were important risk factors
for poor treatment outcomes?”*.

The risks of chronic topical corticosteroid use in ophthalmology, such as glaucoma and cataract development,
are well known*’. However, studies on the risk of long-term steroid use compared with short-term use in bacte-
rial keratitis remain lacking. This study found that long-term steroid use was a significant risk factor for surgical
intervention in the total group. Further, no significant differences in the treatment results between the long- and
short-term groups, except for OSD and epithelial defect size, were observed. Interestingly, the short-term group
accounted for half of the PS group. In the short-term group, most patients were referred to our hospital because
steroids were used after the onset of keratitis symptoms, and the infection worsened afterwards. Therefore, physi-
cians should be cautious in the early use of steroids for keratitis.

To our knowledge, few studies have reported clinical differences in infectious keratitis according to the
potency of the topical steroid used. Of total groups, the strong steroid group was one of the significant risk fac-
tors for surgical intervention. No significant difference between the strong and weak steroid groups, except for
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Epithelial defect size 2 5 mif
Deep infiltration
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Final BCVA< 0.1
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Surgical intervention
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M Long-term prior steroid use (n=17) W Strong prior steroid use (n = 15) (%)
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Figure 2. Comparison of clinical features according to the duration of prior topical steroid use and the potency
of prior topical steroid use in the PS group of culture-proven bacterial keratitis. Long-term steroid = use of
topical steroids for 14 days or more prior to visit; Short-term steroid = use of topical steroids for less than

14 days prior to visit; Strong steroid = use of loteprednol, prednisolone, or dexamethasone; Weak steroid =use
of fluorometholone. Values are presented as proportion (%). BCVA, best-corrected visual acuity; OSD, ocular
surface disease; PS, prior topical steroid use. ‘p<0.1, “p<0.05.

delayed hospital visit and delayed epithelial healing time, was observed. These slight differences may be related
to the stronger anti-inflammatory actions of steroids with greater potency. However, there are some limitations
in interpreting the results according to the potency of steroids because the daily doses of all the steroids used in
this study could not be investigated.

Topical steroids reduce inflammation in many ocular diseases. In the case of infectious keratitis, the use of
topical steroids is contraindicated in fungal and acanthamoeba keratitis>'**!. For bacterial keratitis, there have
been discussions and literature reports on the therapeutic effect of topical steroids as adjuvants”*2 In clinical
practice, determining the cause of infection until culture results are obtained is not always possible, and topi-
cal steroids can cause and exacerbate infections. Therefore, the perspective of this study, which focused on the
disadvantages rather than the advantages of topical steroids, remains important for physicians.

This study had several limitations. First, this was a retrospective study of patients at a single tertiary refer-
ral hospital in South Korea. In addition, the difference in the ratio of the PS and NPS groups was not adjusted
through a case-control match because the purpose of study was to present all consecutive data during the study
period. Second, as this study analyzed only inpatients, it included patients with relatively more severe symptoms
and signs. Therefore, the results of this study cannot be generalized to other population groups. Third, a detailed
analysis according to various previous OSD etiologies could not be performed because of the smaller number
of patients in each group and individual differences. Despite these limitations, this study highlights the risk of
corneal infection exacerbation and the side effects of prior topical steroid use in clinical practice. In the future,
a multicenter study can be considered to obtain more reliable results using a case—control matching method in
larger dataset.

In this study, no significant difference in the distribution of causative isolates between the PS and NPS groups
was observed. The PS group had a higher proportion of patients with previous OSD, worse initial clinical char-
acteristics, a longer epithelial healing time, and more surgical treatments than the NPS group. Considering that
topical corticosteroid used can be controlled by a physician, close monitoring with frequent regular follow-ups
is necessary when administering topical steroid therapy for ocular surface diseases.
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Symptom duration 2 7 days (Yes : No)

Epithelial defect size 25 ma’ (Yes : No)

Incidence of surgical intervention
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Central lesion (Yes:No)
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Figure 3. Risk factors leading to surgical intervention (n=22) in the total group of patients with culture-proven
bacterial keratitis (n=194) analyzed using two-proportion Z-test. Values are presented as proportion (%, in

the bar graph) or Z-score (outside the bar graph). OSD, ocular surface disease. "p<0.05 (Z>1.96), “p<0.01
(Z>2.58).

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author upon reasonable request.

Received: 27 April 2023; Accepted: 29 August 2023
Published online: 02 September 2023

References

1.

2.

3.

10.

11.

12.

13.

14.

Thomas, P. A. & Geraldine, P. Infectious keratitis. Curr. Opin. Infect Dis. 20, 129-141. https://doi.org/10.1097/QCO.0b013e3280
17878 (2007).

Frangie, ]. P. & Leibowitz, H. M. Steroids. Int. Ophthalmol. Clin. 33, 9-29. https://doi.org/10.1097/00004397-199303340-00004
(1993).

Gritz, D. C., Kwitko, S., Trousdale, M. D., Gonzalez, V. H. & McDonnell, P. ]. Recurrence of microbial keratitis concomitant with
antiinflammatory treatment in an animal model. Cornea 11, 404-408. https://doi.org/10.1097/00003226-199209000-00008 (1992).

. Gritz, D. C,, Lee, T. Y., Kwitko, S. & McDonnell, P. ]. Topical anti-inflammatory agents in an animal model of microbial keratitis.

Arch. Ophthalmol. 108, 1001-1005. https://doi.org/10.1001/archopht.1990.01070090103049 (1990).

. Hirano, K., Tanaka, H., Kato, K. & Araki-Sasaki, K. Topical corticosteroids for infectious keratitis before culture-proven diagnosis.

Clin. Ophthalmol. 15, 609-616. https://doi.org/10.2147/OPTH.S297202 (2021).

. Bourcier, T, Sauer, A., Dory, A., Denis, J. & Sabou, M. Fungal keratitis. J. Fr. Ophtalmol. 40, e307-¢313. https://doi.org/10.1016/j.

jf0.2017.08.001 (2017).

. Srinivasan, M. et al. Corticosteroids for bacterial keratitis: The steroids for corneal ulcers trial (SCUT). Arch. Ophthalmol. 130,

143-150. https://doi.org/10.1001/archophthalmol.2011.315 (2012).

. Carmichael, T. R., Gelfand, Y. & Welsh, N. H. Topical steroids in the treatment of central and paracentral corneal ulcers. Br. J.

Ophthalmol. 74, 528-531. https://doi.org/10.1136/bjo.74.9.528 (1990).

. Srinivasan, M. et al. Corticosteroids for bacterial corneal ulcers. Br. J. Ophthalmol. 93, 198-202. https://doi.org/10.1136/bjo.2008.

147298 (2009).

Blair, J. et al. Comparison of antibiotic-only and antibiotic-steroid combination treatment in corneal ulcer patients: Double-blinded
randomized clinical trial. Can. J. Ophthalmol. 46, 40-45. https://doi.org/10.3129/i10-054 (2011).

Thygeson, P., Hogan, M. J. & Kimura, S. J. Cortisone and hydrocortisone in ocular infections. Trans. Am. Acad. Ophthalmol.
Otolaryngol. 57, 64-85 (1953).

Lionakis, M. S. & Kontoyiannis, D. P. Glucocorticoids and invasive fungal infections. Lancet 362, 1828-1838. https://doi.org/10.
1016/50140-6736(03)14904-5 (2003).

Ormerod, L. D. et al. Epidemiology of microbial keratitis in southern California. A multivariate analysis. Ophthalmology 94,
1322-1333. https://doi.org/10.1016/s0161-6420(87)80019-2 (1987).

Gudmundsson, O. G. et al. Factors influencing predilection and outcome in bacterial keratitis. Cornea 8, 115-121 (1989).

Scientific Reports |

(2023) 13:14477 | https://doi.org/10.1038/s41598-023-41588-2 nature portfolio


https://doi.org/10.1097/QCO.0b013e328017f878
https://doi.org/10.1097/QCO.0b013e328017f878
https://doi.org/10.1097/00004397-199303340-00004
https://doi.org/10.1097/00003226-199209000-00008
https://doi.org/10.1001/archopht.1990.01070090103049
https://doi.org/10.2147/OPTH.S297202
https://doi.org/10.1016/j.jfo.2017.08.001
https://doi.org/10.1016/j.jfo.2017.08.001
https://doi.org/10.1001/archophthalmol.2011.315
https://doi.org/10.1136/bjo.74.9.528
https://doi.org/10.1136/bjo.2008.147298
https://doi.org/10.1136/bjo.2008.147298
https://doi.org/10.3129/i10-054
https://doi.org/10.1016/S0140-6736(03)14904-5
https://doi.org/10.1016/S0140-6736(03)14904-5
https://doi.org/10.1016/s0161-6420(87)80019-2

www.nature.com/scientificreports/

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Kim, R. Y., Cooper, K. L. & Kelly, L. D. Predictive factors for response to medical therapy in bacterial ulcerative keratitis. Graefes
Arch. Clin. Exp. Ophthalmol. 234, 731-738. https://doi.org/10.1007/BF00189353 (1996).

Blanton, C. L., Rapuano, C. J., Cohen, E. ]. & Laibson, P. R. Initial treatment of microbial keratitis. CLAO J. 22, 136-140 (1996).
Morlet, N., Minassian, D. & Butcher, J. Risk factors for treatment outcome of suspected microbial keratitis. Ofloxacin study group.
Br. J. Ophthalmol. 83, 1027-1031. https://doi.org/10.1136/bjo.83.9.1027 (1999).

Miedziak, A. I, Miller, M. R., Rapuano, C. J., Laibson, P. R. & Cohen, E. J. Risk factors in microbial keratitis leading to penetrating
keratoplasty. Ophthalmology 106, 1166-1170. https://doi.org/10.1016/S0161-6420(99)90250-6 (1999) (discussion 1171).

Cho, C. H. & Lee, S. B. Clinical analysis of microbiologically proven fungal keratitis according to prior topical steroid use: A
retrospective study in South Korea. BMC Ophthalmol. 19, 207. https://doi.org/10.1186/s12886-019-1212-0 (2019).

Wilhelmus, K. R. Indecision about corticosteroids for bacterial keratitis: An evidence-based update. Ophthalmology 109, 835-842.
https://doi.org/10.1016/s0161-6420(02)00963-6 (2002) (quiz 843).

Rhee, D. J., Colby, K. A., Rapuano, C. J. & Sobrin, L. in Ophthalmologic Drug Guide Ch. Anti-Inflammatory Agents, 74 (Springer,
2007).

Mukerji, N., Vajpayee, R. B. & Sharma, N. Technique of area measurement of epithelial defects. Cornea 22, 549-551. https://doi.
0rg/10.1097/00003226-200308000-00012 (2003).

Scott, I. U. et al. Functional status and quality of life measurement among ophthalmic patients. Arch. Ophthalmol. 112, 329-335.
https://doi.org/10.1001/archopht.1994.01090150059023 (1994).

Hazra, A. Using the confidence interval confidently. J. Thorac. Dis. 9, 4125-4130. https://doi.org/10.21037/jtd.2017.09.14 (2017).
Bourcier, T., Thomas, E, Borderie, V., Chaumeil, C. & Laroche, L. Bacterial keratitis: Predisposing factors, clinical and microbio-
logical review of 300 cases. Br. J. Ophthalmol. 87, 834-838. https://doi.org/10.1136/bjo.87.7.834 (2003).

Wang, J. C., Su, D. & Lim, L. Contact lens microbial keratitis and prior topical steroid use: A disaster in the making?. Ann. Acad.
Med. Singap. 33, 484-488 (2004).

Otri, A. M. et al. Profile of sight-threatening infectious keratitis: A prospective study. Acta Ophthalmol. 91, 643-651. https://doi.
org/10.1111/j.1755-3768.2012.02489.x (2013).

Leibowitz, H. M. & Kupferman, A. Topically administered corticosteroids: Effect on antibiotic-treated bacterial keratitis. Arch.
Ophthalmol. 98, 1287-1290. https://doi.org/10.1001/archopht.1980.01020040139024 (1980).

Badenoch, P. R, Hay, G. J., McDonald, P. J. & Coster, D. J. A rat model of bacterial keratitis. Effect of antibiotics and corticosteroid.
Arch. Ophthalmol. 103, 718-722. https://doi.org/10.1001/archopht.1985.01050050110028 (1985).

Luchs, J. I, Cohen, E. ], Rapuano, C. J. & Laibson, P. R. Ulcerative keratitis in bullous keratopathy. Ophthalmology 104, 816-822.
https://doi.org/10.1016/s0161-6420(97)30228-0 (1997).

Vajpayee, R. B. et al. Corneal superinfection in acute hemorrhagic conjunctivitis. Cornea 17, 614-617. https://doi.org/10.1097/
00003226-199811000-00009 (1998).

Ormerod, L. D. Causes and management of bacterial keratitis in the elderly. Can. J. Ophthalmol. 24, 112-116 (1989).

Ormerod, L. D., Fong, L. P. & Foster, C. S. Corneal infection in mucosal scarring disorders and Sjogren’s syndrome. Am. J. Oph-
thalmol. 105, 512-518. https://doi.org/10.1016/0002-9394(88)90243-7 (1988).

Wong, T., Ormonde, S., Gamble, G. & McGhee, C. N. Severe infective keratitis leading to hospital admission in New Zealand. Br.
J. Ophthalmol. 87, 1103-1108. https://doi.org/10.1136/bjo.87.9.1103 (2003).

Chung, J. H.,, Kang, Y. G. & Kim, H. J. Effect of 0.1% dexamethasone on epithelial healing in experimental corneal alkali wounds:
Morphological changes during the repair process. Graefes Arch. Clin. Exp. Ophthalmol. 236, 537-545. https://doi.org/10.1007/
$004170050118 (1998).

Petroutsos, G., Guimaraes, R., Giraud, J. P. & Pouliquen, Y. Corticosteroids and corneal epithelial wound healing. Br. J. Ophthalmol.
66, 705-708. https://doi.org/10.1136/bjo.66.11.705 (1982).

Scott, I. U. et al. Endophthalmitis associated with microbial keratitis. Ophthalmology 103, 1864-1870. https://doi.org/10.1016/
$0161-6420(96)30415-6 (1996).

Coster, D. ]. & Badenoch, P. R. Host, microbial, and pharmacological factors affecting the outcome of suppurative keratitis. Br. J.
Ophthalmol. 71, 96-101. https://doi.org/10.1136/bjo.71.2.96 (1987).

Hsu, H. Y. et al. Laboratory results, epidemiologic features, and outcome analyses of microbial keratitis: A 15-year review from St.
Louis. Am. J. Ophthalmol. 198, 54-62. https://doi.org/10.1016/j.2j0.2018.09.032 (2019).

Buchman, A. L. Side effects of corticosteroid therapy. J. Clin. Gastroenterol. 33, 289-294. https://doi.org/10.1097/00004836-20011
0000-00006 (2001).

Robaei, D., Carnt, N., Minassian, D. C. & Dart, J. K. The impact of topical corticosteroid use before diagnosis on the outcome of
Acanthamoeba keratitis. Ophthalmology 121, 1383-1388. https://doi.org/10.1016/j.0phtha.2014.01.031 (2014).

Ni, N. et al. Use of adjunctive topical corticosteroids in bacterial keratitis. Curr. Opin. Ophthalmol. 27, 353-357. https://doi.org/
10.1097/icu.0000000000000273 (2016).

Author contributions

C.H.C and N.H.C: designed the research, literature research, data analysis, drafting, language editing, and critical
revision. S.B.L: patient interaction, patient diagnosis, language editing, and critical revision. All authors read
and approved the final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to S.-B.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2023) 13:14477 | https://doi.org/10.1038/s41598-023-41588-2 nature portfolio


https://doi.org/10.1007/BF00189353
https://doi.org/10.1136/bjo.83.9.1027
https://doi.org/10.1016/S0161-6420(99)90250-6
https://doi.org/10.1186/s12886-019-1212-0
https://doi.org/10.1016/s0161-6420(02)00963-6
https://doi.org/10.1097/00003226-200308000-00012
https://doi.org/10.1097/00003226-200308000-00012
https://doi.org/10.1001/archopht.1994.01090150059023
https://doi.org/10.21037/jtd.2017.09.14
https://doi.org/10.1136/bjo.87.7.834
https://doi.org/10.1111/j.1755-3768.2012.02489.x
https://doi.org/10.1111/j.1755-3768.2012.02489.x
https://doi.org/10.1001/archopht.1980.01020040139024
https://doi.org/10.1001/archopht.1985.01050050110028
https://doi.org/10.1016/s0161-6420(97)30228-0
https://doi.org/10.1097/00003226-199811000-00009
https://doi.org/10.1097/00003226-199811000-00009
https://doi.org/10.1016/0002-9394(88)90243-7
https://doi.org/10.1136/bjo.87.9.1103
https://doi.org/10.1007/s004170050118
https://doi.org/10.1007/s004170050118
https://doi.org/10.1136/bjo.66.11.705
https://doi.org/10.1016/s0161-6420(96)30415-6
https://doi.org/10.1016/s0161-6420(96)30415-6
https://doi.org/10.1136/bjo.71.2.96
https://doi.org/10.1016/j.ajo.2018.09.032
https://doi.org/10.1097/00004836-200110000-00006
https://doi.org/10.1097/00004836-200110000-00006
https://doi.org/10.1016/j.ophtha.2014.01.031
https://doi.org/10.1097/icu.0000000000000273
https://doi.org/10.1097/icu.0000000000000273
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |  (2023) 13:14477 | https://doi.org/10.1038/s41598-023-41588-2 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Clinical comparative analysis of culture-proven bacterial keratitis according to prior topical steroid use: a retrospective study in a tertiary referral center of South Korea
	Methods
	Study design. 
	Ethical approval. 
	Epidemiological investigation. 
	Initial clinical characteristics. 
	Bacterial culture and identification. 
	Drug therapy. 
	Treatment outcomes. 
	Statistical analysis. 

	Results
	Enrolled patients. 
	Epidemiologic characteristics and predisposing factors. 
	Microbiological profiles. 
	Initial clinical characteristics and treatment outcomes. 
	Comparison according to duration and potency of prior topical steroid use within the PS group. 
	Risk factors leading to surgical intervention. 

	Discussion
	References


