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Laboratory Results, Epidemiologic Features,
and Outcome Analyses of Microbial Keratitis:

A 15-Year Review From St. Louis
HUGO Y. HSU, BENJAMIN ERNST, ERIC J. SCHMIDT, ROHIT PARIHAR, CHELSEA HORWOOD, AND
SEAN L. EDELSTEIN
� PURPOSE: To evaluate the laboratory results and prog-
nostic factors of poor clinical outcomes in microbial kera-
titis cases over 15 years at Saint Louis University.
� DESIGN: Retrospective cohort and trend study.
� METHODS: Microbiological and clinical information
from culture-positive cases seen at Saint Louis University
from 1999 to 2013 were reviewed retrospectively. Statis-
tical analyses were used to determine microbiological and
antibiotic susceptibility trends. Prognostic factors of poor
clinical outcome from the literature were used to create
multivariate regression models to describe our cohort.
� RESULTS: Gram-positive organisms predominated
(48%), followed by gram-negative organisms (34%) and
fungi (16%). The most commonly isolated organism
was Pseudomonas aeruginosa (21%). Oxacillin-resistant
rates of Staphylococcus aureus and coagulase-negative
staphylococci were 45% and 43%, respectively. Only
the proportion of Pseudomonas changed significantly
over time (P[ .02). The only antibiotic found to lose ef-
ficacy over time was gentamicin for gram-positive organ-
isms (P[ .005). Multivariate logistic regression analyses
revealed that major complications were associated with
large ulcers (P < .006), fungal cases (P < .001), and
comorbid ophthalmic conditions (P < .001). Poor heal-
ing was associated with large ulcers (P < .001) and
fungal cases (P < .001). Lastly, poor visual outcome
was associated with large ulcers (P < .01) and age ‡
60 years (P < .02).
� CONCLUSIONS: In the St Louis area, oxacillin-resistant
organisms, Pseudomonas aeruginosa, and fungi are
commonly recovered from microbial keratitis cases with
a disproportionally high incidence. Hence, empiric anti-
biotic choice should reflect these trends. Special care
needs to be taken for patients with large ulcers and fungal
infections, as well as elderly patients with comorbid
ophthalmic conditions, as these patients have worse
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O
F THE 71 000 OR HIGHER CASES PER YEAR OF MI-

crobial keratitis in the United States, the vast
majority are treated empirically without culture

or attempts to identify the causative agent.1–4 It is the
understanding of the potential infectious agents in a
particular geographic region and the expected
antimicrobial response derived from surveillance studies
that informs a clinician’s initial choice in empiric
therapy.5,6 Despite various single-center and nationwide
surveys, pockets of geography and patient populations are
not sampled and represented.5,7,8 The St Louis region in
the midwestern portion of the United States is one such
area.
Even fewer in number than surveillance studies are

studies that evaluate risks factors or prognostic factors for
microbial keratitis and patient outcomes. Nonetheless,
various factors have been put forth as potentially associated
with poor outcomes.9–12

Hence, we undertook the current retrospective review of
microbial keratitis cases at Saint Louis University’s Depart-
ment of Ophthalmology, which is an inner-city, university-
based practice, with 2 purposes in mind. First, we wished to
establish the incidence and spectrum of causative organ-
isms and their antibiotic susceptibility profiles in the St
Louis area along with any changes over time that might
impact clinical practice and antibiotic selection. Second,
we wished to examine the relationship between various
prognostic factors established in the ophthalmic literature
and clinical outcomes observed in our cohort as a way of
validating these prognostic factors.
METHODS

THIS RETROSPECTIVE COHORT AND TREND STUDY WAS

approved by the Institutional Review Board of Saint
Louis University and conforms to the Declaration of
Helsinki. We were approved by the Institutional Review
Board to retrospectively search the database of the micro-
biology department and the diagnosis database of the
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ophthalmology department at Saint Louis University to
identify cases of microbial keratitis from 1999 to 2013.
Clinical records of identified cases were reviewed retro-
spectively to verify the diagnosis of microbial keratitis.
Microbial keratitis cases were then extracted and studied
to determine the organism(s) isolated and their antibiotic
susceptibility profiles. The corresponding clinical data on
culture-positive cases were also collected, including demo-
graphic information, clinical history and characteristics,
case history, and various outcome measures. Subject
informed consent was not required for this study.

Microbiology studies were conducted at the Saint Louis
University microbiology laboratory. Clinically, scrapings
from infected corneas were submitted for staining and
were directly inoculated onto solid (blood, chocolate, and
Sabouraud agar) and liquid media (thioglycolate broth),
except for cases of suspected mycobacterium/nocardia or
acanthamoeba, which were submitted in Lowenstein-
Jensen agar or in saline (which was then shipped to a refer-
ence laboratory), respectively. For this study, after review
of both the general microbiological and clinical results
and information, identified cultures were considered
positive based on described criteria for ocular microbi-
ology.13,14 Essentially, moderate to heavy growth in any
media, including thioglycolate broth, was considered a pos-
itive culture as well as concordant very-light to light
growth on 2 solid media and very-light to light growth
from 1 medium, including thioglycolate broth, that match
the Gram stain result. Contaminant isolates were removed
from the study. Antibiotic susceptibility profiles were
determined by the microbiology laboratory of Saint Louis
University, per their laboratory protocol.

The prevalence of various risk factors as determined by
previous literature was calculated. Also, based on prior
reports in the literature, the following potential prognostic
factors were chosen for analyses: age >_ 60 years; large ulcers
(defined in the current study as> 5 mm in any extent), the
recovery of Pseudomonas; the recovery of either acantha-
moeba or fungi; referred cases (defined as cases that were
treated elsewhere before referral to our center); prior
ophthalmic steroid use, either as treatment for other
ophthalmic conditions or added to the treatment of the
keratitis prior to presentation or referral; and the existence
of other ocular comorbid conditions (including prior
ophthalmic surgery and preexisting ocular surface
disease).9–12 The following 3 results were chosen as
dependent outcome variables, which were then analyzed:
(1) major complications (such as descemetocele,
perforation, and endophthalmitis); (2) treatment time to
heal > 29 days; and (3) visual outcomes in the absence
of optical keratoplasty or other vision-limiting conditions
(eg, macular degeneration) of worse than or equal to
20/200.9–12 Time to heal for this study is defined as the
duration of time from the initiation of treatment to full
epithelialization of the ulcer. If the exact date of full
epithelialization is not known, the date is calculated as
VOL. 198 MICROBIAL KERATITIS: A 15-YEA
the mid time point between the first clinical visit with
full epithelialization and the preceding clinic visit before
full epithelialization. Since fungal and acanthamoeba
cases are typically expected to have a greater chance of
developing major complications, take a long time to
resolve, and have poorer visual outcomes, in addition to
analysis of the entire cohort, bacteria-only cases were also
analyzed separately.15–17

Descriptive statistics were calculated. Fisher exact test
was used to calculated differences between 2 groups. Logis-
tic regression modeling with time as a covariate was used to
evaluate changes in the proportions of organisms recovered
over time, as well as changes in antibiotic susceptibility
rates over time. Univariate logistic regression with Bonfer-
roni correction for multiple comparisons was performed to
ascertain the relationship between the prognostic factors
and outcome variables. Additionally, multivariate logistic
regression with backwards step-wise regression was
performed to build statistical models for the data. For the
multivariate analyses, we adopted a theoretic approach
and included all prognostic variables as they were all
derived from published literature, and a data-drive
approach was relied upon to derive the final model. Statis-
tical significance was set at .05. Statistical analyses were
performed using Prism 6 (GraphPad Software Inc, La Jolla,
California, USA) and SPSS (Version 24.0; IBM Corp,
Armonk, New York, USA).
RESULTS

� MICROBIAL AND ANTIBIOTIC-SUSCEPTIBILITY RE-
SULTS: For the 15-year period, 610 cases of microbial kera-
titis were identified; of those, 416 (68%) were cultured and
in 231 cases (38%) a scraping was submitted for staining
from the department of ophthalmology. The overall posi-
tive culture growth rate was 74%. The overall contaminant
rate was 19% of positive cultures. Special staining of scrap-
ings identified organisms 33% of the time.
From the 251 culture-positive, noncontaminant cases,

286 isolates were identified. Ten percent of these cases
were polymicrobial. Overall, gram-positive organisms
were the most commonly isolated (48%), followed by
gram-negative organisms (34%). Fungi represented 16%
of the overall isolates (Table 1).
Pseudomonas aeruginosa was the most commonly isolated

organism overall (21%), followed by coagulase-negative
staphylococci (CNS, 16%), Staphylococcus aureus (14%),
and Streptococcus species (13%). The only organism whose
proportion increased significantly over the 15 years was
Pseudomonas aeruginosa (P ¼ .023). An increase in the
number of fungal cases was observed in the mid-2000s,
but overall, fungal cases did not increase in a statistically
significant manner (P ¼ .69). Among the filamentous
fungi, Fusarium species were the most commonly
55R REVIEW FROM SAINT LOUIS



TABLE 1. 15 Years (1999-2013) of Microbial Isolates in Saint
Louis University Study Population

Isolates

Total

N %

Gram-positive 137 48%

Staphylococcus aureus

(ORSA)

40 (18)

CNS (ORCNS) 47 (20)

Streptococcus species 38

Other gram-positive 12

Gram-negative 96 34%

Pseudomonas aeruginosa 60

Moraxella catarrhalis 9

Serratia marcescens 9

Other gram-negative 18

Fungi 45 16%

Filamentous 31

Yeast 14

Othersa 8 3%

Total 286

CNS ¼ coagulase-negative Staphylococcus; ORCNS ¼
oxacillin-resistant coagulase-negative Staphylococcus;

ORSA ¼ oxacillin-resistant Staphylococcus aureus.
aAll Acanthamoeba except for a single isolate of Mycobacte-

rium chelonae in 2009-2013.
encountered (35%), followed by Aspergillus species (23%)
and Curvularia species (13%).

The overall proportion of Staphylococcus aureus isolates
that were oxacillin-resistant (ORSA) was 45%, and there
was not a statistically significant annual trend (P ¼ .25).
The overall proportion of CNS isolates that were
oxacillin-resistant (ORCNS) was 43%; again, there was
not a significant annual trend (P ¼ .71).

Gram-Positive Isolates’ Antibiotic Susceptibility. Table 2
lists the antibiotic susceptibility of gram-positive isolates
recovered over time. All tested organisms remained
100% susceptible to vancomycin over time. Collectively,
the gram-positive organisms were fairly susceptible
to gentamicin (81%), tetracycline (83%), and
trimethoprim-sulfamethoxazole (82%). With cefazolin,
erythromycin, and the fluoroquinolones (ciprofloxacin
and levofloxacin), the overall gram-positive
susceptibilities hovered around 50%. As a group, gram-
positive organisms’ susceptibility to levofloxacin reduced
over time in a statistically suggestive manner (P ¼ .054),
while the group’s susceptibility to gentamicin decreased
significantly over time (P ¼ .005). However, when
analyzed as individual gram-positive species or strains,
there was no statistically significant reduction of
susceptibility to any of the aforementioned antibiotics,
with the statistically suggestive exception of CNS and
ORCNS susceptibility to gentamicin (P ¼ .111 and P ¼
.069, respectively).
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For gram-positive, species-specific susceptibility results,
we found that, as expected, susceptibility was lower for
the oxacillin-resistant Staphylococcus strains. ORSA was
susceptible to gentamicin, trimethroprim, and levofloxa-
cin 76%, 94%, and 6% of the time, respectively, while
their oxacillin-sensitive counterparts were susceptible
89%, 100%, and 50% of the time, respectively, to the
same antibiotics. The pattern was similar for the CNS
strains. ORCNS was susceptible to gentamicin, trimeth-
roprim, and levofloxacin 60%, 63%, and 29% of the
time, respectively, vs 100%, 89%, and 83% of the time,
respectively, for oxacillin-sensitive CNS. Streptococcus
pneumoniae was universally susceptible to levofloxacin
(100%) but less to erythromycin (62%) and trimethro-
prim (65%).

Gram-Negative Isolates’ Antibiotic Susceptibility. Gram-
negative isolates’ susceptibility to antibiotics over time is
detailed in Table 3. The gram-negative isolates were near-
universally susceptible to ceftazidime, aminoglycosides,
and fluoroquinolones, and like the gram-positive
isolates, over time, there were no significant changes of
gram-negative isolates’ susceptibility to antibiotics. Of
more specific interest, Pseudomonas aeruginosa isolates
remained 100% susceptible to aminoglycosides and
fluoroquinolones.

� RISK FACTORS, PROGNOSTIC FACTORS, AND OUTCOME
MEASURE ANALYSES: Demographics and Risk Factors. Of
the 251 culture-positive cases, clinical information was
complete for 240. The mean age of this cohort was 49 6
2.9 years, and 56% of the cases involved female subjects.
Potential risk factors for microbial keratitis were
identified in 93.3% of the cases; 34% had 2 or more risk
factors. Preexisting ocular surface disease or reasons to
have a compromised ocular surface were found in 44% of
cases, including, but not limited to, bullous keratopathy,
various causes of neurotrophic keratopathy, exposure
keratopathy, persistent epithelial defect, and
keratoconjunctivitis sicca. Patient-reported contact lens
use was found in 43% of cases. A total of 34% of cases
had prior ophthalmic surgeries, and ophthalmic trauma
was associated with 13% of cases.

Prognostic Factors. As mentioned previously, 7 prog-
nostic factors were analyzed. Among the 240 cases with
complete clinical data, 36% were >_ 60 years of age. Large
ulcers (>5 mm) represented 27% of the cases. Twenty-
five percent of the cases were infected with Pseudomonas
while 17% were either fungal or Acanthamoeba cases. A
total of 33% were referred cases to our center, and also
about a third (30%) were on topical steroids at the time
of the keratitis or were treated with topical steroids prior
to referral to our center. Lastly, over half of our cases
(57%) had other preexisting ophthalmic comorbid
conditions.
FEBRUARY 2019OPHTHALMOLOGY



TABLE 3. Percentage Antibiotic Susceptibility of Gram-Negative Isolated Organisms From Saint Louis University Study Population
(1999-2013)

Organism

Antibiotic

Ampicillin Ceftazidime Gentamicin Tobramycin Amikacin Trimethoprim/Sulfa Ciprofloxacin Levofloxacin

All gram-negative

(n ¼ 81)

9/20 (45%) 74/74 (100%) 77/78 (99%) 74/76 (97%) 74/75 (99%) 17/19 (89%) 70/71 (99%) 34/34 (100%)

Pseudomonas

aeruginosa

(n ¼ 56)

NT 55/55 (100%) 56/56 (100%) 55/55 (100%) 55/55 (100%) NT 56/56 (100%) 18/18 (100%)

Serratia

marcescens

(n ¼ 9)

3/7 (43%) 9/9 (100%) 9/9 (100%) 7/8 (88%) 9/9 (100%) 7/7 (100%) 5/5 (100%) 7/7 (100%)

Other gram-

negative

(n ¼ 16)

6/12 (50%) 10/10 (100%) 12/13 (92%) 12/13 (92%) 10/11 (91%) 9/9 (100%) 9/10 (90%) 9/9 (100%)

NT ¼ not tested.

TABLE 2. Percentage Antibiotic Susceptibility of Gram-Positive Organisms Isolated From Saint Louis University Study Population
(1999-2013)

Organism

Antibiotic

Cefazolin Erythromycin Vancomycin Gentamicin Tetracycline Trimethroprim/Sulfa Ciprofloxacin Levofloxacin

All gram-positive

(n ¼ 116)

31/53 (58%) 55/113 (49%) 112/112 (100%) 61/75 (81%) 66/80 (83%) 82/100 (82%) 6/11 (55%) 52/90 (58%)

OSSA (n ¼ 22) 20/20 (100%) 14/22 (64%) 22/22 (100%) 17/19 (89%) 20/22 (91%) 22/22 (100%) 2/5 (40%) 8/16 (50%)

ORSA (n ¼ 18) 0/8 (0%) 2/18 (11%) 17/17 (100%) 13/17 (76%) 15/18 (83%) 17/18 (94%) –a 1/16 (6%)

OSCNS (n ¼ 19) 10/10 (100%) 10/19 (53%) 19/19 (100%) 19/19 (100%) 16/19 (84%) 17/19 (89%) NT 15/18 (83%)

ORCNS (n ¼ 20) 0/14 (0%) 7/20 (35%) 20/20 (100%) 12/20 (60%) 12/18 (67%) 12/19 (63%) NT 5/17 (29%)

Streptococcus

pneumoniae

(n ¼ 21)

NT 13/21 (62%) 21/21 (100%) NT NT 13/20 (65%) NT 19/19 (100%)

Other

Streptococcus

(n ¼ 13)

NT 9/13 (69%) 13/13 (100%) NT NT NT NT 3/3 (100%)

NT ¼ not tested; OSCNS ¼ oxacillin-susceptible coagulase-negative Staphylococcus; OSSA ¼ oxacillin-susceptible Staphylococcus

aureus.
a<_2 isolates were tested against this antibiotic.
Major Complications. Overall, forty of 233 cases (17.2%)
with complete outcome data presented with or developed
major complications. Twelve of 40 (30%) fungal/Acantha-
moeba cases had major complications, vs 28 of 193 (14.5%)
bacterial cases (P¼ .035). Examples of these complications
included descemetoceles, frank corneal perforations,
endophthalmitis, need for therapeutic or tectonic kerato-
plasty, phthisis bulbi, and eyes that were enucleated or evis-
cerated. Table 4 contains the logistic regression analysis
results with major complications as the outcome measure.
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For all cases, using univariate logistic regression with
Bonferroni correction for multiple comparisons, 2 out of
the 7 prognostic factors were statistically significantly
associated with major complications: age >_ 60 years (P ¼
.007) and having other ocular comorbid conditions (P ¼
.007). Large ulcers > 5 mm was an additional
clinically suggestive prognostic factor (P ¼ .056). The
multivariate logistic regression model included age >_ 60
years (P ¼ .051), large ulcers (P ¼ .006), fungi or
Acanthamoeba cases (P ¼ .001), and ocular comorbid
57R REVIEW FROM SAINT LOUIS



TABLE 4. Prognostic Factors of Major Complicationa Outcomes of Microbial Keratitis Cases From Saint Louis University Study
Population (1999-2013)

Prognostic Factors

Univariate Logistic Regression Multivariate Logistic Regression

OR 95% CI P Valueb OR 95% CI P Value

All cases (n ¼ 233)

Age >_ 60 years 3.41 1.69–6.88 .007* 2.26 1.00–5.14 .051

Large ulcers > 5 mm 2.62 1.29–5.29 .056 2.94 1.36–6.37 .006*

Pseudomonas sp. 0.56 0.23–1.34 1

Fungi/Acanthamoeba 2.53 1.15–5.54 .147 4.80 1.88–12.31 .001*

Tertiary referred cases 1.11 0.54–2.27 1

Prior ophthalmic steroid use 2.16 1.08–4.35 .217

Comorbid ocular conditionsc 3.96 1.74–9.03 .007* 3.66 1.88–12.31 .001*

Bacteria-only cases (n ¼ 193)

Age >_ 60 years 3.27 1.43–7.46 .030*

Large ulcers > 5 mm 4.17 1.82–9.54 .006* 4.26 1.78–10.19 .001*

Pseudomonas sp. 0.70 0.28–1.76 1

Tertiary referred cases 1.23 0.52–2.91 1

Prior ophthalmic steroid use 2.01 0.91–4.70 1

Comorbid ocular conditionsc 11.10 2.55–48.3 .006* 11.30 2.55–50.12 .001*

CI ¼ confidence interval; OR ¼ odds ratio.

P values designated by an asterisk (*) are statistically significant.
aIncluding descemetocele, perforation, and endophthalmitis.
bBonferroni-corrected P values.
cIncluding prior ophthalmic surgery and preexisting ocular surface disease.
conditions (P ¼ .011), with an overall model significance
of P < .001 and a Hosmer-Lemeshow P value of .518.

In analysis of the bacteria-only cases using univariate lo-
gistic regression, age >_ 60 years, large ulcers, and having co-
morbid conditions remained statistically significant
predictors of a major complication. The final multivariate
statistical model included large ulcers and comorbid condi-
tions as significant prognostic factors. This overall model
was significant (P < .001), with a Hosmer-Lemeshow P
value of .443.

Slow Healing (>29 Days). As healing is defined as the
sterilization and epithelialization of the ulcer from medical
therapy, eyes that were enucleated or needed therapeutic or
tectonic keratoplasty were removed from analysis. Subse-
quently, 183 culture-positive cases had complete follow-
up to determine eventual healing from their infectious
keratitis episode. Overall, 72 cases (39.3%) took longer
than 29 days to heal. A total of 70% (21 of 30) of fungal/
Acanthamoeba and 33.3% (51 of 153) of bacterial cases
took more than 29 days to heal (P < .001). Table 5
details the logistic regression analysis results for all cases
as well as for the bacteria-only cases. For all cases, large
ulcers (P < .01), infection by fungal or Acanthamoeba
organisms (P < .01), and referred cases (P ¼ .028) were
significant prognostic factors under univariate analysis
with Bonferroni correction. Of note, having comorbid
conditions was statistically suggestive (P ¼ .098) as
58 AMERICAN JOURNAL OF
‘‘protective’’ against delayed healing with a negative
coefficient. Multivariate logistic regression results
included large ulcers, fungal or Acanthamoeba cases, and
comorbid conditions in the statistical model with an
overall model significance of P < .001 and a Hosmer-
Lemeshow P value of .944.
Among bacteria-only cases, the univariate logistic

regression analyses with Bonferroni correction identified
large ulcers (P < .01) as the sole factor statistically
significantly associated with slow healing. Being infected
with Pseudomonas species was a suggestive factor
(P ¼ .102). The multivariate logistic regression analysis
created a statistical model containing large ulcers as a
positively correlated variable (P < .001) and having
comorbid conditions as a significant but negatively
correlated variable (P ¼ .033). The overall statistical
model was significant (P < .001; Hosmer-Lemeshow
P value ¼ .703).

Poor Visual Outcome (Worse Than 20/200). Seventy-
three eyes that had other preexisting, vision-limiting
conditions were excluded from the analyses. Examples of
these included amblyopia, end-stage glaucoma, central
retinal vein occlusion, proliferative diabetic retinopathy,
retinal detachment, and macular degeneration. Since
poor vision as a dependent variable is defined as the
visual outcome from successful medical treatment, eyes
that suffered major complications, which were analyzed
FEBRUARY 2019OPHTHALMOLOGY



TABLE 5. Prognostic Factors of Slow Healing (>29 Days) of Microbial Keratitis Cases From Saint Louis University Study Population
(1999-2013)

Prognostic Factors

Univariate Logistic Regression Multivariate Logistic Regression

OR 95% CI P Valuea OR 95% CI P Value

All cases (n ¼ 183)

Age >_ 60 years 0.85 0.45–1.60 1.00

Large ulcers > 5 mm 4.95 2.38–10.27 <.01* 6.38 2.90–14.06 <.001*

Pseudomonas sp. 1.48 0.77–2.84 1.00

Fungi/Acanthamoeba 4.67 1.99–10.92 <.01* 5.05 2.03–12.55 <.001*

Tertiary referred cases 2.51 1.33–4.72 .028*

Prior ophthalmic steroid use 0.77 0.40–1.47 1.00

Comorbid ocular conditionsb 0.47 0.26–0.86 .098 0.44 0.22–0.87 .018*,c

Bacteria-only cases (n ¼ 153)

Age >_ 60 years 1.04 0.52–2.11 1.00

Large ulcers > 5 mm 6.09 2.73–13.55 <.01* 6.76 2.95–15.51 <.001*

Pseudomonas sp. 2.35 1.17–4.74 .102

Tertiary referred cases 1.83 0.89–3.78 .618

Prior ophthalmic steroid use 0.49 0.22–1.09 .48

Comorbid ocular conditionsb 0.53 0.27–1.05 .408 0.44 0.21–0.93 .033*,c

CI ¼ confidence interval; OR ¼ odds ratio.

P values designated by an asterisk (*) are statistically significant.
aBonferroni-corrected P values.
bIncluding prior ophthalmic surgery and preexisting ocular surface disease.
cComorbid ocular conditions are statistically correlated in a negative fashion.
separately above, were also excluded from the analyses,
including eyes that received successful therapeutic or
tectonic keratoplasty grafts. In contrast, patients that
went on to have optical keratoplasty were included in the
current analyses, using their final, prekeratoplasty visual
outcome to again reflect the visual outcome of successful
medical therapy.

For all cases, 31 of 140 cases (22%) had visual outcomes
worse than or equal to 20/200 after successful medical treat-
ment of their infectious keratitis, which included 5 of 23
(22%) fungal or Acanthamoeba cases and 26 of 117 (22%)
bacterial cases. For these eyes, 61% of the visual acuities
were determined by contact lens over-refraction, 25%
were best spectacle correction, and 13% were uncorrected.
Those eyes with spectacle correction or that were uncorrec-
ted were all offered, were scheduled for, or subsequently had
optical keratoplasties performed. By comparison, 48 (34%)
of cases had worse than or equal to 20/60 visual acuity,
including 7 of 23 (30%) fungal/Acanthamoeba cases and
41 of 117 (35%) bacterial cases (P¼ .81). Table 6 contains
the logistic regression analysis results for visual outcome
worse than or equal to 20/200. For all cases, none of the
tested variables were statistically significantly related to vi-
sual outcomes <_ 20/200 under univariate analyses with
Bonferroni correction. Age >_ 60 years (P ¼ .098), large ul-
cers (P ¼ .098), and having comorbid ophthalmic
conditions (P ¼ .07) were suggestive variables. However,
VOL. 198 MICROBIAL KERATITIS: A 15-YEA
backward stepwise multivariate logistic regression did
generate a statistical model that included age >_ 60 years
and large ulcers as statistically significant variables and
prior steroid use as a statistically suggestive variable (P ¼
.072). The overall statistical significance of this model
had a P value of .001 and a Hosmer-Lemeshow P value of
.926.
The univariate logistic regression analyses with Bonfer-

roni correction of the bacteria-only cohort likewise did
not find a statistically significant factor. Again, age >_ 60
years (P¼ .09), large ulcers (P¼ .066), and comorbid con-
ditions (P ¼ .066) were statistically suggestive factors
associated with a visual outcome worse than or equal to
20/200. Multivariate logistic regression analysis of the
bacteria-only cohort found age >_ 60 years and large ulcers
as the 2 variables in a statistically significant model (P ¼
.001; Hosmer-Lemeshow P ¼ .631).
DISCUSSION

THIS IS THE FIRST REPORT IN MANY DECADES TO DOCU-

ment the spectrum of organisms involved in microbial
keratitis in the St. Louis area with associated antibiotic
susceptibilities. We find that the only statistically signif-
icant change over the 15 years of this review is the
59R REVIEW FROM SAINT LOUIS



TABLE 6. Prognostic Factors of Visual Outcome <_ 20/200 of Microbial Keratitis Cases From Saint Louis University Study Population
(1999-2013)

Prognostic Factors

Univariate Logistic Regression Multivariate Logistic Regression

OR 95% CI P Valuea OR 95% CI P Value

All cases (n ¼ 140)

Age >_ 60 years 2.99 1.25–7.18 .098 3.11 1.23–7.89 .017*

Large ulcers > 5 mm 2.99 1.25–7.18 .098 3.63 1.42–9.26 .007*

Pseudomonas sp. 0.80 0.33–1.90 1

Fungi/Acanthamoeba 0.97 0.33–2.87 1

Tertiary referred cases 0.73 0.32–1.66 1

Prior ophthalmic steroid use 2.41 0.97–5.96 .406 2.44 0.92–6.49 .072

Comorbid ocular conditionsb 2.94 1.29–6.70 .070

Bacteria-only cases (n ¼ 117)

Age >_ 60 years 3.19 1.25–8.17 .09 3.63 1.35–9.78 .011*

Large ulcers > 5 mm 3.44 1.33–8.86 .066 3.89 1.44–10.53 .008*

Pseudomonas sp. 0.77 0.31–1.92 1

Tertiary referred cases 0.59 0.23–1.55 1

Prior ophthalmic steroid use 2.44 0.89–6.70 .492

Comorbid ocular conditionsb 3.23 1.32–7.94 .066

CI ¼ confidence interval; OR ¼ odds ratio.

P values designated by an asterisk (*) are statistically significant.
aBonferroni corrected P values.
bIncluding prior ophthalmic surgery and preexisting ocular surface disease.
relatively high and steady increase in the incidence of
Pseudomonas aeruginosa recovered from cultured cases.
Although there is no significant trend in the incidence
of fungal cases, we are surprised at the disproportionately
high incidence of fungal keratitis at our center, particu-
larly filamentous fungi. In comparison to contempora-
neous reports from other centers in North America, our
series from St. Louis differed with respect to the relative
proportions of infectious microbes isolated.18–23 The
proportion of Pseudomonas aeruginosa recovered in St.
Louis is high at 21%, which is in contrast to most
other centers, at approximately 10%, except for the
recent report out of Houston (34%).24 Our proportion
of fungi is likewise relatively high at 16%, whereas
most centers report 10% or less fungi, except Dallas at
14%–15%.21 We excluded the contaminant isolates;
hence, it is unclear the degree of impact this has on
our reporting versus those from other centers, some of
which did not report the removal of contaminant iso-
lates.

When comparing the antibiotic susceptibility profiles of
common organisms to commonly used antibiotics in this
report with other contemporaneous studies from North
America that include comparable data, a few noteworthy
observations can be made. First, Pseudomonas organisms
are nearly universally susceptible to aminoglycosides and
fluoroquinolones—more so in the United States. Second,
Staphylococcus species in St. Louis are more resistant to fluo-
roquinolones than the United States aggregate data, as
60 AMERICAN JOURNAL OF
reported by the ARMOR study.5 This resistance among
the Staphylococcus aureus and CNS organisms in St. Louis
as well as elsewhere is driven by the respective oxacillin-
resistant subgroups. In St. Louis, the overall rate of
ORSA is 45%, but for the period 2009-2013, it is 50%.
For ORCNS, the overall rate is 43%, and for the period
2009-2013 it is 46%.
From our cohort, the only significant reduction in sus-

ceptibility is that of the gram-positive group of organisms
to gentamicin, which is 81%. However, we are unable to
attribute this change to any specific species or strain of
gram-positive organisms. This is likely owing to our
numbers not being adequately powered to determine that
change.
While reports such as this from a tertiary referral center

have built-in selection bias in the types of cases seen (and
hence reported), taken together, these microbiological
data are important in guiding and informing initial empiric
therapy. The differences between geographic areas with the
high incidence of Pseudomonas aeruginosa and fungal kera-
titis reported herein deserve the attention of eye-care pro-
fessionals in the St. Louis area.
The high incidence and increasing trend of Pseudomonas

aeruginosa keratitis at our institution appear to be related to
the increase in the numbers of contact lens–related kera-
titis. We hypothesize that we are seeing more contact
lens–related cases owing to the presence of a growing pop-
ulation in the St. Louis area that use and abuse contact
lenses. An epidemiologic analysis of our contact lens–
FEBRUARY 2019OPHTHALMOLOGY



related cases mirrors the findings of a Centers for Disease
Control and Prevention report regarding the relative young
age and female preponderance of contact lens wearers and
their high prevalence of reported misuse of contact lenses,
which predisposes them to eye infections.25

The high rate of filamentous fungi seen at Saint Louis
University is likely multifactorial, and we believe it is
attributable to the regional climate and the type of patients
seen. Filamentous fungi cases are reportedly more common
in warm climates; and in the United States, Miami in south
Florida has the highest reported rates of fungal keratitis.26

Climate-wise, the St. Louis area is classified as having a hu-
mid, subtropical climate comparable to northern and cen-
tral Florida and has an average July temperature only 1
degree Fahrenheit less than that in Miami. Next, the Saint
Louis University Department of Ophthalmology draws
many of its patients from the rural, agrarian population of
southern Illinois, where environmental exposure to fungi
is high, analogous to other areas with frequent filamentous
fungal cases owing to farm or environmental ocular expo-
sure.26 Additionally, the department draws many patients
from the inner-city residents of metropolitan St. Louis.
Many of these patients reside in very old buildings with
reportedly high mold exposure in a region that is known
to be an epicenter for excessive mold counts perennially,
and we believe these environmental exposures also predis-
pose the development of filamentous fungal keratitis.

Based on the microbiological results, we conclude that
for the St. Louis area, fluoroquinolones should predictably
cover gram-negative organisms but without reliable gram-
positive coverage. Owing to the high percentage
of oxacillin-resistant organisms, when additional
gram-positive coverage is desired, aminoglycosides such
as gentamicin should be considered. Also, given the high
percentage of oxacillin resistance, vancomycin should be
used instead of cephalosporins for those cases in which
compounded medications are chosen.

Adverse outcomes analyses in our cohort included the
occurrence of a major complication, delayed healing of >
29 days, and poor visual outcome of < 20/200 vision after
medical treatment. As expected, we find that fungal/Acan-
thamoeba cases have statistically greater chances of devel-
oping major complications and are slower to heal.
However, we are surprised to find that the visual outcomes
at both the 20/200 and 20/60 levels are not statistically
different between fungal/Acanthamoeba and bacterial cases
treated medically alone.

With regard to prognostic factors, we find that among
the 7 risks factors previously identified in the literature,
several are statistically associated with the 3 adverse
outcomes in our cohort using univariate models with
Bonferroni correction. However, given the high degree
VOL. 198 MICROBIAL KERATITIS: A 15-YEA
of variable correlation, multivariate logistic regression
models identify fewer significant prognostic factors.
Large ulcers, defined herein as ulcers > 5 mm in any
dimension, are universally a poor prognostic factor for
all adverse outcomes regardless of the infectious agent.
Fungal/Acanthamoeba cases are statistically associated
with major complications and delayed healing, as noted.
Patient factors associated with a poor visual outcome
include age >_ 60 years, and having comorbid ophthalmic
conditions is associated with developing major complica-
tions. In multivariate statistical models, Pseudomonas
aeruginosa, referred cases, and prior steroid use are not
associated with poor outcomes. The latter 2 findings
from our cohort stand in contrast to other reports in
the literature.11,12

Our study has several weaknesses and limitations,
including the relatively small sample size of isolates, despite
the long duration of time studied. Consequently, our find-
ings and conclusions need to be taken with a grain of salt, as
the small database limits the power of this study, so we may
not be able to detect actual trends and changes. Addition-
ally, the sample size limits how finely we can parse the data
for analyses. Like other similar studies, we can only
comment on those cases that were cultured and that
yielded positive growth. In addition, we removed contam-
inant organisms in our study. Over the time period of the
study, nearly a third of presumed microbial keratitis cases
seen at our center were not cultured and were treated
empirically, so it is not known what caused those
infections. Lastly, in this study and others from academic/
tertiary/referral centers, more virulent and recalcitrant
cases, such as fungal cases, are over-represented relative
to what likely occurs in the community. Nonetheless,
from a surveillance perspective, our results can still be
understood and evaluated in the context of results from
other similar centers.
Limitations and caveats aside, the information in the

current study is the first of its kind from the St. Louis
area of the midwestern United States, which is important
to practicing ophthalmologists in the St. Louis area. For
treating eye-care providers in the area, we recommend a
low threshold to consider Pseudomonas aeruginosa,
oxacillin-resistant organisms, and fungi as causative infec-
tious pathogens. Additionally, we recommend considering
the use of aminoglycosides for empiric therapy. Analyses of
our database revealed that older patients with large ulcers
and other ophthalmic comorbid conditions, particularly
involving the cornea and ocular surface, are more likely
to have poor outcomes. Hence we suggest appropriate
microbiological evaluation, potentially more aggressive
treatment, and closer monitoring and care of these
patients.
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