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Abstract

Purpose—To review the epidemiology, risk factors, microbiologic spectrum, and treatment of
microbial keratitis during a five-year period at an urban public hospital with comparison to an
adjacent private university practice.

Methods—Retrospective chart review in the 5-year interval 2009 through 2014 Primary outcome
measures included patient age at presentation, best-corrected visual acuity (BCVA), risk factors,
culture and sensitivities, treatment, and complication occurrence.

Results—528 eyes with microbial keratitis were identified, 318 in the public cohort and 210 in
the private cohort. Contact lens wear was the most common risk factor in the public cohort while
ocular surface disease was the most common risk factor in the private cohort. Gram-positive
organisms represented 47.3%, gram-negative organisms 32.1%, fungal organisms 13.6%, and
Acanthamoeba 6.4% of corneal isolates. Gentamicin resistance was 4.4% and tobramycin
resistance was 2.9%. The inpatient treatment rate of the public cohort was 40% compared to 4% in
the private cohort. In the public cohort, average BCVA at resolution was 20/82 [logMAR 0.61].
For the private cohort, average BCVA at resolution was 20/73 [logMAR 0.56]. The perforation
rate was 8% in the public cohort compared to 4% in the private cohort. 6% of cases underwent
urgent penetrating keratoplasty in the public cohort versus 2% in the private cohort.

Conclusions—Miicrobial keratitis remains a clinical challenge in the urban public hospital

setting. The risk profile of patients presenting in the public hospital setting may be different from
patients presenting in a private care setting. Public hospital patients may present later in the course
of their infection and thus have a higher rate of complications regardless of effective antimicrobial

therapy.
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Introduction

Microbial keratitis is a sight-threatening infection of the cornea characterized by an
epithelial defect and underlying stromal infiltrate. The clinical outcome depends upon
prompt effective treatment for the underlying pathogen.! Recent reports of increasing
antibiotic resistance among ocular pathogens is cause for grave concern given the shift
among ophthalmologists from culture-driven treatment with multiple, fortified, compounded
antibiotic agents to empiric treatment with widely available commercial preparations.2—>

We recently described the results of microbial keratitis therapy at an urban public hospital.®
Outcomes during the study period were compared to outcomes at the same hospital a decade
prior.” Fears of increasing antimicrobial resistance were not realized over the two study
intervals. Changes in treatment from routine culture and inpatient treatment with fortified
antibiotics to greater outpatient treatment with fluoroquinolone monotherapy resulted in
improved visual outcomes. This study expands upon the prior study to examine the
similarities and differences between patients treated at the urban public hospital and the
adjacent university faculty practice.

Materials and Methods

This study was approved by the University of Texas Southwestern (UTSW) Medical Center
Institutional Review Board and conforms to the tenets of the Declaration of Helsinki. The
UTSW ophthalmology physicians billing records between September, 2009 and August,
2014 were queried for ICD-9 codes for corneal ulcers (370.00, 370.01, 370.02, 370.03,
370.04, 370.05, 370.06, 370.0). The medical records of patients treated at the urban public
hospital system, Parkland Health and Hospital Systems, were identified and categorized as
public patients for the purposes of this study. The medical records of patients treated at the
Aston Clinic, Clements University Hospital, St. Paul University Hospital, and Zale Lipshy
University hospital, private university facilities on the same medical campus, were identified
and categorized as private patients. The patients’ clinical history, past medical history, and
ophthalmic medical notes were then reviewed for inclusion in the study. Inclusion criteria
were patients who presented during the study period and underwent a comprehensive
ophthalmologic examination and were diagnosed and treated for microbial keratitis.
Exclusion criteria were suspicion or confirmation of viral or noninfectious keratitis. Data
transformations and statistical analyses using Pearson’s correlation coefficient, Student’s T
test, and Z test for independent populations were performed in SAS Enterprise Guide 6.1
(Cary, NC).

Best-corrected visual acuity (BCVA) was determined as previously described.6 BCVA,
spectacle, contact lens, or pinhole, was recorded at both presentation and resolution of the
keratitis. Average BCVA was determined by first converting the visual acuity to log of the
minimum angle of resolution (logMAR) then taking the average of the logMAR values.
Counting fingers vision was converted to snellen equivalent by assuming fingers are the size
of a 200 letter. Hand motions vision was considered 10 times worse than count fingers.® The
patient’s keratitis was considered resolved following urgent penetrating keratoplasty,
enucleation, or evisceration, and the vision was not used for calculating average BCVA.
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Light perception or worse vision was recorded but excluded from average BCVA
calculations.

Corneal cultures were performed as previously described.’ Briefly, calcium alginate swabs
were used to directly inoculate specimens onto chocolate agar, blood agar, thioglycollate
broth, and Sabouraud’s dextrose agar. The plated samples were then submitted to the
appropriate institution’s clinical laboratory, either Parkland or UTSW for gram stain and
culture. Confocal microscopy was performed at UTSW and interpreted by a cornea faculty
member when Acanthamoeba was suspected regardless of whether the patient was treated at
Parkland or UTSW.

Demographics and Risk Factors

Five hundred twenty-eight eyes of 526 patients were identified that met the inclusion and
exclusion criteria. Three hundred eighteen eyes were treated at the public facilities. Two
hundred ten eyes were treated at the private facilities. The average age of the two patient
cohorts were significantly different, 42.9 years in the public cohort and 51.3 years in the
private cohort (t = —4.65, p < 0.01). Of the public hospital cohort, 130 eyes (41%) had a
history of contact lens wear, 88 eyes (28%) had a pre-existing history of ocular surface
disease, 55 eyes (17%) had preceding ocular trauma, and 13 eyes (4%) were under topical
steroid therapy prior to the development of their corneal infections. Of the private patient
cohort, 90 eyes (43%) had a history of contact lens wear, 95 eyes (45%) had pre-existing
ocular surface disease, 14 eyes (7%) had ocular trauma, and 21 eyes (10%) were receiving
topical steroid drops (Figure 1). There were statistically significant differences in pre-
existing ocular surface disease, ocular trauma, and topical steroid use but not contact lens
wear (Table 1).

Microbiology and Antibiotic Susceptibility

Corneal culture and confocal microscopy identified a total of 328 isolates between the 2
patient populations (Table 2). Of the total organisms isolated, 47.3% were gram positive,
32.1% were gram negative, 13.6% were fungal, and 6.4% were amebic. Eyes from public
hospital patients had fewer gram-positive and more gram negative and fungal infections
compared to the private patient population (Figure 2). Two of 6 confocal examinations of the
public cohort were positive for acanthamoeba. Eighteen of 27 confocal examinations of the
private cohort were positive for acanthamoeba. Two corneal cultures isolated acanthamoeba
in the private cohort, only one of which revealed cysts on confocal microscopy. There were
no cultures performed for acanthamoeba in the public cohort. Coagulase-negative
Staphylococcus was the most common gram-positive isolates from both the public and
private patient populations. Pseudomonas aeruginosa were the most common gram-negative
isolates from both the public and private patient populations. While Fusarium species was
the most common fungal isolate from the public patient population, Candida species was the
most common fungal isolate from the private patient population. Gram-positive organisms
were correlated with both ocular surface disease and topical steroid use (PCC = 0.21, p <
0.01 and PCC =0.18, p < 0.01 respectively). Both Acanthamoeba and Pseudomonas
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infections were correlated with prior contact lens wear (PCC = 0.14, p <0.01 and PCC =
0.24, p < 0.01 respectively). No particular microbe or group of microbes was associated with
trauma in this study.

Three cases of methicillin-resistant Staphylococcus aureus were isolated from the public
patient population and 1 case was isolated from the private patient population. Five of 114
isolates (4.4%) tested for gentamicin resistance were found to be resistant. Two of 68
isolates (2.9%) tested for tobramycin resistance were found to be resistant. One isolate of
pseudomonas was found to have gentamicin resistance but not tobramycin resistance. The
only pathogens tested and found to harbor resistance to fluoroquinolones were 1 isolate of £.
coliand 1 isolate of Nocardia. No pathogens were found to exhibit vancomycin resistance.

At the public facilities, corneal cultures were performed on 232 eyes (73%) and of those,
153 eyes (66%) had culture positive results compared to the private facilities where corneal
cultures were performed on 118 eyes (54%) and of those, 86 eyes (75%) had culture positive
results. One hundred twenty six patients (40%) at the public hospital received inpatient
treatment of their corneal infections compared to 9 patients (4%) at the private facilities. At
the public facility, 137 eyes (43%) received fluoroguinolone monotherapy as the initial
therapy for their keratitis and 153 eyes received a combination of fortified vancomycin and
gentamicin as initial therapy (48%). Nineteen eyes were begun on initial antifungal agents
on presentation (6%). One eye was initially treated with polyhexamethylene biguanide
(PHMB). At the private facility, 110 eyes (52%) were started on fluoroguinolone
monotherapy, 66 eyes (31%) were started on fortified antibiotics, 10 eyes (5%) on anti-
fungals, and 15 eyes (7%) on anti-amoebic therapy (Figure 3).

In the public patient cohort, BCVA was logMAR 1.43 (20/542) at presentation compared to
logMAR 0.80 (20/126) in the private patient cohort (t = 6.68, p<0.01) with 10.7% of eyes
with light perception vision or worse compared to 7.6%. In the public patient cohort, BCVA
was logMAR 0.61 (20/82) at resolution compared to logMAR 0.56 (20/73) in the private
patient cohort (t = 0.62, p<0.01) with 8.2% of eyes with light perception or worse compared
to 3.8%. (Figure 4) Twenty-four eyes at the public institution (7.5%) developed corneal
perforations compared to 8 eyes at the private institution (4%). At the public institution, 19
eyes (6.0%) underwent urgent keratoplasty and 11 eyes (3.5%) underwent urgent
enucleation or evisceration compared to the private institution where 5 eyes (2.3%)
underwent urgent keratoplasty and 9 eyes (4.2%) underwent urgent enucleation or
evisceration (Figure 5).

Discussion

Demographics and Risk Factors

The patient populations presenting at the public and private institutions were significantly
different despite their close proximity. Parkland Health and Hospital Systems is the public
hospital system for Dallas County residents and serves as a safety net for underinsured

Eye Contact Lens. Author manuscript; available in PMC 2019 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Truong et al.

Page 5

patients. University of Texas Southwestern Medical Center is a tertiary referral center and
has the only medical school affiliated ophthalmology department in North Texas. The
patients at the public cohort were younger and more than twice as likely to have sustained
trauma in association with the corneal infections. The patients in the private cohort were
almost twice as likely to have ocular surface disease and more than twice as likely to be
using topical corticosteroids in association with their corneal infections. Both cohorts of
patients had contact lens wear rates higher than the study in the prior decade consistent with
rates reported by others.”: © We attribute these findings to patients at the private university
facilities more likely to be established patients and thus have known ophthalmic disease
compared to the patients at the public facilities who often presented through the emergency
department with acute symptoms. While contact lens wear is reported to be the single largest
risk factor for microbial keratitis overall, the patients at the academic facilities are often
undergoing complex treatment and are more likely to have corneal disease requiring topical
steroid therapy such as recent corneal transplantation.10: 11

Microbiology and Antibiotic Susceptibility

Treatment

The microbiologic spectrum of microbial keratitis of the two patient cohorts was expected
because of the differing risk profiles. The prior study of public hospital patients found
pseudomonas infection to be associated with contact lens wear and gram-positive bacteria to
be associated with ocular surface disease and topical steroid use. Results from the total
combined populations confirm these associations and also confirms a suspected correlation
between contact lens wear and acanthamoeba. Our private university setting is equipped
with a confocal microscope establishing its local role as an acanthamoeba referral center.

Isolates from microbial keratitis from both populations continue to exhibit high
susceptibility to common topical preparations. One recent study suggests antibiotic
resistance may be greater in microbes isolated from elderly patients compared to younger
patients.* While there was a significant difference in the average age of our 2 patient
populations, the difference was less than 10 years and we found no difference in resistance
patterns between the 2 populations. One limitation of our study is that antibiotic
susceptibility is not routinely tested on all staphylococcus isolates at any of our institutions.
Large studies have not shown a relation between antibiotic resistance and clinical outcomes
and we are still challenged to develop a satisfactory model for determining /in vivo efficacy.
Furthermore, ophthalmic antibiotic preparations are applied topically at concentrations
orders of magnitude greater than typical minimum inhibitory concentrations with resulting
high corneal concentrations.12-14

Despite the shift towards outpatient treatment previously reported at our public hospital,
patients remain much more likely to be admitted for inpatient care, have culture of their eye
infection, and be placed on multiple broad spectrum antibiotics compared to patients at
adjacent private facilities.® Microbial keratitis in our public patient cohort also appears to
present at a later more advanced stages compared to the private patient cohort. Though
ophthalmologists have been moving away from routine culture and fortified antibiotic
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therapy to fluoroquinolone monotherapy and empiric treatment as a group, many still prefer
more intensive therapy and culture when the infection appears more serious.1®

Although our public patient cohort presented for evaluation and treatment with significantly
worse vision compared to our private patient cohort, many patients in the public cohort
regained visual acuity similar to the private cohort at resolution of their infections. As
discussed previously, both cohorts, public and private, demonstrated significantly better
outcomes than the same public population previously reported 10 years earlier.” We attribute
this to the high efficacy of modern fourth-generation fluoroquinolone therapy, which remain
effective as broad-spectrum therapy.* While the corneal perforation and need for urgent
surgery have decreased in the public patient population, these complications remain higher
than our private patient cohort.

Conclusions

Microbial keratitis remains a challenging infection to treat in the urban public hospital
patient population despite the availability of highly effective ophthalmic antibiotics. The risk
profile of patients presenting in the public hospital setting appears to be different from those
of patients presenting in the private setting, which in part reflects the expected microbiology
of infectious keratitis. Public patients present late compared to their counterparts with
greater access to care. Despite widespread clinical concern, increasing numbers of resistant
organisms has not been observed at either of our institutions. Importantly, visual outcomes
continue to improve in both populations despite an increasing trend to monotherapy
outpatient treatment.
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Figure 1. Risk factors for microbial keratitis
2009 — 2014 comparison of public (n = 318) and private (n = 210) patient cohorts.
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Figure 2. Microbiology of keratitis
2009 — 2014 comparison of microbiologic isolates from public (n = 220) and private (n =

108) cohorts.
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Figure 3. Treatment of microbial keratitis
2009 — 2014 comparison of public (n = 318) and private (n = 210) patient cohorts.
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Figure 5. Complications of microbial keratitis
2009 — 2014 comparison of public (n = 318) and private (n = 210) patient cohorts for (a)

perforation rate, and (b) urgent surgical rate.
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Table 1
Risk factors for microbial keratitis

Comparison of risk factors for microbial keratitis among public and private patient cohorts using a Z test to
compare proportional differences between two independent populations.

% Public % Private
(n=318) (n=210) Z-score p-value

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Contact lens wear 40.9 429 0.3 >.05
Ocular surface disease 232 45.2 5.5 <.001
Trauma 18.6 6.7 -4.2 <.001
Steroid use 4.3 10.0 2.6 <.001

Note: some patients had multiple risk factors.
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Table 2
Microbiologic spectrum of microbial keratitis: 2009-2014

Corneal cultures of microbial keratitis at Parkland Health and Hospital Systems and University of Texas
Southwestern Medical Center, 5-year period, 2009-2014. (MRSA = methicillin-resistant Staphylococcus
aureus, MSSA = methicillin-sensitive Staphylococcus aureus)

No. % of Class % of Total

Gram-Positive Organisms

Coagulase-negative staphylococcus 63 40.4% 19.1%
Non speciated 50 32.1% 15.2%
Staphylococcus epidermidis 12 7.7% 3.6%
Staphylococcus warneri 1 0.6% 0.3%

Alpha hemolytic streptococcus 34 21.8% 10.3%
Non-speciated 10 6.4% 3.0%
Streptococcus pneumoniae 17 10.9% 5.2%

Staphylococcus aureus 25 16.0% 7.6%
MSSA 21 13.5% 6.4%
MRSA 4 2.6% 1.2%

Bacillus species not cereus 8 5.1% 2.4%

Corynebacterium 4 2.6% 1.2%

Other gram-positve 22 14.1% 6.7%

Total gram positive 156 100% 47.3%

Gram-Negative Organisms

Pseudomonas aeruginosa 45 42.5% 13.6%
Moraxella catarrhalis 11 10.4% 3.3%
Serratia marcescens 10 9.4% 3.0%
Kilebsiella pneumoniae 5 4.7% 1.5%
Moraxella lacunata 5 4.7% 1.5%
Proteus mirabilis 3 2.8% 0.9%
Haemophilus influenzae 2 1.9% 0.6%
Other gram-negative 25 23.6% 7.6%
Total gram negative 85 100.0% 32.1%

Fungal Organisms

Bipolaris species 11 24.4% 3.3%
Candida species 11 24.4% 3.3%
Fusariam species 9 28.1% 4.1%
Aspergillus species 4 8.9% 1.2%
Other fungal 9 20.0% 2.7%
Total fungal 32 100.0% 14.5%

Parasitic Organisms
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No. % of Class % of Total
Acanthamoeba 21 6.4%
Total Organisms 328
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