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ABSTRACT
Purpose: To ascertain if methicillin-resistant Staphyloccocus aureus (MRSA) ophthalmic infections are increasing.

Methods: A retrospective review of all patients with a culture positive for MRSA in the Parkland Health and Hospital System, the
urban public healthcare system for Dallas County, Texas, for the years 2000 through 2004 was performed. Patients with ocular,
orbital, and ocular adnexal infection were identified, and isolates were categorized as nosocomial or community-acquired (CA).

Results: A total of 3,640 patients with a culture positive for MRSA were identified, with 1,088 patients (30%) considered to have
acquired the isolate via nosocomial transmission and 2,552 patients (70%) considered to have CA-MRSA. Forty-nine patients (1.3%)
had ophthalmic MRSA involvement. For both ophthalmic and nonophthalmic cases, the number of CA-MRSA patients increased
each year, whereas the numbers of nosocomial patients remained fairly constant. Patients with ophthalmic MRSA tended to be
younger than other MRSA patients (P = .023). The most common manifestation of ophthalmic MRSA infection was preseptal
cellulitis and/or lid abscess followed by conjunctivitis, but sight-threatening infections, including corneal ulcers, endophthalmitis,
orbital cellulitis, and blebitis, also occurred. Empirical antibiotic coverage was initially prescribed in 48 (98%) of ophthalmic cases
and did not adequately cover for the MRSA isolate in 24 (50%).

Conclusions: CA-MRSA is becoming increasingly prevalent, and ophthalmologists will see more ophthalmic MRSA infections.
Although ophthalmic CA-MRSA commonly presents as preseptal lid infection and conjunctivitis, sight-threatening infections also
occur. Ophthalmologists must identify MRSA patients, adjust empirical treatment regimens where MRSA is endemic, and take steps
to control emergence of resistant organisms in both inpatient and outpatient practices.

Trans Am Ophthalmol Soc 2006;104:322-345
INTRODUCTION

Staphylococcus aureus is a versatile and dangerous bacterial pathogen with a genome consisting of a circular chromosome of
approximately 2,800 base pairs and additional prophages, plasmids, and transposons." Genes governing virulence and antibiotic
resistance reside on both the chromosome and extrachromosomal elements,” and these genes are transferred between staphylococcal
strains or other bacterial species via extrachromosomal elements.” Humans are a natural reservoir of S aureus, with 30% to 50% of
healthy adults colonized, 10% to 20% persistently so.*> Persons colonized with S aureus are at increased risk for subsequent
infections.’

S aureus quickly developed resistance to early antibiotics. In 1942, the introduction of benzylpenicillin (penicillin G) temporarily
addressed staphylococcal infections, but continued use caused the selection of resistant strains that produced penicillinase (B-
lactamase).” Kirby® first described penicillinase-producing strains of S aureus in 1944, and most hospital isolates were resistant to
penicillin within a few years.” There are a wide variety of B-lactamases that hydrolytically inactivate B-lactam antibiotics like
penicillin; B-lactamases can be either plasmid or chromosomally mediated.'® By 1948, the prevalence of resistant strains had seriously
reduced the value of benzylpenicillin in the treatment of S aureus infections,'' and by the end of the 1950s, S aureus had acquired
resistance to virtually all available systemic antibiotics, including erythromycin, streptomycin, and the tetracyclines.” By the 1970s,
penicillinase-producing strains were almost as common in the community, but where nosocomial strains were usually resistant to
multiple antibiotics, community-acquired isolates were often resistant solely to penicillin.'*"* Methicillin, introduced in 1960,'® is not
inactivated by [-lactamase. A host of other B-lactam antibiotics, including oxacillin, nafcillin, dicloxacillin, cephalothin,
cephaloridine, and cefazolin, soon followed. Strains of methicillin-resistant S aureus (MRSA) were first detected in 1961'"'* but
initially occurred sporadically and were only resistant to B-lactam antibiotics. Resistant nosocomial strains appeared in Australia in
the late 1970s that differed from earlier strains, were resistant to multiple other antibiotics in addition to p-lactam compounds,'**” and
subsequently spread to hospitals worldwide. MRSA is now one of the most common causes of bacterial nosocomial infections,
responsible for 40% to 70% of S aureus infections in intensive care units (ICUs).>** In the past decade new strains of MRSA have
emerged in the community, causing suppurative infection in young, otherwise healthy people,”* and the prevalence of community-
acquired (CA) MRSA is increasing.29

MRSA constitutes a significant healthcare problem. Because methicillin is rarely used today, the term “MRSA” is used now to
describe strains of S aureus resistant to all B-lactam antibiotics.*® Colonization with MRSA is more likely to result in infection than
colonization with methicillin-sensitive S aureus (MSSA).*'*> MRSA bacteremia is associated with significantly higher mortality
rate”® and cost to treat’® than MSSA bacteremia.  Higher mortality and costs have also been found with MRSA surgical site
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infections.”> Vancomycin, a glycopeptide antibiotic that inhibits the polymerization of peptidoglycan (an essential component of the
bacterial cell wall), is the drug of choice for MRSA isolates. Whereas there has been no evidence to suggest that MRSA strains are
more virulent than MSSA strains, there is evidence that vancomycin may be inferior to semisynthetic penicillins for treatment of deep-
seated S aureus infections.”*”*** Vancomycin is less bactericidal against MSSA than are B-lactam agents, and vancomycin has been
associated with clinical failure in treatment of MSSA infections.”

Vancomycin was first approved by the Food and Drug Administration in 1958, and resistance first emerged in coagulase-negative
staphylococci in 1987.% In 1996, the first clinical isolate of S aureus with reduced susceptibility to vancomycin was identified in
Japan.* Risk factors for infection with S aureus with reduced vancomycin susceptibility include antecedent vancomycin use and prior
MRSA infection.*” In June 2002, a strain of S aureus fully resistant to vancomycin was isolated from a patient in Michigan.*® The
DNA sequence of the vanA gene responsible for vancomycin resistance in this patient’s S aureus isolate was identical to the vanA
sequence from her vancomycin-resistant Enterococcus faecalis (VRE) isolate.’ Conjugate transfer for the vanA gene from
enterococci to S aureus had previously been demonstrated in vitro.**

PREVIOUS REPORTS OF OPHTHALMIC MRSA INFECTION

Reports of MRSA ophthalmic infections are increasing in the literature. Conjunctivitis is the most commonly reported

manifestation®>' and has been associated with long-term care units,”® especially in patients with neurologic impairment™;
s ad3-57

nurseries

and neonatal ICUs>®*’; and healthcare workers.** Maskin®' reported a 63-year-old diabetic man with previous MRSA
chronic foot ulcer who developed MRSA infectious scleritis. MRSA keratitis has been described in nursing home patients without
prior surgery.’**® Sotozono and associates® reported two patients with Stevens-Johnson syndrome with corneal intraepithelial
infiltrations with conjunctival swabs that grew MRSA. The infiltrates persisted until treated with topical 1% arbekacin or 1%
vancomycin.  Inoue® observed cases of MRSA keratitis in keratoconus patients with atopic dermatitis as well as
blepharoconjunctivitis with severe erosion of the eyelid skin. Labit and colleagues® reported that two of 13 S aureus isolates from
patients undergoing vitrectomy for endophthalmitis were methicillin-resistant, but they did not indicate if those isolates were from
patients who had recently had intraocular surgery. Saitoh and associates®’ described an otherwise healthy 62-year-old woman with a
history of nasolacrimal duct obstruction who developed MRSA dacryocystitis and who was treated with intravenous vancomycin and
minocycline infusions and subsequent dacryocystectomy. Kubo and associates®® described an additional four healthy patients with
dacryocystitis caused by MRSA treated successfully with dacryocystorhinostomy, and Shanmuganathan and colleagues® reported
three other cases with comorbidities. MRSA orbital cellulitis is rarely reported in the literature. Mehra and colleagues® described a
44-year-old man with odontogenic MRSA sinusitis with orbital extension. Anari and associates’® reported a 4-week-old neonate born
prematurely at 34 weeks gestation that presented with an orbital abscess.”

Of special concern to ophthalmic surgeons are increasing reports of postoperative MRSA infection. Kato and Hayasaka’' found
that 13 of 978 eyes (1.3%) swabbed preoperatively grew MRSA, and patients with nasolacrimal duct obstruction had a higher
incidence of harboring MRSA. Fukuda and associates’' found 6.6% of 1,000 asymptomatic eyes swabbed grew MRSA. In addition,
they found that elderly conjunctival MRSA carriers were more likely to have anemia, cancer, liver dysfunction, or dementia; to be
status post surgery; or to be chronically bedridden. In a 1991 report, Insler and colleagues® described central MRSA keratitis after
recent uncomplicated phacoemulsification procedure with posterior chamber intraocular lens insertion. More recently, MRSA wound
infections have been reported with clear corneal phacoemulsification wounds.”*” One of two patients with MRSA clear corneal
wound infections described by Cosar and associates’” also had scleral extension of infection and endophthalmitis. Two other cases of
postoperative MRSA endophthalmitis following cataract surgery have also been reported.””’* In the most recently reported case, the
patient had received moxifloxacin, a fourth-generation fluoroquinolone, for prophylaxis both before and after surgery.”* Fukuda and
associates’' reported a case of MRSA endophthalmitis following vitrectomy in a patient with atopic dermatitis.

Refractive surgery has not escaped complications from MRSA infection. MRSA keratitis has been reported after laser in situ
keratomileusis™’® and photorefractive keratectomy (PRK),” including a bilateral case after bilateral PRK in a medical resident.”®"
Sotozono and associates® reported three cases of MRSA keratitis following penetrating keratoplasty, one case following lamellar
keratoplasty, and four cases following epithelial transplantation for Stevens-Johnson syndrome. They felt MRSA keratitis is
characterized by superficial keratitis, minimal melting, and minimal scarring. Patients with atopic dermatitis are often colonized with
S aureus in their skin lesions®™ as well as having conjunctival and eyelid colonization.”” Because these patients frequently use
antibiotics for long periods in combination with corticosteroids, the prevalence of MRSA colonization in that population is increasing.
Oshima and colleagues® reviewed their experience of scleral buckle infections after retinal detachment repair and found that six
(19%) of 32 eyes of patients with atopic dermatitis undergoing repair developed MRSA buckle infections compared to only one
(0.4%) of 261 repairs in patients without atopic dermatitis (P < .001). Prompt removal of the infected buckle in combination with
vancomycin administration was curative in four eyes; three went on to develop endophthalmitis requiring intravitreal injections or
emergent vitrectomies. Osawa and colleagues® reported another two cases of MRSA scleral buckle infection after retinal detachment
repair in atopic dermatitis patients who presented with exudative retinal detachment without endophthalmitis after surgery.
Resolution occurred after buckle removal and antibiotic administration. Shanmuganathan and associates®® reported an additional case
of MRSA infection of a buckle segment with associated preseptal cellulitis. Finally, MRSA socket infections have been reported after
enucleation and exenteration.™

To my knowledge, a comprehensive review of all ocular, orbital, and ocular adnexal MRSA infections in a healthcare system has
not been reported. A review of all such infections was completed over a 5-year period in an urban county hospital system.
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METHODS

The study was approved by the Institutional Review Boards of the University of Texas Southwestern Medical Center and Parkland
Health and Hospital System. All patients with a culture positive for MRSA performed in the Parkland Health and Hospital System
during the years 2000 through 2004 were identified. The chart was reviewed in detail if the culture source was identified as eye, sinus,
head, or cerebrospinal fluid. The Ophthalmology Service’s electronic medical record was searched for the terms “methicillin
resistant” and “MRSA” to identify other cases with ophthalmic (defined as ocular, orbital, or ocular adnexal) involvement. To capture
patients who may not have had ophthalmology consultation, all hospital admissions with a diagnosis related group covering orbital
cellulitis or preseptal cellulitis were also identified. Charts were reviewed in detail for patients uncovered by these methods. Finally,
patients seen by the Ophthalmology Service within 30 days before or after a positive culture for MRSA were identified through search
of billing records. No additional cases of ophthalmic MRSA infection were discovered.

Data collected included age at time of culture, gender, race, culture source, diagnosis, and laterality of infection. Possible risk
factors investigated included recent stay at a long-term care facility, hospital, or jail; dormitory living; homelessness; hemodialysis,
diabetes, hypertension, HIV infection, chronic obstructive pulmonary disease, asthma, pregnancy, cancer, liver disease, intravenous
drug use, or alcohol abuse; and chemotherapy, systemic or ocular corticosteroid use, or use of other ocular medications. Data were
also collected on the following: antibiotics initially prescribed; whether antibiotics were begun empirically prior to culture results; if
antibiotics were changed after culture results were known; and any procedures performed, including incision and drainage. Sensitivity
(or resistance) of isolates of MRSA to antibiotics tested, including minimal inhibitory concentrations (MICs), was also reviewed. The
Parkland Microbiology Laboratory identifies gram-positive cocci as S aureus based on response to catalase and coagulase testing.
Oxacillin is used instead of methicillin to test for B-lactam antibiotic resistance because oxacillin is more stable in vitro. The
MicroScan Dried Gram Positive Panels (Dade Behring Inc, West Sacramento, California) are used to test for oxacillin resistance of S
aureus isolates, and resistance is confirmed using Mueller Hinton agar with 4% NaCl and 6 pg/mL oxacillin (Remel, Lenexa, Kansas).
Minimum inhibitory concentration breakpoints for susceptibility and resistance of isolates to antibiotics are those published by the
Clinical and Laboratory Standards Institute.*> For example, S aureus isolates are considered to be resistant to oxacillin if the MIC is >
4 pg/mL.

Patients were defined as having nosocomial MRSA infection or colonization if they had been hospitalized for 48 hours prior to
obtaining the culture, if they had been hospitalized at Parkland Memorial Hospital in the 6 months prior to the date of the culture, or if
they were clearly exposed to contaminated medical waste as a result of trauma. Comparison of age distributions to determine
statistical significance was performed using the two-tailed Student t test. Other comparisons used the one-sided Fisher exact test or
chi-square test as appropriate. For comparisons regarding sensitivity to antibiotics, ciprofloxacin and levofloxacin were considered as
a single class of drug, and intermediate resistance (reduced susceptibility) on antibiotic testing was treated the same as frank resistance
for comparison purposes.

RESULTS

The Parkland Health and Hospital System experiences over 1,000,000 patient visits per year (Table 1). For the years 2000 through
2004, 3,640 patients with a culture positive for MRSA were identified, with 1,088 patients (30%) considered to have acquired the
isolate via nosocomial transmission and 2,552 patients (70%) considered to have CA-MRSA. The increase in MRSA patients over the
period 2000 through 2004 proportionally exceeds the increase in volume in the Parkland system (P < .0001). Whereas the absolute
number of nosocomial MRSA patients remained fairly constant each year, the number of CA-MRSA patients steadily increased
(Figure 1). The average age of MRSA patients was 38.5 years (SD = 17.8 years) (Figure 2). Age was unknown for 26 patients. For
nosocomial MRSA patients the average age was 40.9 years (SD = 19.9 years), and for CA-MRSA patients it was 37.4 years (SD =
16.7 years) (P <.0001).

TABLE 1. PATIENT VISITS IN THE PARKLAND HEALTH
AND HOSPITAL SYSTEM, 2000 — 2004, BY YEAR

VISITS 2000 2001 2002 2003 2004

Admissions, PMH 41,679 42,426 41,260 41,081 41,425
Emergency department visits, PMH 144,510 160,650 156,870 155,536 148,215
Outpatient visits, PMH 401,669 419,507 447,248 443,639 427,606
COPC visits 308,409 367,230 363,294 384,647 455,927

COPC = community-oriented primary care clinics; PMH = Parkland Memorial Hospital.

Forty-nine patients (1.3%) had ophthalmic MRSA involvement (Table 2), and the ratio of ophthalmic MRSA to all MRSA patients
remained fairly constant each year (Table 3). Twenty-eight ophthalmic MRSA patients were men, and 21 were women. Eighteen
were Hispanic, 15 were black, 14 were white, and two were Asian in racial origin. The disease process was bilateral in six cases,
affected the left side only in 23, and affected the right side only in 18; laterality could not be determined from the chart in two cases.
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FIGURE 1

Number of MRSA patients in the Parkland Health and Hospital System by year, 2000 - 2004.
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FIGURE 2
Age distribution of MRSA patients in the Parkland Health and Hospital System, 2000 — 2004, by decade of life.

Twelve ophthalmic cases (24%) were nosocomial, and 37 (76%) were community-acquired; this distribution between nosocomial and
community-acquired ophthalmic isolates mirrored the distribution for nonophthalmic MRSA patients. Again, as for all MRSA
patients, the number of ophthalmic CA-MRSA patients increased each year, whereas the numbers of nosocomial patients remained
fairly constant (Figure 3). The average age of patients with ophthalmic MRSA was 32.7 years (SD = 18.1 years) (Figure 4). Patients
with ophthalmic MRSA tended to be younger than other MRSA patients (P = .023). Unlike nonophthalmic MRSA patients, patients
with ophthalmic nosocomial MRSA tended to be younger (average age, 24.0 years with SD of 20.8 years) than patients with
ophthalmic CA-MRSA (average age, 35.6 years with SD of 16.2 years) (P = .056).

The most common manifestation of ophthalmic MRSA infection was preseptal cellulitis and/or lid abscess (Table 4).
Conjunctivitis was next, with six (55%) of the 11 patients with conjunctivitis being newborns; the other five were adults. There were
five cases of MRSA keratitis, four cases of endogenous endophthalmitis, two cases of orbital cellulitis associated with
endophthalmitis, two cases of blebitis, two cases of dacryocystitis, and an orbital abscess.
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TABLE 2. OPHTHALMIC MRSA INFECTIONS IN THE PARKLAND HEALTH AND HOSPITAL SYSTEM, 2000 — 2004

SUBJECT CULTURE AGE / DIAGNOSIS NOSOCOMIAL SOCIAL COMORSBIDITIES PRIOR SURGICAL
NO. DATE RACE / VS HISTORY IMMUNOSUPPRESSIVE TREATMENT
GENDER COMMUNITY- TREATMENT
ACQUIRED
1 3/6/00 15BF Blebitis C Systemic & topical steroids
2 3/16/00 32BM Corneal ulcer C Asthma, atopic
dermatitis
3 4/18/00 27WF Preseptal cellulitis N IVDA HIV 1&D
with abscess
4 12/14/00 66HM  Endogenous C LTCEF, DM, HTN Vitreous tap /
endophthalmitis EtOH inject
5 5/14/01 46BF Conjunctivitis C Asthma Systemic steroids
6 6/12/01 <]HF Conjunctivitis N
7 7/10/01 51WM  Preseptal cellulitis N SCC medial Chemotherapy 1&D
canthus & orbit,
HTN, Hep C
8 7/13/01 46HF Preseptal cellulitis C DM, HTN
9 9/16/01 35WM  Conjunctivitis C
10 10/14/01 38BM Endogenous C DM, HTN, PPV
endophthalmitis osteomyelitis
11 11/6/01 <IHM  Conjunctivitis C
12 2/9/02 54AM Orbital cellulitis N LTCF T cell lymphoma Enucleation
with and orbital
endophthalmitis biopsy
13 3/21/02 20BM Preseptal cellulitis C Asthma Systemic steroids
14 4/11/02 <IHM  Conjunctivitis N Systemic steroids
15 5/13/02 55WF Conjunctivitis C
16 5/21/02 46BM Preseptal cellulitis C IVDA Hep B, Hep C
with abscess
17 8/21/02 40HM  Endogenous C EtOH Cirrhosis, PPV, repeat
endophthalmitis endocarditis intravitreal
injection
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TABLE 2 (CONTINUED). OPHTHALMIC MRSA INFECTIONS IN THE PARKLAND HEALTH AND HOSPITAL SYSTEM, 2000 — 2004

SUBJECT CULTURE AGE/ DIAGNOSIS NOSOCOMIAL SOCIAL COMORBIDITIES PRIOR SURGICAL
NO. DATE RACE / VS HISTORY IMMUNOSUPPRESSIVE TREATMENT
GENDER COMMUNITY- TREATMENT
ACQUIRED
18 9/27/02 33WM Preseptal cellulitis C DM, Hep C
19 11/5/02 <1HF Conjunctivitis C
20 1/3/03 30AM Corneal ulcer N Herpes zoster
21 1/25/03 <IHM Conjunctivitis N
22 1/27/03 43BM Conjunctivitis C HIV
23 2/26/03 19BF Preseptal cellulitis C 1&D
with abscess
24 3/4/03 39WF Dacryocystitis C 1&D, DCR
25 4/9/03 18HF Preseptal cellulitis N ALL Chemotherapy
26 4/9/03 23HM Conjunctivitis C
27 4/26/03 31HM Preseptal cellulitis C 1&D
with abscess
28 5/7/03 15BM Lid abscess C
29 8/1/03 16BM Corneal ulcer N
30 8/13/03 8BM Dacryocystitis C Sickle C disease
31 9/12/03 <I1HF Conjunctivitis N
32 9/12/03 54BF Blebitis N
33 9/22/03 52BM Preseptal cellulitis C EtOH Laryngeal cancer,
with abscess cirrhosis
34 10/8/03 39WM Preseptal cellulitis C IVDA Hep C 1&D
with abscess
35 12/18/03 8HF Preseptal cellulitis C
36 1/26/04 38WF Corneal ulcer N Cocaine PK
37 2/1/04 64HF Preseptal cellulitis C DM, HTN
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TABLE 2 (CONTINUED). OPHTHALMIC MRSA INFECTIONS IN THE PARKLAND HEALTH AND HOSPITAL SYSTEM, 2000 — 2004

SUBJECT CULTURE AGE/ DIAGNOSIS NOSOCOMIAL SOCIAL COMORBIDITIES SURGICAL
NO. DATE RACE / VS HISTORY IMMUNOSUPPRESSIVE TREATMENT
GENDER COMMUNITY- TREATMENT
ACQUIRED
38 2/28/04 39HF Preseptal cellulitis C DM, HTN
39 3/6/04 43WF Orbital abscess C IVDA DM, Hep C Orbitotomy
with drainage
of abscess x 3
40 4/6/04 53HF Preseptal cellulitis C DM, HTN, asthma 1&D
with abscess
41 4/19/04 37BM Lid abscess C 1&D
42 5/1/04 37TWM Lid abscess C 1&D
43 5/27/04 26BF Preseptal cellulitis C
with abscess
44 6/17/04 58WF Preseptal cellulitis C 1&D
45 7/1/04 45BF Corneal ulcer C IVDA HTN
(crack)
46 7/8/04 31WM Preseptal cellulitis C DM, Hep C
47 7/29/04 43WM Endogenous C IVDA, Hep C Evisceration
endophthalmitis EtOH
48 11/11/04 45WM  Orbital cellulitis C Orbitotomy,
with endophthalmi PPV
49 12/27/04 46HM Preseptal cellulitis C Jail, DM, HTN 1&D
with abscess EtOH

A = Asian; ALL = acute lymphocytic leukemia; B = black; C = community-acquired; DCR = dacryocystorhinostomy; DM = diabetes; EtOH = alcohol abuse; H=
Hispanic; Hep = hepatitis; HIV = human immunodeficiency virus infection; HTN = hypertension; I&D = incision and drainage; IVDA = intravenous drug abuse;
LTCF = long-term care facility; N = nosocomial; PK = penetrating keratoplasty; PPV = pars plana vitrectomy; SCC = squamous cell carcinoma; W = white.
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TABLE 3. NUMBER OF MRSA PATIENTS IN THE PARKLAND HEALTH AND HOSPITAL SYSTEM
BY YEAR, 2000 — 2004

YEAR ALL MRSA PATIENTS OPHTHALMIC MRSA PATIENTS % OPHTHALMIC

2000 364 4 1.1
2001 465 7 1.5
2002 644 8 1.2
2003 937 16 1.7
2004 1230 14 1.1

MRSA = methicillin-resistant Staphylococcus aureus.
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FIGURE 3
Ophthalmic MRSA infections in the Parkland Health and Hospital System, 2000 — 2004, by year.
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FIGURE 4

Age distribution of ophthalmic MRSA infections in the Parkland Health and Hospital System,
2000 — 2004, by decade of life.

In all but one of the 49 infected ophthalmic MRSA cases, patients were placed on antibiotics after the culture was performed.
Inadequate antibiotic coverage for the MRSA isolate was initially prescribed in 24 cases (50%) (Table 5), and the antibiotic was
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subsequently changed to one the isolate was sensitive to in only 13 cases (54%). Nosocomial isolates tended to be resistant to more
antibiotics than community-acquired isolates (Figure 5). For the six major antibiotics tested (fluoroquinolones, tetracycline,
aminoglycosides, rifampin, sulfamethoxazole-trimethoprim, vancomycin), half of nosocomial isolates were resistant to one or more
antibiotics. Whereas 11 (30%) of 37 community-acquired isolates were resistant to one or more antibiotics tested, six (50%) of 12
nosocomial isolates were (P = .175) (Table 6). Nosocomial isolates were resistant on average to 0.83 antibiotics and community-
acquired isolates were resistant to 0.32.

TABLE 4. OPHTHALMIC MRSA INFECTIONS IN THE PARKLAND HEALTH
AND HOSPITAL SYSTEM, 2000 — 2004, BY DIAGNOSIS

DIAGNOSIS NO. O(EA)C)ASES
Preseptal cellulitis and/or lid abscess 22 (42)
Preseptal cellulitis with lid abscess 10
Preseptal cellulitis without abscess 9
Lid abscess without mention of cellulitis 3
Conjunctivitis 11 (21)
Corneal ulcer 5 (10)
Endogenous endophthalmitis 4 (98
Orbital cellulitis with endophthalmitis 2 (4
Blebitis 2 (4
Dacryocystitis 2(4
Orbital abscess 1 (2)

MRSA = methicillin-resistant Staphylococcus aureus.

TABLE 5. ANTIBIOTICS USED IN OPHTHALMIC MRSA
INFECTIONS WITH INITIAL SUBOPTIMAL COVERAGE

ANTIBIOTIC CLASS NUMBER*

Penicillin derivatives 12

Cephalosporins 1

Fluoroquinolones

1
6
Clindamycin 5
Erythromycin 2

1

Aminoglycoside

* Although there were 24 cases of initial suboptimal antibiotic
coverage, because combinations of antibiotics were used, there are
more than 24 antibiotics in this column.

PRESEPTAL CELLULITIS AND/OR LID ABSCESS

Nineteen (86%) of the 22 patients with preseptal cellulitis and/or lid abscess had CA-MRSA. Seven (32%) of the 22 had diabetes
compared to only three (10%) of the other 30 patients with nonlid disease MRSA infection or colonization (P =.054). Three (14%) of
the 22 patients with lid disease had cancer, compared to only one (3%) of the other 30 patients (P =.198). Six (27%) with lid disease
had liver disease (usually hepatitis C) compared to three (10%) without lid disease (P = .105). An antibiotic regimen that did not
cover MRSA was begun empirically in 16 (73%) of the 22 cases with lid disease, and incision and drainage or debridement was
performed in 10 cases (45%). In another case the patient lanced the lesion himself, whereas spontaneous drainage occurred in most
other cases. Seven cases (32%) resolved despite receiving only f-lactam antibiotics or cephalosporins.

Two patients were initially misdiagnosed as having insect bites. Two other patients developed preseptal cellulitis after surgical
procedures. One had MRSA infection after inferior forniceal reconstruction of a constricted orbital socket with alloderm graft 2
weeks previously. The other developed nosocomial MRSA infection after craniofacial resection of a medial canthal basal cell
carcinoma with orbital extension.
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FIGURE 5
Sensitivity of ophthalmic MRSA isolates to antibiotics.

TABLE 6. SENSITIVITIES TO ANTIBIOTICS
TESTED* FOR EACH OPHTHALMIC MRSA ISOLATE

AMIK RIF  SULFA/  VANC
TRIM

GENT

LEVO TET

VS
COMMUNITY-
ACQUIRED

SUBJECT NOSOCOMIAL CIPRO
NO.

10
11

12
13

14
15
16
17
18
19
20
21

22
23
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TABLE 6 (CONTINUED). SENSITIVITIES TO ANTIBIOTICS
TESTED* FOR EACH OPHTHALMIC MRSA ISOLATE

SUBJECT NOSOCOMIAL CIPRO LEVO TET GENT AMIK RIF  SULFA/  VANC

NO. VS TRIM
COMMUNITY-
ACQUIRED

24 C S S S S S
25 N S S S S S S
26 C S S S S S S
27 C R S S S S S
28 C S S S S S S
29 N I R S S S S
30 C S S S S S S
31 N S S S S S S
32 N S S S S S S
33 C S S S S S S
34 C S S S S S S
35 C R S S S S S
36 N S S S S S S
37 C S R S S S S
38 C S S S S S S
39 C S S S S S S
40 C S S S S S S
41 C S S S S S S
42 C S R S S S S
43 C S S S S S S
44 C S S S S S S
45 C S S S S S S
46 C S S S S S S
47 C S R S S S S
48 C S S S S S
49 C S S S S S

Amik = amikacin; C = community-acquired; Cipro = ciprofloxacin; Gent = gentamicin; I = intermediate (reduced)
sensitivity; Levo = levofloxacin; MRSA = methicillin-resistant Staphylococcus aureus; N= nosocomial; R = resistant;
Rif = rifampin; S = sensitive; Sulfa/Trim = sulfamethoxazole/trimethoprim; Tet = tetracycline; Vanc = vancomycin.

* Not all antibiotics were tested for each isolate.

CONJUNCTIVITIS

Six (54%) of the 11 patients with MRSA conjunctivitis were infants under 1 month of age, and the four cases (36%) of nosocomial
infection were in infants; the seven other cases (64%) were community-acquired. In one of the infants classified as having
community-acquired infection, culture was performed within 48 hours of birth, and there was no evidence of transplacental
transmission. In the other infant, culture was obtained on an outpatient basis, and evidence of prior hospitalization was lacking.

CORNEAL ULCER

Three of the five patients with MRSA keratitis had nosocomial infection. All but one was begun on effective antibiotic coverage
empirically. That patient had atopic dermatitis with a history of shield ulcers bilaterally and was started on ciprofloxacin ophthalmic
drops. The isolate proved resistant to both levofloxacin and ciprofloxacin. Of the other patients, two had a history of cocaine use (one
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with definite crack keratopathy), one had preceding herpes zoster ophthalmicus after decompressive craniotomy for intraparenchymal
hematoma due to motor vehicle collision, and one suffered trauma to the eye when a container of medical waste exploded. The latter
patient was considered to have nosocomial infection, and the MRSA isolate had reduced susceptibility to levofloxacin and resistance
to tetracycline.

ENDOGENOUS ENDOPHTHALMITIS

All four patients with endogenous endophthalmitis had CA-MRSA by our definition; however, one patient presenting with
osteomyelitis had been an inpatient in another hospital for 3 days 1 month previously on account of an acute ankle fracture due to a
motor vehicle collision. Another patient lived in a long-term nursing home facility, so healthcare—associated infection cannot be ruled
out. One had a history of intravenous drug abuse, two were diabetic, two were hypertensive, and three were alcoholic. All four
patients had positive blood cultures for MRSA. Three patients received vancomycin and ceftazidime intravitreally after cultures were
performed either by means of pars plana vitrectomy (two cases) or vitreous tap (one case). The fourth patient was started on
vancomycin and gentamicin intravenously for his bacteremia, and the eye was eviscerated.

ORBITAL CELLULITIS

There were three cases of orbital cellulitis, two accompanied by endophthalmitis. One of these cases was nosocomial involving a 54-
year-old man with T-cell lymphoma living in a long-term nursing home facility. Cefuroxime and clindamycin were begun
intravenously prior to the culture results, and the eye was enucleated and the orbit biopsied. The other 45-year-old male patient had
CA-MRSA, was begun on vancomycin and ceftazidime intravenously prior to culture results, and underwent orbitotomy and pars
plana vitrectomy.

A third case of MRSA orbital cellulitis, community-acquired, occurred in a 43-year-old diabetic female intravenous drug abuser
with hepatitis C. She had an orbital abscess not involving the globe, and empirical therapy with intravenous ceftriaxone and
clindamycin was begun prior to culture results. She ultimately underwent a total of three orbital drainage procedures before
resolution.

BLEBITIS

In both patients with MRSA blebitis, topical vancomycin and tobramycin therapy was begun prior to culture results. In one patient, a
nosocomial infection developed 12 weeks after bleb revision, and in the other, MRSA blebitis began 4.5 months after trabeculectomy.

DACROCYSTITIS

Both dacryocystitis cases were community-acquired infections. In a 39-year-old woman, empirical therapy with dicloxacillin was
begun, and incision and drainage was required prior to dacryocystorhinostomy. In an 8-year-old boy with a history of dacryostenosis
and sickle C disease, empirical therapy with cefdinir was begun, and the patient did not require surgery.

DISCUSSION

Penicillin is inactivated by B-lactamase, a serine protease that hydrolyzes the B-lactam ring. Production of -lactamase is widespread
in S aureus and may be conferred by the blaZ gene.”’ Less than 5% of all S aureus isolates remain sensitve to penicillin.' Methicillin
resistance results from one of three known mechanisms®®: hyperproduction of p-lactamases; modification of normal penicillin binding
proteins; or, most commonly, production of an altered penicillin binding protein, PBP2a, which has decreased affinity for most -
lactam antibiotics, including penicillins, cephalosporins, [-lactam/B-lactamase inhibitor combinations, monobactams, and
carbapenems.*™ PBP2a is encoded by the gene mecA on a mobile genetic element, the staphylococcal cassette chromosome (SCC)
mec.*”*! De novo development of MRSA occurs when a strain of MSSA acquires SCCmec.”*** The mec genes likely originated from
a different species of staphylococci.”*”® Although antibiotic therapy does not cause the genetic mutation, it rewards the mutation with
a selective advantage to survive.”® At least five types of SCCmec elements have been identified, numbered I to V.”** Type I
SCCmec contains the mecA gene as the sole resistance determinant, whereas SCCmec types II and III also contain determinants for
resistance to non-B-lactam antibiotics.”” Because of their larger size, horizontal transfer of SCCmec types II and III occurs less easily
than with type IV,*"*!'® so spread of MRSA strains with SCCmec types II and III mainly occurs due to selective pressure of
antibiotic exposure over time (vertical spread).”” SCCmec types II and III are commonly found in multidrug-resistant nosocomial
MRSA isolates.”

Genetic analysis of MRSA strains from around the world revealed that transfer of SECmec to a MSSA strain has occurred only a
few times, so the emergence of MRSA has resulted from dissemination of only a few clonal types rather than the development of new
MRSA clones.”>?*%19%19  Thyg virtually all patients with MRSA infection or colonization acquire their strain from an external
source.”'"!% " The success reported in controlling MRSA with rigorous infection control practices supports the premise that
transmission is the major factor contributing to the increasing prevalence of MRSA.”® Whereas antibiotic therapy is an important risk
factor for MRSA by providing a selective advantage for its survival and spread,'” there have been no published reports of the
eradication of MRSA through antibiotic control programs alone.”
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DISRUPTING THE TRANSMISSION OF MRSA

The spread of infection from patient to patient by contaminated healthcare workers was noted over 150 years ago by Holmes'" and
Semmelweis.''" Most transmission of MRSA in hospital inpatients is thought to be via transiently colonized healthcare workers.”®'"?
Environmental contamination may be the source for some spread. Boyce and coworkers'"” found that 73% of hospital rooms with
patients infected with MRSA and 69% of rooms with patients colonized with MRSA had some environmental contamination. In the
same study, nurses contaminated their gloves 42% of the time despite touching only environmental surfaces in rooms of MRSA
patients, whereas another report showed similar contamination of bare hands from surfaces.'"* Other potential environmental
reservoirs reported include computer keyboards used by clinicians,'" blood pressure cuffs,''® showers,''® and bathtubs.*® MRSA may
survive for weeks or months on various surfaces.'"” Dietz and coworkers''® found that MRSA could survive on the external surfaces
of sterile goods packages for over 38 weeks. Hand hygiene may be the single most important measure for controlling transmission of
MRSA and other multidrug-resistant organisms.” Overcrowding and understaffing in hospitals are also risk factors for the spread of
MRSA."*'?* Herr and colleagues'?' found that the construction of more single-bed hospital rooms not only would help prevent
spread of MRSA but would eliminate a major source of cost of isolation: the cost of an unoccupied bed when a single patient is
isolated in a two-bed room.

Although the high usage of antibiotics in the healthcare environment provides a selective advantage that facilitates spread of
MRSA, successful eradication programs have relied primarily on preventing person-to-person spread with less emphasis on antibiotic
control *#94120:122123 gyyccess in controlling nosocomial MRSA has been greatest in countries that adhere to rigorous infection control
policies that include surveillance cultures to identify colonized patients and strict application of barrier precautions for patients
colonized or infected with MRSA.'**'?® [solation only of patients detected by routine clinical microbiologic cultures provides little
benefit in high-risk areas.'* A French study involving 14 ICUs found that over half of patients colonized with MRSA did not have a
positive clinical culture and would not have been detected without screening cultures.'”” The study concluded that it was more cost
effective to isolate all ICU patients on admission and remove them from isolation only if admission screening cultures were negative.
At Parkland Memorial Hospital, MRSA was endemic in the neonatal ICU from 1987 through 1991, but MRSA has been controlled
since then by strict adherence to hand hygiene, contact isolation, and cohorting of culture-positive infants.

Isolation measures are intended to disrupt transmission of MRSA and include isolation wards for known or suspected carriers,
nurse cohorting (designated staff assigned to care for MRSA patients segregated from the rest of the ward), single-bed rooms, and
barrier precautions (gowns, gloves, and even masks used by healthcare workers to prevent transmission). Cooper and associates' >
found that despite the lack of well-designed studies, there was evidence that efforts that include isolation can reduce MRSA even in
endemic settings. However, healthcare workers may spend less time with isolation patients, and isolation patients may have higher
rates of pressure sores, falls, and fluid or electrolyte disorders than other patients.'*®

EMERGENCE OF MRSA IN THE COMMUNITY

The prevalence rate of MRSA among S aureus isolates in US hospitals is now over 50%,'*’ and is greater than 80% in some.'"’
MRSA is increasingly prevalent in the Parkland Health and Hospital System. Although Parkland’s hospital admissions and
emergency department visits have remained relatively constant during the period 2000 through 2004, outpatient visits at the main
campus, as well as at community-based outpatient primary care clinics in the system, have increased, yet the increase in MRSA is
proportionally greater than the increase in visit volume in the system (P <.0001). Whereas the prevalence of MRSA has increased in
hospitals worldwide, until recently strains were uncommon in the community. The absence of antibiotic selective pressure favoring
their survival and attenuated virulence were thought to make resistant organisms unable to compete in the community."*® In the mid-
1990s, though, reports began to appear in the United States, particularly among children, of MRSA infection in patients without
identifiable risk factors,”'*' reminiscent of the appearance of penicillinase-producing strains of MRSA in the community two decades
previously.'”’ Since then, CA-MRSA has been on the rise. At Harbor-UCLA Medical Center, 62% of community-associated S
aureus infections are due to MRSA."*? Seventy-six percent of all S aureus isolates are methicillin-resistant at San Francisco General
Hospital’s Integrated Soft Tissue Infection Clinic.'*® Among patients presenting to an Oakland county hospital emergency room with
community-acquired skin and soft tissue infections, 77% of S aureus isolates were methicillin-resistant."** It is not feasible to
determine the true background rate of MRSA carriage in the community.*®'* Unlike nosocomial strains, CA-MRSA strains usually
have the smaller SCCmec type IV cassette, suggesting the possibility of increased mobility and easier transfer via plasmids or
bacteriophages.'**"*’

The two MRSA clones in the United States most closely associated with community outbreaks are pulsed field types USA300
(multilocus sequence type ST8) and USA400 (ST1 lineage).">"**'*"  These CA-MRSA strains are only distantly related to
nosocomial strains and represent novel acquisitions of SCCmec.'*! There is some evidence that the acquisition of Panton-Valentine
leukocidin, a staphylococcal membrane toxin that targets leukocytes, is the principal virulence factor responsible for the spread of CA-
MRSA. 1414 panton-Valentine leukocidin causes tissue necrosis and leukocyte destruction and has been linked to recurrent, often
severe primary skin infections as well as necrotizing pneumonia.'*> The pvl genes that encode for Panton-Valentine leukocidin are
rarely found in MSSA or nosocomial MRSA isolates.””” These genes, however, are found not only in successful community-acquired
clones in the United States'**'* but also around the world.'** It is possible that the pvl locus is only a marker for other virulence or
fitness determinants.'**

The most common manifestations of CA-MRSA are skin and soft tissue infections, and the lesion may be mistaken
for a spider bite.”*'*” Two of the current series’ patients with CA-MRSA preseptal cellulitis were originally diagnosed as having
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insect bites. Patients with CA-MRSA are often younger than patients with nosocomial infection.'* Prior exposure to antibiotics has
been implicated as a risk factor for development of CA-MRSA infection."**'*® Other risk factors may include homelessness,"*>"** low
socioeconomic status,'>*14150 injection drug use, 3134151152 previous MRSA infection, diabetes, chronic hepatitis C, cancer, and HIV
infection."” Outbreaks have been reported among jail inmates®****!>* and among athletes who share equipment.””'** In one study of
necrotizing fasciitis caused by CA-MRSA, four of 14 patients had no identifiable risk factors."**> Unlike nosocomial MRSA isolates,
which are more more likely to be resistant to multiple other antibiotics, CA-MRSA isolates are more likely to be sensitive to other
antibiotics (other than B-lactams).”*® For many types of CA-MRSA infections, there is little track record for the use of oral antibiotics
to which isolates show in vitro susceptibility, so vancomycin remains, for now, the preferred antibiotic for empirical coverage of
suspected CA-MRSA infections.'’

The lack of standardized criteria for classifying MRSA infection as community-acquired makes it difficult to compare published
studies.® Parkland considers MRSA colonization or infection to be nosocomial if the patient had been hospitalized for 48 hours prior
to obtaining the culture or if the patient had been hospitalized at Parkland Memorial Hospital in the previous 6 months. All other
instances are considered community-acquired. These definitions are based on the Centers for Disease Control and Prevention’s
definitions of nosocomial infection'™* and serve to help Parkland identify if the hospital has new outbreaks of MRSA but ignore the
possibility that the patient acquired MRSA in a healthcare environment beyond the traditional healthcare setting. Salgado and
colleagues'”® proposed the term “community onset” for infections seemingly acquired outside the hospital setting. They found a
MRSA colonization rate in the community of 1.3% when several studies were pooled. However, among studies that excluded subjects
with healthcare contacts, the pooled community MRSA colonization rate was only 0.2%. Friedman and associates'® suggested that
bloodstream infections be classified as hospital-acquired, healthcare—associated, or community-acquired. They labeled an infection
healthcare—associated if the patient received intravenous therapy at home, wound care or specialized nursing through a healthcare
agency, family, or friends, or self-administered intravenous medical therapy within 30 days before infection; was hospitalized in an
acute care hospital for 2 or more days in the preceding 3 months; or resided in a nursing home or long-term care facility. One of the
37 patients considered to have ophthalmic CA-MRSA by the study definition definitely would be considered to have
healthcare—associated MRSA infection by the above definition (the patient resided in a long-term care facility and developed
bacteremia and endogenous endophthalmitis). Like the healthcare—associated MRSA isolates in a recent report by Lesens and
coworkers,"”’ the isolate in this study from a nursing home patient with endogenous endophthalmitis behaved more like a nosocomial
MRSA isolate in that it was resistant to fluoroquinolones and aminoglycosides. Another case of endogenous endophthalmitis was
classified as CA-MRSA by the study definition despite the patient having been hospitalized elsewhere 1 month previously. Other
cases possibly could have been missed owing to inadequate documentation in the medical record. Two patients with preseptal
cellulitis had undergone day surgery prior to infection (one 2 weeks prior, the other 2 months) and one case of CA-MRSA blebitis
occurred 4.5 months after trabeculectomy. These three cases could possibly be considered to have healthcare—associated MRSA
infection, though all three isolates were sensitive to the non-f-lactam antibiotics tested.

Because CA-MRSA has a predilection for causing skin and soft tissue infections, it is not surprising that most MRSA infections in
our series involved the lids with preseptal cellulitis, lid abscess, or both. Whether initial therapy with an antibiotic active against
MRSA even affects the outcome of skin and soft tissue infections is uncertain.'® Appropriate drainage is the definitive management
of many skin and soft tissue infections and is an important adjunct to antibiotic therapy in deep, closed-space infections.”” Abscesses
left without drainage in the setting of antibiotic resistance may promote the emergence of resistance.'”® Data from the surgical
literature suggest that, at least with skin and soft tissue infections, adequate surgical drainage allows many CA-MRSA infections to
resolve regardless of whether the isolate is susceptible in vitro to the antibiotic chosen.*** Tt has been suggested that infections
caused by CA-MRSA may be less virulent and have a more subacute onset than similar infections caused by other organisms.'*? In
the current series, 16 (73%) of 22 cases of lid infections had empirical antibiotics started that did not cover MRSA, and seven cases
(32%) resolved despite receiving only B-lactam antibiotics or cephalosporins. Thirteen (59%) of the 22 cases formed lid abscesses,
and most were incised or spontaneously drained (11 of 13, or 85%). We recently reviewed all cases of preseptal cellulitis seen at
Parkland Memorial Hospital (excluding cases only seen in the community outpatient primary care clinics) for the years 2000 through
2004. Although half of the 48 cases were culture-negative, 18 (38%) of the culture-positive cases grew S aureus, and 16 of those
isolates (89%) were methicillin-resistant (Witherspoon SR, ARVO Meeting, 2006, Abstract). This high prevalence of methicillin
resistance combined with the 86% rate of MRSA lid infections being community-acquired in the present study would indicate a high
prevalence of methicillin resistance in S aureus strains in the Dallas community. [ am now more apt to treat community lid infections
in Dallas with antibiotics other than with -lactams or cephalosporins and to recommend incision and drainage of lesions. Zetola and
colleagues” recommend against the use of vancomycin as empirical treatment of furuncles and nonsevere skin and soft tissue
infections.

IMPLICATIONS FOR THE PRACTICING OPHTHALMOLOGIST

Ophthalmic MRSA infection appears to be increasingly prevalent in the Parkland System. Although it is difficult to identify all other
non-MRSA ophthalmic infections over the 5-year study period, I recently reviewed all culture-positive corneal ulcers,
endophthalmitis, and blebitis seen at Parkland (P.H. Blomquist, MD, unpublished data, 2006). All MRSA corneal ulcers,
endophthalmitis, and blebitis during the study period had been seen by the Ophthalmology Service. In addition, we had reviewed all
preseptal cellulitis and orbital cellulitis seen at Parkland Memorial Hospital (Witherspoon SR, ARVO Meeting, 2006, Abstract).
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Combining the two data sets provided the information in Table 7. Whereas non-MRSA ophthalmic infections reviewed remained
relatively level, numbers of MRSA ophthalmic infections were generally higher in more recent years (P = .042).

TABLE 7. CULTURE-POSITIVE OPHTHALMIC INFECTIONS* AT PARKLAND
MEMORIAL HOSPITAL, 2000 — 2004, BY YEAR

Infection 2000 2001 2002 2003 2004
MRSA 3 2 8 3 14
Non- MRSA 23 20 24 27 28

*Includes all corneal ulcers, endophthalmitis, and blebitis seen by the Ophthalmology service at
Parkland as well as all preseptal and orbital cellulitis seen at Parkland Memorial Hospital.

To my knowledge, this study includes the first cases reported of MRSA blebitis. Traditionally, streptococci and Haemophilus
influenzae are the most common pathogens cultured in bleb-associated endophthalmitis.'*'®" Whereas S aureus has been described as
a causative agent in blebitis'®* and bleb-associated endophthalmitis,'®® methicillin resistance was not reported by the authors. Of seven
total cases of blebitis at Parkland during the years 2000 through 2004, two were due to MRSA, two grew MSSA and streptococci, and
three were culture-negative. Similarly, although MRSA has been reported as a cause of endophthalmitis after surgery,””>™* the
current series is the first to clearly identify MRSA as a cause of endogenous endophthalmitis. That MRSA can cause such serious
ocular infections is worrisome. We recently reviewed all orbital cellulitis cases seen at Parkland Memorial Hospital for the years 2000
through 2004. Of the 29 cases seen during that time, 10 (34%) were culture-negative, and four (14%) grew MRSA (Witherspoon SR,
ARVO Meeting, 2006, Abstract). In the fourth case of MRSA orbital cellulitis, the patient had been transferred to Parkland. Because
the cultures were done at the outside hospital and not at Parkland, this case was not included in the MRSA infection control database.

What are the implications of an increasing prevalence of MRSA in the community for the practicing ophthalmologist? Just as in
the hospital setting, the healthcare worker can unknowingly spread MRSA from patient to patient. Lam and coworkers'® looked at
microbial hand contamination among ophthalmologists in a tertiary care outpatient practice and found an increase in prevalence of
transient flora, including MRSA, after patient contact. Hand washing reduced the resident and transient flora load by at least an order
of magnitude. Yet, historically, studies assessing compliance with hand hygiene have shown low compliance rates, averaging
approximately 40% and ranging as low as 10%.”® Chlorhexidine gluconate is frequently recommended for hand washing on account
of low toxicity and broad antimicrobial spectrum.'*>'%

Standard antibiotic regimens that assume that local strains of S aureus are sensitive to B-lactams need to be reevaluated in MRSA
endemic areas.'”’” Vancomycin eyedrops can be prepared by mixing an ampule intended for intravenous use with phosphate-buffered
artificial tears. The solution retains in vitro antistaphylococcal activity for at least 2 weeks without refrigeration'®® and is usually used
at a concentration of 50 mg/mL,"**'" though a concentration of 31 mg/mL has been used.” Although vancomycin is certainly the
standard for MRSA infections at present, widescale use is a known risk factor for the development of VRE,* and long-term use is a
risk factor for reduced susceptibility and frank resistance in S aureus.*****’ The Hospital Infection Control Practices Advisory
Committee strongly advises against the routine use of vancomycin for prophylaxis.'” Yet vancomycin is used, including at Parkland
Memorial Hospital, for the prophylaxis of endophthalmitis after open globe injury.'” Even more patients in the United States
routinely receive prophylactic intracameral vancomycin during cataract surgery,'” an operation where endophthalmitis is a rare event,
occurring in only 2.15 cases per 1,000, according to a recent review of Medicare data from 1994 through 2001.'™ The prophylactic
efficacy of intracameral vancomycin has been questioned.'”"”” Studies have failed to demonstrate that vancomycin prophylaxis
significantly reduced residual bacteria in the anterior chamber,'”®'” and vancomycin may not remain in the anterior chamber long
enough to have a bactericidal effect.'™ Indeed, a significantly lower rate (0.84 cases per 10,000) of endophthalmitis after cataract
surgery performed at the affiliated hospitals of the University of Texas Southwestern Medical Center (including Parkland Memorial
Hospital) from 1995 to 2002 has been reported despite not using intracameral antibiotics.''

However, even though there have been worries about the use of vancomycin prophylaxis at the time of cataract surgery on account
of cost,'” potential for dilution error,'® and adverse effects on the eye (including cystoid macular edema),'® Gordon'” believes that
ophthalmic use of vancomycin is unlikely to be a serious selection factor for promoting resistance. Libre and associates'®* believe that
the intraocular use of antibiotics is extremely unlikely to promote the development of drug-resistant organisms, because the intraocular
environment rarely harbors colonizing organisms. However, it is known that topical antibiotics can cause bacterial resistance at the
site of application in the conjunctiva, cornea, and lids,' and recently the first report of topical ocular antibiotics inducing bacterial
resistance at extraocular sites was reported.'® Perhaps intraocular surgeons should reevaluate the practice of using vancomycin for
prophylaxis.

What changes are necessary in the ophthalmologist’s practice in view of increasing bacterial resistance in the community? First,
healthcare workers, including those in outpatient settings, must remove transient microorganisms from hands by using hand washing
or hand antisepsis between all patient contacts and after contact with inanimate objects in the immediate vicinity of patients."™” Eye
lane surfaces and hand instruments should be cleaned periodically. Contact isolation measures should be instituted for patients known
to be harboring resistant organisms like MRSA. Protective gloves and gowns are used in the Parkland ophthalmology outpatient
clinics, a dedicated isolation eye lane is used to examine MRSA and VRE patients, and all surfaces and instruments are cleaned after
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the patient is discharged from the room.”® Although gloves greatly reduce the risk of hand contamination, they do not obviate the need
for hand washing after their removal.'"®'*’ Use of a mask may be of some benefit in preventing nasal acquisition of MRSA by
healthcare workers.” Indeed, the Centers for Disease Control and Prevention has recommended the use of a mask when caring for
patients with S aureus with reduced susceptibility or resistance to vancomycin.*® It is difficult in many outpatient practices to identify
MRSA and VRE patients; the establishment of electronic medical record systems may aid in this endeavor. For example, Parkland
uses a tracking flag in the electronic patient management system to identify MRSA and VRE patients, thus alerting the healthcare
team to take contact isolation precautions. Currently, there are no data to suggest that treatment to eradicate colonized patients with
CA-MRSA is necessary or effective in the long term,”"**!'** and resistance to antibiotics used for decolonization has evolved rapidly
when attempted.'”'"'**

In the absence of a history of MRSA or VRE, a high level of suspicion is needed when patients have risk factors for nosocomial or
healthcare-associated infections. In areas with endemic CA-MRSA, incision, drainage, and culturing of simple lid abscesses should
be considered.”® Consider the possibility of CA-MRSA for cases with the appearance of a spider or insect bite; if there is a history of
contact with a correctional facility (either as a prisoner or a visitor); if there is a history of playing contact sports or association with a
sports facility; or if a skin or soft tissue infection is recurrent.'*’” In addition to draining suppurative collections, consider removing
foreign devices such as infected scleral buckles,® because the likelihood of sterilizing an infected site in the presence of a foreign
device is low.'

Empirical antibiotic therapy should include coverage for MRSA in endemic areas; B-lactam antibiotics may not be appropriate for
empirical treatment of suspected staphylococcal infections.”*® It may not be necessary to use vancomycin for coverage, because most
CA-MRSA strains are susceptible to other antibiotics, such as tetracycline and aminoglycosides.'**'®’ Resistance to older quinolones
is common among MRSA and occurs in as many as 90% of isolates in some hospitals.”> Resistance was found to ciprofloxacin and
levofloxacin also in the current study of ophthalmic isolates, especially from nosocomial infections. Chloramphenicol eyedrops have
been used to treat MRSA external ocular infections,™' but chloramphenicol is not widely used on account of the risk of developing
aplastic anemia with its use.'”*'®> 1 tend to avoid clindamycin because of the risk of development of inducible clindamycin resistance
in CA-MRSA strains that are erythromycin-resistant by virtue of carrying the erm (erythromycin ribosome methylase) gene.'*'*%!”7
Inducible resistance to clindamycin may not be apparent on routine susceptibility testing.'”*?* Frazee and associates'** recommended
using the combination of trimethoprim-sulfamethoxazole and cephalexin for oral therapy of moderate to severe skin and soft tissue
infections, with cephalexin used to cover for Streptococcus pyogenes. For minor infections in adults, they recommended doxycycline.

Prescribed treatment regimens should be appropriate in both dose and duration, because inadequate dose or inadequate or
excessive duration of therapy may make development of resistance more likely.”**"' Steps should be taken to decrease the occurrence
of new resistant strains by adhering to guidelines advocating against the routine prophylactic use of vancomycin in the hospital
setting,'”'"" and strong consideration should be given to eliminating the practice in other healthcare settings. Preoperative povidone-
iodine antisepsis of the ocular surface has the most support in the literature for efficacy in preventing bacterial endophthalmitis after
intraocular surgery and should be adopted. Although preoperative and postoperative topical application of broad-spectrum antibiotics
and postoperative use of subconjunctival antibiotics remain common, the evidence is less clear regarding their efficacy,'’**** and
prolonged topical postoperative antibiotic administration may predispose to development of antimicrobial resistance.'””*”> Some
investigators suggest avoiding simultaneous bilateral treatment for elective ocular procedures (eg, refractive surgery) on patients
colonized with MRSA or who live or work in a healthcare environment,”®” in addition to using a fourth-generation fluoroquinolone
or bacitracin for preoperative prophylaxis.” 1In vitro studies have identified MRSA strains, however, that are resistant to fourth-
generation fluoroquinolone antibiotic.******

As MRSA increases in prevalence, early and accurate detection of colonized individuals will be important to prevent spread.
Traditional antimicrobial susceptibility test methods require at least 24 hours to perform.*® Polymerase chain reaction (PCR) analysis
of donor eye preservation media for spa and mecA genes has been used to detect contamination with MRSA more rapidly than
conventional culture.’”®> However, PCR is not routinely used by most clinical diagnostic laboratories.*® Newer detection methods for
MRSA have been developed, including the BBL Crystal MRSA ID System (Becton Dickinson, Sparks, Maryland), which uses a
fluorescent indicator of dissolved oxygen in broth as a marker for bacterial growth in wells containing oxygen; Velogene Rapid
MRSA Identification Assay (Alexon-Trend, Inc, Ramsey, Minnesota), a colorimetric enzyme immunoassay utilizing a mecA gene
probe; and the MRSA-Screen (Denk Deiken Co, Tokyo, Japan), a slide latex agglutination test utilizing a monoclonal antibody against
PBP2a.*® These tests promise results within 4 hours to as little as 15 minutes.*

New antibiotic classes with good activity against gram-positive organisms (such as ketolides and oxazolidinones) show promise in
the treatment of MRSA,® as may new versions of older compounds like streptogramins and quinolones.'®”'*® However, antibiotic
resistance even to newer antibiotics like linezolid has already been reported.””” Teicoplanin, another glycopeptide antibiotic, is
intrinsically less effective against S aureus than vancomycin and is unlikely to be effective in strains with reduced vancomycin
susceptibility or frank resistance.””** In view of increasing antimicrobial resistance worldwide, will physicians need to turn to
alternative agents to treat bacterial infections as they did prior to the discovery of antibiotics? MRSA conjunctivitis has been treated
with the antiseptic benzethonium chloride 0.02%.” Lysostaphin is a zinc metalloproteinase extracted from Staphylococcus simulans
that lyses S aureus by disrupting its peptidoglycan layer.”'®*'" Lysostaphin has been shown to be effective in treating experimental
MRSA keratitis and endophthalmitis.'**'*  Another potentially useful enzyme, LasA protease (also called staphylolysin), is a
staphylolytic endopeptidase secreted by Pseudomonas aeruginosa that also targets the peptidoglycan of S aureus.”'*'® LasA protease
was comparable to vancomycin in experimental MRSA keratitis when treatment was started early and was more effective than
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vancomycin when treatment was started late.”’” This suggests that LasA protease can lyse bacterial cell walls during the bacteria’s
stationary phase of growth, unlike vancomycin.”'**'"* A vaccine for S aureus has been evaluated experimentally and clinically.**=*'

Antimicrobial resistance to penicillin, methicillin, and vancomycin is an inevitable consequence of the selective pressure of
antibiotic exposure.” Ophthalmologists need to be prepared to identify and treat resistant strains and take steps to control the
emergence and spread of resistant strains, both in the hospital and in the community.
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