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Abstract
Purpose To compare the antibiotic susceptibilities and visual
acuity (VA) outcomes in endophthalmitis caused by
methicillin-resistant (MRSA) versus methicillin-sensitive
S. aureus (MSSA).
Methods The records of 34 cases of S. aureus endophthalmitis
at The New York Eye and Ear Infirmary from Jan 1997 to
June 2011 were reviewed. Antibiotic susceptibility profiles
over time and VA at presentation and at 3, 6, and ≥12 months
were recorded. S. aureus isolates were grouped based on ox-
acillin resistance.
Results Of the 34 cases, 15 (44%) wereMRSA and 19 (56%)
MSSA. Median presenting VA was hand motions (logMAR
4.0) in both the MRSA and MSSA groups. There was no
statistically significant difference in VA between the MRSA
and MSSA groups at 3, 6, or ≥12 months. No MRSA isolates
were resistant to vancomycin or gentamicin. While over 85 %
of MRSA iso la tes t es t ed fo r four th -genera t ion
fluoroquinolones were resistant, just 10 % MSSA isolates
tested were resistant. There was a trend suggesting an increase
in the proportion of MRSA isolates compared to MSSA
isolates over the course of the study period.

Conclusions There was no statistical difference in short- or
long-term VA outcomes between the MRSA and MSSA
groups at any time point. Resistance to fourth-generation
fluoroquinolones was present in over 85 % of MRSA isolates,
but just 10 % of MSSA isolates. An increasing proportion of
MRSA amongst S. aureus isolates was noted over the course
of the study period.

Keywords Antibiotic sensitivity . Endophthalmitis . Retinal
disorders . Staphylococcus aureus

Introduction

Staphylococcus aureus is a significant cause of acute endoph-
thalmitis, encountered most commonly following cataract sur-
gery at a rate of 0.04 % [1, 2]. S. aureus endophthalmitis can
also follow trauma, intravitreal injections [3–5], other ocular
surgeries, and septicemia [6, 7]. S. aureus possesses virulence
factors that give it the ability to adhere to and invade host
tissues, combat the immune system, and resist a variety of
antibiotics [8–10]. These factors may be transferred from
one organism to another, at which time genes coding for re-
sistance mechanisms to antibiotics such as methicillin and the
fourth-generation fluoroquinolones commonly used for post-
cataract surgery endophthalmitis prophylaxis may also be
conferred upon the receiving organism [11]. Evidence to sup-
port this theory can be found in reports of methicillin-resistant
S. aureus (MRSA) strains with increased virulence, as has
been reported in cases of pneumonia, necrotizing fasciitis,
and bacteremia [12–15]. However, while trends towards a
worse outcome in cases of MRSA endophthalmitis compared
to methicillin-sensitive S. aureus (MSSA) endophthalmitis
have been shown, limited sample size and follow-up have
prevented this relationship from being firmly established.
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Such a trend, should it be confirmed, could be due to either
inadequate antibiotic prophylaxis due to differences in antibi-
otic susceptibilities of MRSA as compared toMSSA, or could
be due to MRSA possessing more advantageous pathogenesis
traits than MSSA. The aim of the current study is to help
provide answers to several outstanding questions on this topic:
Is there a difference in visual acuity outcomes between cases
of MRSA andMSSA endophthalmitis? Is there a difference in
the sources of cases of MRSA and MSSA endophthalmitis?
What are the resistance patterns ofMRSA andMSSA isolates,
particularly to commonly used antibiotics such as fourth gen-
eration fluoroquinolones and vancomycin? Is MRSA endoph-
thalmitis on the rise? To answer these questions, cases of en-
dophthalmitis from the New York Eye and Ear infirmary over
a 13-year period were examined with regard to long-term
visual acuity outcome, the source of endophthalmitis, and an-
tibiotic sensitivity.

Materials and methods

A search of the New York Eye and Ear Infirmary
Microbiology Department database and corresponding medi-
cal records identified 98 cases of patients with S. aureus en-
dophthalmitis between January 1, 1997, and June 1, 2011.
Cases were included in the analysis only if visual acuity
follow-up was available, since the primary aim of this study
was to correlate antibiotic susceptibility (MSSA versus
MRSA) with visual outcome. The secondary aim of the study
was to report on the antibiotic susceptibility profiles of
S. aureus isolates, and other parameters such the source of
endophthalmitis and the treatment method employed.

TreatmentswereeitherBtapandinject^,specifically,aspiration
of a vitreous sample followed by intravitreal antibiotic injection
(antibiotic chosen by provider, but usually consisting of vanco-
mycin and ceftazidime with occasional inclusion of dexametha-
sone), or pars plana vitrectomy (PPV) followed by intravitreal
delivery of antibiotic. There was no standardized therapeutic al-
gorithm, and therapy was at the discretion of the treating
physician.

Intraocular specimens from each patient were obtained from
either vitreous needle aspiration during a tap-and-inject proce-
dure or through pars plana vitrectomy (PPV). Vitreous samples
were plated on thioglycolate, blood, chocolate, anaerobic blood,
and Sabouraud agar and were incubated at 37 ° C. All isolates
were incubated for at least 18 to 24 hours in a carbon dioxide
incubator. Cultures were observed daily for up to 7 days for
visible growth. Vitek automated microbial identification and
susceptibility testing system (bioMérieux, Inc, Durham, NC,
USA) or disc diffusion testing were used to determine and com-
pare susceptibility patterns. Interpretations of culture results
were in accordance with guidelines from the Clinical
Laboratory Standards Institute (Wayne, PA, USA). Isolates were

determined to be MRSA vs MSSA based on their resistance
(MRSA) or sensitivity (MSSA) to oxacillin according to the
CLSI standards at the time of isolation.

To establish S. aureus as the causative organism, growth of
the organism had to be present on two or more culture media,
or semiconfluent growth on one or more solid media. Cases
with polymicrobial growth were excluded from the analysis.

Data collected included source of endophthalmitis, gender,
age, and time from inciting event to initial presentation when
available. Visual acuity (VA) was recorded at presentation, as
well as 3months, 6months, and ≥12months after treatment. For
statistical analysis, Snellen VA was converted into logMAR
units to allow for statistical comparison. VA outcomes were
compared between MRSA and MSSA cohorts at each time
point and within each cohort between presentation and each
subsequent time-point. Treatment choice (PPV vs tap and inject)
was also compared between the MRSA and MSSA groups.

StatisticalanalysiswasperformedusingGraphPadPrismsoft-
ware(GraphPadSoftware, Inc,LaJolla,CA,USA).Student t-test
was used for analyzing variables with Gaussian distribution.
Sampling distribution was analyzed using chi-square test.

To report on the rates of MRSA and MSSA endophthalmi-
tis throughout the duration of the study period, all cases of
S. aureus endophthalmitis were included, not only those cases
for which clinical follow-up was available.

Results

Thirty-four patients with S. aureus endophthalmitis for whom
long-term visual acuity was available were identified. Of these
34 cases, 15 (44 %) were caused by MRSA and 19 (56 %)
were caused by MSSA. Demographics of the two cohorts
were similar (Table 1) with respect to gender and age. Men
and women were distributed similarly in both the MRSA and
the MSSA group (six men and nine women in the MRSA
group, eight men and 11 women in the MSSA group; p =
1.00). Also, there was no difference in age between the two
groups, with a mean age of 70 years in the MRSA group and
of 69 years in the MSSA group (p = 0.75).

At presentation, the available median logMAR visual acu-
ity in both the MSSA (available in 18 of 19 cases) and the
MRSA group (available in 14 of 15 cases) was 4.0,
representing hand motions (n = 14). Initial Snellen visual acu-
ity ranged from 20/400 to LP in the MRSA group and from
20/400 to NLP in the MSSA group. Mean logMAR visual
acuity was used for statistical analysis and was found not be
significantly different between the MRSA and MSSA groups
at presentation (p = 0.38). There was no statistically signifi-
cant difference in mean visual acuity between the MRSA and
MSSA groups at any subsequent time point either. At
3 months, 6 months, and 12 months, the p-values were 0.18,
0.28, and 0.38 respectively (Fig. 1).
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Overall, most endophthalmitis cases caused by S. aureus (18
of 34 cases or 53 %) were associated with cataract surgery. Of
these, ten (56%) were caused byMRSA, and eight (44%) were
caused by MSSA. Four cases occurred following an intravitreal
injection (12 %), one case of which was MRSA and three of
which were MSSA. Two cases (6 %) were endogenous, both of
which were MSSA. Another two cases were bleb-associated
(one MRSA, one MSSA), two cases resulted from trauma
(one MSSA, one MRSA), two cases occurred after vitrectomy
(one MSSA, one MRSA), two cases occurred following a pen-
etrating keratoplasty (oneMSSA, oneMRSA), oneMRSA case
occurred following shortly after a trabeculectomy, and one case
occurred following traumatic dehiscence of a corneal graft that
had been transplanted 2 years earlier. There was no statistically
significant difference in the etiologies of endophthalmitis be-
tween the MRSA andMSSA cohorts (PA and PB values >0.17).

Susceptibilities were not available for all antibiotics for every
strain because antibiotics included in the routine test battery
changed over the timeframe of this study. With regard to fluo-
roquinolone susceptibility, no strain was tested for susceptibility
to all generations of this class of antibiotic. Early isolates were

tested only for levofloxacin, and ciprofloxacin ± ofloxacin,
while later strains were tested for levofloxacin, gatifloxacin,
and moxifloxacin but not ciprofloxacin or ofloxacin.
Percentages reflect the available data. Raw numbers are given
in parentheses.

Overall, there was a trend toward an increase in the number
of MRSA endophthalmitis cases per year over the course of
the study period (Fig. 2). There was also a trend toward a
lower rate of of MSSA endophthalmitis per year.

All S. aureus isolates, both MRSA and MSSA, were sen-
sitive to vancomycin, gentamicin, trimethoprim–sulfamethox-
azole, linezolid, and chloramphenicol (Table 2 and Table 3).

Of the MRSA strains tested for resistance to ciprofloxacin,
only one strain (1/6, 17 %) was resistant. Seventy-one percent
of MRSA isolates (10/14) were resistant to levofloxacin. The
four MRSA strains that were sensitive were obtained prior to
2004 and were also sensitive to ciprofloxacin. All MRSA
strains isolated after 2004 were resistant to levofloxacin, and
were also tested for susceptibility to moxifloxacin and
gatifloxacin. Of these strains, 88 % (7/8) were resistant to
moxifloxacin and 89 % (8/9) were resistant to gatifloxacin.

Of the isolates in theMSSAgroup, all tested isolateswere sen-
sitivetomoxifloxacinandallbutoneweresensitivetogatifloxacin.
Oftheisolates tested,13%(1/8)wereresistant tociprofloxacinand
12% (2/13) were resistant to levofloxacin.

With regard to treatment, the MRSA group contained three
patients (20 %) who underwent tap and inject and 12 patients
(80 %) who initially underwent a pars plana vitrectomy. The
MSSAgroup contained a similar distribution, with three patients
(16%) receivinga tapand inject and16 (84%)havingundergone
a PPV (p = 0.75).

Discussion

To date, the current study has the largest sample size and longest
follow-up of any study comparing the visual acuity outcomes of

Fig. 1 Box plot showing logMAR visual acuities in the MRSA and
MSSA groups at presentation, 6 months and 12 months. No statistically
significant differences in visual acuitywere noted between the two groups
at any time point (all p-values greater than 0.05)

Table 1 Demographics of
subjects and sources of
endophthalmitis

MRSA (n = 15) MSSA (n = 19) P-value

Age (years) 70.3 (SD = 15.4) 68.7 (SD = 14.0) 0.75

Gender: F = female, M =male) F: 9 , M:6 F: 11, M:8 0.90

CEIOL 10 (67 %) 8 (42 %)

Intravitreal injection 1 (7 %) 3 (16 %)

Corneal transplant 0 2 (11 %)

Endogenous 0 2 (11 %)

Retinal surgery 1 (7 %) 1 (5 %)

Trauma 1 (7 %) 1 (5 %)

Bleb-associated 1 (7 %) 1 (5 %)

Glaucoma surgery 1 (7 %) 0

Other 0 1 (5 %)
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MRSAandMSSA endophthalmitis. Of the 34 cases of S. aureus
endophthalmitis for which long-term clinical follow-up was
available, 15 (44 %) were MRSA. This percentage is similar to
the one found in a study byMajor et al [1], which identified 13 of
32(41%) isolatesasMRSA.Thisappears toconfirmasignificant
rise of MRSA compared to earlier studies such as the
Endophthalmitis Vitrectomy Study, where only 6/29 (21 %) of
S.aureus isolateswere resistant tomethicillin [16].Thishowever,
isnotunexpected,giventheoverall riseof theincidenceofMRSA
in the United States [17].

The primary aims of this study were (1) to determine if a
difference between the final visual acuity of MRSA and
MSSA endophthalmitis exists, and (2) to report on the micro-
biological characteristics of the included isolates.

MRSA has been shown in other disease processes such as
pneumonia and necrotizing fasciitis to be more virulent than its

MSSA counterparts, and a trend towards this appeared to
emerge in a previous analysis of endophthalmitis [1].
However, in our larger cohort with longer follow-up, we ob-
served no such trend and no statistically significant difference
between the two groups at any time point. Although this is the
largest study of its kind to date, the number of eyes analyzed in
each group at 12 months of follow-up is relatively modest. This
study may not have the power to detect subtle differences in
visual acuity between the two groups at any given time point.
Another potential limitation is that given the retrospective nature
of this study, the treatment was at the discretion of each physi-
cian, and no standardized treatment algorithm was employed.
As such, while there was no statistical difference between the
rates of pars plana vitrectomy and Btap and inject^ procedures
between the two groups, physicians may have responded differ-
ently to the presence of different signs and symptoms that were

Table 2 MSSA antibiotic sensitivities

MSSA (number of resistant isolates
amongst tested isolates)

Erythromycin 47 % (9/19)

Clindamycin 21 % (4/19)

Tetracycline 17 % (3/18)

Ofloxacin 14 % (1/7)

Ciprofloxacin 13 % (1/8)

Levofloxacin 12 % (2/17)

Gatifloxacin 10 % (1/10)

Oxacillin 0 % (0/19)

Vancomycin 0 % (0/19)

Gentamicin 0 % (0/18)

Cefazolin 0 % (0/17)

Chloramphenicol 0 % (0/16)

Moxifloxacin 0 % (0/10)

Linezolid 0 % (0/10)

Cefuroxime 0 % (0/1)

Ceftriaxone 0 % (0/1)

Rifampin 0 % 0/18)

Trimetha–sulfa 0 % (0/7)
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Fig. 2 Trend comparison of the
number of cases of MRSA and
MSSA over the course of the
study (1999-2011). The isolates
included in this analysis were not
limited to those for which visual
acuity follow-up was available

Table 3 MRSA antibiotic sensitivities

MRSA (number of resistant isolates
amongst tested isolates)

Oxacillin 100 % (15/15)

Cefazolin 100 % (14/14)

Gatifloxacin 89 % (8/9)

Moxifloxacin 88 % (7/8)

Erythromycin 80 % (12/15)

Levofloxacin 71 % (10/14)

Clindamycin 40 % (6/15)

Ciprofloxacin 17 % (1/6)

Rifampin 14 % (2/14)

Tetracycline 14 % (2/14)

Trimetha–sulfa 0 % (0/7)

Ofloxacin 0 % (0/4)

Vancomycin 0 % (0/14)

Gentamicin 0 % (0/14)

Chloramphenicol 0 % (0/13)

Linezolid 0 % (0/10)

Tigecycline N/A (0/0)

Cefuroxime N/A (0/0)
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not analyzed in this study, such as presenting visual acuity, the
rapidity of onset, or the presence of certain infectious signs. It is
likely, however, that in appropriate patients, the treatment mo-
dality was selected according to conclusions drawn from the
Endophthalmitis Vitrectomy Study (EVS) [18].

With regard to antibiotic susceptibilities, themain limitation is
that not every isolate was tested for every antibiotic listed in
Table 2. Earlier isolates were tested only for early-generation
fluoroquinolones, and showed a high level of sensitivity. More
recent isolates were tested for sensitivity to fourth-generation
fluoroquinolones, and showed a high rate of resistance.No strain
was sensitive to a fourth-generation fluoroquinolone yet resistant
to an earlier generation. The high incidence ofMRSA resistance
to latest-generation fluoroquinolones is alarming, especially giv-
en that themajority of cataract surgeons utilize fluoroquinolones
as their primary antibiotic prophylaxis following cataract surgery
[19]. While the use of intracameral cefuroxime has been sug-
gested as a replacement for or adjunct to topical post-operative
antibiotics, it is unclear fromour studywhether thiswouldhelp to
combat S. aureus, as no MRSA isolates and only one MSSA
isolate were tested for sensitivity to cefuroxime [20].

An additional question that was addressed in the current study
waswhetheradifferenceexists in theetiologiesofendophthalmitis
between theMRSAandMSSAcohorts. The data obtained in this
study did not demonstrate any statistical difference between the
two groups, as cataract surgery was the predominant etiology in
both cohorts andwas followed by relatively few cases from other
etiologies, including intravitreal injections, trauma, endogenous,
bleb-associated, corneal surgery, and incisional glaucomasurgery.

In conclusion, the relative incidence of MRSA endophthal-
mitis as compared to MSSA appears to be increasing. While
MRSA remains sensitive to vancomycin, its sensitivity to
fourth-generation fluoroquinolones appears to have dropped
below 15 %, leading us to question popular choices of post-
cataract surgery antibiotic prophylaxis. No difference in visual
acuity outcome was observed between the MRSA and MSSA
cohorts at any time point.
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