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Abstract

Purpose: Topical antibacterial agents, used as an off-label indication, are frequently administered pre- and
postoperatively to prevent endophthalmitis. We compared topical treatment with fluoroquinolone (FQ) anti-
infectives to non-FQ antibacterial agents to prevent Staphylococcus aureus endophthalmitis. We hypothesize that
FQ anti-infectives are more effective than non-FQ antibacterial agents for preventing endophthalmitis.
Methods: Moxifloxacin 0.5%, ofloxacin 0.3%, gentamicin 0.3%, chloramphenicol 0.5%, polymyxin B/trimetho-
prim (10,000 units/mL/0.1%), povidone-iodine 5%, and saline were tested for topical treatment to prevent
endophthalmitis. Topical treatment was applied every 15min for 1h (5 drops) to the left eye of 14 rabbits for
each antibacterial agent and saline. After appropriate anesthesia, the anterior chambers were injected with 1x 10°
colony-forming units of a clinical endophthalmitis isolate of a S. aureus that was susceptible to all tested
antibacterials. One drop was administered immediately and another 4 drops of topical treatment were applied
over 24 h after injection. At 24 h postinjection, the eyes were graded for clinical signs of endophthalmitis (ocular
discharge, conjunctivitis/scleral injection, limbal injection, hypopyon*, iritis*, anterior chamber cells*, anterior
chamber flare*, corneal infiltration, and fibrin production®) using a severity scale (0-3). The indication of clinical
endophthalmitis was a total score of >3.0 for the presentations marked with an asterisk. The data were analyzed
using Fisher’s Exact Randomization or Mann—-Whitney nonparametric testing.

Results: Topical ofloxacin (14/14, 100% without endophthalmitis) and moxifloxacin (13/14, 93%) prevented the
clinical presentation of endophthalmitis significantly more frequently (P=0.03, Fisher’s Exact Test (FE)) than
topical gentamicin (7/14, 50%), povidone iodine (4/14, 29%), chloramphenicol (0/14, 0%), polymyxin B/tri-
methoprim (0/14, 0%), and saline (0/14, 0%). The median total clinical scores for the ofloxacin (0.5) and mox-
ifloxacin (0.8) groups were significantly (P=0.008, Mann-Whitney Test (MW)) lower than gentamicin (5.7),
chloramphenicol (17.5), polymyxin B/trimethoprim (21.2), povidone-iodine (15.5), and saline (18.7).
Conclusions: The FQs, ofloxacin and moxifloxacin, were more effective in preventing endophthalmitis than the
non-FQ antibacterial agents in a rabbit S. aureus endophthalmitis model. The observed results are consistent with
the hypothesis that FQs penetrate into the anterior chamber at more effective levels than many of the common
non-FQ antibacterial agents.

Introduction

HE ADMINISTRATION OF topical antibacterial agents to
prevent endophthalmitis is a common off-label practice
used by ophthalmic surgeons during surgery. Povidone-
iodine has been accepted to decrease the number of bacterial
pathogens in the conjunctiva, eyelids, and surrounding oc-
ular adnexa.!? Povidone-iodine eradicates bacterial con-

tamination on the ocular surface, but does not penetrate into
the intraocular chambers. Although some anti-infectives
penetrate into the aqueous humor,>* there is no case-based
evidence that topically applied anti-infectives decrease the
incidence of postsurgical endophthalmitis. Barry et al. dem-
onstrated in the European Society of Cataract and Refractive
Surgeons study that intracameral cefuroxime significantly
decreased the incidence of postsurgical endophthalmitis and
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that topical levofloxacin also decreased the incidence, but the
decrease was not statistically significant.” Romero et al. ® and
Garat et al.” indicated that off-label intracameral cefazolin
decreased the incidence of endophthalmitis. In animal
studies, our group demonstrated the Proof of Principle that
topical moxifloxacin 0.5% was able to prevent endo-
phthalmitis and that a fourth generation fluoroquinolone
(FQ) (moxifloxacin 0.5%) was more effective for preventing
endophthalmitis than a third generation FQ (levofloxacin
0.5%).57

The elimination of topical contamination alone and the
application of intraocular penetrating anti-infectives have
not completely resolved the problem of postsurgical en-
dophthalmitis. Until the final solution is found, new and
enhanced contemporary antibacterial agents will need to be
evaluated. Optimal topical agents should not only sterilize
the ocular surface, but also penetrate into the aqueous humor
at concentrations high enough to eliminate bacteria that enter
the globe during surgery.

In the present rabbit study, we applied topical antibacte-
rial agents before and postinjection of Staphylococcus aureus
into the anterior chamber. The topical antibacterial agents
were an antiseptic (povidone-iodine) and commonly used
ophthalmic solutions (moxifloxacin, ofloxacin, gentamicin,
chloramphenicol, and the polymyxin B/trimethoprim com-
bination) used to treat infections. We hypothesize that FQ
anti-infectives will be more effective in preventing en-
dophthalmitis than an antiseptic and other commonly used
antibacterial agents. To test our hypothesis, the rabbits were
evaluated for clinical signs of endophthalmitis and intraoc-
ular bacterial growth, and the results were compared sta-
tistically for all the topical treatment groups.

Methods

A rabbit model was previously established by our lab-
oratory to test topical anti-infectives to prevent en-
dophthalmitis.® The present study conformed to the ARVO
Statement on the Use of Animals in Ophthalmic and Vision
Research, and was approved by the University of Pitts-
burgh Institutional Animal Care and Use Committee
(Protocol No. 0708986).

S. aureus endophthalmitis isolate

A S. aureus strain (E253) isolated from a clinical case of
endophthalmitis was chosen from our clinical tissue bank
that serves as a resource to validate laboratory susceptibility
testing and monitoring of antibiotic resistance. The isolate
was de-identified, stored at —80°C, and chosen based on its
susceptibilities [minimum inhibitory concentrations (MICs)]
to moxifloxacin 0.032 ng/mL, ofloxacin 0.38 ug/mL, genta-
micin 0.75pg/mL, chloramphenicol 8pg/mL, and poly-
myxin B/trimethoprim (192 pug/mL, 2ug/mL) (S. aureus is
intrinsically resistant to polymyxin B). Povidone-iodine was
deemed an antiseptic effective against S. aureus. It was the
intent that the S. aureus be susceptible to all antibacterial
agents tested in this study.

S. aureus E253 was retrieved from frozen storage and
grown overnight at 37°C on trypticase soy agar supple-
mented with 5% sheep blood (BBL™, Becton, Dickinson, and
Co., Sparks, MD). Overnight colonies were suspended in a
trypticase soy broth (BBL, Becton, Dickinson, and Co.,) and
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the turbidity was determined spectrophotometrically at
650nm. An optical density of 0.23 correlated to approxima-
tely 1x10% colony-forming units (CFU) per mL. The con-
centration based on the optical density was appropriately
diluted in the sterile trypticase soy broth to provide the in-
oculum of 1x10° CFU/ eye in 25 uL that was inoculated into
the aqueous of all rabbit eyes. Colony counts were per-
formed to confirm the actual CFU inoculated.

Treatment groups

Seven topical treatments groups were compared for
the ability to prevent endophthalmitis: (1) moxifloxacin 0.5%,
(Vigamox,7 moxifloxacin HCl ophthalmic solution; Alcon La-
boratories, Ft. Worth, TX; Lot No. 115351F), (2) ofloxacin 0.3%,
(ofloxacin ophthalmic solution USP; Falcon Pharmaceuticals
Ltd; Lot No. 134614F), (3) gentamicin 0.3%, (gentamicin sulfate
ophthalmic solution USP; Falcon Pharmaceuticals Ltd.; Lot No.
89058F), (4) chloramphenicol 0.5%, (Alcon Cusi, Barcelona,
Spain; Lot No. 8ABGI1B), (5) polymyxin B sulfate/trimetho-
prim sulfate 10,000 units/mL/0.1%, (Falcon Pharmaceuticals
Ltd.; Lot No. 13843F), (6) povidone-iodine ophthalmic prep
solution 5%, (Betadine, Alcon Laboratories; Lot No. KHE010),
and (7) saline, 0.9% Sodium Chloride Injection USP (Baxter
Healthcare Corp., Deerfield, IL). All antibacterial drugs were
supplied by Alcon Laboratories in a secure, intact packaging.
The injectable nonpreserved saline was obtained from the
University of Pittsburgh Medical Center Central Pharmacy
(Pittsburgh, PA).

Experimental protocol

A total of 98 rabbits (14 rabbits per group) were used in
this study. The rabbits were equally divided into 7 trials
consisting of 14 rabbits per trial and using 2 rabbits per an-
tibacterial drug and saline control group. For each topical
treatment, the left eye of 14 rabbits was administered 1 drop
of drug every 15min for 1h (5 drops). Rabbits were sys-
temically anesthetized with an intramuscular injection of
ketamine (40 mg/kg) (Ketaject®, Phoenix Pharmaceuticals,
St. Joseph, MO) and xylazine (4mg/kg) (AnaSed®, Lloyd
Laboratories, Shenandoah, IA) in the rear flank. Topical an-
esthesia (0.5% proparacaine) (Falcon Pharmaceuticals) was
applied to each cornea before proptosing the globe with a
soft-tipped dacron applicator. The anterior chamber was
injected with 0.025mL (25 uL) (1x10° CFU) of S. aureus E253
using a 30-gauge, Y2 inch needle and 0.1-mL syringe through
the central cornea without disturbing the intraocular struc-
tures. One drop of topical treatment was immediately ap-
plied and an additional 4 drops of topical treatment were
applied over the following 24h. The animals were given
intramuscular ketoprofen (Ketofen®, Fort Dodge, IA)
(1.5mg/kg) to control potential discomfort over the following
24 h postinjection.

At 24h post injection, the eyes were graded (oph-
thalmologist F.5.M.) in a masked fashion, where the clinical
examiner did not know the topical treatment or any infor-
mation concerning each specific rabbit. The examination
was graded for clinical signs of endophthalmitis (ocular
discharge, conjunctivitis/scleral injection, limbal injection,
hypopyon, iritis, anterior chamber cells, anterior chamber
flare, corneal infiltration, and fibrin production) using a se-
verity scale (0-3).*° Following clinical examination, the
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rabbits were sacrificed with an overdose of Euthasol (Virbac
AH, Inc., Fort Worth, TX), and the anterior chamber and
vitreous were tapped using 23-gauge needles on tuberculin
syringes. The number of viable S. aureus (CFU/mL) from the
anterior chamber and vitreous was determined with stan-
dard bacterial colony counts.

Statistical analysis

The current study was performed in a total of 7 trials using
2 rabbits for each treatment group per trial. The results of the
7 trials were combined and the statistical analyses were
performed.

The relative incidence of endophthalmitis was analyzed
with the Fisher’s Exact randomization test (www.langsrud
.com/fisher.htm) based on slit lamp examination and/or
positive cultures between the topical treatment groups. The
graded clinical data were analyzed nonparametrically with
the Mann-Whitney test (Minitab®, State College, PA). The
designation of clinical endophthalmitis was based on the
clinical judgment of the masked examiner and a total clinical
score of 3.0 or greater based on the combined clinical scores
of hypopyon, iritis, fibrin production, anterior chamber cells,
and anterior chamber flare. The incidence of positive cul-
tures, based on aqueous and/or vitreous isolation, between
the topical treatment groups was analyzed with the Fisher’s
exact randomization test.

Results

The actual S. aureus inocula injected ranged from 7.9 x 10*
to 2.34x10° CFU per eye (meanzstandard deviation=
1.88+0.64x10° CFU/ eye; median=1.88x 10° CFU/ eye) over
the 7 trials. Figure 1 summarizes the data of rabbits adminis-
tered topical antibacterials and challenged with S. aureus. To-
pical ofloxacin (14/14, 100%) and moxifloxacin (13/14, 93%)
prevented the clinical presentation of endophthalmitis signifi-
cantly more often (P=0.03, Fisher’s Exact Test (FE)) than
topical gentamicin (7/14, 50%), povidone-iodine (4/14, 29%),

> 3 Denotes the Clinical

Appearance of Endophthalmiti Pr ion of Positi
Endophthalmitis Cultures
Saline 18.7 | 0/14 (0%) 9/12 (75%)
Poly B/Trimethoprim — 21.2] 0/14 (0%) 9/12 (75%)
Chloramphenicol—| 17.5 | 0/14 (0%) 9/12 (75%)
Povidone-lodine | 15.5 | 4114 (29%)  6/13 (46%)
Gentamicin -] 57 7114 (50%) 4/13 (31%)
Moxifloxacin— Jo.8 13114 (93%)  0/14 (0%)
Ofloxacin—]o.s 14/14 (100%)  0/14 (0%)
T T T T 1
0 3 5 10 15 20 25

Median Total Clinical Score

FIG. 1. The bar chart summarizes the data of rabbits ad-
ministered topical antibacterials and challenged with Staphy-
lococcus aureus. The designation of clinical endophthalmitis
was determined on the clinical judgment of the masked ex-
aminer and a Total Clinical Score of 3.0 or greater based on
hypopyon, iritis, fibrin production, anterior chamber cells, and
anterior chamber flare. Prevention of endophthalmitis is the
number of rabbit eyes that topical treatment prevented en-
dophthalmitis based on clinical and/or positive culture. Pos-
itive cultures are the number of eyes (aqueous and/or
vitreous) that proved culture-positive for S. aureus.
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chloramphenicol (0/14, 0%), polymyxin B/trimethoprim (0/
14, 0%), and saline (0/14, 0%). Gentamicin prevented en-
dophthalmitis more often (P =0.005, FE) than saline, polymyxin
B/trimethoprim, and chloramphenicol, but not more often
(P=0.44, FE) than povidone-iodine. The prevention of en-
dophthalmitis was statistically the same (P=0.09, FE) for saline,
polymyxin B/trimethoprim, povidone-iodine, and chloram-
phenicol, and for ofloxacin and moxifloxacin (P=1.0, FE).

The median Total Clinical Scores for the ofloxacin (0.5) and
moxifloxacin (0.8) groups were significantly lower (P=0.008,
Mann-Whitney Test (MW)) than gentamicin (5.7), chloram-
phenicol (17.5), polymyxin B/trimethoprim (21.2), povidone-
iodine (15.5), and saline (18.7). The median Total Clinical Score
for gentamicin was lower (P=0.007 MW) than the other non-
FQs and saline. There was no clinical difference (P=0.07 MW)
among the median Total Clinical Scores for saline, polymyxin
B/trimethoprim, povidone-iodine, and chloramphenicol, and
for ofloxacin and moxifloxacin (P=0.4 MW).

All rabbit eyes (aqueous and/or vitreous) that were
culture-positive for S. aureus also presented with clinical
signs of endophthalmitis. Ofloxacin (0/14) and moxifloxacin
(0/14) were culture-positive significantly less frequently
(P=0.04, FE) than gentamicin (4/13), povidone-iodine (6/
13), polymyxin B/trimethoprim (9/12), chloramphenicol (9/
12), and saline (9/12). There were fewer culture-positive eyes
for gentamicin (P=0.047, FE) than saline, polymyxin B/ tri-
methoprim, and chloramphenicol, and gentamicin was
equivalent to povidone-iodine (P=0.22, FE). There was no
significant difference in culture-positive eyes between
ofloxacin (0/14) and moxifloxacin (0/14) (P=1.0, FE).

Discussion

The choice of topical antibacterial drugs to prevent en-
dophthalmitis was the focus of this study. Based on the lit-
erature, there is no basis for the off-label application of
topical antibacterial drugs to the eye during surgery to pre-
vent bacterial endophthalmitis, but this is a common practice
by ophthalmic surgeons as a prudent precaution to guard
against postsurgical infection. Based on Speaker’s study, the
application of povidone-iodine is now a standard practice
for preoperative ophthalmic surgery." The next question to
address is whether sterilizing the ocular surface alone is
more important than an antibacterial drug that both steril-
izes the ocular surface and penetrates into the aqueous to
eliminate any invading contamination that enters the eye.
Reason would dictate that the added benefit of antibacterial
penetration could optimize the prevention of postsurgical
infection.

The design of our rabbit experiment was to evaluate com-
mon topical antibacterials under equal conditions against a
S. aureus isolate that was cultured from endophthalmitis
and was susceptible to all test agents (based on systemic
susceptibility standards). Other bacterial isolates may have
intrinsic resistance to some of the antibacterials tested, such
as Pseudomonas aeruginosa to chloramphenicol and Strepto-
coccus species to gentamicin. The concentration of bacteria
injected into the anterior chamber produced consistent en-
dophthalmitis in our model and should not be assumed to be
the inoculum necessary to produce endophthalmitis during
ophthalmic surgery. Our animal model like most animal
models does not completely mimic the human condition.
Our prime focus was penetration of an antibacterial through
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the cornea into the anterior chamber to prevent an infection.
Increasing the variables to include intracameral injection of
an antibiotic and ocular surface disinfection would complex
the present study. The number of animals to complete such a
study would be numerous when comparing multiple topical
therapies.

Our previously established model demonstrated that
moxifloxacin was effective in preventing endophthalmitis by
a susceptible S. aureus isolate.® We repeated the model de-
sign, and now also tested topical ofloxacin, gentamicin,
chloramphenicol, polymyxin B/trimethoprim combination,
and povidone-iodine to prevent endophthalmitis using the
same S. aureus isolate. The importance of the present study is
to demonstrate that topical antibacterials can enter the an-
terior chamber at concentrations to prevent endophthalmitis.
We did not measure these concentrations because the limited
amount of retrieved aqueous (0.1 mL without collapsing the
anterior chamber) was used only to determine bacterial vi-
ability. There was not enough aqueous to determine both
bacterial viability and antibacterial concentration without the
risk of significant trauma to the integrity of the eye and re-
producibility of the experiment. The aqueous concentrations
of different classes of antibacterials cannot be compared be-
cause of the chemical structure. In addition, the information
would not necessarily correlate meaningfully to the human
clinical situation.

Our study determined that topical FQs, moxifloxacin, and
ofloxacin, were more effective than topical non-FQs for
preventing bacterial endophthalmitis. Ofloxacin, a second
generation FQs, was as effective as moxifloxacin, a fourth
generation FQ. Unfortunately, this may not be the case
with many S. aureus isolates. Our laboratory (http://
eyemicrobiology.upmc.com) and Major et al.'” have reported
that FQ resistance is common with isolates of S. aureus. In
addition, in our previous publication,9 we demonstrated that
against a S. aureus isolate that was resistant in vitro to both
moxifloxacin and levofloxacin (note: levofloxacin is the pu-
rified L-isomer of ofloxacin), only moxifloxacin was effective
in preventing endophthalmitis. The coverage by moxi-
floxacin can be explained by the conveyance of resistance.
Whereas, S. aureus requires 2 mutations to convey resistance
to moxifloxacin, ofloxacin only requires a single mutation.™
Furthermore, moxifloxacin has been reported to be more
potent than levofloxacin and ofloxacin with lower MICs
against S. aureus isolated from endophthalmitis.'*> Moxi-
floxacin has also been shown to have better intraocular
penetration than other FQ anti-infectives.>*

It was demonstrated by our current study that the topical
non-FQs (gentamicin, chloramphenicol, and the polymyxin
B/trimethoprim combination) and the povidone-iodine an-
tiseptic were suboptimal for preventing endophthalmitis
with some limited activity with gentamicin. These agents are
excellent for reducing the bacteria on the ocular surface, and
for treating conjunctivitis and possibly other superficial oc-
ular infections, but they do not appear to penetrate through
the cornea into the aqueous to prevent endophthalmitis.

An interesting finding in our study was that povidone-
iodine provided some protection in preventing endo-
phthalmitis as a topical antibacterial. The limited activity
may be due to the entrance of povidone-iodine during the
anterior chamber injection of S. aureus instead of penetrating
through the cornea. The frequent dosing of the eye with
povidone-iodine as performed in this study is not standard
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preoperative care. The dosing was performed for consistency
in comparing all the antibacterial drugs under the same
conditions. We do not recommend our dosing regimen for
preoperative care until the appropriate studies of benefit are
completed.

In summary, our data support the acceptance of the hy-
pothesis that topical FQ anti-infectives are more effective
in preventing endophthalmitis than many non-FQ antibac-
terial drugs. The impact of this study has less importance
if sterilization of the ocular surface to prevent the entrance
of bacteria into the anterior chamber is the only risk factor
in the development of endophthalmitis. Postsurgical en-
dophthalmitis has other risk factors, such as inadequate
surgical preparation (i.e., eyelid cleansing, draping), poor
surgical technique, and operating room breakdown, that
could allow the entrance of bacteria into the eye. The ap-
plication of topical anti-infectives to penetrate into the
aqueous still appears to be a reasonable added safety mea-
sure to possibly guard against the development of bacterial
endophthalmitis.
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