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Statement of need
Antibiotics are widely used in ophthal-
mology, both to treat infection and for 
peri- and postoperative surgical prophy-
laxis. The antiinfectives most widely used 
in the ophthalmic practice are topical 
fluoroquinolones, of which there are now 
six different agents that are commercially 
available in the U.S. Developed over many 
years, there are significant differences 
between the topical fluoroquinolones, 
leading to questions about which agents 
are most appropriate for use in which 
clinical situations. FDA labeling cannot 
be used as a guide since all of the agents 
save one are indicated for the treatment 
of bacterial conjunctivitis, and the re-
maining agent is indicated for bacterial 
keratitis. None is indicated for surgical 
prophylaxis, although all are or have been 
widely used for that purpose.

Numerous factors, including molecular 
structure, pharmacodynamics, and 
pharmacokinetics, determine the efficacy 
of ocular antibiotics and their utility in dif-
ferent clinical applications.1-6  Particularly 
important is the fact that most ocular 
antibiotics are delivered topically, which 
means that some of the standard metrics 
of efficacy, which were developed for 
systemic drugs, don’t apply to the ocular 
situation. (For example, the terms “sus-
ceptible” and “resistant,” which are based 
on achievable serum concentrations, 
have little meaning when vastly higher 
drug concentrations can be achieved on 
the surface of the eye via topical dosing.) 

Recent work has challenged conventional 
thinking about the meaning and determi-
nants of antibiotic potency in the ocular 
situation. In addition, the presence of 
new topical fluoroquinolone formulations 
with properties different from other drugs 
in the class, changes the options available 
to physicians. By being made aware of 
these findings, ophthalmologists will be 
better able to evaluate new medications 
and select optimal antibiotic agents, 
especially for surgical prophylaxis.

Rethinking Ocular Antiinfectives will 
educate readers about the various fac-
tors that determine the efficacy of ocular 
antibiotics. This discussion will include 
an overview of how ocular antiinfectives 
have evolved, and it will offer new think-
ing about drug penetration into ocular 
tissues and spaces as it relates to antibi-
otic efficacy. Novel antiinfectives will also 
be described, as will the impact of the 
growing prevalence of fluoroquinolone-
resistant ocular flora. Ophthalmologists 
will be able to apply this information 
immediately as they seek out the best 
options for preventing and managing 
ocular infection.  
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Reports of bacterial resistance are no longer 
solely the province of the medical literature—
the subject is being reported with ever greater 
frequency in the popular press as well. This me-
dia interest in bacterial resistance is, perhaps, an 
index of the gravity of the issue. However, very 
little of the public attention has been focused on 
specifically ocular infections. In this module, we 
will review reports of changing and increasing 
bacterial resistance in ocular isolates, particu-
larly in relationship to ophthalmic fluoroquino-
lone antibiotics and the incidence of methicil-
lin-resistant Staphylococcus aureus (MRSA).

In subsequent installments of this series 
on “Rethinking Ocular Antiinfectives” we will 
look at the ways in which ocular infections differ 
from systemic infections and what this means 
for the treatment of ocular infections. As we 
shall see in subsequent modules, in vitro “resis-
tance” may have a slightly different significance 
in the ocular setting. 

endoPhthalmItIS
Ocular infections are classically divided into 

three types: 1) endophthalmitis, in which infec
tion may be deep in the vitreous and difficult to 
treat; 2) keratitis, or corneal infection (typically 
seen following refractive surgery or contact lens 
wear); and 3) conjunctivitis, or infection of the 
ocular surface.

Data from endophthalmitis studies are par
ticularly useful, as cases of postoperative endoph
thalmitis often reflect contamination by flora 
from the patient’s own conjunctiva, suggesting 
possible failures in adequate surface sterilization 
and prophylaxis. An understanding of changing 
trends in the microorganisms that cause postop
erative endophthalmitis offers opportunities to 
adjust the antibiotics we use on the surface of the 
eye. 

With that for background, let us look at some 
trends in reported bacterial resistance in endoph
thalmitis isolates, as this may help to identify 
potential areas in which prophylaxis is particularly 
challenging. In 2006, Miller and associates report

ed that no more than 75% of coagulasenegative 
staphylococci (CNS) isolates remained sensitive 
to the fluoroquinolones tested, with the older 
ocular fluoroquinolones (ciprofloxacin, ofloxacin) 
showing less effectiveness than the newer ones 
(levofloxacin, gatifloxacin, and moxifloxacin) (Ta
ble 1).1 In addition, over the time between study 
periods, a substantial reduction in susceptibility 
had occurred for the “fourth generation” fluoro
quinolones, gatifloxacin and moxifloxacin, drop
ping from 96.6% to 65.4% in the periods 1990 to 
1994 and 2000 to 2004, respectively. 

During these same time periods, the 
MIC90 values increased substantially, from less 
than 0.2 µg/mL to 32 µg/mL (or more) for 
these two relatively new fluoroquinolones. This 
MIC level is high in relation to standard labora
tory definitions of resistance, and it is also high 
in relation to the fluoroquinolone levels that we 
may achieve after penetration to certain tissues or 
spaces of the eye. An additional finding was that 
more than 65% of CNS isolates resistant to cip
rofloxacin were also crossresistant to gatifloxacin 
and moxifloxacin.1

In 2008, Deramo and associates report
ed an 18.2% MRSA rate in culturepositive 
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endophthalmitis cases.2 Of note, all these patients 
had received fluoroquinolone drops for 23 days 
preoperatively. None of the MRSA isolates was 
“sensitive” to the fluoroquinolones tested, and 
there was a poor visual outcome in twothirds 
of these MRSA cases. (The MRSA isolates in 

this study did show “sensitivity” to gentamicin 
and vancomycin.) Corneal abnormalities ranging 
from wound infection to diffuse corneal opacifi
cation, were noted in 83.3% of these cases, per
haps suggesting a portal of entry for the bacteria. 
The reported incidence of MRSA endophthal
mitis in this singlecenter study was considerably 
higher than rates in the Endophthalmitis Vit
rectomy Study (EVS) of 1996, reported only 12 
years before.

A more recent study from the Bascom Palmer 
Eye Institute reported an even higher incidence 
of MRSA in 32 cultureproven endophthalmi

tis cases recovered during the period from 1995 
to 2008 (Figure 1).3 The overall MRSA rate in 
endophthalmitis cases was 41%, and 44% spe
cifically in cataract cases. Cataract surgery ac
counted for 56% of cases, overall. It is interesting 
to note that one methicillinsensitive Staphy-
lococcus aureus (MSSA) isolate in this series was 
also fluoroquinoloneresistant. Furthermore, the 
MRSA isolates showed a 62% resistance rate to 
the “fourth generation” fluoroquinolones moxi
floxacin and gatifloxacin (Figure 2). 

We can say that the reported incidence of 
MRSA in endophthalmitis isolates has shown 
an important increase in recent years. During the 
period from 1984 to 1992, no MRSA isolates 
were reported in endophthalmitis cases. At the 
time of the EVS in 1996, the incidence of report
ed MRSA endophthalmitis was just 1.9%. In the 
most recent study by Major and associates, the 
MRSA rate had risen to 41% overall, and 44% 
specifically after cataract surgery.3

mrSa and flUoroqUInolone-
reSIStant mrSa

The percentage of MRSA isolates that are 
also resistant to the “fourth generation” fluoro
quinolones is a growing concern, and data de
scribing this phenomenon have been generated 
only in recent years. Figure 3 shows data from the 
Bascom Palmer Eye Institute that reports 62% of 
MRSA as resistant to moxifloxacin and gatifloxa
cin. The comparable rate described in the Ocular 
TRUST (Tracking Resistance in United States 
Today) study data, collected from a large number 
of institutions, shows somewhat higher overall 
MRSA resistance rates of 75.8% and 81.8% to 
moxifloxacin and gatifloxacin, respectively.4

KeratItIS
MRSA has also been isolated from corneal 

infections. Bilateral corneal infiltrates, identified 
as MRSA, were described by Woodward and 
Randleman occurring 1 week after PRK—the 
fifth reported case of postPRK MRSA kera
titis.5 Bacterial culture identified the MRSA as 
resistant to levofloxacin. In this instance, the pa
tient was a liver transplant recipient who had re
quired frequent trips to the hospital. The authors 
suggested the hospital setting may have increased 
the risk for ocular MRSA infection. 

Moshirfar and associates reported a case of 
Pseudomonas aeruginosa keratitis following PRK, 
despite prophylactic moxifloxacin use.6 In the 
same paper the authors also described a case of 
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FIGURE 1. Percentage of endophthalmitis caused by MRSA. 
Although the studies are not directly comparable, the 
growth in MRSA isolates is striking. (Source: Reference 3.)

FIGURE 2. Percentage of MRSA isolates resistant to moxi-
floxacin and gatifloxacin. (Sources: References 3 and 4.)
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postLASIK infection with MRSA resistant to 
the gatifloxacin drops the patient had been re
ceiving. Culture identified the organisms as being 
resistant to moxifloxacin and gatifloxacin.

The increasing incidence of MRSA and flu
oroquinoloneresistant organisms in cornea and 
conjunctival isolates was described by Marangon 
and associates.7 Between 1990 to 1995 and 1996 

to 2001, the incidence of ciprofloxacinresistant 
S. aureus in corneal and conjunctival isolates rose 
from 8% to 20.7%. The incidence of MRSA that 
was also ciprofloxacinresistant rose from 55.8% 
to 83.7% in these time periods. During the pe
riod 20002001 alone, 95.7% of MRSA isolates 
were ciprofloxacinresistant and 82.1% were 
also levofloxacinresistant. (All, however, were 
vancomycinsensitive and 86% were gentamicin
sensitive). 

overall bacterIal reSIStance In 
ocUlar ISolateS

Ocular TRUST is a surveillance program 
that tracks trends in bacterial resistance in ocu
lar isolates from a large number of institutions. 
Patterns of fluoroquinolone resistance within 
methicillinresistant organisms can be seen in 
the Ocular TRUST data, where approximately 
80% of MSSA were sensitive to ciprofloxacin, 
levofloxacin, gatifloxacin, and moxifloxacin, but 
MRSA susceptibility was much lower, only near 
15% (Figures 3 and 4).4 The efficacy of tobra
mycin against MRSA was also low, and the ac
tivity of azithromycin even lower. No activity 
was shown by penicillin or polymyxin B against 
MRSA. In this surveillance study, trimethoprim 
retained a high rate of efficacy against both 
MSSA and MRSA.

In 2009, a new ocular fluoroquinolone was 
introduced, besifloxacin, an agent not available 
to earlier reports or surveillance programs. When 
tested sidebyside with other fluoroquinolones 
(including moxifloxacin, gatifloxacin, levofloxacin 
and ciprofloxacin) and other antibiotics (such as 
azithromycin, tobramycin and oxacillin), besiflox
acin showed the lowest MIC50 of all agents tested 
against strains of ciprofloxacin nonsusceptible 
Staphylococcus epidermidis, 83.3% of which were 
also methicillinresistant (MRSE) (Figure 5).8 
Against S. aureus (ciprofloxacin nonsusceptible, 
63.6% of which were MRSA), the MIC90 of be
sifloxacin was also lowest, with the MIC90 of all 
other antibio tics tested above the test limits used 
(Figure 6).

In addition to surveillance studies, case re
ports help us understand the impact of the ris
ing prevalence of MRSA in ocular infections. 
The first case report of bilateral MRSA infection 
after PRK again involved exposure to a hospi
tal setting.9 In this case, a medical resident pre
sented with a corneal ulcer following PRK, and 
the authors noted that the hospital setting itself 
may place such patients at higher risk. It was sug
gested that MRSAappropriate prophylaxis may 
be recommended in these cases.

Additional reports of MRSA corneal infec
tions appear in the literature and point to patient 
populations that may be at increased risk.1013 
Cosar and associates described seven patients 
with clear corneal wound infections after phaco
emulsification.13 MRSA was present in two cases, 
Streptococcus pneumoniae in one case, and S. epi-
dermidis in one case. In threequarters of culture
positive cases, the microbes were resistant to 
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FIGURE 3. Susceptibility of MSSA isolates in the Ocular 
TRUST study. (Source: Reference 4.)

FIGURE 4. Susceptibility of MRSA isolates in the Ocular 
TRUST study. (Source: Reference 4.)
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the perioperative antibiotics that had been used 
prophylactically at the time of surgery (including 
fluoroquinolones and tobramycin).

WorldWIde IntereSt In mrSa
It is worth noting that MRSA rates reported 

in systemic infections may vary widely by region. 
A report in 2007 by Deurenberg and associates 
described rates as low as 0.6% in the Netherlands 
and as high as 66.8% in Japan. Nevertheless, the 
rise of MRSA is a universal concern, and studies 
worldwide help to detail the nature of emerging 
resistant strains. 

A report from Turkey found 96% of ciproflox
acinresistant MRSA isolates (ciprofloxacin MIC 
of 32 µg/mL or greater) had mutations in the bac
terial grlA and gyrA genes; 54% of these strains 
were also resistant, or showed reduced susceptibil
ity, to gatifloxacin, with MICs  of  6 µg/mL or 
greater.15 Hoshi and associates reported that levo
floxacin and gatifloxacin in commercial eye drop 
concentrations showed lower bactericidal effects 
and a shorter postantibiotic effect (PAE) against 
fluoroquinoloneresistant strains of MRSA.16

The advantage of maintaining high fluoro
quinolone levels against ciprofloxacinresistant S. 
aureus strains was described by Firsov and associ
ates.17 The higher the AUC024/MIC ratio (the ar
eaunderthecurve from 0 to 24 hours divided by 
the microbial MIC), the more suppression of the 
resistant strains occurred, even when overall levels 
were within the mutant selection window. These 
findings confirm that higher fluoroquinolone lev

els sustained over time (higher AUCs) are also as
sociated with greater protection against bacterial 
mutant selection. Conversely, if AUC/MIC ratios 
are too low over time, then stepwise development 
of bacterial resistance may be encouraged.

conclUSIonS
The most recent report cited describes an 

overall incidence of MRSA in endophthalmitis 
isolates of 41% and a specific rate after cataract 
surgery of 44% during the period from 1995 to 
2008.3 This incidence is substantially higher than 
reported in earlier decades. The incidence of 
MRSA in keratitis and in corneal infections af
ter refractive surgery is also well described in the 
literature. The increase in resistant strains in ocu
lar isolates is not limited to methicillin resistance 
(MRSA/MRSE) but also to fluoroquinolone re
sistance within these groups, including resistance 
to the topical “fourth generation” fluoroquinolones 
that are often mainstays of modern treatment reg
imens. The rise in these fluoroquinoloneresistant 
strains is clearly documented in both surveillance 
studies and case reports.

New treatment strategies will be required to 
meet this challenge. We will need newer, more po
tent antibiotics that may provide lower MICs and 
better AUC/MIC ratios, as well as exhibit good 
activity against emerging resistant strains. Vigi
lance should also include recognition of patients 
who are at greater risk due to their environments 
or their global location and those with corneal 
wound abnormalities that may allow access of in
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creasingly resistant ocular pathogens into the tis
sues and spaces of the eye.

Susanne Gardner, PharmD, is an educator, writer, researcher, 
and consultant to the pharmaceutical industry in the area 
of ocular infections and diseases. She is based in Atlanta, 
Georgia.
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When I first started out in ophthalmology there 
was little talk of antibiotic resistance. Certainly, 
topics such as prophylaxis and broad-spectrum 
coverage were not discussed to the degree they 
are today. Concerns about drug efficacy arose 
mainly when we encountered atypical organ-
isms, not because we were concerned about re-
sistant bacteria.

Of course, much has changed since then. 
Infectious organisms—and the drugs used to 
eradicate them—have evolved dramatically. 
Among the many developments we have wit-
nessed in ophthalmology, one of the most no-
table occurred in the 1990s when, for the first 
time, fluoroquinolone antibiotics became avail-
able for ophthalmic use. Although we were ex-
cited by the prospect of new treatment options, 
these new drugs also warranted careful consid-
eration: would they be as effective as the forti-
fied eye drops we had been using to treat corneal 
ulcers and endophthalmitis? 

cIProfloxacIn
We caught our first glimpse into the capabili

ties of ocular fluoroquinolones with ciprofloxacin, 
which was eventually approved for the treatment 
of corneal ulcers. Ciprofloxacin proved effective 
and exhibited broadspectrum activity, but it also 
had poor solubility and left a residue on the cor
nea. Moreover, the rise of bacterial resistance has 
since negated much of its efficacy.1 

New fluoroquinolones would follow with im
proved pharmacokinetics and new mechanisms 
of bacterial killing—drugs such as levofloxacin, 
gatifloxacin, and moxifloxacin, which were formu
lated to target both DNA gyrase and topoisom
erase IV. Interfering with these essential enzymes 
inhibits bacterial reproduction; and because these 
drugs target both DNA gyrase and topoisomer
ase IV, two spontaneous mutations are thought 
to be needed for antibiotic resistance to develop.2 
Multistep mutations are still possible, however, 
and resistance has become a challenge for these 
newer fluoroquinolones as well.1

The newest fluoroquinolone, besifloxacin, re

ceived FDA approval in 2009 for treating bacte
rial conjunctivitis. Besifloxacin is the only fluo
roquinolone approved solely for ophthalmic use, 
and it has a unique delivery vehicle in DuraSite®, 
an artificial wetting agent that enhances residence 
time of the antibiotic on the eye.3 Besifloxacin has 
shown to be a strong inhibitor of both DNA gy
rase and topoisomerase IV in vitro and has dem
onstrated clinical efficacy against multiple organ
isms (including Staphylococcus aureus, Streptococcus 
pneumoniae and Haemophilus influenzae).4,5 How
ever, no systemic data is available for this drug, 
and because besifloxacin is new, clinical experi
ence is limited.

manaGInG InfectIonS and 
reSIStance

The growth of resistance has given us much 
to consider and has changed the way we think 
about managing infection. For example, I gener
ally do not culture if a patient has a minor (i.e., 
not visionthreatening) infection—but because 
resistance is always in the back of my mind, I keep 
a watchful eye for patients with special situations 
that may predispose them to infection or increase 
the likelihood of encountering resistant bacteria.

Certainly, if an individual has seen several 
physicians, tried different treatments, and the in
fection persists, methicillinresistant Staphylococ-
cus aureus (MRSA) will be on my mind. But there 
are also other patients who may be at risk for or
ganisms that are particularly difficult to treat. For 
example, a patient may present with conjunctivitis 
that normally wouldn’t be hard to manage—but if 
he or she comes from a nursing home population, 
resistant organisms may be present. 

Other patients who are at an increased risk 
of infection include immunosuppressed individu
als (eg, patients who are on cancer treatment, are 
HIV positive, etc.). Also on my radar are contact 
lens wearers, as contact lens wear has been as
sociated with serious infections and even some 
atypical infections (eg, Acanthamoeba keratitis). 
When these patients present with an infection, 

PRaCTiCE PERsPECTivE 

The Growth of Antibiotic Resistance and 
Its Meaning for Drug Selection
▶ Penny A. Asbell, MD 

continued on page 10
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The Tracking Resistance in United States Today 
(TRUST) study is a massive surveillance pro
gram developed to monitor microbial resistance 
in the United States. The ocular isolates tested 
are obtained from laboratories around the coun
try on an annual basis. 

Originally, the TRUST study focused on 
systemic infections. However, it has since been 
expanded to include a substudy called Ocular 
TRUST, which focuses on in vitro susceptibil
ity and resistance patterns for common ocular 
pathogens. Today, the Ocular TRUST study 
represents the largest collection of eye infection 
surveillance data in the world. Table 1 shows the 
organisms and antimicrobials that were most re
cently tested.

The results of the Ocular TRUST study 
revealed that, while about 80% of the methi-
cillinsensitive Staphylococcus aureus (MSSA) 
organisms were susceptible to the fluoroqui
nolones tested, only about 15% of the methi-
cillinresistant Staphylococcus aureus (MRSA) 
organisms were susceptible (Figure 1).

Table 2 provides a more detailed breakdown 
of the resistance rates reported for ciprofloxacin, 
levofloxacin, gatifloxacin, and moxifloxacin. The 
rate of resistance among the MSSA organisms 
was less than 20%. This signifies that in most 
cases, these antibiotics would be fairly effec
tive in treating MSSA infections. However, as 
we see in the second column, roughly 80% of 
MRSA organisms were resistant to both the older 
and newer fluoroquinolones tested (although the 
newest fluoroquinolone, besifloxacin, wasn’t on 
the panel of drugs tested). Significant rates of 
resistance were also found among the other an
tibiotics tested, including polymyxin B, penicil
lin, azithromycin, and trimethoprim. The most 
dramatic examples were polymyxin B (100% 
MSSA resistance, 100% MRSA resistance) 
and penicillin (90.2% MSSA resistance, 100% 
MRSA resistance) (Table 3).

Collectively, the results of the Ocular 
TRUST study demonstrate the serious impact 
antibiotic resistance has on our selection of 
effective ocular antiinfectives.

REFERENCE
Asbell PA, Colby KA, Deng S, et al. Ocular TRUST: 
nationwide antimicrobial susceptibility patterns in ocular 
isolates. Am J Ophthalmol. 2008 Jun;145(6):951958. Epub 
2008 Mar 28.
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I take a culture specimen from the cornea—but 
when possible, I also culture the contact lens, as 
well as the lens case, because these cultures can 
sometimes be helpful in pinpointing the causative 
organism. 

If culture is performed and a serious infection 
is reported, I will initiate treatment immediately. 

Fluoroquinolones offer an excellent advantage 
here by providing an instantly available, offthe
shelf, broadspectrum medication. It is a welcome 
improvement from the fortified eye drops we used 
previously, which needed to be compounded and 
were therefore not instantly available for use.

What I looK for In an antIbIotIc
To help narrow the long list of available treat

ment options, there are certain criteria I always 
look for when selecting a topical antibiotic (Table 
1). First, the drug should be broadspectrum. If 
the drug is a fluoroquinolone, it should also have 
a dualmechanism of action (ie, the ability to in
hibit both DNA gyrase and topoisomerase IV) to 
decrease the likelihood of resistance. Additionally, 
I want a drug that penetrates the ocular tissue and 
will stay there long enough to be effective. Clearly, 
drug safety and side effects are also considerations.

Finally, I always keep in mind that ocular in

fections are typically caused by organisms that are 
present on the cornea, lid margin, or conjunctiva. 
As I mentioned earlier, wetting agents can serve 
additional purposes beyond moistening the ocular 
surface—they may also enhance residence time of 
the antibiotic on the surface of the eye, where the 
infectious organisms are present.

conclUSIon
Numerous advances in antibiotic therapy have 

yielded a wide variety of ocular antiinfective med
ications. These include fluoroquinolones, vanco
mycin, macrolides, aminoglycosides, and betalac
tams. Given this vast array of choices, it behooves 
us to think about the criteria we should be looking 
for when selecting an antibiotic. Antimicrobial re
sistance is not going away. New drugs will always 
be needed, and by increasing our knowledge of 
how antibiotics work and how resistance develops, 
we will be better able to evaluate available treat
ments and select the best options for our patients.

Penny A. Asbell, MD, FACS is a tenured professor of oph
thalmology, director of Cornea and Refractive Services and 
Cornea Fellowship director in the department of ophthal
mology at Mount Sinai School of Medicine (MSSM).
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Once you have read this newsletter, you may take the CME Examination on the 
following page. Please fill out the Examination Answer Sheet, photocopy it or cut 

it out, and MAIL it to: 

UNIVERSITy OF FLORIDA COLLEGE OF MEDICINE

OFFICE OF CONTINUING MEDICAL EDUCATION

PO BOx 100233

GAINESVILLE, FL 32610-0233

Or fax the completed form to: 352-733-0007

you can also take the test online at http://cme.ufl.edu/roa
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Directions: select the one best answer to each question in the Exam (Questions 1-10) and in the Evaluation (Questions 11-16) below by circling one letter 
for each answer. Participants must score at least 80% on the questions and complete the entire Evaluation section on the form below. The university of florida 
College of Medicine designates this activity for a maximum of 1.0 aMa PRa Category 1 Credit™. There is no fee to participate in this activity. you can take the 
test online at http://cme.ufl.edu/roa.

examinatiOn	answeR	sheet	 Rethinking	Ocular	antiinfectives,	Part	1

1. in the study by Deramo et al, poor 
visual outcomes were reported in 
what fraction of the MRsa cases?
a. One-third
B.  Two-thirds
C.  all of the cases
D. none of them

2. in the study by Deramo et al, the 
MRsa isolates were susceptible to: 
a. Besifloxacin
B.  gatifloxacin
C. vancomycin
D. all antibiotics tested

3. Over the last 2 decades, the 
proportion of endophthalmitis cases 
in which MRsa is isolated has been:
a. Too small to measure 
B. Decreasing
C. level
D. growing

4. The Ocular TRusT study data found 
that the proportion of MRsa isolates 
resistant to either gatifloxacin or 
moxifloxacin was between:
a. 0% and 25%
B. 26% and 50%
C. 51% and 75%
D. 75% and 100%

5. in the Ocular TRusT study, MRsa 
showed resistance to which ocular 
fluoroquinolones?
a. The older but not the newer 

fluoroquinolones
B. The newer but not the older 

fluoroquinolones
C. Both the newer and the older 

fluoroquinolones
D. none of the above—MRsa 

organisms are highly 
fluoroquinolone susceptible 

6.  in the study by Marangon and 
associates, all of the S. aureus isolates 
were susceptible to:
a. vancomycin
B. Ciprofloxacin
C. levofloxacin
D. gentamicin

7.  in the Ocular TRusT study, 
fluoroquinolone resistance was:
a.  greater in MRsa than Mssa 

isolates 
B. about the same in MRsa and 

Mssa isolates
C. less in MRsa than Mssa isolates 
D. low in both groups

  

8. Work by firsov and associates 
indicates that higher auC0-24/MiC 
ratios:
a. have little bearing on 

fluoroquinolone efficacy 
B. are irrelevant to the ocular 

situation
C. are correlated with greater 

suppression of resistant strains
D. are easily determined in the 

clinical setting

9. Which of the following is nOT true of 
fortified topical antibiotics?
a. Readily available
B. Require compounding
C. available only from specialized 

pharmacies
D. have been supplanted by 

fluoroquinolones for routine use

10. Which of the following is true of 
ciprofloxacin?
a. it is the most recently introduced 

ocular fluoroquinolone
B. it was never used in 

ophthalmology
C. it has low solubility
D. it is still a popular topical drug in 

ophthalmology
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and Candeo Clinical/science Communications, llC, and 
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entire Evaluation (Questions 11-16) to receive CME credit.
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11. Extent to which the activity met the identified
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12. Rate the overall effectiveness of how the activity:
 Related to my practice:  1 2 3 4 5
 Will influence how i practice:  1 2 3 4 5
 Will help me improve patient care:  1 2 3 4 5
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 Overall quality of material:  1 2 3 4 5
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 avoided commercial bias/influence:  1 2 3 4 5
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15. how committed are you to making these changes?
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16. are future activities on this topic important to you?
         yes  no
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