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� e trend in � uoroquinolone development 
toward better gram-positive coverage 
makes later generations particularly 
valuable for empiric treatment of ocular 
surface infections. But should the next 
“generation” be a new mode of delivery 
rather than a molecular re� nement? 

A “generation” is a classification 
marking an advance in pharmaceutical 
development within a class of agents. 
With respect to antibiotics, a modifi -
cation in chemical structure, a twist 
in the mechanism of action, a shift or 
expansion of antimicrobial activity, im-
proved effi  cacy, lower resistance, better 
tolerability, altered pharmacokinetics, 
or some combination of the above, may 
solve a problem presented by a prior 
generation of the medication. 

Th e class of systemic cephalosporins 
epitomize the concept of chronologi-
cally unfolding generations in antibiotic 
development, as each new development 

resulted in a shift in the antimicrobial 
spectrum toward greater anti-gram-
negative and anti-anaerobic activity and 
improved the range of pharmacokinetic 
problems associated with the genera-
tion before. Th e result is the diverse 
catalogue of cephalosporin agents in use 
today, all using a similar mechanism but 
with unique antibacterial potencies and 
properties.

Th e fl uoroquinolone class expanded 
in the opposite microbiologic direction, 
starting as mostly gram-negative, but 
progressing to increasing gram-positive 
coverage. And while the categories or 
generations are perhaps less clear com-
pared to cephalosporins (eg, it is unclear 
whether levofl oxacin, the levo-isomer 
of ofl oxacin, is a 2nd or 3rd generation 
fl uoroquinolone), the idea is basically 
the same.1

Th e systemic fl uoroquinolones origi-
nated in the 1960s with naladixic acid, 
an anti-gram-negative agent excreted in 
high concentrations in urine and used 
principally for the treatment of urinary 

tract infection. Ensuing fl uoroquinolone 
generations employed structural modi-
fi cations to achieve varying affi  nities for 
two target enzymes involved in bacterial 
DNA replication: DNA gyrase (also 
called topoisomerase II) and topoisom-
erase IV. 

Th us, fl uoroquinolone generations 
evolved from narrow-spectrum anti-
gram-negative activity (1st generation, 
eg, naladixic acid) to expanded anti-
gram-negative activity including Pseu-
domonas (2nd generation, eg, ciprofl oxa-
cin) to increasing gram-positive fi ghting 
activity (3rd generation, eg, levofl oxacin; 
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and 4th generation, eg, gatifl oxacin, 
moxifl oxacin, and besifl oxacin). Specifi c 
core and side chain modifi cations have 
also been used to improve tolerability, 
pharmacokinetic properties, and lower 
resistance risk.2,3

Ocular Fluoroquinolones 
The ocular f luoroquinolones are 

widely prescribed for their broad anti-
bacterial activity, clinical effi  cacy, good 
tolerability, and convenient dosing. 
Earlier-generation topical ocular fl uo-
roquinolones, including ciprofl oxacin 
and levofl oxacin, have excellent broad-
spectrum coverage and are sometimes 
preferred to later generation agents 
for treating ocular infections caused 
by gram-negative pathogens, includ-
ing those associated with contact lens 

wear when Pseudomonas is suspected or 
documented.4,5

Th e trend in fl uoroquinolone de-
velopment toward better gram-positive 
coverage makes later generations (eg, 
moxifl oxacin, gatifl oxacin, besifl oxa-
cin) particularly valuable for empiric 
treatment of ocular surface infections, a 
majority of which are due to Staphylococ-
cus, Corynebacterium, and other common 
gram-positive pathogens.6

Th e fi rst fl uoroquinolone to contain 
a chlorine moiety, ie, the fi rst chloro-
fl uoroquinolone, besifl oxacin binds to 
both target enzymes in a more balanced 
fashion than prior f luoroquinolones, 
which is important for several reasons. 

First, it broadens the antimicrobial 
activity spectrum. Besifl oxacin has in 
vitro activity against gram-negative 

pathogens, including Pseudomonas, 
and gram-positive pathogens, includ-
ing methicillin-resistant Staphylococcus 
aureus (MRSA).6,7 Th is is particularly 
important, as methicillin resistance has 
become increasingly prevalent among 
staphylococcal pathogens in recent 
decades.8-12

Second, besifl oxacin’s dual mode of 
action reduces risk for the emergence 
of resistant pathogens since two muta-
tions—one in the gene encoding each 
enzyme—would be required to inca-
pacitate the drug.7

Besifl oxacin is also distinctive for 
being the only antibiotic that is solely 
available for human topical ocular use; it 
has not been developed for systemic use 
in medicine and is not used in livestock 
or agriculture.7 Limiting human and 
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preventing, diagnosing, and treating ocular infections and 
their sequelae; these challenges include:
•  Th e widespread “off -label” use of topical ophthalmic anti-

biotics to prevent and treat serious and sight-threatening 
infections—given the reality that the most widely used 
topical antibiotics in ophthalmology have FDA approvals 
restricted to bacterial conjunctivitis.

•  Th e escalating levels of multi-drug resistance in common 
ocular pathogens.1

•  Th e emergence and increasing prevalence of once-atypical 
infections that may require diagnostic and treatment 
techniques relatively unfamiliar to comprehensive oph-
thalmologists.2 

•  Th e introduction of new and potentially more effi  cacious 
and/or safe ophthalmic antiinfectives.3

•  Th e introduction of new and potentially more accurate 
diagnostic techniques for ophthalmic infections.4

•  Widespread discussion over the effi  cacy and safety of novel 
or alternative delivery techniques and vehicles for prophy-
lactic ophthalmic antibiotics (including but not limited to 
intracameral injection and topical mucoadhesives).5,6

•  Increased understanding of the infl ammatory damage 
caused by ocular infections and the best ways to prevent/
alleviate infl ammation without fueling the growth of 
pathogenic organisms. 

Given the continually evolving challenges described above, 
Topics in Ocular Antiinfectives aims to help ophthalmologists 
update outdated competencies and narrow gaps between 
actual and optimal clinical practices. As an ongoing resource, 
this series will support evidence-based and rational antiinfec-
tive choices across a range of ophthalmic clinical situations. 

REFERENCES
1.  Asbell PA, Colby KA, Deng S, et al. Ocular TRUST: 

nationwide antimicrobial susceptibility patterns in ocular 
isolates. Am J Ophthalmol. 2008 Jun;145(6):951 -8.

2.  Gower EW, Keay LJ, Oechsler RA, et al. Trends in fungal 
keratitis in the United States, 2001 to 2007. Ophthalmol-
ogy. 2010 Dec;117(12):2263-7. 

3.  Colin J, Hoh HB, Easty DL, et al. Ganciclovir ophthalmic 
gel (Virgan 0.15%) in the treatment of herpes simplex 
keratitis. Cornea. 1997;16:393-9.

4.  Sambursky R, Tauber S, Schirra F, et al. Th e RPS adeno 
detector for diagnosing adenoviral conjunctivitis. Oph-
thalmology. 2006;113(10):1758-64.

5.  Akpek EK, Vittitow J, Verhoeven RS, et al. Ocular surface 
distribution and pharmacokinetics of a novel ophthalmic 
1% azithromycin formulation. J Ocul Pharmacol Th er. 

2009;25:433-9.
6.  Endophthalmitis Study Group, European Society of 

Cataract & Refractive Surgeons. Prophylaxis of postop-
erative endophthalmitis following cataract surgery: results 
of the ESCRS multicenter study and identifi cation of risk 
factors. J Cataract Refract Surg. 2007;33(6):978-88.

OFF-LABEL USE STATEMENT Th is work discusses off -
label uses of antiinfective medications.
GENERAL INFORMATION This CME activity is 
sponsored by the University of Florida College of Medicine 
and is supported by an unrestricted educational grant from 
Bausch + Lomb, Inc.
Directions: Select one answer to each question in the exam 
(questions 1–10) and in the evaluation (questions 11–16). Th e 
University of Florida College of Medicine designates this 
enduring material for a maximum of 1.0 AMA PRA Category 1 
Credit™. Th ere is no fee to participate in this activity. In order 
to receive CME credit, participants should read the report, 
and then take the posttest. A score of 80% is required to qualify 
for CME credit. Estimated time to complete the activity is 
60 minutes. On completion, tear out or photocopy the answer 
sheet and send it to:
 University of Florida CME Offi  ce
 PO Box 100233, Gainesville, FL 32610-0233
 phone: 352-733-0064 fax: 352-733-0007
Or you can take the test online at http://cme.u� .edu/ocular
System requirements for this activity are: For PC users: Win-
dows® 2000, XP, 2003 Server, or Vista; Internet Explorer® 6.0 
or newer, or Mozilla® Firefox® 2.0 or newer ( JavaScript™ 
and Java™ enabled). For Mac® users: Mac OS® X 10.4 
(Tiger®) or newer; Safari™ 3.0 or newer, Mozilla® Firefox® 
2.0 or newer; ( JavaScript™ and Java™ enabled). 
Internet connection required: Cable modem, DSL, or better.
DATE OF ORIGINAL RELEASE November 2016. Ap-
proved for a period of 12 months.
ACCREDITATION STATEMENT Th is activity has been 
planned and implemented in accordance with the ac-
creditation requirements and policies of the Accreditation 
Council for Continuing Medical Education through the 
joint providership of the University of Florida College of 
Medicine and Candeo Clinical/Science Communications, 
LLC. Th e University of Florida College of Medicine is 
accredited by the ACCME to provide continuing medical 
education for physicians. 
CREDIT DESIGNATION STATEMENT Th e University 
of Florida College of Medicine designates this enduring 
material for a maximum of 1 AMA PRA Category 1 Credit™. 
Physicians should claim only the credit commensurate with 

the extent of their participation in the activity.

FACULTY AND DISCLOSURE STATEMENTS 
Nisha Acharya, MD (Faculty Advisor), is an associate 
professor of ophthalmology and epidemiology at the Univer-
sity of California, San Francisco and director of the Uveitis 
Service at the F.I. Proctor Foundation. She states that in the 
past 12 months, she has not had a fi nancial relationship with 
any commercial organization that produces, markets, re-sells, 
or distributes healthcare goods or services consumed by or 
used on patients.
Natalie Afshari MD, FACS (Faculty Advisor), is professor 
of ophthalmology and chief of cornea and refractive surgery 
at the Shiley Eye Center, University of California San Diego. 
Dr. Afshari has received grant/research support from the 
National Institutes of Health, and has served as a consultant 
for NovaBay Pharmaceuticals, Inc.
Melissa Daluvoy, MD (Faculty Advisor), is an assistant 
professor of ophthalmology at the Duke University School 
of Medicine, and corneal specialist at Duke Eye Center. She 
states that in the past 12 months, she has not had a fi nancial 
relationship with any commercial organization that produces, 
markets, resells, or distributes healthcare goods or services 
consumed by or used on patients.
Joseph M. Blondeau, PhD, is head of clinical microbiology 
at Royal University Hospital and the Saskatoon Health 
Region in Saskatoon, Saskatchewan, Canada. Dr. Blondeau 
is also associate professor of pathology, adjunct professor of 
microbiology and immunology, and clinical associate profes-
sor of ophthalmology at the University of Saskatchewan. He 
states that in the past 12 months, he has not had a fi nancial 
relationship with any commercial organization that produces, 
markets, resells, or distributes healthcare goods or services 
consumed by or used on patients relevant to this manuscript.
Parag A. Majmudar, MD, is an associate professor of oph-
thalmology at Rush University Medical Center, and in private 
practice at Chicago Cornea Consultants. Dr. Majmudar is 
a consultant for Alcon, Valeant Pharmaceuticals, and Shire. 
DISCLAIMER Participants have an implied responsibility 
to use the newly acquired information to enhance patient 
outcomes and professional development. Th e information 
presented in this activity is not meant to serve as a guideline 
for patient care. Procedures, medications, and other courses 
of diagnosis and treatment discussed or suggested in this 
activity should not be used by clinicians without evaluation 
of their patients’ conditions and possible contraindications or 
dangers in use, applicable manufacturer’s product information, 
and comparison with recommendations of other authorities.
COMMERCIAL SUPPORTERS This activity is sup-
ported by an unrestricted educational grant from Bausch 
+ Lomb, Inc.

Topics in Ocular Antiinfectives, Issue 63



TOPICS IN OCULAR ANTIINFECTIVES 3To obtain CME credit for this activity, go to http://cme.ufl .edu/ocular

European Society of Cataract and 
Refractive Surgery’s landmark study 
of intracameral prophylaxis in 2007 
showed a 5-fold decrease in endophthal-
mitis after cataract surgery with the 
use of intracameral cefuroxime.17 Th e 
results were subsequently corroborated 
in a number of other large, prospective 
studies by various groups from Europe 
and Asia.18,19

Th e fi rst comparative US study on 
intracameral prophylaxis was published 
in 2013, showing a 10-fold decline in 
endophthalmitis rates with the routine 
use of intracameral injection of cefu-
roxime, moxifl oxacin, or vancomycin.20

Intraoperative antibiotic prophylaxis 
is also attractive since it eliminates 
compliance issues and reduces patients’ 
post-operative drop burden. With ad-
ditional prospective studies in the US 
unlikely to be performed (due to high 
costs associated with a study of suffi  cient 
size to achieve statistical signifi cance 
of such a rare occurrence), an increas-
ing proportion of surgeons are satisfi ed 
with the evidence that exists in support 
of intracameral prophylaxis and are 
actively adopting the practice of their 
European colleagues. 

But, in the absence of an antibiotic 
approved for intracameral use, practical 
and regulatory issues remain. An ideal 
“next-generation” ophthalmic antibiotic 
would not necessarily be a new molecule: 
it could be a new system that overcomes 
current practical barriers to more 

environmental exposure to besifl oxacin 
is a strategy for reducing selective pres-
sure for the development of resistance 
and prolonging its usefulness as an ef-
fective ocular antibiotic, a strategy that 
may in fact be working. According to 
recent large microbiologic surveys of 
topical ocular pathogens, besifl oxacin 
resistance remains low.13 Ongoing sur-
veillance will shed light on whether this 
is an enduring phenomenon and, if so, 
whether besifl oxacin’s unique chemical 
structure and environmental contain-
ment are contributing to its longevity.

The Real World 
Th ere is some merit to considering 

antibiotic generation in therapeutic 
decision-making. Opting for a 3rd 
generation fl uoroquinolone is reason-
able when a gram-negative pathogen is 
suspected, and opting for a 4th genera-
tion fl uoroquinolone is reasonable when 
Staphylococcus is more likely. An argu-
ment could be made, however, for ex-
clusively using latest-generation agents 
in clinical practice, as they represent the 
most advanced iteration of a drug class 
and are often associated with minimal 
resistance. Furthermore, later-genera-
tion antibiotics are better supported by 
drug manufacturers, which means that 
samples are in greater supply. 

Still, a “generation” is something of 
an artifi cial designation. In real world 
ophthalmic practice, selecting antibi-
otics by generation may be beside the 
point. Other considerations—such as 
pharmacodynamic or practical ones—
may be of greater importance. For 
example, later-generation antibiotics 
generally demonstrate greater in vitro 
potency against resistant pathogens; 
however, this advantage may be clinical-
ly unimportant given the fact that mini-
mal inhibitory concentrations (MICs) 
refl ect organism susceptibility to drug 
concentrations in the bloodstream, not 
on the ocular surface.14 In general, the 
concern around antibiotic resistance—
even resistance that is widespread and 
increasing, as with MRSA—poses less 
of a threat to the eye, since antibiotic 
concentrations achievable on the eye’s 
surface are orders of magnitude higher 
than those achievable in the blood 

or other anatomical sites and likely 
well above the MIC even for resistant 
pathogens. 

In addition, earlier-generation anti-
biotics, often dispensed in generic form, 
may be suffi  cient for what has become 
a common, albeit controversial, use for 
topical ocular antibiotics: prophylaxis 
around intravitreal injection and in-
traocular surgery. While the practice 
of applying topical antibiotics prior to 
injection or surgery has been shown to 
reduce bacterial counts on the surface, 
it has never been shown to reduce the 
incidence of endophthalmitis over 
povidone-iodine antisepsis alone.15,16 

Th e vast majority—perhaps upwards 
of 90%—of topical ocular antibiotics 
prescribed today are dispensed as ge-
neric formulations, either because they 
were prescribed as generic or because a 
substitution was made by the pharmacist 
for the purpose of controlling costs. Th is 
is a dramatic increase in generic usage 
compared to 5 to 10 years ago. But wide-
spread use of older and/or generic antibi-
otics in ophthalmology is not necessarily 
cause for alarm, as noted above: the 
ability to achieve high concentrations 
of antibiotic on the ocular surface en-
hances effi  cacy even against pathogens 
with high MICs; and topically applied 
antibiotics for prophylactic use may not 
be necessary in the fi rst place. 

Future Generations
It is unclear exactly what role topical 

antibiotics will play in ophthalmology 
in the coming years. Research may 
help clarify whether or not topical 
antibiotics are benefi cial as infection 
prophylaxis. Topical ocular antibiot-
ics could lose ground for commercial 
reasons: for example, the development 
of new antibiotic molecules is impeded 
by a lack of fi nancial incentive within 
the pharmaceutical industry to develop 
drugs indicated for intermittent, short-
term use and whose effi  cacy is always 
at least theoretically threatened by the 
emergence of resistance. 

Furthermore, there is a growing 
trend in favor of new modes of delivery, 
such as intracameral antibiotic injec-
tion at intraocular surgery as a means 
for preventing endophthalmitis.17 Th e 

CORE CONCEPTS 
➤ Antibiotic generations are 

evolutions in drug design 
aimed at fi lling an unmet 
need within class of agents.

➤ An effective medication 
advance resolves pertinent 
problems doctors and 
patients face.

➤ Ocular fl uoroquinolones 
have evolved toward greater 
gram-positive activity, 
broader overall coverage, 
lower susceptibility to 
resistance pressure, and more 
effective pharmacokinetic 
profi les.
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widespread adoption of intracameral 
antibiotic prophylaxis. One potential 
solution might be commercial develop-
ment of a “cataract kit” containing an 
approved unit-dose, preservative-free 
injectable antibiotic, such as moxi-
fl oxacin or cefuroxime; and injectible 
antiinfl ammatory agents, packaged and 
marketed specifi cally for ophthalmic 
surgery prophylaxis. Such a product 
would free hospital administrators from 
tedious and costly workarounds cur-
rently required to obtain intracameral 
antibiotics, would be simpler and more 
expedient for surgeons, and would quite 
possibly be safer for surgical patients. 

Conclusion
Generations are ways of building 

on past successes in antibiotic devel-
opment. When we understand the 
problem each new generation is trying 
to surmount, we make more informed 
clinical decisions. 

Parag A. Majmudar, MD, is an associate professor of 
ophthalmology at Rush University Medical Center, 
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Applying MIC in Antibiotic Drug 
Selection and Resistance Prevention
Joseph M. Blondeau, PhD

A greater understanding of minimum 
inhibitory concentration and other 
microbiological measurements can help 
ophthalmologists select appropriate 
antibiotic treatment and prevent 
antibiotic resistance to ocular pathogens.

Antibiotic resistance to bacterial 
pathogens is an escalating public health 
concern across a number of medical 
specialties, ophthalmology included. 
Th e evolution of pathologic organisms 
from susceptible to increasingly less 
responsive to antibiotic treatment can 
complicate ophthalmologists’ manage-
ment strategies for ocular infections and 
ultimately threaten patients’ vision.

Th is phenomenon has resulted from 
the misuse—and perhaps overuse—of 
antibiotics to treat staphylococci and 
streptococci (among other pathogens) 
responsible for the etiology of ocular 
infections such as keratitis, conjuncti-
vitis, blepharitis and endophthalmitis. 
Resistance is likely exacerbated by in-
creased use of the same antibiotics for 
non-ocular conditions such as respira-
tory tract infections, which share many 
of the same pathogens responsible for 
ocular infection, including Haemophilus
infl uenza, S. pneumoniae, and Pseudomo-
nas aeruginosa.

Resistance Surveillance
To facilitate understanding of ocu-

lar antibiotic resistance patterns in the 
US and generate geographic-specifi c 
information on emerging resistance, 
two surveillance programs have been 
implemented: Ocular Tracking Re-
sistance in US Today (TRUST),1 and 
more recently the Antibiotic Resistance 
Monitoring in Ocular Microorganisms 
(ARMOR) study.2 Over a period of 20 
years, these studies have been gathering 

data on resistance of common pathogens 
to ocular antibiotics based on in vitro 
susceptibility testing of ocular isolates 
sent annually from participating clinics 
throughout all 50 states (Figure 1).

The early TRUST data demon-
strated that, after more than a decade of 
systemic use, fl uoroquinolones remained 
active in vitro in approximately 80% of 
ocular methicillin-sensitive S. aureus
(MSSA) isolates, 90% to 100% of S. 
pneumoniae isolates (100% susceptibil-
ity with gatifl oxacin, levofl oxacin, and 
moxifl oxacin, and approximately 90% 
susceptibility with ciprofl oxacin), and 
100% of H. infl uenza isolates. In con-
trast, fl uoroquinolones were active in 
only about 15% of methicillin-resistant 
S. aureus (MRSA) isolates, suggesting 
the need to consider alternative anti-
biotics for this pathogen (Figure 2).1 

Th e much later ARMOR data showed 
in vitro methicillin resistance in 42% 
of S. aureus isolates and about 50% of 
coagulase-negative staphylococci (CNS) 
isolates—and that these also had a high 
probability of concurrent resistance to 
the fl uoroquinolones, aminoglycosides, 

 

or macrolides (87% in MRSA isolates 
and 77% in methicillin-resistant CNS 
isolates). While all staphylococcal 
isolates remained susceptible to vanco-
mycin, resistance among S. pneumoniae
isolates was highest for azithromycin 
(34%), and resistance among P. aerugi-
nosa and H. infl uenzae was low against 
the various antibiotics tested.2

CORE CONCEPTS 
➤ The rise in antibiotic 

resistance of ocular 
pathogens to commonly 
used drugs such as the 
fl uoroquinolones requires 
the implementation of new 
strategies to effectively 
manage patients presenting 
with infection.

➤ Large-scale, US-wide 
surveillance studies such 
as TRUST and ARMOR 
can provide treating 
ophthalmologists with 
evolving information on 
patterns of antibiotic 
resistance to pathogens 
typically observed in the 
clinic and how these differ 
among geographic regions.

➤ An increased understanding 
of MIC and MPC to predict 
clinical effi cacy of therapeutic 
drug classes for common 
ocular pathogens is valuable 
for making antibiotic choices.

➤ Strategies to prevent 
antibiotic resistance include 
use of local laboratories for 
in vitro testing of infective 
isolates beyond refractory 
cases, strict adherence 
to drug manufacturers’ 
prescribing guidelines, 
and patient education on 
treatment compliance.  

FIGURE 1 Kirby-Bauer disk diffusion 
susceptibility test. The diameter of the grey 
zone of inhibition around a disk is measured to 
determine bacterial susceptibility or resistance 
to an antibiotic. Disks around which there is 
no zone of inhibition indicate that bacteria are 
resistant to the antibiotic. (Image courtesy of Dr. 
Blondeau.)
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sustained drug concentrations within 
the host, pharmacokinetic and pharma-
codynamic data, and drug toxicity data 
to determine pathogenic bacteria sus-
ceptibility or resistance to the antibiotic 
under investigation and thus potential 
for clinical success or failure (Figure 3).5

In vitro testing does not always 
translate absolutely to clinical outcomes, 
as several other factors infl uence a pa-
tient’s response to infection—especially 
his or her natural capacity for defense. In 
addition, MIC evaluations may be more 
valuable for patients with self-limiting, 
mild to moderate infection. Th e most 
signifi cant limitation of in vitro MIC 
testing on its predictive value may be 
that it uses a static density of 105 CFU 
per ml; this can result in overestimation 
of the drug concentration required to 
exert a satisfactory biological response 
in instances where organism density 
of an infection is lower than 105 and 
underestimation of the drug concentra-
tion required where organism density is 
higher than 105.6 Nevertheless, MIC 

With respect to geographic trends, 
ARMOR revealed small differences 
across the US in susceptibility among 
S. aureus, S. pneumoniae, and P. aerugi-
nosa isolates, with gram-positive isolates 
from the West having the lowest rates of 
resistance, and S. aureus isolates in the 
South having the highest resistance.2

Th ese data demonstrate that anti-
bacterial resistance is becoming preva-
lent among common bacterial causes of 
ocular infections such as CNS and S. 
aureus. Th e 3rd-generation fl uoroquino-
lone antibiotics (ciprofl oxacin, ofl oxacin, 
and levofl oxacin), which have long been 
the mainstay for treating ocular infec-
tions due to their broad-spectrum anti-
biotic eff ect and high in vitro potency, 
are becoming increasingly less active 
against gram-positive and gram-neg-
ative organisms.1,3 Th is is particularly 
true in MRSA infections which, while 
a less prevalent cause of ocular infection, 
are showing an increasingly more severe 
clinical course than the MSSA strains. 
Th e newer 4th-generation fl uoroqui-
nolones (moxifl oxacin and gatifl oxacin) 
demonstrate broad-spectrum antibiotic 
eff ect against both gram-positive and 
gram-negative organisms; however, on-
going surveillance is also showing some 
MRSA resistance to these agents, and 
preservation of their effi  cacy in target-
ing ocular pathogens is of paramount 
importance. 

Measuring Antibiotic Potential 
Th e internationally accepted mea-

surement of the potential effi  cacy of 
an antibiotic is minimum inhibitory 
concentration (MIC). Defi ned as the 
lowest concentration of an antimicrobial 
drug that is required to inhibit visible 
growth of 105 colony-forming units 
(CFU) following in vitro incubation for 
18 to 24 hours, MIC is used to confi rm 
antibiotic resistance of existing anti-
microbial drugs and establish eff ective 
concentrations of new drugs.4 By using 
either the broth microdilution test, agar 
dilution test, or Epsilometer test, labora-
tories compare the new MIC values with 
previously established drug breakpoint 
concentrations, known achievable and 

remains the gold standard for in vitro 
susceptibility testing of pathogens to 
antibiotics and provides a valuable guide 
for physicians in managing the majority 
of patients.

Th e mutant prevention concentra-
tion (MPC) test addresses some of 
the limitations associated with MIC 
testing.6 Th is novel technique not only 
measures a much higher density of or-
ganisms than MIC and determines the 
drug concentration required to inhibit 
the least susceptible cell present within 
the population, but it also measures 
the frequency with which a microbe 
mutates and develops resistance.7 Th e 
drug concentration required to block the 
mutant cells (ie, the MPC) is typically 
higher than the MIC drug concentra-
tion with the mutant selection window, a 
so-called “danger zone” for the selective 
amplifi cation of resistant subpopulations 
falling between these.6 Although more 
demanding and less adaptable to routine 
clinical settings, MPC is a valuable tool 
when used in conjunction with MIC.8

PK and PD Data
Th e application of pharmacokinetics 

(PK) and pharmacodynamics (PD) to 
MIC and MPC outcomes is impor-
tant in characterizing the antibacterial 
activity of compounds. PK data defi ne 
the fate of a drug in the body (eg, its ab-
sorption, transformation, distribution, 
and elimination), while PD data defi ne 
the eff ect of a drug on the body and 
infecting organism (eg, its mechanism 
of action and effi  cacy). 

Drug curves, for example, pro-
vide PK and PD data on the peak or 
maximum drug concentration (Cmax), 
the trough concentration, area un-
der the curve (AUC), and the drug’s 
half-life (which determines dosing 
frequency).6 Antimicrobial compounds 
may be classif ied as concentration-
dependent agents, for which Cmax:MIC 
and AUC:MIC ratios are important 
predictors of outcome with antimi-
crobial treatment; or time-dependent 
agents, for which the time that the drug 
concentration remains in excess of the 
MIC is important to determining its 

FIGURE 2 Chromogenic agar plate selective 
for MRSA, indicated by the denim blue color. 
(Image courtesy of Dr. Blondeau.)

FIGURE 3 Epsilometer test to determine MIC, 
which is read at the point where the organism 
growth intersects the test strip. (Image courtesy of 
Dr. Blondeau.)
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ingly available through the TRUST and 
ARMOR surveillance studies) to help 
tailor management strategies, be aware 
of specifi c drug toxicity data that may 
infl uence choice of drug for patients 
with particular medical histories, and, 
fi nally, have an understanding of drug 
constituents beyond the active ingredi-
ent. For example, the preservative ben-
zalkonium chloride (BAK) may confer 
intrinsic bacteriocidal activity against 
predominantly gram-positive species, 
including MRSA.9,10

Preventing Antibiotic 
Resistance

The emergence of antimicrobial 
resistance of ocular pathogens suggest 
that new strategies must be employed 
to inappropriate use of antibiotics. 
One strategy is for ophthalmologists 
to utilize their local microbiology lab 
for testing organism susceptibility and 
resistance in patient isolates to thera-
peutic agents. Currently, this is not an 
uncommon practice for refractory cases; 
however, it may be valuable to expand 
this to manage routine cases. 

In addition, it is important for oph-
thalmologists to let the testing labora-
tory know of the types of microbes that 
are common in ocular samples, as some 
ocular pathogens, such as S. epidermis 
or CNS, are commonly considered 
contaminants in other systemic samples 
and thus often ignored. To this end, 
establishing dialogue to modify existing 
culturing procedures at the laboratory so 
they are relevant to the identifi cation of 
ocular pathogens is an important aspect 
in utilizing in vitro testing laboratories. 

Of course, it is also important that 
treating ophthalmologists prescribe the 
antibiotic of choice in accordance with 
the manufacturer’s instructions—ie, 
at the correct dose and for the correct 
length of time—and that patients are 
informed of the consequences of non-
compliance with these instructions (as 
is often the case when the condition 
starts to resolve). An increasing num-
ber of clinical studies are addressing 
the question of whether shorter dos-
ing periods may be as eff ective as the 

antimicrobial activity. 

Choosing an Antibiotic 
MIC, MPC, and PK/PD results 

from in vitro testing of antimicrobial 
agents are fundamental in supporting 
ophthalmologists to design appropriate 
treatment strategies for patients to treat 
ocular infections. Ophthalmologists 
should consider whether the chosen 
antibiotic demonstrates suffi  cient spec-
trum of activity to cover all poten-
tial infection-causing pathogens and 
whether the administered ocular dose 
is of adequate concentration to exceed 
the anticipated MIC/MPC of the drug 
for those specifi c organisms. Keep in 
mind that the MIC and MPC used to 
measure antibiotic susceptibility to resis-
tance apply to systemic use of antibiotics, 
which may not always be appropriate for 
topical (eg, ocular) antibiotic use, where 
higher concentrations are more typically 
administered. 

Resistance to an antibiotic is based 
on a drug concentration breakpoint, 
whereby an organism with an MIC at 
or above that breakpoint is considered 
resistant. Breakpoints are based on sev-
eral parameters, including the systemic 
drug concentration achievable with 
approved dosing. Drug concentration 
breakpoints are not calculated for topi-
cal antimicrobials, but bacterial strains 
can still be classifi ed as low-level or 
high-level in terms of their resistance 
for the purposes of choosing topical 
antimicrobials. Low-level resistance 
means the MIC is close to the (systemic) 
drug concentration breakpoint, whereas 
high-level resistance means the MIC is 
many times higher than the (systemic) 
drug concentration breakpoint. Organ-
isms of high-level resistance are unlikely 
to respond to topical antimicrobials if 
the MIC is very high. In vitro suscep-
tibility testing provides clinical useful 
information on susceptibility/resistance 
and drug use, including for topically 
applied drugs.

It is also valuable for ophthalmolo-
gists to become familiar with antibiotic 
resistance trends in their geographical 
region (such as those becoming increas-

currently longer courses of therapy in 
systemic infectious disease areas, such 
as for urinary tract infections, and such 
information would be valuable in the 
fi eld of ophthalmology. 

Conclusion
Th e rise of antibiotic resistance to 

common ocular infections threatens to 
diminish the clinical utility of important 
classes of drugs and ultimately impact 
patient vision. By increasing awareness 
of evolving resistance patterns and im-
plementing in-clinic strategies to better 
target pathogens, ophthalmologists may 
help preserve drug utility for the benefi t 
of present and future patients.
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 1.  The mutant selection window:
 A.  Reflects the window of drug 

concentration required to 
inhibit visible growth of 
105 CFU following in vitro 
incubation

 B.  Is the “danger zone” for the 
selective amplification of 
resistant subpopulations 

 C.  Is the most important 
predictor of outcome for 
antimicrobial treatment

 D.  Is typically lower than the 
MIC drug concentration

 2. First-generation quinolone 
naladixic acid was principally used 
to treat:
 A.  UTI
 B.  Otitis media
 C.  Colitis
 D.  Soft tissue infection

 3.  Which statement regarding MIC 
is FALSE?
 A.  MIC is defined as the 

lowest concentration of 
an antimicrobial drug 
that is required to inhibit 
visible growth of 105 CFU 
following in vitro incubation 
for 18 to 24 hours. 

 B.  MIC is a valuable tool 
for determining effective 
concentrations of drugs for 
systemic infections

 C.  MIC measures the frequency 
of a microbe to mutate and 
develop resistance 

 D.  The ratio of drug area 
under the curve (AUC) to 
MIC provides important 
information to predict 
outcomes with antimicrobial 
treatment

 4. Which of the following 
advancements are present in 
later-generation ophthalmic 
fluoroquinolones?
 A.  Greater anti-gram-negative 

activity
 B.  Higher risk for resistance 

selection
 C.  More balanced MOA
 D.  None of the above 

 5. Which of the following has 
NOT been proven to reduce 
the incidence of postoperative 
endophthalmitis following 
intraocular surgery?
 A.  Povidone-iodine prep
 B.  Topical ocular moxifloxacin 

prophylaxis 
 C.  Intracameral cefuroxime 

prophylaxis
 D.  All of the above are proven 

to prevent endophthalmitis
 6.  Which statement is TRUE 

regarding the addition of 
excipients to antibiotic 
formulations? 
 A. Higher MIC and MPC 

values are observed when 
benzalkonium chloride is 
added to gatifloxacin and 
moxifloxacin

 B. Lower MPC and MIC values 
are observed when BAK is 
added to fluoroquinolone-
resistant strains of S. aureus 

 C. Higher MIC and MPC 
values are observed when 
polyethylene glycol is added 
to moxifloxacin

 D. Mannitol increases the in 
vitro activity of gatifloxacin

 7.  Which statement is TRUE 
regarding the key findings of the 
surveillance studies TRUST and 
ARMOR?
 A.  Fluoroquinolones remain 

active in the majority of 
MRSA isolates 

 B.  In vitro S. aureus and 
CNS isolates have a high 
probability of resistance 
to the fluoroquinolones 
aminoglycosides and or 
macrolides. 

 C.  TRUST data show that 
fluoroquinolone activity has 
been significantly diminished 
in the majority of MSSA, S. 
pneumonia, and H. influenza 
isolates

 D.  Vancomycin remains 
active in staphylococcal 
isolates, but the fourth-
generation fluoroquinolones 
(moxifloxacin and 
gatifloxacin) demonstrate 
decreased spectrum antibiotic 
effect against both the gram-
positive and gram-negative 
organisms

 8. Which of the following may be 
modified in a new generation of 
antibiotic? 
 A.  Chemical structure
 B.  Antimicrobial activity 
 C.  Resistance profile
 D.  Any of the above may be 

modified
 9. Fluoroquinolones target which of 

the following bacterial enzymes?
 A.  DNA gyrase
 B.  Topoisomerase IV
 C.  Beta-lactamase
 D.  A and B

 10. Recommended strategies for 
minimizing antibiotic resistance:
 A. Include in vitro testing of 

refractory but not routine 
cases, strict adherence to drug 
manufacturers’ prescribing 
information, and patient 
education on the importance 
of treatment compliance

 B. Have the potential to protect 
future pharmaceutical 
therapies against antibiotic 
resistance 

 C. Include being aware of trends 
in antibiotic resistance, both 
ocular and systemic, and 
differences among geographic 
region 

D. B and C
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