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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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Modern fluoroquinolones may be the most 
frequently used class of antibiotics in the treat-
ment or prevention of infections in and around 
the eye. Fluoroquinolones offer the advantag-
es of broad-spectrum activity, and have more 
Gram-positive, Gram-negative, anaerobe, and 
atypical coverage than perhaps any other single 
class of antibiotics in clinical use today. How-
ever, emerging trends in recent years show a 
fairly rapid development of bacterial resistance 
to these antibiotics, which represents particular 
challenges for the management of important 
bacterial infections at various sites in the eye.1,2 

“GeneratIonS” of flUoroqUInoloneS
Fluoroquinolones in ophthalmology are often 

referred to as “first” through “fourth generation” 
agents. However, some overlap occurs, particularly 
between third and fourth generation agents, as we 
have come to know them, in the basic two bacte-
rial enzymes that are targeted (DNA gyrase and 
topoisomerase IV). Therefore, this generational 
classification may not be based on clear chemi-
cal differences, or clear differences in activity, but 
may be related to the time periods and uses dur-
ing which these agents were introduced to market. 
Therefore, the classification of these agents accord-
ing to any specific “generation” may differ some-
what with various resources in the literature.

early qUInolone antIbIotIcS
Nalidixic acid, patented in 1962, was the first 

“quinolone” antibiotic, found as a by-product in 
the production of the antimalarial agent, chloro-
quine (Figure 1).5 Nalidixic acid was used primar-
ily against Gram-negative microorganisms as a 
urinary tract antiseptic, reflected in its commercial 
name, NegGram®. Oral absorption was very poor, 
with peak serum concentrations of <0.5 µg/mL, 
but urinary concentrations were high. With more 
clinical experience, however, some important sys-
temic side effects were noted, including photosen-
sitivity that would also be associated with genera-
tions of fluoroquinolones to come. It is interesting 
to note that with this early compound, resistance 

was defined as MIC >100 µg/mL, an MIC much 
higher than we associate with effective MICs of 
the modern fluoroquinolones used today.

the early flUoroqUInoloneS
In the late 1960s, a piperazine ring was added to 

the C-7 position on the basic quinolone molecule. 
This addition was thought to confer better bacte-
rial cell wall penetration, and activity was improved 
against Pseudomonas aeruginosa and some Gram-pos-
itive bacteria. In the early 1970s, a fluorine atom was 
added at the C-6 position. With this addition, the 
term “fluoroquinolone” was coined, and better activ-
ity was conferred against Gram-positive microbes.3-5

Norfloxacin was the first fluoroquinolone intro-
duced that is familiar to ophthalmology. It incor-
porated both these additions at the C-6 and C-7 
positions (Figure 2). Considered a “first generation” 
fluoroquinolone, it showed better activity against 
Gram-positive bacteria with lower MICs and in-
creased bacterial DNA gyrase inhibition. However, 
activity against staphylococci and streptococci was 
marginal, and this antibiotic lacked activity against 
anaerobes, Chlamydia trachomatis, mycoplasma, and 
mycobacteria. High serum levels of the drug were still 
difficult to achieve after systemic administration.3-5 

Ciprofloxacin and ofloxacin are familiar ex-
amples of the “second generation” fluoroquino-
lones. Ofloxacin was introduced as an ophthalmic 
in 1996, and ciprofloxacin in 1998. These agents 
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were more useful for treating systemic infections 
outside the urinary or gastrointestinal tracts, hav-
ing better oral bioavailability and better broad-
spectrum activity. Ciprofloxacin was the first fluo-
roquinolone available for intravenous use. It added 
a cyclopropyl side-chain to the N-1 position, 
resulting in increased potency. Thus, it became 
more useful systemically against mycobacteria, 
mycoplasma, legionella, and added more Gram-
positive and Gram-negative bacteria to its spec-
trum of action. However, ciprofloxacin remained 
ineffective against anaerobes and had borderline 
activity against many streptococcal species, espe-
cially in relation to safely attainable serum levels. 
With increased systemic use, resistant strains were 
also soon identified, especially among Staphylococ-
cus aureus. Adverse effects became identified, such 
as chondrotoxicity and drug interactions, many of 
which would be associated with future generations 
of fluoroquinolones as well.3-7 

The ofloxacin molecule contained a tricyclic 
core ring, as opposed to the bicyclic core ring of 
ciprofloxacin and norfloxacin (Figure 3). With this 
bridging ring between the N-1 and C-8 positions, 
Gram-positive activity was increased. Ofloxacin 
demonstrated better systemic absorption than cip-
rofloxacin, had a longer half-life, higher serum lev-

els, and was more widely applied in the treatment 
of systemic infections. It showed activity against 
many Gram-negative microbes but was not more 
active against P. aeruginosa than was ciprofloxacin; 
it was active against chlamydia, legionella, myco-
plasma, many mycobacteria, and so found more 
applicability for systemic infections as well.3-5

the modern flUoroqUInoloneS: 
thIrd and foUrth GeneratIon

The “third generation” of fluoroquinolones 
came along in the early 1990s, a time marked by a 
heightened awareness of pharmacokinetic param-
eters that describe drug behavior. These parameters 

included the AUC (area under the curve), the rela-
tion of the AUC to the MIC (minimum inhibi-
tory concentration), and the AUIC (area under 
the inhibitory curve). These parameters became 
applied to descriptions of fluoroquinolone activity 

and were utilized as predictors of clinical response 
to the antibiotics.8-10 The “third generation” agents 
were developed with improved pharmacokinet-
ics in mind, and a primary emphasis remained on 
developing potent but safe fluoroquinolones for 
systemic use, particularly in the treatment of up-
per respiratory infections. High serum levels were 
an objective, along with high levels relative to the 
MICs of targeted organisms, and greater AUCs. 
These third generation fluoroquinolones did have 
improved antimicrobial activity, especially against 
some resistant strains of Streptococcus pneumoniae, 
and they showed better activity against anaerobes 
than did previous generations. A few were associ-
ated with serious side effects, leading to withdraw-
al of agents such as temafloxacin. Still, an emphasis 
remained on developing potent but safe fluoroqui-
nolones for systemic administration in order to 
achieve high serum levels safely. 

The most familiar to ophthalmology among the 
third generation fluoroquinolones is levofloxacin, 
the levoisomer of ofloxacin. Levofloxacin targeted 
both bacterial DNA gyrase and topoisomerase IV 
enzymes, whereas ciprofloxacin and ofloxacin had 
targeted primarily only DNA gyrase. While differ-
ent groups of fluoroquinolones targeted both these 
bacterial enzymes, there are differences among in-
dividual fluoroquinolone agents in the MICs that 
effectively inhibit each enzyme.11 Levofloxacin, 
like ofloxacin, contained a tricyclic core ring. These 
agents were also developed for expanded antimi-
crobial coverage. Again, they targeted streptococcal 
infections, focusing on the potential for successful 
treatment of respiratory infections, among others. 

The “fourth generation” fluoroquinolones fa-
miliar to ophthalmology are gatifloxacin and mox-
ifloxacin. At the C-8 position, both added a me-
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FIGURE 2. Norfloxacin, with C-6 fluorine and C-7 
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FIGURE 3. Ofloxacin, with tricylic core ring.
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thoxy group, and each had a “bulky group” at the 
C-7 position, although not identical in both agents. 
These agents were also developed with the aim of 
greater potency against many of the pathogens of 
interest in respiratory infections. Both contained 
a methoxy group at C-8 that improved activity 
against some anaerobes and atypicals. The C-8 
methoxy group was associated with fewer systemic 
side effects than were some other substitutions at 
this position, but the systemic use of gatifloxacin 
was stopped in 2006. At the C-7 position, moxi-
floxacin has a “bulky group” (diazabicyclic ring) that 
is thought to be associated with increased lipophi-
licity. These fluoroquinolones were very useful in 
the treatment of community acquired pneumonia 
and showed good activity against S. pneumoniae.3-5 

the chlorInated 
flUoroqUInoloneS

One of the newer agents introduced to market 
recently, besifloxacin, is related to a subgroup of 
fluoroquinolones that were halogenated (fluorine 
or chlorine) at the C-8 position, and were devel-
oped throughout the years. It is interesting to note 
that some of these earlier agents had a favorable 
antibiotic spectrum, including activity against 
some important resistant strains, and a lower ten-
dency for bacterial resistance development.12-14 

However, these earlier agents were not further de-
veloped for systemic use because the high serum 
levels needed to treat serious systemic infections 
were also associated with some degree of photo-
sensitivity, albeit limited to skin, with no specific 
ocular adverse effects noted.15,16 

Clinafloxacin was one of these C-8 chlori-
nated agents and, compared to some fluoroquino-
lones, was more potent, with lower MICs against a 
variety of Gram-positive and Gram-negative mi-
crobes, especially against some resistant strains.17,18 
Another C-8 chlorinated fluoroquinolone of in-
terest was sitafloxacin, a compound showing par-
ticular activity against multidrug-resistant Gram-
positive pathogens in patients with systemic infec-
tions due to MRSA or VRE (vancomycin-resis-
tant enterococci). At concentrations of 1µg/mL, 
sitafloxacin inhibited 90% of MRSA strains and 
50% of VRE strains and showed activity against 
ciprofloxacin-resistant strains. It was effective in 
approximately 40% of patients with MRSA infec-
tions unresponsive to vancomycin. VRE was eradi-
cated in 7 of 9 patients, with skin rash occurring 
in 28% of patients, although no phototoxicity was 
noted in ocular tissues.19

The FDA approved besifloxacin in 2009 as a 

topical ophthalmic drop only.20 Besifloxacin is not 
used systemically, but is indicated for topical use 
in the treatment of bacterial conjunctivitis caused 
by susceptible isolates of a variety of bacteria. Be-
sifloxacin ophthalmic suspension 0.6% is also for-
mulated in a proprietary base intended to prolong 
the ocular surface contact time. This new agent has 
a chlorine atom at the C-8 position and contains 
a “bulky group” (amino-azepinyl) at the C-7 po-
sition. Besifloxacin has shown increased potency 
via lower MICs in vitro against many strains that 
showed relative resistance to other fluoroquino-
lones.21 Because it is specialized for ophthalmic use 
only as an eyedrop, the serum levels previously as-
sociated with phototoxicity are not achieved with 
this eye drop form. In clinical trials, no phototoxic-
ity reactions were seen and no meaningful systemic 
levels were achieved after normal eye drop use.22,23 
When there is no systemic use of antibiotics, such 
as fluoroquinolones, overall use of the antibiotic is 
less widespread and therefore less bacterial resis-
tance potential is anticipated.

SUmmary
In summary, bacterial DNA gyrase and topoi-

somerase IV are the two bacterial enzymes that 
are primary targets for recent generation fluoro-
quinolone antibiotics. Earlier fluoroquinolones 
target only one of these enzymes, but the third 
and fourth generation agents target both, as does 
the newly introduced besifloxacin. The overall 
pharmacologic effect of a fluoroquinolone entity 
depends on many factors outside of its molecu-
lar structure alone. While several modifications of 
the basic molecular quinolone configuration have 
been associated with certain clinical or antibacte-
rial effects, it is difficult to assign with certainty 
any one specific pharmacologic effect to any one 
specific molecular modification. The interaction, 
or resonance, among atoms of the entire molecu-
lar structure seem to be involved in determining 
its ultimate clinical characteristics. 

Nevertheless, all fluoroquinolones have a few 
chemical groups in common: a carboxylic group at 
position 3 and a carbonyl group at position 4, both 
thought to be important for binding the DNA/
DNA gryase complex, for bacterial cell entry, and 
for interaction with elements such as magnesium, 
aluminum, and iron. In addition, they all have a fluo-
rine atom at C-6, resulting in the “fluoroquinolone” 
name, improved activity against Gram-positive 
microbes, substantially lower MICs, and increased 
bacterial gyrase inhibition. Moreover, essentially all 
modern fluoroquinolones have a “bulky group” at 
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position C-7 that is usually an amino derivative of 
piperazide, piperazine, or pyrollidine. Substitutions 
at this position affect antimicrobial spectrum, po-
tency, side effects, and pharmacokinetic character-
istics. A good deal of variation in the “bulky group” 
at C-7 is permissible while still maintaining good 
antimicrobial activity.5 At the C-8 position, a me-
thoxy group, as in moxifloxacin and gatifloxacin, was 
aimed at systemic safety and avoidance of photo-
toxicity. However, historically, halogenation, such as 
chlorination, at C-8 has been associated with anti-
biotic potency that included activity against many 
resistant bacterial strains, with relatively low MICs, 
although systemic use was associated with photo-
toxicity. Besifloxacin is a new chlorinated fluoroqui-
nolone with a chlorine atom at the C-8 position. It 
is not used systemically, and no phototoxicity was 
observed clinically with use of the topical drops.

fUtUre focUS
In looking to the future, we should acknowl-

edge the reports of increasing bacterial resistance 
to the “fourth generation” fluoroquinolones as we 
know them. With more than 10,000 quinolone 
molecules being patented to date, some researchers 
acknowledge the limited potential of further mod-
ifications to the core molecular structure that per-
petuate the same objectives of recent “generation” 
fluoroquinolones—namely, the safe attainment of 
high serum levels for the treatment of a variety 
of systemically manifested infections. There is re-
newed interest in the potential of compounds pre-
viously identified that may find applicability in the 
management of infections in more specialized ways.

Susanne Gardner, PharmD, is an educator, writer, research-
er, and consultant to the pharmaceutical industry in the area 
of ocular infections and diseases. She is based in Atlanta, GA.
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As cornea fellows in the 1980s, my colleagues 
and I would spend 1-2 hours each day at the 
hospital checking on patients with corneal ul-
cers. Because of the fear that these patients’ in-
fections might spread, they were secluded in pri-
vate rooms and assigned private nurses. These 
patients were treated with fortified antibiotics, 
applied topically as often as every 15 or 30 min-
utes—the drops were given all day and some-
times all night as well. Corneal ulcer patients 
would remain in the hospital for days.

Now, even with a referral practice, I have not 
admitted a patient for a corneal ulcer in years. 
This is a testament to the many advances that 
have reduced the incidence and improved the 
treatment of ocular infection. Included among 
these developments, of course, is the advent of 
fluoroquinolones for ophthalmic use.

before flUoroqUInoloneS
Prior to using fluoroquinolone antibiotics, we 

relied heavily on tobramycin and chloramphenicol. 
In chloramphenicol we had an extremely potent 
and effective broad-spectrum antibiotic. However, 
its use quickly dropped off in the United States due 
to potentially lethal side effects—although a very 
rare occurrence, chloramphenicol induced aplastic 
anemia in some patients.1,2  Worse yet, this condi-
tion is not dose-dependent—a single drop could 
cause death in susceptible individuals. Moreover, 
there was no way to screen for risk in advance. 

Thus, chloramphenicol was withdrawn from 
our armamentarium, but we would have new op-
portunities with the arrival of fluoroquinolone 
antibiotics.1,2 These drugs offered attractive quali-
ties that contribute to their continued widespread 
use today: potent broad-spectrum coverage, good 
tissue penetration, and low toxicity. They also pre-
sented an advantage over aminoglycosides, which 
can cause chemical blepharitis after one or more 
weeks of use.

evolUtIon of flUoroqUInoloneS
As the years went by, “generations” of fluoroqui-

nolone antibiotics made their way into the ophthal-

mic practice. Novel formulations would eventually 
yield drugs with a broader spectrum of coverage, im-
proved pharmacokinetics, and better tolerability.3

As antibiotic resistance has become more 
prevalent, an emphasis has also been placed on 
formulations that inhibit the emergence of resis-
tant bacteria. The more recently introduced topical 
fluoroquinolones, such as gatifloxacin, moxifloxa-
cin, and besifloxacin, target both DNA gyrase and 
topoisomerase IV, enzymes that are essential for 
bacterial growth.4,5 This was a departure from early 
fluoroquinolones, which preferentially target one 
enzyme or the other.5 Due to this modification, 
more recent fluoroquinolones have broader cover-
age and are less susceptible to resistance develop-
ing from single-step topoisomerase mutations.

In addition, newer topical fluoroquinolones 
penetrate tissue well and can produce tissue con-
centrations in the eye that are fairly high in rela-
tion to minimum inhibitory concentration (MIC) 
values of susceptible organisms. In a 2009 study, 
Karpecki and associates compared the MIC90s of 
various antibiotic agents against clinical isolates 
from patients with culture-confirmed bacterial 
conjunctivitis.6 They found that the MIC90s for 
gatifloxacin, moxifloxacin, and besifloxacin were 
substantially lower than those for ciprofloxa-
cin against Staphylococcus aureus and Streptococcus 
pneumoniae. The MIC90s of these newer fluoro-
quinolones were the same or lower than that of 
ciprofloxacin against Staphylococcus epidermidis. 
(The biggest difference against S. epidermidis was 
seen with besifloxacin, the newest fluoroquino-
lone, which had an MIC90 of 0.06 µg/mL com-
pared with moxifloxacin (0.125 µg/mL), gatiflox-
acin (0.25 µg/mL), and ciprofloxacin (0.25 µg/
mL).6 In addition, the more recently developed 
fluoroquinolones have generally demonstrated 
somewhat lower rates of bacterial resistance than 
older fluoroquinolones.7-9

bacterIal reSIStance: caUSeS and 
conSeqUenceS

Despite these advantages, antibiotic resis-
tance has become a growing problem among 
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both older and newer generations of these drugs. 
In the most recent reports from the nation-
wide Ocular TRUST (Tracking Resistance in 
U.S. Today) study, for example, the majority of 
tested methicillin-resistant S. aureus (MRSA) 
isolates were resistant not only to ciprofloxacin, 
but also to levofloxacin and the newer topical 
fluoroquinolones gatifloxacin and moxifloxacin.10 

One factor that has contributed to the devel-
opment of antibiotic resistance is the widespread 
use of the fluoroquinolones themselves, particu-
larly their application in systemic medicine and 
their even more liberal use in agriculture. A 2002 
study by Smith and associates reported that up 
to 80% of the antibiotics produced in the United 
States are used in agriculture, mostly to promote 
animal growth.11 Resistant bacteria can develop 
within these animals due to chronic antibiotic 
exposure. In such cases, the bacteria can be trans-
ferred to humans when the animal meat is com-
mercially sold and eaten.12 These microorganisms 
can also spread beyond the farm when manure 
leaches into the soil and water of surrounding ar-
eas (Table 1).13 

Among eyecare practitioners, additional fac-
tors that contribute to antibiotic resistance in-
clude inappropriate prescribing and patient non-
compliance. In PRK and LASIK prophylaxis, for 
example, patients may be told to take their drops 
four times daily after surgery. After a day or two, 
these patients may feel that, since there is nothing 
noticeably wrong with them, there is no harm in 
missing doses or reducing their number. On the 
physician’s side, prescribing low-dose antibiotics 
for extended periods can also promote resistance. 

The diminishing susceptibility of ocular iso-
lates to fluoroquinolones is frightening because 
it limits our options for managing common eye 
infections.14-16 A future direction of ocular drug 
development will, therefore, be to find ways of 
circumventing pathogen drug resistance.14-17 Cur-
rently, we employ a variety of strategies—with 

varying degrees of efficacy—to combat resistant 
organisms. These include the use of combination 
therapy, monitoring drug interactions, customiz-
ing prescribing patterns, frequent patient follow-
up visits, and incorporating the preservative ben-
zalkonium chloride (BAK) to improve antibiotic 
potency (Table 2).

benzalkonIUm chlorIde
In several studies, the addition of BAK has 

resulted in enhanced in vitro potency. Hesje and 
associates found that adding BAK to gatifloxa-
cin and moxifloxacin caused dramatic reductions 
in the mutant prevention concentration against 
MRSA isolates.18 (The mutant prevention con-
centration is the minimum drug concentration 
needed to kill quickly enough to prevent the gen-
eration of mutant organisms.) Additionally, the 
MIC90 of gatifloxacin and moxifloxacin against 
MRSA was substantially lower when BAK was 
added (≤0.008 µg/mL) versus when the same 
drugs were used without BAK (MIC90 ≥ 4 µg/
mL and MIC90 = 4 µg/mL for gatifloxacin and 
moxifloxacin, respectively) (Table 3).18 A similar 
association has been noted in animal studies—in 
a rabbit model, adding BAK to gatifloxacin result-
ed in increased efficacy (supported by the finding 
of lower MICs in vitro) than when the drug was 
used without BAK.19

Although the addition of BAK to antibiot-
ics has certain advantages that have been docu-
mented in the laboratory, the incorporation of 
BAK also presents certain challenges. First, there 
is the common problem that exists for all topical 
applications, which is that a significant amount of 
BAK can be lost from the eye due to tear turn-
over.20 In addition, the prolonged use of BAK, or 
the use of BAK in high concentrations, can have 
toxic effects on the eye. This is particularly an issue 
when BAK is added to glaucoma medications—
drugs that are used daily for years, usually by older 
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patients who already have dry eyes. However, this 
ocular surface toxicity is less of an issue in anti-
biotic treatment, as most patients take antibiotics 
for only a few days.

beSIfloxacIn
A final factor that may help us to overcome 

antibiotic resistance, even if only temporarily, is 
the development of new fluoroquinolones. One 
such example, besifloxacin, is the newest of these 
broad-spectrum agents to become available in a 
topical formulation and was FDA approved in 
2009 strictly for ophthalmic use. It is formulated 
in a polymeric mucoadhesive wetting agent that 
has been shown to enhance residence time of the 
drug on the eye.21

Many clinical efficacy studies have been per-
formed on this drug. In one study, for example, af-
ter besifloxacin treatment of 656 conjunctivitis iso-
lates, no resistant strains emerged.22 Additionally, 
data compiled from three clinical studies show the 
in vitro MIC90 activity of besifloxacin, moxifloxa-

cin, gatifloxacin, and azithromycin against a variety 
of clinical isolates (Table 4).23 A sizeable number 
of isolates of both S. aureus and S. epidermidis were 
tested; for both organisms, besifloxacin had the 
lowest mean MIC90 values: 0.5 µg/mL for S. aureus 
and 0.5 µg/mL for S. epidermidis. This compares 
with 2 µg/mL and 4 µg/mL, respectively, for moxi-
floxacin, 4 µg/mL and 2 µg/mL for gatifloxacin, 
and >8 µg/mL and >8 µg/mL for azithromycin.

Cambau et al found that besifloxacin showed 
lower frequencies of resistant variants in studies of 
representative ocular pathogens than ciprofloxacin 
and moxifloxacin.18 This is due to its balanced dual 
targeting of DNA gyrase and topoisomerase IV.

challenGeS wIth modern drUGS
There are, of course, several potential chal-

lenges with new drugs. First, we have less clinical 
data to work with than we do with older antibi-
otics. New drugs may also incur higher costs for 
patients. At the pharmacy, these drugs are very 
likely to be priced in Tier 3 and require a higher 
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copay than Tier 1 or Tier 2 drugs—or, the drug 
may not be covered by insurance at all. In such 
cases, the patient may be switched to a generic, 
such as ciprofloxacin, as a more affordable alterna-
tive. The downside is that, although a fluoroqui-
nolone, ciprofloxacin is an older drug, and there is 
a higher level of resistance; so switching medica-
tions to save money may result in taking a drug 
that does not efficiently resolve the infection. This 
could lead to extra physician visits and equate to 
more copays. Meanwhile, there is also the risk of 
spreading the infection to others.

conclUSIon
The evolution of ocular antiinfectives has 

brought about several new options for killing 
bacteria. Today, we have ready access to antibi-
otics that provide a broad spectrum of coverage, 
excellent pharmacokinetics, and good tolerability. 
At the same time, growing bacterial resistance 
continues to limit treatment options and pose 
new challenges. Physician efforts (eg, appropriate 
prescribing and working to ensure patient compli-
ance) and the development of new drugs should 
help us to meet these challenges.

Marguerite B. McDonald, MD, FACS, is a clinical profes-
sor of ophthalmology at New York University, New York, NY, 
and an adjunct clinical professor of ophthalmology at Tulane 
University School of Medicine, New Orleans, LA.
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examinatiOn	answeR	sheet	 Rethinking	Ocular	antiinfectives,	Part	2

1. Chloramphenicol drops fell out of use in 
the united states due to:
a. loss of efficacy due to antibiotic 

resistance.
B. Replacement by lower cost 

fluoroquinolones.
C. Rare but potentially fatal side effects 

in some patients.
D. lack of broad-spectrum activity.

2. Targeting both Dna gyrase and 
topoisomerase iv:
a. Reduces the chances of resistance 

developing from a single-step 
mutation.

B. Results in the emergence of resistant 
strains of bacteria.

C. increases the chances of resistance 
developing from a single-step 
mutation.

D. is a characteristic of older 
fluoroquinolone antibiotics.

3.  Compared with previous generations, 
“third generation” fluoroquinolones had:
a.  improved antimicrobial activity, 

except against anaerobes.
B.  Roughly the same level of 

antimicrobial activity.
C.  improved antimicrobial activity and 

stronger activity against anaerobes. 
D.  improved antimicrobial activity, but 

the same level of activity against 
anaerobes.

4.  Pharmacokinetic parameters that 
describe drug behavior include:
a.  The auC (area under the curve).
B.  The relation of the auC to the MiC 

(minimum inhibitory concentration).
C.  The auiC (area under the inhibitory 

curve).
D.  all of the above.
 

5. Ciprofloxacin and ofloxacin:
a.  are both “first generation” 

fluoroquinolones.
B.  Target bacterial Dna gyrase and 

topoisomerase iv enzymes equally.
C.  Target primarily only Dna gyrase.
D.  had less broad-spectrum activity 

than norfloxacin.

6. incorporating benzalkonium chloride 
into a topical antibiotic drop has been 
found to:
a. improve patient compliance.
B. Enhance residence time of the 

antibiotic on the eye.
C. increase in vitro potency.
D. lower antibiotic potency.

7. halogenation, such as chlorination at 
C-8, has historically been associated 
with:
a. antibiotic activity against many 

resistant bacterial strains.
B.  Relatively low MiCs.
C.  neither a nor B is true.
D.  Both a and B are true.

8. factors that may contribute to the 
development of antibiotic resistance 
include:
a. liberal use of fluoroquinolones in 

agriculture.
B. Patient noncompliance.
C. Extensive use of antibiotics in 

systemic medicine.
D. all of the above.

9. Modern fluoroquinolones have 
characteristics that are conducive to:
a. The development of bacterial 

resistance.
B. Producing high tissue concentrations 

relative to MiC values.
C. Producing higher tissue 

concentrations and higher MiCs than 
older fluoroquinolones.

D. none of the above is correct.

10.  Besifloxacin is a new fluoroquinolone 
antibiotic that:
a.  lacks a chlorine atom at the C-8 

position.
B.  is approved for ophthalmic and 

systemic use.
C.  Commonly causes phototoxicity.
D.  is specialized for ophthalmic use only 

as an eyedrop. 
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