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tarGet auDienCe this educational activity is 
intended for ophthalmologists and ophthalmologists 
in residency or fellowship training.

LearninG oBJeCtiVes upon completion of this 
activity, participants will be able to:

1. Improve outcomes in patients with ocular infections 
by taking the growing prevalence of multidrug 
resistant organisms into account when planning 
antibiotic treatment.

2. Employ key strategies for the treatment of infectious 
vs. infl ammatory HSV keratitis.
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Antiinfectives
sound ocular antibiotic use in an
environment of Widespread resistance
John C. A� eldt, MD

According to the CDC, two million 
Americans are infected by antibiotic-
resistant organisms each year. Once 
a rarity, ocular infections caused by 
methicillin-resistant, fluoroquinolone-
resistant, or multiple-resistant pathogens 
are now commonplace. � e latest report 
from the ARMOR microbiologic 
surveillance study adds to our knowledge 
of prevailing antibiotic susceptibility 
trends and reinforces the importance of our 
e� orts to better manage ocular infections 
in this era of antibiotic resistance.  

Sur vei l lance studies such as 
ARMOR (Antibiotics Resistance Mon-
itoring in Ocular MicRoorganisms) are 
integral to the global eff ort to combat 
the epidemic of antibiotic resistance. 
According to the Centers for Disease 
Control (CDC), tracking antibiotic 
resistance is one of four essential eff orts 
in an overall strategy to combat what it 
calls “nightmare bacteria” and the “cata-

strophic threat” they pose.1 Other “Core 
Actions” include preventing infection 
and the spread of resistance, antibiotic 
stewardship, and developing new drugs 
and tests.

Large-scale microbiologic tracking 
programs in the US (of both ocular and 
nonocular isolates) have demonstrated 
major shifts in antibiotic susceptibilities 
among common pathogens. In an analy-
sis conducted by Th e Surveillance Net-
work (TSN) of more than 1.7 million 

Staphylococcus aureus isolates cultured 
from various sites, methicillin resistance 
went from 32.7% in 1998 to 53.8% 
in 2007, meaning that methicillin-
sensitive is no longer the predominant 
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FiGure 1 Roughly half of staphylococcal ocular isolates are methicillin resistant, according to 
ARMOR. (Adapted from Reference 7.)
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statement oF neeD
Ophthalmologists face numerous challenges in optimizing 
their competencies and clinical practices in the realm of 
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. 
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label uses of antiinfective medications.
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phenotype.2 In addition, increasing 
numbers of S. aureus infections are 
caused by community-acquired strains. 
In 1998, 22.3% of S. aureus isolates were 
community-acquired; by 2007 that 
number had increased to 66.1%.2

ocular infection
In ophthalmology, large-scale, 

antibiotic resistance tracking is a fairly 
recent development. Substudies of TSN 
and the ocular isolates tracked in a 
pre-ARMOR surveillance study called 
Tracking Resistance in the US Today 
(Ocular TRUST) looked at prevalence 
and antibiotic susceptibility patterns 
of ocular isolates between 2000-2005 
and 2005-2006, respectively.3,4 Data 
from ARMOR, a large survey of clini-
cally signifi cant ocular pathogens from 

34 private, community, and academic 
centers, was first published in 2011 
refl ecting cultures from 2009.5 Th ese 
studies and others have shown that 
ocular infections are increasingly caused 
by antibiotic-resistant pathogens, and, 
in many cases, by pathogens resistant 
to multiple agent classes.3-5

The pediatric population is also 
experiencing increasing rates of methi-
cillin-resistant S. aureus (MRSA) ocular 
infections. According to a single-center 
study from California that retrospec-
tively examined resistance patterns of 
MRSA ocular and periocular infec-
tions in children, resistance to fi rst-line 
antibiotics rose from 24% in 2002-2007 
to 43% in 2008-2009 (P = 0.001).6 A 
majority of MRSA infections were com-
munity-acquired (58%) in that study.

It is my impression that many 
eyecare providers underestimate the 
prevalence and threat of MRSA and 
its cousin, methicillin-resistant Staphy-
lococcus epidermidis (MRSE) in their 
communities. Since ocular infections are 
infrequently cultured, it is easy to have 
a blind spot regarding  how widespread 
these pathogens have become. Surveys 
such as ARMOR are especially helpful, 
therefore, in illuminating what is not ob-
vious in clinical practice: species-specifi c 
causes of ocular infections and how each 
antibiotic might fare against them.

armor 2012
New data from the ARMOR study 

presented at the 2013 ARVO meeting 
provides the latest snapshot of ocular 
microbiologic trends and confirmed 
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tions is high, and there is no indication 
that the time has come to let down our 
guard.

Fluoroquinolone resistance
Fluoroquinolones are the most 

commonly prescribed topical ocular 
antibiotics because they are generally 
safe, eff ective, and have a broad spectrum 
of activity. Within the fl uoroquinolone 
class, however, potency varies consider-
ably. One of the most striking fi ndings 
from the recent ARMOR study was the 
relative potency of individual fl uoroqui-
nolone agents against common ocular 
pathogens as defined by their mini-
mum inhibitory concentrations (MICs) 
(Table 1). Sometimes by several fold di-
lutions, besifl oxacin was associated with 
lower MIC values against staphylococcal 
and streptococcal pathogens compared 
with ciprofl oxacin, moxifl oxacin, gati-
fl oxacin, levofl oxacin, and ofl oxacin.7 

Th ese fi ndings are consistent with 
other trials that have demonstrated 
a wide spread between the most and 
the least potent fl uoroquinolones, with 

that antibiotic resistance is a signifi cant 
threat to patients with ocular infections.7 
Th e report consisted of microbiologic 
fi ndings from cultures obtained in 2012 
compared with cultures from the prior 
period of 2009 to 2011. Ocular iso-
lates of S. aureus, coagulase-negative 
staphylococci, Streptococcus pneumoniae, 
Pseudomonas aeruginosa, and Haemophi-
lus in� uenzae (N = 455) from 25 centers 
were tested in vitro against up to 16 
representative antibiotics using standard 
broth microdilution methods.

Results showed that resistance 
rates among ocular pathogens remain 
high and have f luctuated little over 
the past four years. Methicillin resis-
tance among S. aureus isolates hovered 
around 40%; among coagulase-negative 
staphylococci it was even higher. Resis-
tance to methicillin signals high risk 
for resistance to other antimicrobials, 
as well. Compared with methicillin-
susceptible strains, methicillin-resistant 
staphylococci were more commonly 

resistant to ciprofl oxacin, clindamycin, 
azithromycin, and tobramycin, and 
more likely to be resistant to more than 
one class of drug.

Because methicillin resistance rates 
among ocular pathogens in  ARMOR 
were fairly consistent over both study 
periods  does not mean that escalating 
methicillin resistance rates have begun 
to plateau (Figure 1). Researchers advise 
against that interpretation, as ARMOR 
was not designed to show year-to-year 
trends.

Although rates of invasive MRSA 
infections have dropped considerably 
in recent years (due most likely to ef-
fective inpatient antibiotic stewardship), 
community-acquired MRSA infections 
continue to rise.8 In fact, community-
acquired MRSA infections are now 
more common than hospital-acquired, 
although healthcare exposure continues 
to place patients at heightened risk.1,9 
Regardless of exposure route, risk for 
antibiotic resistance among ocular infec-

core concePts 
➤ antibiotic surveillance is 

one of four core actions 
designated by the CDC as 
integral to the fi ght against 
antibiotic resistance.

➤ Large microbiologic surveys 
have shown rapid expansion 
of methicillin resistance 
among clinically signifi cant 
staphylococcal isolates over 
the last 15 years.

➤ surveys of ocular isolates, 
including armor, have 
demonstrated high rates of 
methicillin resistance among 
staphylococcal pathogens; 
mrsa and mrse are far 
more likely to carry resistance 
to other antibiotics than 
their methicillin-susceptible 
counterparts.

➤ Fluoroquinolone resistance 
is increasing among ocular 
pathogens; more recently 
developed agents have 
higher potency against ocular 
pathogens.taBLe 1

newer fl uoroquinolone agents show greater potency against
staphylococcal pathogens

Staphylococcus aureus (n = 153)

Bes CiP mxF Gat LVx oFx

min ≤0.008 0.12 0.008 0.015 0.06 0.12

miC50 0.03 0.25 0.003 0.006 0.12 0.25

miC90 0.5 128 4 4 16 >8

max 16 256 64 256 >512 >8

s (%) na 63.4 65.4 64.1 63.4 63.4

ns (%) na 36.6 34.6 35.9 36.6 36.6

Coagulase negative staphylococci (n = 160)

Bes CiP mxF Gat LVx oFx

min 0.015 0.06 0.015 0.03 0.06 0.12

miC50 0.03 0.25 0.06 0.12 0.12 0.5

miC90 2 64 16 16 128 >8

max 4 >512 64 64 256 >8

s (%) na 66.3 71.3 66.3 66.3 66.3

ns (%) na 33.8 28.8 33.8 33.8 33.8
Source of data: Reference 7.

ABBREVIAtIONS n = number of isolates; mIC = minimum inhibitory concentration; 
min = lowest mIC value; max = highest mIC value; mIC50 = mIC that inhibits the growth of 50% of isolates;
mIC90 = mIC that inhibits the growth of 90% of isolates; S (%) = percentage of susceptible isolates; 
NS (%) = percentage of non-susceptible (intermediate or resistant) isolates.

BES = besifl oxacin; CIP = ciprofl oxacin; mxF = moxifl oxacin; GAt = gatifl oxacin; lVx = levofl oxacin;
OFx = ofl oxacin.
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besifl oxacin, the most recently approved 
fl uoroquinolone molecule, in many in-
stances demonstrating greater potency 
than earlier fl uoroquinolones.10,11 Th e 
degree of this diff erence, along with oth-
er measures of molecular potency, have 
led some to argue that besifl oxicin may 
represent a “fi fth” generation of oph-
thalmic fl uroquinolone development.12 

The medical community is also 
becoming increasingly aware of the 
widespread use of antibiotics in livestock  
and its implications for public health.13 
Besifl oxacin has been used only as a 
topical ophthalmic medication with no 
formulation available for systemic hu-
man or animal use. Th ere may therefore 
in theory, be lower selection pressure 
for resistance development against 
besifl oxacin. 

Practical implications
It is often easier to manage infections 

for which the cause has been identifi ed. 
While culturing every ocular infection 
is neither practical nor necessary, greater 
eff ort to identify causative pathogens 
before starting antibiotics is warranted, 
particularly in cases of keratitis. 

In the absence of culture results, em-
pirical therapy should be directed at the 
most likely pathogens; and today that 
means that the prevalence of MRSA and 
other common drug-resistant pathogens 
must be taken into account. ARMOR 
and other studies have demonstrated 
that a high proportion of clinically 
signifi cant ocular infections are caused 
by pathogens resistant to beta-lactam 
antibiotics, macrolides, and older fl uo-
roquinolones.7,14 

Choosing an agent with the greatest 
chance of success, such as a late-genera-
tion fl uoroquinolone, is not only a good 
strategy for curing the infection but may 
also serve to diminish risk of creating 

resistance—organisms that have been 
killed can’t produce genetic mutations.

Resistance trends also have bear-
ing on optimal antibiotic prophylaxis 
choices surrounding ocular surgery. 
Methicillin-resistant and fl uoroquino-
lone-resistant staphylococci are com-
mon commensal organisms on lids and 
conjunctivae of patients undergoing 
ocular surgery, including those who have 
had no prior contact with the health-
care system.14-16 Because postsurgical 
endophthalmitis can have disastrous 
consequences for all involved it is wise to 
choose the agent with the highest likeli-
hood of success against drug-resistant 
resident bacteria.15,17 

John C. A� eldt, MD is an associate professor and a 
corneal specialist in the department of ophthalmol-
ogy, Loma Linda University School of Medicine,  
and an assistant clinical professor at the Doheny 
Eye Institute, Keck School of Medicine, University 
of Southern California.  Medical writer Noelle Lake, 
MD, assisted in the preparation of this manuscript.
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ocular Herpes simplex: 
current thinking on Pathophysiology
and Management
Christopher J. Rapuano, MD

Herpes simplex virus ocular disease 
remains a leading cause of corneal scarring 
and corneal blindness. As researchers 
struggle to � ll in the gaps in our knowledge 
of its pathophysiology, clinicians who treat 
it have just two principle tools: antivirals 
and antiin� ammatories.

Herpes simplex virus (HSV) is the 
only viral pathogen known to estab-
lish latency in the nervous system and 
emerge intermittently to cause recurrent 
eye infection in a small fraction of those 
who harbor the virus. While HSV-1 is 
thought to infect almost the entire adult 
population, only a modest number—a 
few tens of thousands in the US—ex-
perience ocular HSV disease each year. 
Nonetheless, this stealthy, aggressive, 
and enigmatic pathogen is an important 
cause of corneal blindness.1

Our understanding of viral infectiv-
ity, latency, and reactivation, and the role 
the immune system plays in infl amma-
tion and infection, has developed slowly 
over decades of research: glycoprotein-
mediated viral attachment and entry 
into host cells have been described, as 
have the cellular and cytokine elements 
of the infl ammatory response that con-
tribute to the development of corneal 
scarring and neovascularization.2-5 In 
addition, we are gaining important 
insights into the host-virus interaction 
and the epigenetic regulation of ocular 
HSV.1

Despite this progress in basic science 
research, a vaccine and a virus-eradi-
cating cure remain elusive. Until that 
changes, there exist two main objectives 
in the care of patients with ocular herpes 
infection: suppressing outbreaks and 

minimizing damage when one occurs.

Primary infection
Most individuals are exposed to, 

and become infected with, HSV-1, at a 
young age from direct or indirect contact 
with a virus-shedding carrier.5 Th e virus 
can also be transmitted by contact with 
a fomite.6 It is thought that primary 
HSV-1 is most often experienced as a fl u-
like illness that occurs during childhood 
or young adulthood. Patients may experi-
ence malaise and/or cold-like symptoms 
and recover without intervention within 
a few days. It is believed that this is the 
point at which seroconversion occurs. 

HSV-1 infection is thought to be 
ubiquitous, because most Americans, 
with or without a memory of symp-
tomatic HSV disease in any form, have 
antibodies against HSV-1 by about 30 
years of age.

Less common is primary ocular in-
fection. Th is too occurs predominantly 
in younger people and happens when a 
virus-naïve patient is exposed to HSV-l. 
Th e patient develops a primary herpetic 
rash over one or both pairs of eyelids, the 
conjunctiva, and potentially the cornea. 
Th e rash is often extensive and impres-
sive, involving the upper and lower lids 
of both eyes. Patients with primary 
ocular herpes tend to seek medical at-
tention and undergo treatment with oral 
antiviral therapy, possibly with adjunc-
tive topical antiviral medication.

secondary infection
Whether or not the primary infec-

tion aff ected the eyes, following resolu-
tion of the primary infection the virus 
retreats to, and becomes latent in, the 
nerve cells of the trigeminal ganglia. 
During latency, viral gene transcription 

is largely turned off . For many people, 
the virus remains latent, causing no 
further symptoms for the remainder of 
their lifetime. In many others, the virus 
recurs in the form of cold sores on the 
lips, cheek, or tongue. 

In a third group, for reasons that are 

 

core concePts 
➤ hsV ocular disease 

is characterized by 
unpredictable periods of 
latency and reactivation.

➤ acquisition of hsV-1 is largely 
unpreventable at present; 
infected carriers may be 
asymptomatic and have no 
outward sign of infection.

➤ nearly everyone is thought to 
have silent hsV-1 infection; 
who is at risk for ocular 
disease and why is unknown.

➤ ocular hsV may affect skin, 
eyelids, conjunctiva, cornea, 
uvea, or retina.

➤ Patients with red or irritated 
eyes of unknown origin 
may have a herpetic lesion; 
evaluate carefully.

➤ Distinguishing infectious 
from infl ammatory hsV 
keratitis is critical to choosing 
appropriate therapy; steroids, 
used to treat infl ammatory 
hsV keratitis, can aggravate 
and should be avoided during 
active infection.

➤ antiviral prophylaxis may 
reduce recurrences but not 
altogether eliminate them.

➤ Children with ocular hsV 
require even more meticulous 
care; clear corneas and good 
vision prevent amblyopia.
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as yet unclear, latency is interrupted and 
HSV descends the ophthalmic division 
of the trigeminal nerve to cause ocular 
herpetic disease that can manifest itself 
in a broad range of ways, including: 
blepharitis, conjunctivitis, blepharo-
conjunctivitis, epithelial keratitis, or, 
less commonly, uveitis, iritis, or retinitis. 

Epithelial keratitis, the most com-
mon form of recurrence, causes symp-
toms of pain, photophobia, blurred 
vision, redness, and tearing.5 Although 
variation is possible, in most patients 
symptoms remain consistent from epi-
sode to episode. Triggers that produce 
reactivation may include stress, sunlight, 
menses, or other stimuli, although 
mechanisms for many triggers remain 
elusive and the subject remains some-
what controversial.1,5,7

stromal Keratitis
In a further subset of patients, 

months to years following active infec-
tion, the immune system can mount 
an inappropriate (autoimmune) attack 
on the cornea resulting in an herpetic 
stromal keratitis (Figure 1).5 Infl amma-
tory keratitis aff ects the stroma and/or 
endothelium and causes corneal swell-
ing, opacity, and neovascularization.5 It 
is critical to distinguish infl ammatory 
from infectious ocular herpetic forms as 
their management is diff erent: infl am-
matory herpes is treated with corticoste-
roids (or watched if it is mild); steroids, 
however, are contraindicated in active 
infection, where they may potentiate 
infection.8

In recent years, researchers have 
asked whether HSV can persist as ac-
tive or inactive virus within the cornea 
in a non-neuronal form of latency. Th is 
is important not only as a fundamental 
piece of the puzzle surrounding reac-
tivation of disease but also as part of 
the management of corneal tissue that 
is being harvested for transplantation. 

Th e question of non-neuronal la-
tency emerged from an observation that 
HSV particles can be recovered in tears 
and in corneal tissue of asymptomatic 
individuals.9 Studies in mice have shown 
that even mutant HSV particles that 

are incapable of antegrade transport (ie, 
movement from ganglia to peripherally 
innervated tissues such as the cornea) 
can cause infectious keratitis.10 Th ese 
and other studies support the possibil-
ity that movement of active virus from 
ganglion to cornea may not be the only 
mechanism for a recurrence of herpetic 
epithelial keratitis. 

evaluating the red eye
It is critically important that patients 

with complaints of a red or irritated 
eye undergo careful examination of the 
lids, conjunctiva, and cornea, 
with fl uorescein and/or rose 
bengal staining of the cornea 
used to visualize the classic 
herpetic dendrite, if pres-
ent. Presence of the classic 
branching herpetic dendrite 
on the cornea virtually seals 
the diagnosis; however, its 
absence does not preclude the 
possibility of herpes infec-
tion. HSV-related ulcerations 
on lids and conjunctiva do 
not have the same hallmark 
dendritic pattern as corneal 
lesions, and what appears as just an epi-
thelial defect in the conjunctiva could be 
an active herpes infection.

Topical steroids should never be 
prescribed without a thorough ocular 
examination including stains and slit 
lamp observation. (Abstinence from 
steroids includes antibiotic/steroid com-
binations, common go-to agents since 
they treat a broad array of conditions.) 
While it is true that the great majority 
of patients with ocular redness and ir-
ritation symptoms do not have a herpetic 
infection, the chance of encountering a 
case of ocular herpes makes a consistent 
eff ort to seek it worthwhile. 

treatment 
Th e fi rst goal of treating active her-

petic dendritic keratitis is to heal the 
corneal surface as quickly as possible. 
Th e longer a corneal lesion remains, the 
greater the likelihood that corneal haze 
or scarring will develop.5 Treating active 
infection with antiviral medication also 

reduces infl ammation and pain, when 
they are present, providing comfort to 
the patient. Topical antiviral treatment 
may be particularly useful since it places 
high concentrations of drug right at the 
site of viral proliferation. Oral antivirals 
can also be used. 

The mainstay of treatment for 
HSV-related infl ammatory keratitis is 
antiinfl ammatory therapy with a topical 
corticosteroid. (A prophylactic antiviral 
is typically prescribed as a safety mea-
sure to decrease the chance that a viral 
infection will emerge during the stromal 

keratitis episode.) Steroids should not 
be prescribed when there is evidence of 
active infection. For patients with both 
infection and infl ammation, antiviral 
treatment of the infection is the fi rst 
priority, to be followed by steroid treat-
ment only after the infection resolves.

Prevention
Patients with a history of mul-

tiple recurrences, whether infectious 
or inf lammatory, may be placed on 
long-term oral antiviral therapy as a 
preventive measure. Th e Herpetic Eye 
Disease Study (HEDS) showed that 
systemic antiviral prophylaxis (oral 
acyclovir 400mg twice daily for one 
year) significantly reduced—but did 
not eliminate—the risk of recurrences 
of epithelial keratitis, stromal keratitis, 
or orofacial HSV infection.11 

Discontinuing therapy after 1 year 
was not associated with rebound in-
creases in recurrences; however, the 
prophylactic benefi t was lost after the 

FiGure 1 Herpetic stromal keratitis. (Image from the 
collection of Joseph Colin, MD.)
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drug was stopped. For patients with 
known recurrence triggers, augment-
ing their prophylactic antiviral regimen 
before a potential triggering event, such 
as a skiing trip, can help to assure that 
an outbreak will not occur.

In my view, the off -label use of a 
chronic topical antiviral agent is an ac-
ceptable alternative to an oral agent for 
patients who cannot tolerate or choose 
to decline oral antiviral prophylaxis. 
Breakthrough recurrences of stromal 
inf lammation while on prophylactic 
antiviral therapy warrant treatment with 
a corticosteroid. All patients undergoing 
treatment for herpetic keratitis require 
close follow-up to ensure resolution of 
the outbreak and healing of the cornea. 
Those treated with corticosteroids 
should be monitored for corticosteroid-
induced eff ects, including intraocular 
pressure elevation and cataract.

Rapid diagnosis and aggressive 
treatment of—as well as prophylaxis 
against—recurrent herpes are especially 
critical in children. Corneal opacifi ca-
tion and related visual impairment 
before the age of about 12 years can 
increase a child’s risk for amblyopia, 
leading to lifelong visual impairment.12 
In children, careful upward adjustment 

in oral antiviral medication dosage as the 
child grows may be essential for eff ective 
control of the virus.13

Conclusion 
Patients benef it from antiviral 

therapy during bouts of acute ocular 
HSV infection and from corticosteroid 
therapy for stromal infl ammation in the 
absence of active infection. Prophylaxis 
is the standard of care for patients with 
chronic recurrent infection in an eff ort 
to minimize long-term corneal dam-
age and prevent the need for corneal 
transplantation. 

Christopher J. Rapuano, MD, is chief of the cor-
nea service at Wills Eye Hospital and professor 
of ophthalmology at Je� erson Medical College of 
� omas Je� erson University in Philadelphia, PA. 
He is consultant for Alcon Pharmaceuticals, Aller-
gan, Bausch+Lomb and Bio-Tissue. Medical writer 
Noelle Lake, MD, assisted in the preparation of this 
manuscript.
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 1. Which of the following is 
LEAST likely to be caused by 
an HSV recurrence?
 A.  Epithelial keratitis
 B.  Staphylococcal 

marginal ulcer
C.  Blepharoconjunctivitis
 D.  Conjunctivitis

 2. Which of the following 
is NOT a “Core Action” 
recommendation from the 
CDC in the fight against 
antimicrobial resistance?
 A.  Prevent spread of 

resistance
 B.  Track resistance
 C.  Careful antibiotic 

stewardship
 D.  Greater reliance on 

vancomycin

 3. According to the recent 
ARMOR report, which of 
the following statements 
is TRUE regarding 
fluoroquinolone potency 
against staphylococci from 
ocular infections?
 A.  MICs were the 

roughly same for all 
fluoroquinolones tested

 B.  Ciprofloxacin and 
levofloxacin were the most 
potent

 C.  There was no 
correlation between 
fluoroquinolone 
generation and potency

 D.  None of the above is true

 4. Which of the following is a 
primary goal in ocular herpes 
infection management?
 A.  Suppress outbreaks
 B.  Prevent development of 

iritis
 C.  Prevent secondary 

cytomegalovirus infection
 D.  None of the above

 5. Which of the following 
statements is TRUE 
of methicillin-resistant 
staphylococci?
 A.  Frequently non-

susceptible to ciprofloxacin
 B.  Are a rare cause 

of ocular infection in 
children

 C.  Uncommon on eyelids 
of healthy adults

D.  Both A and B are correct

 6. Which of the following was 
a key finding in the HEDS 
trial?
 A.  Oral antiviral 

prophylaxis reduced HSV 
recurrences in many 
patients

 B.  Topical antiviral 
prophylaxis reduced HSV 
outbreaks 

 C.  Children are commonly 
infected with a unique 
strain of drug-resistant 
HSV

 D.  Stopping antiviral 
prophylaxis caused 
rebound infection

 7. Which of the following is 
the least useful approach to 
first-line treatment of ocular 
infections?
 A.  Continued reliance 

on tried and true topical 
antibiotic choices

 B.  Keeping up with local 
and national antibiotic 
resistance trends

 C.  More frequent 
culturing of infections

D.  Frequent communication 
with hospital microbiology 
laboratory

 8. Which of the following is 
important when prescribing 
topical steroid for treatment 
of herpes stromal keratitis?
 A.  Avoid concomitant use 

of topical antiviral
 B.  Follow patients for 

resolution of inflammation 
and steroid side effects

 C.  Confirm HSV infection 
by culture or PCR prior to 
treatment

 D.  Adults are less 
responsive to steroid than 
children

 9. The longest that HSV-1 can 
remain latent (dormant) in a 
patient’s trigeminal ganglia is:
 A.  Several hours
 B.  Several days
 C.  Up to a year
 D.  The patient’s lifetime

 10. Which of the following 
studies has NOT contributed 
to understanding of ocular 
microbiologic trends?
 A.  The Surveillance 

Network (TSN)
 B.  Antibiotics Resistance 

Monitoring in Ocular 
Microorganisms 
(ARMOR)

 C.  Council on 
Epidemiology and 
Prevention (EPI)

D.  Tracking Resistance 
in U.S. Today (Ocular 
TRUST)


