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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. Select appropriate agents for the empirical treatment 
of suspected mRSA infections.

2. Provide meaningful guidance to patients for 
maintaining their normal ocular surface protective 
mechanisms.
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Antiinfectives
current thinking on the Prevention 
and treatment of Staphylococcus 
aureus ocular infection
Francis S. Mah, MD

� e growing threat of MRSA ophthalmic 
infections warrants greater e� ort in both 
the treatment and prevention of infection 
with these organisms. � at said, what is 
most important in the continuing battle 
against bacterial pathogens is for clinicians 
to focus on and make the best possible use 
of the treatment options already at their 
disposal.

Familiar to all ophthalmologists, the 
gram-positive bacterium Staphylococcus 
aureus is part of the normal bacterial 
fl ora of the human body; S. aureus favors 
external body surfaces such as the skin, 
nasal mucosa, and periocular tissues. 
While most individuals colonized by S. 
aureus are simply asymptomatic carriers, 
the organism is a leading cause of a wide 
range of infections and is considered a 
major human pathogen.

Ocular S. aureus infections range 

from blepharitis and conjunctivitis, 
which are relatively common and gen-
erally mild, to less common but more 
serious conditions such as keratitis and 
endophthalmitis. While blepharitis 
and conjunctivitis are often associ-
ated with overgrowth of S. aureus and 
other bacteria of the normal fl ora, in-
fection of the normally sterile corneal 
stroma and intraocular tissues requires 
S. aureus to fi nd a means of entry such 
as an epithelial defect (keratitis) or trau-
matic or surgical penetration of the eye 
(endophthalmitis).

Methicil l in-resistant S. aureus 
(MRSA) exhibits resistance not just 
to methicillin but to other beta-lactam 
antimicrobial agents; and methicillin 
resistance is often accompanied by re-
sistance to other drug classes, including 
the fl uoroquinolones. Frequently chal-
lenging to treat, MRSA infection has 
become an increasingly important cause 
of morbidity and mortality.

mechanisms of resistance
Beta-lactam antibiotics, including 

penicillin and methicillin, act by in-
hibiting cell-wall synthesis; and in the 
absence of resistance they can do an ex-
cellent job of eliminating gram-positive 
bacterial infections. Within the bacterial 
cell, the beta-lactam antibiotics bind to 

FiGure 1 Components of corneal epithelium 
and tear fi lm innate immunity. (See full image on 
page 6. Adapted from Reference 6.)

see insiDe for:
innate infectious Defenses of the ocular 
surface by Jillian F. Meadows, OD, MS, and 
Kelly K. Nichols, OD, MPH, PhD
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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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bacterial “penicillin binding protein” 
(the enzyme transpeptidase), which is 
essential to crosslinking peptidoglycan 
layers within the cell wall. By inhibiting 
this enzyme, the beta-lactams weaken 
the bacterial cell wall and prevent suc-
cessful cell division, leading ultimately 
to cell death. 

Methicillin was developed in the 
1950s to replace penicillin to which 
bacteria—particularly, S. aureus—had 
already become resistant; methicillin 
was particularly eff ective in the begin-
ning because, unlike penicillin, methi-
cillin was resistant to degradation by 
bacterial beta-lactamases that made S. 
aureus resistant. But, again, S. aureus, 
adapted to its new circumstances, and 

resistant strains began showing up just 2 
years after methicillin became available 
to clinicians.1 

Resistance to methicillin involved a 
similar mechanism to penicillin resis-
tance: the bacteria was able to alter the 
penicillin binding proteins to decrease 
their beta-lactam affi  nity. Specifi cally, 
the mecA gene that confers beta-lactam 
resistance encodes a novel penicillin 
binding protein that does not bind 
methicillin or other beta-lactam anti-
biotics. Transfer of the mecA gene can 
easily occur vertically from a mother to 
a daughter cell or horizontally from one 
bacterial cell to another (via a plasmid 
vector), allowing rapid spread of resis-
tance among S. aureus strains.

mrsa on the rise
Th ere is now a substantial body of 

evidence that the prevalence of MRSA 
has been increasing among ocular 
infections over the past two decades. 
Th e American Society of Cataract and 
Refractive Surgery reported in 2008 
that MRSA has replaced atypical myco-
bacteria as the most frequently cultured 
organism (28%) in infectious keratitis 
following refractive surgery.2 MRSA 
has also risen to be the most common 
causative pathogen in other ocular in-
fections, including conjunctivitis and 
endophthalmitis.3,4 

Th e Surveillance Network, which 
monitors antimicrobial susceptibility 
patterns of bacterial pathogens in the 
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comycin remains the antibiotic of choice 
for treating known MRSA infections. 
Th is glycopeptide antibiotic, however, 
must be compounded for ocular use, a 
process that has been associated with 
inconvenience and, more importantly, 
potential risks of infection. Additionally, 
vancomycin preparations usually have a 
low pH, and frequent use can result in 
ocular surface toxicity.

In endemic areas or suspected 
MRSA cases, empirical antibiotic 
treatment should include coverage for 
MRSA. Vancomycin may not be neces-
sary because, unlike nosocomial strains 
of MRSA, CA-MRSA strains are still 
susceptible to many of the older antibi-
otics such as aminoglycosides.11 Th ese 
alternative options include bacitracin, 
trimethoprim (typically in  polymyxin 

United States, found that the propor-
tion of MRSA among S. aureus ocular 
infections increased from 29.5% in 2000 
to 41.6% in 2005.5 Ocular TRUST, a 
nationwide ocular surveillance program 
launched in 2005, noted a similar trend 
of increasing MRSA among S. aureus 
ocular isolates: in 2008, the proportion 
of MRSA isolates had risen to nearly 
50%.6,7 Th e latest Antibiotic Resistance 
Monitoring in Ocular Microorganisms 
(ARMOR) study yielded consistent 
results, fi nding that 39% of S. aureus 
ocular isolates were MRSA.8 

 
hospital- vs. Community-
acquired mrsa

Although fi rst reported in the 1960s, 
MRSA remained an infrequent cause of 
infection for most of the next 30 years. 
Then, in the 1990s the incidence of 
MRSA infection grew dramatically. It is 
noteworthy that MRSA cases reported 
prior to the mid-1990s were almost in-
variably traceable to exposure within a 
healthcare setting, such as a hospital or 
nursing home; but since the mid-1990s, 
MRSA infection has been increasingly 
reported among diverse populations 
with no healthcare exposure.

The rapid emergence of MRSA 
over the last two decades is believed 
attributable to the rise of the MRSA 
strains known as community-acquired 
MRSA (CA-MRSA). One review of all 
S. aureus infections in a local hospital 
system found that while the cases of 
nosocomial MRSA remained constant, 
the number of ophthalmic CA-MRSA 
patients increased annually, and as many 
as 76% of all ocular MRSA infections 
between 2000 and 2004 were caused by 
CA-MRSA strains.9

Hospital-acquired MRSA (HA-
MRSA) strains have genetic modifi ca-
tions that give them a survival advantage 
in the presence of antibiotics, but some 
of these same modifi cations appear to 
have reduced their ability to compete 
in the community. Th us HA-MRSA 
remains largely confi ned to healthcare 
environments, where there is continu-
ous selective pressure from antibiotics.10 
Strains of CA-MRSA, on the other 
hand, have distinct genetic elements 
that appear to allow easier horizontal 

transfer of resistance genes and more ef-
fi cient movement of the bacterium from 
person to person. More like a wild type, 
CA-MRSA has enhanced virulence and 
can be found in much wider variety of 
locations—gyms and sports facilities are 
common environments for CA-MRSA 
organisms; and CA-MRSA also tends to 
infect younger and healthier individuals, 
who typically have little contact with 
healthcare settings. 

advantage of topical agents
Minimum inhibitory concentration 

(MIC) is the metric used to measure 
microbial susceptibility to an antibiotic; 
and in the clinic MIC is often used to 
guide antibiotic selection. Susceptibility 
testing of ocular isolates, however, may 
not accurately predict an ocular anti-
microbial’s effi  cacy, because the defi ni-
tion of resistance is based on systemic 
administration. (An organism is called 
“resistant” when it can’t be inhibited 
at reasonably achievable systemic [ie, 
serum] drug concentrations.) Th us, an 
organism classifi ed as “resistant” because 
it isn’t inhibited at the maximum achiev-
able safe serum concentration may be 
susceptible to treatment with a topically 
applied drug, because the concentrations 
possible at the infection site with a topi-
cal agent are typically far higher than 
the concentration achievable through 
systemic administration.

Because they can be delivered so eas-
ily and in such high concentrations, topi-
cal ophthalmic drugs are advantageous 
for treating most ocular infections. Th e 
ability to maintain high concentrations 
of drug at the infection site is expected 
to yield faster, more extensive bacterial 
killing and help thwart bacterial resis-
tance. With agents we typically use, 
the achievable concentrations on the 
eye may far exceed the MICs of many 
isolates, and only a small number of 
bacteria with very high MICs may be 
considered truly resistant in this setting.   

treatment strategy
The ARMOR study found that 

vancomycin and besifl oxacin had the 
lowest MIC50 and MIC90 values for S. 
aureus than azithromycin or any of the 
fl uoroquinolones tested.8 For now, van-

core concePts 
➤ mrsa is a common ocular 

pathogen, responsible for 
close to half of all S. aureus 
infections.

➤ the mrsa epidemic, which 
begun in the mid-1990s, 
is largely attributable to 
the rapid rise of Ca-mrsa, 
strains of which are more 
virulent and more easily 
spread than ha-mrsa, but 
fortunately are susceptible to 
many older antibiotics.

➤ topical ophthalmic drugs can 
achieve signifi cantly higher 
local concentrations than 
their systemic counterparts 
can achieve in serum.

➤ high local concentrations 
may allow topical drops to 
eradicate bacteria deemed 
resistant in susceptibility 
testing, which uses systemic 
breakpoints to determine 
whether an isolate is 
“resistant.”

➤ while vancomycin remains 
the drug of choice for known 
mrsa infections, many 
older antibiotics, including 
bacitracin, polymyxin B, and 
gentamicin, can be used 
for empirical coverage of 
suspected mrsa infections.
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B combinations), gentamicin, and besi-
fl oxacin. Th e key to antibiotic selection 
is having a better understanding of cur-
rent microbiological trends and follow-
ing local antibiograms, as susceptibility 
patterns can diff er by region.

If the patient improves with an 
empirical antibiotic, even if laboratory 
results suggest resistance, it may not 
be necessary to switch immediately. As 
previously discussed, topical ophthal-
mic medications may be more eff ective 
than indicated by susceptibility testing 
because they achieve exceedingly high 
tissue levels at the infection site. In such 
cases, my approach is to continue with 
the initial agent, explain to patients that 
there is vancomycin to fall back on, and 
closely monitor the infection. In my ex-
perience these patients often continue to 
improve, requiring no midcourse change 
of antibiotics. 

  
surgical Prophylaxis

If a cataract surgery patient has a 
history of MRSA infection, reaching 
out to the patient’s primary care doc-
tor or infectious disease specialist can 
provide valuable information to use in 
preparing the patient for surgery. S. 
aureus, including resistant strains, most 
commonly colonizes the anterior nares 
and can often be eliminated with intra-

nasal mupirocin.
Potential ocular treatment options 

include vancomycin, bacitracin, besi-
fl oxacin, gentamicin, and polymyxin 
B/trimethoprim. Th e decision on which 
to use should be based on regional anti-
biograms. I fi nd bacitracin ointment an 
eff ective treatment for clearing out the 
eyelashes, and often use higher doses of 
besifl oxacin for the eye following intra-
nasal mupirocin or bactroban. Th e goal 
is to have two negative blood cultures 
or nasal swabs prior to surgery, and, of 
course, it is always important to inform 
the patient about the risk of infection. 

Francis S. Mah, MD, is director of cornea and exter-
nal disease, and co-director of refractive surgery at 
the Scripps Clinic Medical Group, La Jolla, CA, and 
a consultant and member of the Charles T. Campbell 
laboratory of the University of Pittsburgh Medical 
Center. He serves as a consultant to Alcon, Allergan, 
Bausch + Lomb, and Foresight Pharmaceuticals. 
Medical writer Ying Guo, MBBS, PhD, assisted in 
the preparation of this article.
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innate infectious Defenses of the 
ocular surface
Jillian F. Meadows OD, MS, and 
Kelly K. Nichols OD, MPH, PhD

The ocular surface, the point of contact 
between the eye and the environment, 
has devised a variety of ingenious 
methods for responding to ever changing 
environmental conditions. Thanks to 
these natural defenses, antiinfective 
medications are necessary only when 
infection risk is high (as in ocular surgery) 
or when infection strikes.

The ocular surface is continually 
exposed to the resident fl ora of the ocu-
lar and periocular tissues, as well as to 
the pathogens in the air, water, contact 
lenses, and everything else that comes 
in contact with the eye. Organisms that 
succeed in invading the corneal tissue 
can cause painful and potentially sight-
threatening infection; and microbial 
keratitis is a major cause of preventable 
blindness in the world.1

Yet despite all that the eyes are ex-
posed to, serious ocular infection is rela-
tively rare. Th e healthy ocular surface 
is protected from invading pathogens 
by a unique and fi nely tuned array of 
mechanical (eg, eyelids and lashes), in-
tercellular (eg, epithelial tight junctions), 
and molecular elements (eg, products 
of the innate and adaptive immune 
systems). As in other parts of the body, 
innate immunity describes an initial 
nonspecifi c response to a pathogen that 
takes place within minutes to hours of 
exposure. Adaptive immunity is a sec-
ondary, more specifi c response to infec-
tion that occurs within 24 to 48 hours 
following exposure, if it is required; 
the adaptive response is characterized 
by immunologic memory and involves 
cellular elements including Langerhans 
(dendritic) cells and lymphocytes.2

A refi ned understanding of ocular 
innate immunity provides insights into 

many clinical areas: infection patho-
genesis, infectious risk associated with 
various noninfectious conditions (eg, dry 
eye disease), and infectious risk associ-
ated with common interventions that 
aff ect the ocular surface (such as contact 
lens wear). In addition, knowledge of 
ocular surface immune mechanisms is 
important for unlocking the myster-
ies of infl ammatory and autoimmune 
conditions that aff ect the cornea, uvea, 
and retina.2

normal Flora
The normal f lora of the ocular 

surface may represent a line of defense 
against invading pathogens, as well as 
a reservoir of potential pathogens when 
defenses are breached. Studies utilizing 
microbial culture and DNA sequencing 
have revealed that a limited number of 
microbial species predominate on the 
lids and conjunctiva and within tear 
samples; these include Staphylococcus epi-
dermidis, the most common, followed by 
Propionibacteria and diphtheroids such 
as Corynebacterium.3 Other species in-
cluding Sphingomonas, Streptophyta, and 
potentially pathogenic “atypicals,” such 
as Rhodococcus and Klebsiella species, are 
thought to be present less commonly 
and/or less consistently.3,4 Although the 
ocular surface fl ora is diverse and less 
predictable than, for example, skin fl ora, 
a predominance or paucity of certain 
species may play a role in some ocular 
diseases, such as blepharitis.5

Th e presence of normal fl ora on the 
eye begs the question: How can the host 
tell the diff erence between a commensal 
organism and a pathogen? A key area 
of intense investigation centers on host 
cell surface molecules called pattern or 
pathogen recognition receptors (PRRs), 
a family of innate immune receptors, 
which facilitate “cross-talk” between 
host cells and microbes.4,6

 

Pattern recognition receptors, in-
cluding toll-like receptors (TLRs), 
which are present on ocular surface 
epithelial cells, detect pathogen associated 
molecular patterns (PAMPs), conserved  
“signatures” specifi c to microbes and not 

core concePts 
➤ Physical and mechanical 

barriers to ocular infection 
include lids, lashes, and basal 
and refl ex tearing.

➤ Cellular barriers include 
conjunctival and corneal 
epithelial tight junctions 
supported by healthy 
oxygenation and tear fi lm.

➤ Lipids and mucins in the 
tear fi lm help trap and 
clear bacteria on the ocular 
surface.

➤ toll-like receptors on 
ocular surface epithelial 
cells recognize common 
components associated with 
microbial pathogens.

➤ the mechanisms of corneal 
innate immunity participate 
in infectious, infl ammatory, 
and autoimmune conditions. 
innate immunity is triggered 
by recognition of pathogenic 
features.

➤ Key antimicrobial 
components of innate (rapid) 
immunity include lysozyme 
(cidal), lactoferrin (static), and 
lipocalin (static).

➤ immunoglobulins (mainly 
secretory iga), complement 
enzymes, and antimicrobial 
peptides also actively deter 
pathogen invasion.

➤ Lid hygiene is useful for all, 
not just patients with ocular 
surface conditions.
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found in human host tissue. 
Th e lipopolysaccharide (LPS) com-

ponent of a gram-negative bacterial 
cell wall is an example of a PAMP that 
would be recognized by a TLR. Other 
TLRs detect other PAMPs such as 
bacterial f lagella, virus RNA, virus 
DNA, or fungal structures.2 Th us TLRs 
can sense changes in the microbiome, 
including increases in bacterial burden 
or the presence of potential patho-
gens. When activated, TLRs signal 
the release of a range of infl ammatory 
mediators, including antimicrobial pep-
tides and chemokines, which recruit 
neutrophils and other components of 
the immune system to defend host tissue 
against invasion.1,6 Th e adaptive phase 
of the immune response is mediated by 
TLRs expressed on antigen-presenting 
cells such as macrophages and dendritic 
cells.2 Immune activation is a double-
edged sword in the cornea; the cost of 
antimicrobial defense is cytotoxicity and 
a risk for loss of corneal clarity.1 

TLRs are also expressed in a variety 
of non-ocular tissues including skin, 
bowel, and the urogenital tract. TLR 
activation may play a role in the patho-
genesis of a variety of infl ammatory 
diseases including psoriasis, rheumatoid 
arthritis, and infl ammatory bowel dis-
ease and may help to explain why ocular 
infl ammation can be associated with 
systemic conditions.2

  
tear Chemistry

Research is increasingly showing the 
tear fi lm to be a complex fl uid critical 
to ocular surface health. After blink-
ing and ref lex tearing, the tear film 
itself is the next line of defense against 
environmental microbes. Th e tear fi lm 
is also responsible for clearing irritants 
and toxins, lubricating and hydrating the 
epithelium, maintaining a surface for 
light refraction, and supplying oxygen. 
Th e tear lipid layer, the outermost por-
tion of the tear fi lm, is produced mainly 
by meibomian glands and prevents tear 
evaporation; it can also trap pathogens. 
The innermost layer, consisting of 
membrane-bound mucins, retains the 
aqueous against the eye, acts as a viscous 

barrier to bacterial penetration, and 
maintains a highly concentrated reser-
voir of antimicrobial peptides.7 Bacteria 
trapped by mucins are killed and washed 
away into the lacrimal drainage system.7 
In between those two layers is the aque-
ous layer, which washes away particles 
and microbes and contains an array of 
soluble mucins, proteins, and enzymes 
secreted from lacrimal glands or epithe-
lial cells (Figure 1). Several antimicrobi-
al components of the aqueous layer have 
been identified. Lysozyme 
cleaves the peptidoglycan 
backbone of bacterial cell 
walls. Lactoferrin binds iron, 
thus robbing bacteria of an 
essential nutrient. Lipocalin 
blocks iron uptake by inhib-
iting bacterial iron-binding 
receptors. Secretory IgA 
performs both innate and 
adaptive immune functions 
within tears. Th ough not its 
primary function, sIgA can 
also activate the comple-
ment pathway. Th is pathway 
consists of multiple proteins, enzymes, 
opsonins, and infl ammatory mediators 
that lead to the creation of a membrane 
attack complex on a bacterial surface, 
culminating in lysis and death of the 
pathogen.

 
Dry eye

Because disruption of the ocular 
surface is often associated with dry eye, 
there is a widespread (and logical) belief 
within the eyecare community that dry 
eye patients may be at increased risk for 
infectious keratitis. However the epide-
miologic evidence does not bear this out; 
despite corneal compromise and altered 
bacterial burden, dry eye patients do 
not seem to experience increased rates 
of microbial keratitis compared to the 
population without dry eye.3,6 

Clinical research and experimen-
tal models of dry eye have uncovered 
diff erences in innate immunity when 
compared with the non-dry eye that 
begin to explain how the corneal 
surface protects itself from infection. 
Th ese include signifi cantly increased 

expression of certain TLRs, secretory 
phospholipase A2 (sPLA2), and certain 
antimicrobial peptides (AMPs) such 
as human β-defensin-2 (hBD-2). As 
mentioned, TLRs assist in pathogen 
recognition and initiating infl amma-
tory actions that lead to antimicrobial 
action. sPLA2 is produced by lacrimal 
glands and corneal and conjunctival cells 
that contribute to the killing of gram-
positive bacteria through hydrolysis of 
phospholipids that comprise bacterial 

cell membranes.6,7 AMPs are cationic 
molecules, such as defensins and cathe-
licidins. Th e positively charged peptides 
disrupt the negatively charged surface of 
microbial membranes, may permit pore 
formation, and ultimately lead to leak-
age of vital intracellular contents and 
microbial death. hBD-2 is one of several 
human defensin molecules present in 
refl ex and basal tears with particularly 
good activity against Pseudomonas ae-
ruginosa. It remains unclear whether 
these and other molecular changes are 
compensatory antimicrobial responses 
to dry eye, causative of dry eye, or both.6

Contact Lens Care and 
Compliance

Contact lens wear is a well-known 
risk factor for corneal infection due to 
multiple breaches in surface defenses: 
reduced oxygenation, microtrauma 
from interaction with a foreign body, 
and bacterial adhesion to lens material. 
Proteins—the same ones that protect 
the eye under normal (no-lens) circum-
stances—become bound to the lens 

FiGure 1 Components of corneal epithelium and tear fi lm 
innate immunity. (Adapted from Reference 6.)



Topics in ocular anTiinfecTives 7To obtain CME credit for this activity, go to http://cme.ufl .edu/ocular

surface during wear, preventing them 
from performing their antimicrobial 
functions. Further, protein and lipid 
deposits are precursors to bacterial ad-
herence to lenses.8

Proper pairing of lenses with solu-
tions and good lens care habits can help 
reduce infectious and noninfectious 
problems related to contact lenses. 
All patients—regardless of contact 
lens wear or eyelid and ocular surface 
health—should be encouraged to prac-
tice preventive ocular hygiene just as 
they would daily dental hygiene. Gently 
cleaning lid margins with mild soap and 
cloth or lid wipes supports antibacterial 
defenses by lowering bacterial burden 
and maintaining patency and function 
of meibomian glands. 

Conclusion
A vast, fl exible array of large and 

small molecules in the tear fi lm and 
ocular surface tissue protects the eye 

against a constant threat of infection. 
Changes to the ocular surface environ-
ment—including everyday interventions 
such as contact lenses—result in shifts 
to the overall milieu that can affect 
infection risk. Better characterization 
of innate ocular immune mechanisms 
will further the collective mission of 
improving and preserving ocular surface 
health and wellness.
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 1.  Which of the following 
best describes the action of 
lactoferrin?
A.  Serves as a depot for 

antimicrobial peptides
B.  Blocks iron-binding 

receptors on bacteria
C.  Binds iron so that 

bacteria cannot utilize it
D.  Attacks bacterial cell wall

 2. The primary mechanism by 
which beta-lactam antibiotics 
kill gram positive bacteria is 
by:
 A.  Inhibiting cell wall 

growth
 B.  Triggering apoptosis
 C.  Binding to nuclear 

DNA
 D.  Binding to mRNA 

 3. Which anatomical site does 
S. aureus most commonly 
colonize?
 A.  The nares
 B.  The eyelids
 C.  The skin
 D.  The gut

 4.  Which of the following 
statements regarding healthy, 
normal ocular surface flora is 
TRUE?
A.  There is a diversity of 

bacterial species 
B.  Normal flora has only 

nonpathogenic species
C.  There is little inter-

patient variability in the 
microbiome

D.  A healthy ocular surface 
is sterile 

 5. Which of the following 
is NOT appropriate for 
empirical coverage of 
MRSA? 
 A.  Bacitracin 
 B.  Penicillin
 C.  Gentamicin
 D. Polymyxin B

 6. The rate of MRSA among 
all ocular S. aureus infections 
likely falls into which of the 
following ranges:
 A.  Less than 5% 
 B.  10 to 20%
 C.  40 to 50%
 D.  70 to 80%

 7.  Which of the following 
is associated with increased 
risk for corneal infection?
A.  Contact lens wear
B.  Dry eye syndrome
C.  Both A and B
D.  Neither A nor B

 8.  Innate immunity 
plays a role in which of the 
following?
A.  Autoimmune disease
B.  Inflammatory reactions
C.  Controlling infection
D.  All of the above

 9. Which of the following 
attributes differentiate 
strains of CA-MRSA from 
HA-MRSA?
 A.  More virulent
 B.  Easier to spread
 C.  More sensitive to 

antibiotics
 D.  All of the above

 10.  Which of the following 
statements is TRUE?
A.  Pathogen associated 

molecular patterns 
(PAMPs) are a subset of 
toll-like receptors (TLRs)

B.  A TLR is a type of 
pattern recognition 
receptor

C.  A PAMP is a 
transmembrane structure 
on corneal cells

D.  Both A and C are true
 


