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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. list three potential causes of a negative bacterial 
culture.

2. discuss the positive uses of a negative culture. 

3. Institute appropriate therapy earlier in the course of 
challenging cases of infectious keratitis through use of 
optical biopsy to make or confi rm diagnoses. 

4. Identify clinical situations in which confocal microscopy 
is likely to be of benefi t.
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Antiinfectives
the Positive Benefi ts of 
a negative culture
Joseph M. Blondeau, PhD

At � rst glance, a culture report that comes 
back from the microbiology lab marked 
“negative” would seem like a diagnostic 
dead end. But taken in the context of 
the patient’s overall clinical picture and 
possible explanations for a lack of growth, 
a negative culture can sometimes provide 
useful clinical information.

It is the rare ophthalmologist who 
routinely collects specimens for culture 
prior to treating an uncomplicated 
superficial ocular infection. Indeed, 
it is usually only the patients that are 
complicated or failed to respond to ini-
tial therapy that end up being cultured. 
However, even for ophthalmologists 
who don’t typically collect culture 
specimens prior to starting empirical 
therapy, there are a several situations in 
which a culture is likely to be of value, 
including: ongoing infl ammation that 
fails to resolve with broad-spectrum 
antimicrobial treatment; infectious 

signs and symptoms that are particularly 
severe; and infection where there is con-
cern about the possible presence of an 
antibiotic-resistant or atypical pathogen 
(Figure 1). Antimicrobial resistance may 
be more likely in the patient that has 
had multiple exposures to antimicrobial 
agents—including for non-ocular local-
ized or systemic infections.

Positive culture results can be enor-
mously helpful in affi  rming a course of 
treatment or guiding changes that need 
to be made; but can there be value to an 
ocular surface culture report that comes 
back “negative”?

the “negative” result
A culture is negative when there is 

no growth of any kind on the agar-based 
culture medium. So a negative culture 
is somewhat diff erent from one that 
is merely unhelpful because it failed 
to identify a causative or suspected 
pathogen.

However, laboratories diff er in what 
they term a “negative” culture. Some 

organisms such as Neisseria gonorrhea 
are never considered resident fl ora and 
demand to be taken seriously as patho-
gens when they surface. Many potential 
ocular pathogens reside on the skin and 
periocular tissue, and because laboratory 
protocols vary in how they report fi nd-
ings, it may not be initially clear whether 
a culture reported as negative by the lab 
is truly negative. 

For example, an ocular swab could 
conceivably grow coagulase-negative 
staphylococci, Streptococcus pneumoniae, 
and viridans streptococci, all of which 
are endogenous f lora. The presence 
of these three organisms on a culture 
plate represents a range of possible sce-
narios: a true polymicrobial infection; a 

FiGure  1 MRSA colonies growing on chromogenic 
agar. The denim blue color indicates MRSA.
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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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monomicrobial infection in which one 
of these species is acting as a pathogen 
and the others are innocent bystanders; 
or just a misleading collection of random 
noninfectious malingerers. 

What some laboratories call “mixed 
skin fl ora,” others may report as “mixed 
skin organisms including [specifi c organ-
isms],” and others might simply send 
a report that says “negative.” It is the 
responsibility of the clinician to know 
what is meant by various styles of re-
porting and to communicate to the lab 
if clarifi cation or more information is 
needed. 

A report of “mixed skin f lora” 
requires interpretation within the con-
text of the clinical picture. In a case of 

community-acquired conjunctivitis, 
for example, the organism of greatest 
interest in our example above would be 
Streptococcus pneumoniae, with the other 
organisms likely just skin contaminants. 
Even though S. pneumoniae is carried in 
the upper respiratory tract, isolating it 
from the eye in a patient who has clinical 
signs suggestive of an eye infection im-
plicates it as a likely pathogen. Similarly, 
in a patient in the post-operative period, 
a coagulase negative Staphylococci (ie, 
Staphylococcus epidermidis) isolate may be 
clinically signifi cant.

Naturally, the site from which a 
culture is taken aff ects interpretation of 
results. While contamination is possible 
with any culture, growth of a potential 

pathogen from what should be a sterile 
site, such as the aqueous or vitreous 
humor, should be taken seriously.

when nothing Grows
Th e key to interpreting a negative 

culture lies in appreciating the limits 
of basic bacterial culture technology. 
When properly obtained and processed, 
standard bacterial cultures are able to 
support the growth of aerobic bacteria 
and some yeast, such as Candida. Th at 
leaves a whole host of potential patho-
gens that are not detectable on routine 
culture, including viruses, mycoplamsa, 
Chlamydia, some mycobacteria, fungi, 
amoeba, and anaerobic bacteria. Each 
requires specifi c milieu to protect the 
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rapid tests is insuring the individual(s) 
performing the tests are adequately 
trained and that there is a reputable 
profi ciency program to monitor test per-
formance. Such programs are essential 
for optimal patient care and safety.

Beyond PCr
One of the most exciting develop-

ments in clinical microbiology—and one 
with the potential to revolutionize mi-
croorganism detection as we know it—is 
matrix-assisted laser desorption/ioniza-
tion time-of-f light (MALDI-TOF) 
mass spectrometry. MALDI-TOF 
mass spectrometry works by providing 
a “protein fi ngerprint signature” from 

integrity of the organism, such as cal-
cium alginate swabs and viral transport 
media for viral culture or anaerobic 
environment for aspirates of abscess or 
deep seated infections. 

Another scenario to consider in the 
face of a negative culture result is that 
the patient’s condition is related to a 
noninfectious, such as allergy, or other 
infl ammatory process.

A bacterial infection that has been 
treated with antibiotics can be expected 
to have reduced numbers of viable organ-
isms—even if the patient’s medication 
compliance was marginal. In this case, 
although a Gram-stained smear may still 
be positive, a culture might fail to show 
growth. Additionally, specimen collec-
tion, transport, or handling mishaps may 
compromise the ability of an organism 
to grow and result in a false negative 
result, despite the presence of an active 
infection. Certain fastidious organ-
isms, such as N. gonorrhea, Haemophilus 
infl uenzae, and S. pneumoniae, do not 
survive well outside of the body; a delay 
in transporting them may cause them 
to be dead on arrival at the laboratory.

Despite the best detective work, one 
may be left without a satisfactory expla-
nation for a negative culture. Clinicians 
must remember that cultures are just one 
form of evidence in the larger picture, 
that false negatives happen, and that 
a negative result does not rule out the 
possibility of infection when the bulk of 
clinical evidence points to the contrary.

Beyond Culture
The clinical utility of traditional 

microbiologic culture methods is limited 
by the time required to obtain results. 
Fortunately, newer, faster laboratory 
technologies for the identifi cation of 
common and uncommon organisms are 
becoming increasingly available. With a 
level of accuracy that equals or exceeds 
conventional culture, polymerase chain 
reaction (PCR) can substantially reduce 
the waiting time needed for identifi ca-
tion of pathogens, including viruses, 
bacteria (ie, Mycobacterium tuberculosis), 
Chlamydia, and fungi.1 With PCR, 
detection that would require days to 
weeks using conventional culture can be 
achieved in hours and allow same-day 
reporting. 

In addition to their speed and preci-
sion, molecular assays such as PCR do 
not require the infrastructure necessary 
to maintain viral cultures. Because PCR 
is based on detection of an organism’s 
nucleic acid, it is sensitive to the presence 
of both viable and nonviable organisms. 
Th e downside of PCR is its high cost but 
as the number of assays increase, prices 
are expected to come down.

Rapid diagnosis of adenovirus con-
junctivitis is vital to containment of out-
breaks. Also, distinguishing adenovirus 
from other types of infections, such as 
herpes simplex keratitis or bacterial 
conjunctivitis, can lead to much better 
patient management. Th e development 
of an in-off ice adenovirus-specif ic 
antigen detection assay has provided 
clinicians with a useful alternative to 
viral culture and PCR. Th e most recent 
version, AdenoPlus® (RPS, Inc.), can 
determine whether the eye harbors 
adenovirus within 10 minutes of speci-
men collection, with 90% sensitivity 
and 95% specifi city compared with viral 
culture.2,3 One concern with “in offi  ce” 

core concePts 
➤ although less helpful than a 

positive culture, a negative 
bacterial culture provides 
information that the clinician 
can use

➤ Laboratories report the 
growth of resident fl ora in 
different ways, including as 
a “negative” culture. it is 
important to know how one’s 
own laboratory reports this 
fi nding.

➤ standard bacterial culture 
supports the growth of most 
bacterial pathogens and 
Candida; other pathogens, 
including Chlamydia, viruses, 
and fungi, require special 
media and technique.

➤ Causes of a negative 
culture include: an atypical 
or nonbacterial pathogen, 
a noninfectious disease 
process, or a delay in 
delivering the specimen to 
the lab or other technical 
error.

➤ new technologies that 
provide rapid pathogen 
identifi cation—including PCr, 
antigen detection, and mass 
spectrometry—are becoming 
available to clinicians.

➤ an open line of 
communication can enhance 
the value of the laboratory to 
the practitioner.

PossiBLe reasons For 
a neGatiVe BaCteriaL 
CuLture:
■ A nonbacterial or atypical 

infection due to 
• Virus
• mycoplasma
• Chlamydia 
• mycobacteria
• Fungus
• Amoeba

■ Non-infectious disease
• Allergy
• Contact lens related
• Irritant exposure
• Other infl ammatory 

source
• Error in specimen 

collection or transport

a PositiVe Gram stain anD 
a neGatiVe CuLture maY 
inDiCate:
■ Bacterial numbers 

insuffi cient for growth, ie, 
partial killing by antibiotics

■ Anaerobic pathogen (rare in 
ophthalmology)
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whole bacterial or fungal cells.4 The 
author’s laboratory currently has two op-
erational instruments in clinical service.

MALDI-TOF mass spectrometry 
represents a near complete departure 
from methods of detection based on 
morphological and biochemical char-
acterization. It is performed by placing 
a growing colony of microorganisms on 
a special card, adding a drop of a matrix 
solution and then inserting the card 
into the MALDI-TOF machine. Th e 
card is blasted with a laser to generate 
gaseous ions of the original material. 
Th e machine then takes a spectrogram 
of the ions and compares it to a reference 
bank of spectra of known organisms. 
Th e process takes only minutes (ie, 3–5 
minutes). 

MALDI-TOF mass spectrometry 
has been adopted in a number of clinical 
microbiology laboratories around the 
world, including our own here in Cana-
da. We have transitioned roughly 70% to 
80% of our identifi cation service over to 
this instrument because of its speed, ease 
of use, and accuracy. Although there are 
still a few gaps, the reference databases 
include thousands of clinically relevant 
species and are becoming increasingly 
comprehensive.4 

So far, MALDI-TOF mass spec-
trometry is limited to species identi-
fi cation; with the exception of major 
resistance categories such as MRSA, 
determining antimicrobial susceptibility 

patterns still depends on conventional 
methodology (Figure 2).5 As further 
refi nements are made, and the databases 
grow, new diagnostic possibilities are 
expected to emerge, such as the ability 
to determine antibiotic resistance pat-
terns and track the routes of pathogen 
spread based on highly specifi c clonal 
characterization.5

Communication is Key
Open communication with the mi-

crobiology laboratory team maximizes 
the potential to make accurate and 
timely diagnoses. Clinicians can take 
an active role and confer with their 
colleagues in the laboratory to identify 
the types of information that would be 
useful to them and to better understand 
the possibilities and limitations of cur-
rent technology in microbiology. A key 
piece of information that is useful to the 
clinical laboratory (but most often not 
provided) is the patient’s current or past 
antibiotic history. Such information 
informs antimicrobial susceptibility 
testing—especially if the pathogen 
is resistant to the usual antibiotics 
tested and additional drugs need to be 
considered.

For example, communicating with 
the lab about the immune status of 
a patient can help the lab know how 
broadly to plate the specimens they re-
ceive. Patients with known or suspected 
immunodefi ciency are at greater risk for 
opportunistic infection, and the inclu-
sion of fungal media should be consid-
ered. If there is evidence of pulmonary 
infection or miliary tuberculosis, cul-
ture for mycobacteria is appropriate. 
Also, the reason for the culture should 
be included in the requisition—for 

example, if a patient is not responding 
to antibacterial treatment, that should 
also prompt broader culturing in search 
of nonbacterial or diffi  cult-to-culture 
pathogens. 

Conclusion
While conventional culture remains 

the foundation of pathogen identifi -
cation, it is now complimented by a 
growing array of devices that promise 
rapid detection using technologies such 
as PCR, antigen detection, and mass 
spectrometry. Critical interpretation of 
a negative bacterial culture can point the 
clinician toward other possibilities in the 
diff erential diagnosis or toward further 
exploration using alternative means of 
pathogen detection. Working closely 
with the clinical microbiology lab can 
alleviate the stress of having to master 
every nuance of this rapidly evolving 
dimension of medicine. 
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FiGure 2 Antimicrobial susceptibility testing using 
the Epsilometer test (“E test”). The point at which 
the line of inhibition—no growth—intersects the 
antibiotic impregnated strip is read as the minimum 
inhibitory concentration (MIC). This plate shows 
susceptibility to oxacillin with an MIC of 0.38 ug/mL.
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optical Biopsy for the Diagnosis of 
corneal infections
Elmer Y. Tu, MD

Confocal microscopy makes it possible to 
perform a rapid noninvasive optical biopsy 
in cases of corneal infection. � e technique 
is particularly useful in clinical situations 
where conventional microbiologic methods 
fall short.

Infectious keratitis can cause irre-
versible tissue damage and permanent 
loss of vision. Th e incidence of infec-
tious keratitis in the US appears to have 
grown, partly due to increasing contact 
lens wear, but other factors may also be 
contributing. In a recent epidemiologi-
cal study, a large target population in 
Northern California had an overall 
incidence of infectious keratitis of 27.6 
per 100,000 person-years; the incidence 
in contact lens wearers was 130.4 per 
100,000 person-years.1 

Prompt identifi cation of the caus-
ative organism in potentially sight-
threatening infections can be extremely 
useful for initiating appropriate treat-
ment to limit corneal damage and 
prevent visual loss. Conventional micro-
biologic methods, including epithelial 
scrapings and corneal cultures, do not 
give immediate results; and only a little 
more than half of corneal ulcers yield 
positive culture results.2,3 Polymerase 
chain reaction (PCR), which is based 
on identifying DNA from the organism, 
is fairly rapid, but it still takes even a 
capable laboratory 1 to 2 days to gener-
ate results.

Recent advances in imaging tech-
nology have made it possible for clini-
cians to perform in vivo optical biopsy 
in corneal diseases. As a noninvasive 
method capable of rapidly identifying 
certain pathogens, optical biopsy is 
becoming increasingly useful in exami-
nation and diagnosis of selected cases of 
infectious keratitis.

optical Biopsy: the Concept 
Unlike conventional excisional bi-

opsy, which requires removal of a tissue 
sample and subsequent processing for 
examination under a microscope, opti-
cal biopsy allows in vivo examination 
of a tissue’s composition and structure 
through in situ, real-time imaging. In 
infectious keratitis, optical biopsy of the 
cornea provides a means to visualize and 
rapidly identify several kinds of invad-
ing organisms. Due to its non-invasive 
nature, optical biopsy can be eff ective 
in detecting non-bacterial organisms at 
any depth but has a distinct advantage 
for deeper corneal infections that are 
diffi  cult to access by conventional di-
agnostic methods.

Imaging modalities currently avail-
able for the anterior eye include confocal 
microscopy, optical coherence tomog-
raphy (OCT), and ultrasound biomi-
croscopy. Both OCT and ultrasound 
biomicroscopy are useful for defi ning 
tissue structures in the anterior seg-
ment of the eye, but neither is of much 
benefi t in infectious keratitis because 
either the corneal images presented 
are cross-sectional or the resolution is 
inadequate to discern objects the size of 
fungal or amoebic organisms. Confocal 
microscopy, by contrast, provides im-
ages parallel to the corneal surface with 
suffi  cient resolution for identifying in-
dividual cell types and some important 
microbial pathogens. 

Confocal microscopy: the 
Principle

Conventional light microscopy has 
two signifi cant limitations for in vivo 
use: motion artifacts and light scatter-
ing. With higher amounts of optical 
magnifi cation, the microscopic view can 
go in and out of focus very rapidly with 
just the slightest movements: pulsations 
from the patient’s breathing, for ex-

ample. In addition, high magnifi cation 
requires more light to image structures, 
but the additional illumination of adja-
cent structures causes light scattering 
and glare which blurs the image.  

Confocal microscopy overcomes 
both limitations by taking high speed 
photographs (reducing movement blur) 
that are synchronized to the light source 
(reducing light scatter). Th e technology 
is designed to take a photograph of a 
single focal plane and then reconstruct 
the 3-dimensional cornea by rapidly 
capturing multiple planes in sequence. 
Light scattered by structures outside the 

core concePts 
➤ earlier diagnosis of fungal 

and protozoan infections 
can mean earlier initiation of 
appropriate treatment, which 
is associated with better 
clinical outcomes.

➤ while corneal cultures 
remain the gold standard 
for diagnosis of infectious 
keratitis, optical biopsy by 
confocal microscopy provides 
a new, powerful diagnostic 
modality for the identifi cation 
of infectious fungi and 
Acanthamoeba.

➤ Acanthamoeba keratitis is 
challenging to diagnose and 
treat: conventional culture 
methods have low sensitivity 
in detecting Acanthamoeba, 
and the organism resists 
commonly used broad 
spectrum antibiotics.

➤ Confocal microscopy is highly 
sensitive and accurate in 
identifying Acanthamoeba 
and fungal keratitis. it is 
particularly useful in cases 
where there is reason 
to believe the causative 
organism is not a bacterium.
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focal plane is excluded because both the 
observation and illumination systems 
are focused on the same plane at the 
same time (hence the term “confocal”), 
thereby increasing image resolution and 
contrast.3,4 

The cornea is ideal for confocal 
microscopy because it normally con-
tains few light-scattering elements or 
cells. In corneal infections where the 
invading organisms do not cause much 
corneal haze, as in early stages of fungus 
and Acanthamoeba infections, confo-
cal microscopy is especially useful for 
diff erentiating organisms from normal 
corneal structures. Th ere are two confo-
cal microscopes available for clinical use: 
the Nidek Technologies Confoscan, of 
which there have been several genera-
tions, and the Heidelberg Engineering 
HRT Rostock corneal module.

 
Acanthamoeba Keratitis: 
Diagnostic Challenges

Acanthamoeba, a protozoan with two 
life stages (active trophozoites and qui-
escent cysts), causes a chronic keratitis 
that is often associated with refractory 
corneal ulcers, signifi cant pain, and poor 
visual outcome. Delayed diagnosis and 
consequent delays in initiation of ap-
propriate treatment is associated with a 
poorer prognosis. 

Th e early presentation of Acantham-
oeba keratitis is nonspecific, and, in 
its early state, Acanthamoeba infection 
may be diffi  cult to diff erentiate from 
bacterial or viral diseases. Corneal cul-
ture is a relatively insensitive means of 
detecting Acanthamoeba, with positive 
isolation rates ranging only from 0 to 
68%.5 Unlike bacterial infections, the 
vast majority of which (including culture 
negative cases) respond well to antibiot-
ics, Acanthamoeba keratitis usually resists 
traditional empirical antibiotic therapy.

 
role of Confocal microscopy

Current confocal microscopes lack 
the resolving power to reliably detect 
organisms as small as most bacteria and 
viruses, but organisms with a diameter 
larger than 15 microns, such as Acan-
thamoeba and fungi, are clearly visible.6 

Acanthamoeba cysts are 15 to 28 microns 
in diameter, and the trophozoites 25 to 
40 microns.3,7 Both forms can be identi-
fi ed with a confocal scan.  

We previously published a study to 
determine the value of confocal micros-
copy in diagnosing Acanthamoeba kerati-
tis and found that confocal microscopy 
at our center had a sensitivity of 91% 
and a specifi city of 100% in patients 
with both clinical characteristics and 
objective evidence of Acanthamoeba 
keratitis.8 In contrast, the sensitivity 
of culture was 54% in clinically diag-
nosed Acanthamoeba keratitis. Of the 
53 patients with Acanthamoeba keratitis, 
confocal microscopy was positive in 48, 
whereas corneal smears were positive in 
30 of 41 cases and cultures in only 23 
of 42 patients.

One drawback of confocal micros-
copy is that its accuracy and reliability 
are to some degree user-dependent. 
But our experience has shown that, 
over time, operators become skilled at 
both acquisition and interpretation of 
confocal images.

the indications
Confocal microcopy is an invaluable 

diagnostic tool in Acanthamoeba and 
fungal keratitis, but it does not substitute 
for the conventional diagnostic meth-
ods, which remain the gold standard 
for diagnosis in the majority of corneal 
infections. Th e patient examination and 
history can help select those clinical 
situations in which confocal microscopy 
can be most useful. Typically, this means 
any case of infectious keratitis that does 
not appear to be clearly bacterial—for 
example, an infectious keratitis that does 
respond as expected to empirical broad 
spectrum antibiotic therapy.

Characteristic signs of Acanthamoeba 
infection also warrant a confocal scan 
for confi rmation of the diagnosis. For 
example, a radial keratoneuritis in which 
the corneal nerves become infl amed and 
enclosed by white blood cells is a classic 
(almost pathognomonic) sign of Acan-
thamoeba infection. If Acanthamoebae are 
seen, confocal microscopy can provide 
quick confi rmation of the diagnosis.

Confocal microscopy can be help-
ful in cases where the patient’s pain 
is disproportionately greater than the 
apparent severity of the infection: both 
Acanthamoebal and fungal corneal infec-
tions tend to cause much more severe 
pain than bacterial infections. 

Another indication for confocal 
microscopy is the presence of specifi c 
risk factors for Acanthamoeba or fungal 
infection. For example, an infection 
that stems from ocular trauma caused 
by a tree branch or a gardening accident 
creates suspicion of a fungal infection; 
and contact lens wear is associated with 
increased risk of Acanthamoeba infection.

the Prospect
Confocal microscopy was previously 

only available in major research and 
tertiary care centers, but in recent years 
its clinical use has been growing and 
the technology is moving into private 
corneal practices. Although confocal 
microscopy can be used to diagnose 
other corneal conditions, its primary 
clinical application is still examination 
and diagnosis of infectious keratitis. In 
our practice, confocal microscopy, along 
with other new diagnostic modalities 
(including PCR) has almost eliminated 
the need to do surgical biopsies in pa-
tients with corneal infections.

New clinical applications for confo-
cal microscopy, such as evaluation of 
corneal innervation and neovascular-
ization are emerging. As we learn more 
about the technology and gain better 
understanding of the images produced, 
its clinical use will continue to grow. 

Elmer Y. Tu, MD, is associate professor of clinical 
ophthalmology and director of the cornea service 
at University of Illinois-Chicago Department of 
Ophthalmology and Visual Science, Chicago, IL. 
He states that in the past 12 months, he has not had 
a � nancial relationship with any commercial organi-
zation that produces, markets, re-sells, or distributes 
healthcare goods or services consumed by or used on 
patients. Medical writer Ying Guo, PhD, assisted in 
the preparation of this article. 
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 1. An in-office tool for rapid 
detection of adenovirus 
uses which of the following 
technologies?
 A. PCR
 B. Conventional culture and 

immunofluorescence 
 C. MALDI-TOF mass 

spectrometry
 D. Antigen detection

 2. Which of the following 
statements about confocal 
microscopy is correct?
A. It allows optical biopsy of 

the cornea
B. It can reliably identify the 

cause of bacterial keratitis
C. It uses light scatter to 

create clear images
D. User skill and experience 

do not affect results

 3. The most sensitive test 
to confirm a diagnosis of 
Acanthamoeba keratitis is:
A. Epithelial scrapings
B. Corneal cultures
C. Confocal microscopy
D. All of the above

 4. An ocular culture grows 
mixed skin flora. Which of 
the following reports of this 
finding would be most useful 
to the clinical team?
 A. “Mixed skin flora”
 B. “Mixed skin flora including 

S. pneumoniae and 
  H. influenzae”
 C. “No growth”
 D. “Negative”
 

 5. Which microorganisms 
are visible with confocal 
microscopy?
A. Bacteria and viruses
B. Bacteria and Acanthamoeba
C. Acanthamoeba and fungi
D. Fungi only

 6. Knowing that the patient is 
immunocompromised can 
signal the lab to: 
 A. Take extra safety 

precautions with the 
specimen

 B. Send the specimen out for 
PCR analysis

 C. Test for a wider range of 
organisms

 D. Reject the specimen

 7. Which of the following is an 
imaging modality that can be 
used to identify the invading 
microorganism in some cases 
of infectious keratitis:
A. OCT
B. Confocal microscopy
C. Ultrasound biomicroscopy
D. Scheimpflug photography

 8. An ophthalmologist who 
routinely treats most ocular 
infections empirically, may 
find it appropriate to culture 
when 
 A. The patient is unresponsive 

to antibiotic therapy
 B. The patient’s signs and 

symptoms are unusually 
severe

 C. The doctor suspects the 
presence of an antibiotic-
resistant pathogen

 D. All of the above

 9. Which of the following is 
NOT a plausible explanation 
of negative culture?
 A. Candida infection
 B. Herpes zoster infection
 C. Sterile corneal infiltrate
 D. Ineffective swabbing 

technique

 10. Optical biopsy/confocal 
microscopy is likely to 
be useful in which of the 
following clinical situations?
A. Corneal infections 

refractory to empirical 
antibiotic treatment

B. Corneal infections 
in which a radial 
keratoneuritis is present

C. Corneal infection in which 
pain is disproportionate to 
apparent severity 

D. All of the above


