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

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

1. Reduce the risk of herpetic keratitis recurrence as a 
consequence of excimer laser refractive surgery in 
patients with a history of herpesvirus outbreaks 

2. describe an appropriate prophylactic regimen for a 
refractive surgery candidate with a history epithelial 
HSV keratitis

3. describe risk factors for acquisition of atypical ocular 
infections

EdItORS
nisha aCharYa, mD, ms, is associate professor and 
director of the Ocular Infl ammatory disease and uveitis 
Clinic at the university of California, San Francisco. 
marGuerite B. mcDonaLD, mD, FaCs, is clinical 
professor of ophthalmology at New York university, 
New York, and adjunct clinical professor of ophthal-
mology at tulane university School of medicine, New 
Orleans, louisiana.
ChristoPher e. starr, mD, is an assistant professor 
of ophthalmology and director of the laser vision cor-
rection and refractive surgery service; ophthalmology 
residency program; and cornea, cataract, and refractive 
surgery fellowship at Weill Cornell medical Center in 
New York, NY.

Topics in Ocular Antiinfectives is jointly sponsored by 
Candeo Clinical/Science Communications, llC, and 
the university of Florida College of medicine. this 
publication is administered by an independent editorial 
board and supported by an unrestricted educational 
grant from Bausch + lomb, Inc.
Copyright 2013 Candeo Clinical/Science Communica-
tions, llC. All rights reserved. Neither the university of 
Florida nor Candeo Clinical/Science Communications, 
llC, assume any responsibility for injury or damage to 
persons or property arising from the use of information 
or ideas contained in this publication.

COuRSE dIRECtOR
marY smith, mD
university of Florida
Gainesville, Fl, uSA

Herpetic Keratitis Following laser 
refractive surgery

Supported by an unrestricted educational grant from Bausch + Lomb, Inc.

surgery that concerns many 
surgeons.3,4 Fortunately, 
identifying patients at risk 
for HSV reactivation and 
appropriately administering 
antiviral prophylaxis can 
all but eliminate the HSV 
reactivation risk associated 
with this surgical procedures. 

reactivation risk
Research has shed some 

light on the link between 
excimer laser surgery and the 
potential for reactivation of 
latent HSV. Animal studies 
have confi rmed that exposure 
to 193 nm ultraviolet (UV) radiation 
from the excimer laser can induce 
ocular reactivation of latent HSV-1.4,5 
Th e mechanism of laser-induced HSV 
reactivation is not completely under-
stood; however, injury to corneal nerves 
harboring the virus may play a role.6 
Other surgery-related factors such as 
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Recurrence of herpetic keratitis is a rare 
but potentially serious complication 
of excimer laser refractive surgery. A 
pioneer in the development of antiviral 
drugs, Herbert E. Kaufman presents an 
approach to the patient at risk.

In the 25 years since its develop-
ment, excimer laser surgery for vision 
correction has become the most popular 
elective procedure in the world.1 In the 
US, there are 32 million myopic indi-
viduals, and about 400,000 Americans 
(largely but not exclusively myopes) had 
laser surgery for correction of refractive 
error in 2010.2 

As with any popular procedure, 
even low-incidence complications have 
the potential to aff ect large numbers of 
people. Reactivation of herpes simplex 
virus (HSV) is a rare and potentially 
serious complication of laser refractive 

FiGure 1  A dendritic ulcer from a recurrent episode of herpes 
simplex keratitis, the condition that perioperative prophylaxis seeks 
to avoid. (Image courtesy Francis S. Mah, MD.)

trauma, stress, and perisurgical medi-
cation use may also contribute to HSV 
recurrence risk.

Data from animal studies do not 
necessarily predict events in humans, but 
there is reason to believe that humans 
are also at risk for HSV reactivation 
from corneal laser exposure. Although 
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ocular infection is rare, HSV-1 is 
ubiquitous in the adult population and is 
commonly shed in tears of asymptomatic 
individuals. 

In a study at our center, 50 healthy 
adults with no history of HSV-related 
orolabial or ocular infection were stud-
ied for evidence of HSV in tears and 
saliva.7 Participants contributed mouth 
and eye swabs twice daily for 1 month 
(2800+ tear samples were collected). 
Th ese were tested by polymerase chain 
reaction for the presence of HSV-1 
DNA. Within this asymptomatic 
population with no known history of 
herpes, one might expect viral shedding 
to be absent or infrequent. However, a 
full third of tear samples tested positive 

non-dendritic shape compared to natu-
rally recurring episodes and may easily 
go unrecognized.

Postsurgical herpetic lesions can 
be irregular in shape, geographic, or 
may simply look like a poorly healing 
epithelial defect. Even in the absence of 
a typical dendrite, failure of the corneal 
epithelium to heal following any kind of 
ocular surgery should arouse suspicion of 
herpes, and treatment with appropriate 
antiviral should be considered.

Putting risk into Perspective
Th e true risk of HSV recurrence 

as a consequence of excimer laser sur-
gery is not clear. In spite of substantial 
risk demonstrated in animals, and the 

for HSV-1, and nearly 100% of subjects 
(49 of 50) shed HSV at least once in 
either saliva or tears in the course of the 
month. While we know that the vast 
majority of individuals never develop 
ocular complications of HSV, it should 
be recognized that the virus—or at least 
HSV DNA—is commonly present in 
the eye. 

suspect Post-surgical hsV 
Ordinary corneal HSV recurrences 

are fairly easy to recognize on slit lamp 
examination, as they nearly always have 
the characteristic dendritic appearance 
(Figure 1). But HSV recurrences fol-
lowing laser refractive surgery or other 
ocular surgery more commonly have a 

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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omnipresence of HSV-1 in humans, 
despite millions of LASIK procedures 
having been performed to date, few cases 
of ocular HSV complications have been 
reported in the literature. Incidence 
estimates may be falsely low, however, 
since reporting is not mandatory for this 
condition.

Some of the concern regarding HSV 
reactivation may simply be a holdover 
from the period of laser surgery devel-
opment. Th e protocol used in the fi rst 
clinical studies of PRK listed herpes 
infection as a contraindication. This 
was due to an overabundance of caution 
rather than any convincing evidence 
that HSV reactivation would occur. Th e 
FDA now considers a history of herpes 
a cause for caution but not an absolute 
contraindication to laser surgery. In my 
practice, with the exception of patients 
with a history of stromal herpetic kerati-
tis, I do not consider a history of corneal 
herpes an absolute contraindication to 
LASIK. 

a Practical approach
Patients with epithelial herpetic 

keratitis only (without stromal involve-
ment) may have a reasonably low risk of 
HSV recurrence in general compared 
with those who have experienced stro-
mal keratitis. Th e Herpetic Eye Disease 
Study (HEDS) demonstrated that, as a 
group, patients with a history of stromal 
herpetic keratitis were more likely to 
experience HSV recurrence when faced 
with a trigger compared with those with 
epithelial disease only.8 (In that study 
the trigger was the use of steroids with-
out simultaneous antiviral prophylaxis.)

Because there may be some risk of 
HSV recurrence, which could lead to 
permanent scarring, my practice is to 
use prophylaxis on all refractive surgery 
patients with a known prior herpes 
outbreak, whether that was epithelial 
herpes keratitis or orolabial herpes (“sun 
blisters”). For those patients, I prescribe 
a combination of oral valacyclovir (500 
mg morning and night beginning a day 
before surgery, and continuing for a 
week postoperatively) and topical gan-
ciclovir ophthalmic gel 0.15% (twice 
daily) for the period beginning a day 

or two before surgery through 2 weeks 
after surgery. 

Antiviral prophylaxis with systemic 
valacyclovir has been shown to eff ective-
ly reduce HSV-1 shedding after ocular 
laser procedures in animals.4,9

 Trifl uridine, a drug I developed, 
was the standard treatment for herpes 
for many years; however, as a nonselec-
tive agent, it can slow wound healing 
and even cause epithelial keratitis in a 
signifi cant number of patients. Ganci-
clovir ophthalmic gel 0.15% is currently 
my topical agent of choice because it acts 
selectively on virus-infected cells and 
thus is much safer. 

in Practice
I do not off er elective laser surgery 

to patients with a history of stromal her-
petic disease, which is a contraindication 
to the procedure for the reasons men-
tioned above.  However, with appropri-
ate prophylaxis, most other patients with 
a history of HSV can be good candidates 
for the procedure. In my practice, several 
dozen patients with a history of corneal 
HSV have received antiviral prophylaxis 
prior to laser surgery, and none have 
experienced HSV reactivation. Others 
have reported similar success.10

Conclusion
Although the risk of HSV-1 reac-

tivation due to excimer laser surgery 
appears to be low, antiviral prophylaxis 
is indicated for some patients to increase 
the safety of the procedure. 

Herbert E. Kaufman, MD, is the emeritus Boyd 
professor of ophthalmology, pharmacology, and 
micro biology at the Louisiana State University 
Medical School, New Orleans, LA.
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core concePts 
➤ Corneal laser surgery has 

been shown to induce 
ocular herpes reactivation in 
animals.

➤ human tears frequently 
contain herpes virus, even 
when there is no history of 
herpetic disease.

➤ surgically induced herpes 
recurrences may have unusual 
appearance.

➤ a history of epithelial 
herpetic keratitis should 
not preclude elective laser 
surgery.

➤ although evidence is lacking, 
asking patients if they 
get “cold sores” may help 
identify at-risk patients.

➤ antiviral prophylaxis may 
be useful for patients with a 
history of orolabial or ocular 
hsV seeking laser surgery.

➤ Patients who have had 
stromal herpetic keratitis are 
not good candidates for laser 
surgery.
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core concePts 
➤ trauma, contact lens 

wear, and exposure to 
contaminated water are 
leading risk factors for 
corneal infection by an 
atypical pathogen.

➤ many atypical pathogens (eg, 
fungi) thrive in hot climates.

➤ Compared with locals, visitors 
may be at increased risk for 
acquiring local pathogens 
due to a lack of immune 
defenses.

➤ the frequency of 
international travel has 
eliminated barriers that once 
confi ned regional pathogens.

➤ antibiotics select for both 
antibiotic-resistance and 
growth of atypical species.

Contact Lenses and other 
Vectors

Ocular trauma—including the 
superfi cial epithelial disruption associ-
ated with contact lens wear—is a set-up 
for infection, particularly when it takes 
place in conjunction with exposure to 
a high pathogen load such as contami-
nated contact lenses or exposure to water 
sources like swimming pools/hot tubs, 
lakes, or even oceans. 

Like any other foreign material 
placed into the body, contact lenses can 
be vectors that can carry microorgan-
isms. Indeed, anything placed on the lid 
or in or near the eye—eyeliner, makeup, 
creams, even lubricating drops and topi-
cal ocular medications—can introduce 
microbes, some of which may be unusual 
species that cause infection.2 

stagnant water
Th e incidence of Acanthamoeba kera-

titis in Miami, where I practice, seems 
to be increasing. Th is may relate in part 
to the frequency of storms and their ef-
fects on bodies of water. Stagnant and/
or inadequately chlorinated water con-
tains increased numbers of amoebae. In 
municipal tap water systems, stagnation 
can occur after a power outage caused 
by a storm or electrical grid failure. 
Without power, pumping stations shut 
down, leading to stagnation of the water 
supply. (City offi  cials may use excess 
chlorine as a preventive measure, but 
pooled water that is far from the point 
of chlorine addition may already be 
growing organisms.) 

Tap water may become stagnant 
through inadequate fl ow, such as from 
an underused holding tank. In a home 
supplied by such a tank, water that gains 
intraepithelial access to the cornea via a 
surface scratch—such as from washing 
the face or from a contact lens—could 
contain amoebae and cause infection. 

Eduardo Alfonso, MD 

Travel, climate change, and the abundant 
use of antibiotics and antiseptics are just 
a few of the many things stirring the 
microbial world. As they evolve to meet 
challenges to their existence, microbial 
populations move and transform, 
growing or shrinking in number and 
changing in pathogenicity, virulence, and 
resistance. It is not surprising, then, that 
patterns of ocular infection are changing, 
creating novel diagnostic challenges for 
ophthalmologists. Today, when empirical 
therapy with a potent broad spectrum 
antibiotic fails, an atypical pathogen may 
be the cause.

 
Although outliers exist, most cases 

of non-viral infectious keratitis are 
bacterial and caused by a relatively small 
and well known group of pathogens that 
includes Staphylococcus aureus, Staphy-
lococcus epidermidis, and Pseudomonas 
aeruginosa. Indeed, although antibiotic 
resistance is growing, most of the non-
viral corneal infections encountered in 
everyday practice are caused by common 
organisms that will respond to a potent 
fourth-generation fl uoroquinolone. But 
on occasion a corneal infection doesn’t 
respond; among the possible reasons is 
an atypical microbe.

Among the less frequently encoun-
tered pathogens that cause corneal 
infection are bacteria (including Esch-
erichia coli and species of Klebsiella and 
Nocardia), nontuberculous mycobacteria, 
fungi (including species of Fusarium, 
Aspergillus, and Candida), and amoebae 
(particularly Acanthamoeba).1 While 
anyone may acquire an atypical ocular 
infection, some patient groups are at 
increased risk (Table 1). In challenging 
cases, a careful history can reveal risk 
factors that may assist in pinpointing 
the cause. 

atypical ocular infections

Climate and regional Factors
As one might expect, certain patho-

gens are particularly well adapted to 
certain climates. For example, there 
are more fungi in tropical areas than 
in temperate climates of the north.3

Among bacteria, Pseudomonas species 
tend to thrive in warm, humid, watery 
environments rather than the colder, 
dryer areas in which staphylococci 
tend to proliferate. Proximity to urban 
areas, particularly those with large 
medical centers, increases exposure to 
methicillin-resistant staphylococci and 
other drug-resistant pathogens, which 
tend to be less prevalent in rural areas.

The bacteria that colonize and 
sometimes infect us are equally aff ected 
by factors specifi c to their human hosts. 
Individuals typically develop protec-
tive responses to the native f lora to 
which they are continuously exposed. 
An individual who works in a medical 
center, for example, may be a carrier 
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of methicillin-resistant Staphylococcus 
aureus (MRSA) but may have developed 
defenses against it and never manifest 
symptoms of infection. On the other 
hand, a newly hospitalized patient who 
has never been exposed to MRSA and 
who is susceptible to infection may 
become infected. We see a similar phe-
nomenon among agricultural workers 
in South America who almost never 
come down with fungal ocular infec-
tions, despite scratching their eyes quite 
frequently. On the other hand, a contact 
lens wearing visitor from the north may 
scratch her eye and develop a fungal 
infection almost immediately—sug-
gesting (though by no means proving) 
that regular environmental exposure to 
pathogens could reduce the likelihood 
of infection.

Having lived in humid environ-
ments all my life, I believe that my 
own defenses are likely primed to resist 
Pseudomonas. By contrast, individuals 
from northern climates who come to 
Miami are far more vulnerable to Pseu-
domonas, because their immune systems 
do not recognize it and cannot respond 
as quickly. 

travel, antibiotics, and 
Disrupted ecosystems

Th e extraordinary mobility of hu-
man beings today has had a power-
ful impact on microbial ecosystems 
throughout the world. No one is safe 
from any given bug because, even in 
relatively isolated places, travel has 
introduced exotic fl ora. 

Travel increases one’s risk of acquir-
ing an unusual pathogen for a variety 
of reasons. First, as noted, travelers 
stepping into a novel ecosystem may be 
exposed to novel pathogens indigenous 
to that area. Th ese may challenge and 
overwhelm their naive immune systems. 
Second, visiting densely populated areas 
means encountering a greater number 
and variety of microbes, including 
atypical pathogens. In places like India, 
fungal infections are common, due in 
part to the sheer number of individuals 

living there.
Th irdly, prophylactic antibiotic or 

antimalarial medications prescribed to 
travelers may inadvertently contribute 
to risk by upsetting the innate microbial 
fl ora, potentially suppressing protective 
bacteria. Studies have found that some 
microbes in the human biosystem secrete 
substances that suppress the growth of 
other microbes in order to maintain bal-
ance in the ecosystem and/or the health 
of the host. For example, lactic acid-
producing bacteria have been shown to 
suppress growth and toxin production by 
fungi.4 Th us antibiotic-induced killing 
of these “friendly” bacteria may contrib-
ute to overgrowth of fungal organisms. 
(In the future, restoration of a balanced 
bacterial ecosystem following antibiotic 
administration through prescribing of 
biologic entities such as probiotics may 
become commonplace.)

A similar mechanism may also 
spur emergence of novel pathogens on 

larger scale. In addition to selecting for 
resistant organisms, an unanticipated 
consequence of the widespread systemic 
use of broad-spectrum antimicrobials 
in humans and animals is the selection 
of atypical bacterial and nonbacterial 
pathogens due to alterations in ecosys-
tems that would have otherwise kept 
them in check. Th is problem is greatly 
compounded by the now ubiquitous 
antibacterial products such as hand 
gels and bar soaps that are marketed 
as means to kill viruses and bacteria. 
Antiseptics have much broader coverage 
than antibiotics, but they often fail to 
cover pathogens such as Acanthamoeba. 
One worry is that low-dose antiseptic 
use could kill most of the competing 
organisms, leaving the Acanthamoeba 
to proliferate and dominate the milieu.

 
Practical Considerations

 Microbes are continuously being 
carried outside of their native environ-
ments and are evolving to survive in 
the face of changing threats, so oph-
thalmologists must be prepared for the 
unexpected. With this in mind, it is 
useful to take a recent travel history in 
any patients with suspected infection. 
On a visiting professorship in northern 
Europe recently, I encountered a patient 
with severe fungal keratitis who, as it 
happens, had just spent 2 months on a 
ranch in Arizona. Fungal pathogens are 
extremely rare in this part of Europe; it 
was the travel history that increased the 
suspicion for a fungal infection and led 
to starting appropriate therapy quickly.

A poor response to empirical treat-

taBLe 1

Risk factors for, and sources of, atypical 
infections

• Corneal trauma
• Contact lens wear 
• make-up and eye creams 
• Ocular medications and moisturizers
• Exposure to stagnant, standing water
• Inadequate chlorination of water
• Hot climate
• travel
• Antibiotic and antiseptic use
• Impaired immune system
• Suboptimal hygiene

taBLe 2

Awareness of atypical pathogens can guide practice

• Pathogens evolve over time—expect the unexpected
• take a history of travel and animal contact
• Ask about eye irritation, trauma, saline solutions, eye drops, and cosmetics
• Ask about water exposures, particularly around times of storms or power outages
• Ask about medications and conditions that can affect the fl ora or the immune system
• Follow closely for response after initiating empirical antibiotic therapy
• When patients do not respond as expected, be vigilant for unusual pathogens (and 

common pathogens acting in unusual ways)
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ment of a suspected bacterial keratitis 
(ie, lack of noticeable improvement 3 
to 5 days into treatment) may signal 
the presence of an unusual pathogenic 
species. Alternatively, a species that 
responded well to therapy in the past 
may have evolved to become more ag-
gressive or more resistant to standard 
treatments. Th e fungus Fusarium, for 
example,  tends to produce three or 
four mycotoxins, some of which have 
changed over time and become increas-
ingly damaging to human cells (Table 2).

 
an eye toward the Future

More rapid identifi cation of infect-
ing agents and more targeted control 
of atypical infections is needed.5 Our 
ability to learn from the Human Ge-
nome Project and apply genomics to 
microbiology will greatly enhance 
our ability to treat corneal infections. 
Knowledge of microbial gene sequences 
will allow laboratories to not only iden-
tify pathogens more quickly but also to 

 4. Magnusson J, Strom K, Roos S, et al. Broad 
and complex antifungal activity among en-
vironmental isolates of lactic acid bacteria. 
FEMS Microbiology Letters. 2003;219:129-35.

 5. Goldschmidt P, Degorge S, Che Sarria P, et al. 
New strategy for rapid diagnosis and charac-
terization of fungal infections: the example of 
corneal scrapings. PLoS ONE. 2012;7: e37660.

identify a strain’s origin and describe its 
pathogenic properties.

Conclusion
Atypical ocular infections present 

diagnostic and therapeutic challenges. 
Awareness of unusual pathogens and 
the factors that predispose to their ac-
quisition can help clinicians recognize 
them earlier and prevent subsequent 
corneal damage. 

Eduardo Alfonso, MD, is a professor of ophthalmology 
and chairman and director of Bascom Palmer Eye 
Institute at the University of Miami Health System.  
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 1. Which of the following patients may be 
an appropriate candidate for antiviral 
prophylaxis prior to excimer laser 
refractive surgery?
A. 41-year-old female with history of 

epithelial herpetic keratitis
B. 28-year-old female with no history 

of HSV-related disease
C. 51-year-old male with history of 

stromal herpetic keratitis
D. 39-year-old female with a history of 

dry eye 

 2. Which of the following is NOT a risk 
factor for acquiring an unusual infection 
during travel?
A. Antibiotic prophylaxis
B. Traveling by car
C. Visiting areas with high population 

density
D. Visiting a novel climate

 3. HSV-1 may be present in which of the 
following tissue samples?
A. Tears of an asymptomatic person 

with no history of cold sores or 
ocular herpes

B. Saliva of an asymptomatic person 
with no history of cold sores or 
ocular herpes

C. Tears of an asymptomatic person 
with a history of stromal herpetic 
keratitis

D. All of the above
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 1. A B C d

 2. A B C d  

 3. A B C d

 4. A B C d
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 8. A B C d

 9. A B C d
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ansWers:

 4. Which of the following is NOT a 
potential surgery-associated trigger for 
HSV reactivation?
A. Stress
B. Corticosteroid use
C. Male gender
D. Corneal nerve damage

 5. Which of the following is an atypical 
ocular pathogen(s)?
A. Fusarium species
B. Staphylococcus  aureus
C. Escherichia coli
D. Both A and C

 6. Travelers who take prophylactic 
antibiotics may inadvertently increase 
their risk of infection because these 
antibiotics may
A. Suppress protective bacteria
B. Contribute to resistance
C. Cause allergic reaction
D. All of the above

 7. Which of the following is characteristic 
of a prophylaxis regimen of oral 
valacyclovir and topical ganciclovir?
A. Moderate risk of corneal toxicity
B. Potential to suppress reactivation of 

virus at the trigeminal ganglion
C. Lack of selectivity for virally infected 

cells
D. Poor tolerability

 8. Which of the following conditions may 
allow for amoebic proliferation within a 
water system?
A. Hyperchlorination
B. Home filtration units
C. Temporary pump station failure
D. Excessive tap water use in a 

community

 9. Lactic acid-producing bacteria have 
been shown to
A. Suppress fungal growth and toxin 

production
B. Develop resistance rapidly in warmer 

climates
C. Increase the level of Acanthamoeba in 

stagnant water
D. Infect travelers to densely populated 

regions

 10. Excimer laser-induced HSV reactivation 
is concerning to ophthalmologists 
because: 
A. These lasers trigger HSV reactivation 

in rabbits
B. The incidence of HSV recurrences 

following LASIK is near 10% among 
infected patients

C. Cases of ocular HSV following laser 
refractive surgery have been reported  

D. Both A and C are correct


