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First reported in 1981 on the basis of 
fi ve patients who presented with severe 
and unusual opportunistic infections, 
acquired immunodefi ciency syndrome 
(AIDS) remained a lethal disease for 15 
years. Identifi cation of the human im-
munodefi ciency virus-1 (HIV-1) in 1983 
led to the development of Highly Active 
Anti-Retroviral Treatment (HAART) 
in 1996, which made AIDS a disease 
that fi nally could be managed.1 

Ophthalmic Infections in AIDS 
Patients

Little was known about the ocular 
manifestations of HIV in the early 
period of the epidemic. Th e most com-
mon presentation was cytomegalovirus 
(CMV) retinitis, a previously rare condi-

tion that caused 90% of AIDS-related 
vision loss.1 By the early 1990s, major 
medical centers established weekly 
CMV retinitis clinics to address this 
increasing ocular incidence; and with 
the introduction of HAART, the 
incidence of CMV declined by 80%.2 
Ocular manifestations of AIDS still 
remain a signifi cant medical issue today 
due to the failure of HAART in many 
patients from non-compliance, drug side 
eff ects, and adverse interactions or HIV 
resistance. 

AIDS-associated diseases of the eye, 
whether they be infectious, neoplastic, 
or of other origins, are reported to occur 
in up to 50% to 75% of patients, with 
CMV retinitis still being the most sig-
nifi cant.3,4 HIV patients are also at risk 

of developing a vast array of abnormali-
ties particular to the cornea and anterior 
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1. Describe the clinical presentation of common infections 
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3. Employ a combination of fortified agents to treat 
potentially serious corneal ulcers.
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With the introduction of antiretroviral therapy for the treatment of AIDS, the incidence of 
formerly common HIV-associated ophthalmic manifestations has decreased signi� cantly. 
Still, it is important for ophthalmologists to be aware of these HIV-associated conditions, as 
many are di�  cult to diagnose and can have devastating sight-threatening consequences.
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Topical Ophthalmic Antibiotics: Current 
Options and Role of Fortifi ed Antibiotics

by Bennie H. Jeng, MD, MS

FIGURE 1 Multiple, large molluscum contagiosum 
lesions involving facial skin and eyelid margins 
of a patient with AIDS. (Republished from Survey of 
Ophthalmology, Vol. 52(4). Anterior segment and external 
ocular disorders associated with human immunodefi ciency 
virus disease. Jeng BH, Holland GN, Lowder CY, Deegan WF 
3rd, Raizman MB, Meisler DM., 329-68, Copyright (2007), 
with permission from Elsevier.)
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segment and ocular adnexae.5 

Common Ocular Surface and 
Anterior Segment Infections

Infections are the devastating ocular 
disorders associated with HIV and may 
be of a viral, bacterial, fungal, protozoal, 
or other origin (Table I). 

Viral infections
A common and severe viral mani-

festation of HIV is herpes zoster oph-
thalmicus (HZO), which is transmitted 
by the varicella zoster virus (VZV) that 
causes varicella (chicken pox) and herpes 
zoster (shingles). While over 90% of the 
general population develops VZV infec-
tion by adolescence, the virus remains 
dormant but is often reactivated in im-
munocompromised individuals.6 HZO 

presents clinically as a vesiculobullous 
rash over the distribution of the oph-
thalmic branch of the trigeminal nerve 
and may be associated with dendritiform 
and stromal keratitis, conjunctivitis, 
blepharitis, uveitis, hemorrhagic hypo-
pyon, scleritis, retinitis, encephalitis, 
and necrotizing vasculitis.5 Treatment 
for HZO involves oral acyclovir, fam-
ciclovir, or valaciclovir.

Another common virus, herpes sim-
plex virus (HSV), is the etiologic agent 
of herpetic keratitis in AIDS patients. 
Th is infection presents as painful and 
often recurrent corneal ulcerations with 
a characteristic branching or dendritic 
pattern on slit-lamp examination. HSV 
keratitis is usually associated with corne-
al scarring, iritis, and raised intraocular 
pressure.7 Treatment of HSV keratitis 

include topical trifl uridine, vidarabine 
ointment, acyclovir, ganciclovir, and oral 
antiviral drugs. Highly immunocom-
promised patients may require systemic 
IV treatment for severe infections.

CMV rarely involves the anterior 
segment. Approximately 80% of CMV 
retinitis, however, is associated with 
corneal epithelial deposits, which appear 
as linear or stellate lesions that form a re-
ticular pattern commonly in the inferior 
cornea, and can develop into CMV kera-
titis. Another viral infection, molluscum 
contagiosum, is a highly contagious 
condition caused by the DNA poxviri-
dae virus.7 It presents clinically mostly 
on the eyelids as pink or pearly white 
wart-like nodules with an umbilicus in 
the middle (Figure 1). While not a major 
issue for immunocompetent individuals, 

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. 

REFERENCES
1.  Asbell PA, Colby KA, Deng S, et al. Ocular TRUST: 

nationwide antimicrobial susceptibility patterns in ocular 
isolates. Am J Ophthalmol. 2008 Jun;145(6):951 -8.

2.  Gower EW, Keay LJ, Oechsler RA, et al. Trends in fungal 
keratitis in the United States, 2001 to 2007. Ophthalmol-
ogy. 2010 Dec;117(12):2263-7. 

3.  Colin J, Hoh HB, Easty DL, et al. Ganciclovir ophthalmic 
gel (Virgan 0.15%) in the treatment of herpes simplex 
keratitis. Cornea. 1997;16:393-9.

4.  Sambursky R, Tauber S, Schirra F, et al. Th e RPS adeno 
detector for diagnosing adenoviral conjunctivitis. Oph-
thalmology. 2006;113(10):1758-64.

5.  Akpek EK, Vittitow J, Verhoeven RS, et al. Ocular surface 
distribution and pharmacokinetics of a novel ophthalmic 
1% azithromycin formulation. J Ocul Pharmacol Th er. 

2009;25:433-9.
6.  Endophthalmitis Study Group, European Society of 

Cataract & Refractive Surgeons. Prophylaxis of postop-
erative endophthalmitis following cataract surgery: results 
of the ESCRS multicenter study and identifi cation of risk 
factors. J Cataract Refract Surg. 2007;33(6):978-88.

OFF-LABEL USE STATEMENT Th is work discusses off -
label uses of antiinfective medications.
GENERAL INFORMATION This CME activity is 
sponsored by the University of Florida College of Medicine 
and is supported by an unrestricted educational grant from 
Bausch + Lomb, Inc.
Directions: Select one answer to each question in the exam 
(questions 1–10) and in the evaluation (questions 11–16). Th e 
University of Florida College of Medicine designates this 
enduring material for a maximum of 1.0 AMA PRA Category 1 
Credit™. Th ere is no fee to participate in this activity. In order 
to receive CME credit, participants should read the report, 
and then take the posttest. A score of 80% is required to qualify 
for CME credit. Estimated time to complete the activity is 
60 minutes. On completion, tear out or photocopy the answer 
sheet and send it to:
 University of Florida CME Offi  ce
 PO Box 100233, Gainesville, FL 32610-0233
 phone: 352-733-0064 fax: 352-733-0007
Or you can take the test online at http://cme.u� .edu/ocular
System requirements for this activity are: For PC users: Win-
dows® 2000, XP, 2003 Server, or Vista; Internet Explorer® 6.0 
or newer, or Mozilla® Firefox® 2.0 or newer ( JavaScript™ 
and Java™ enabled). For Mac® users: Mac OS® X 10.4 
(Tiger®) or newer; Safari™ 3.0 or newer, Mozilla® Firefox® 
2.0 or newer; ( JavaScript™ and Java™ enabled). 
Internet connection required: Cable modem, DSL, or better.
DATE OF ORIGINAL RELEASE December 2016. Ap-
proved for a period of 12 months.
ACCREDITATION STATEMENT Th is activity has been 
planned and implemented in accordance with the ac-
creditation requirements and policies of the Accreditation 
Council for Continuing Medical Education through the 
joint providership of the University of Florida College of 
Medicine and Candeo Clinical/Science Communications, 
LLC. Th e University of Florida College of Medicine is 
accredited by the ACCME to provide continuing medical 
education for physicians. 
CREDIT DESIGNATION STATEMENT Th e University 
of Florida College of Medicine designates this enduring 
material for a maximum of 1 AMA PRA Category 1 Credit™. 
Physicians should claim only the credit commensurate with 

the extent of their participation in the activity.

FACULTY AND DISCLOSURE STATEMENTS 
Nisha Acharya, MD (Faculty Advisor), is an associate 
professor of ophthalmology and epidemiology at the Univer-
sity of California, San Francisco and director of the Uveitis 
Service at the F.I. Proctor Foundation. She states that in the 
past 12 months, she has not had a fi nancial relationship with 
any commercial organization that produces, markets, re-sells, 
or distributes healthcare goods or services consumed by or 
used on patients.
Natalie Afshari MD, FACS (Faculty Advisor), is professor 
of ophthalmology and chief of cornea and refractive surgery 
at the Shiley Eye Center, University of California San Diego. 
Dr. Afshari has received grant/research support from the 
National Institutes of Health, and has served as a consultant 
for NovaBay Pharmaceuticals, Inc.
Melissa Daluvoy, MD (Faculty Advisor), is an assistant 
professor of ophthalmology at the Duke University School 
of Medicine, and corneal specialist at Duke Eye Center. She 
states that in the past 12 months, she has not had a fi nancial 
relationship with any commercial organization that produces, 
markets, resells, or distributes healthcare goods or services 
consumed by or used on patients.
Ron Adelman, MD, MPH, MBA, is professor of ophthal-
mology and visual science and director of the Retina and 
Macula Center at Yale University School of Medicine. He 
states that in the past 12 months, he has not had a fi nancial 
relationship with any commercial organization that produces, 
markets, resells, or distributes healthcare goods or services 
consumed by or used on patients.
Bennie H. Jeng, MD, MS, is professor and chair of the 
department of ophthalmology and visual sciences at the 
University of Maryland School of Medicine in Baltimore, 
MD. Dr. Jeng is a consultant to EyeGate, Kedrion, and CoDa 
Th erapeutics. He is also a shareholder in EyeGate.
DISCLAIMER Participants have an implied responsibility 
to use the newly acquired information to enhance patient 
outcomes and professional development. Th e information 
presented in this activity is not meant to serve as a guideline 
for patient care. Procedures, medications, and other courses 
of diagnosis and treatment discussed or suggested in this 
activity should not be used by clinicians without evaluation 
of their patients’ conditions and possible contraindications or 
dangers in use, applicable manufacturer’s product information, 
and comparison with recommendations of other authorities.
COMMERCIAL SUPPORTERS This activity is sup-
ported by an unrestricted educational grant from Bausch 
+ Lomb, Inc.

Topics in Ocular Antiinfectives, Issue 64



TOPICS IN OCULAR ANTIINFECTIVES 3To obtain CME credit for this activity, go to http://cme.ufl .edu/ocular

more prevalent in the AIDS population 
relative to the general population, with 
bacterial loci presenting more com-
monly in the lung or alimentary tract 
than eyes.9 Ocular TB often manifests 
in the choroid, but a variety of ocular 
surface and anterior segment manifesta-
tions can also occur. Th e most eff ective 
treatments are systemic isoniazid, ri-
fampin, pyrazinamide and ethambutol. 
Systemic therapy may be supplemented 
by local therapy for external and anterior 
segment lesions using topical or subcon-
junctival streptomycin sulfate.

Fungal infections
Ocular fungal infections are rare in 

the general population; individuals with 
AIDS, however, are prone to fungal 
keratitis caused by a broad range of fungi 
but most commonly fusarium solani and 
candida albicans (Figure 2). Other fungi 
that can cause fungal keratitis in indi-
viduals with AIDS include cryptococcus 
neoformans (causing focal granulomatous 
conjunctivitis and lesions resembling 
squamous cell carcinoma), histoplasm 
capsulatum (infecting the trabecular 
meshwork, Schlemm’s canal, limbal 
conjunctival vessels, and the ciliary 
body) and pneumocystis carnii (aff ecting 
the choroid, retina, orbit, and conjunc-
tiva).7 P. carnii infections can be eff ec-
tively treated with oral or intravenous 

AIDS-associated lesions are larger and 
more numerous.5 Reconstitution of the 
immune system with HAART can 
help resolve molluscum contagiosum, 
although recurrence may occur.

Bacterial infections
HIV/AIDS is associated with ocular 

manifestations from a large number of 
bacteria that infect the cornea, most 
frequently staphylococcus aureus, staphy-
lococcus epidermidis, and pseudomonas 
aeruginosa, but also klebsiella oxytoca, 
streptococcus, bacillus, micrococcus, and 
capnocytophaga, and, more recently, 
acanthamoeba species.5 These ocular 
fl orae are not very diff erent from those 
in the general population. In those with 
AIDS, however, the risk of infection is 
greater and the ensuing lesions may be 
bilateral, more numerous, and less in-
fl ammatory (the latter making diagnosis 
more diffi  cult).

Another consideration: individuals 
with HIV may have multiple sexu-
ally transmitted diseases; thus, in cases 
where copious purulent ocular discharge 
is observed, infection of the conjunctiva 
with neisseria gonorrheae may be con-
sidered. Gonnococcal conjunctivitis is 
transmitted to the eye by accidental 
autoinoculation and presents as swol-
len eyelids with the formation of a 
membrane or pseudomembrane. Prompt 
diagnosis and treatment is important as 
gonococci can penetrate normal epithe-
lium, causing ulceration, scarring, and 
perforation.8

Similarly, ophthalmic manifesta-
tion of the bacteria treponema pallidum, 
the causal agent of syphilis, is com-
mon in HIV patients and may follow 
an aggressive form. In the anterior 
segment, chancres of the conjunctiva 
(primary syphilis), conjunctivitis (sec-
ondary syphilis), and gummata (tertiary 
syphilis) have been described. Syphilis is 
an often unrecognized cause of anterior 
uveitis with nonspecifi c infl ammatory 
signs and may also cause cataract due 
to uveal infl ammation. Syphilitic cor-
neal interstitial keratitis is typically a 
feature of congenital disease, but it may 
be acquired.7 Th e most eff ective treat-
ment is with intravenous penicillin or, in 
penicillin-allergic patients, doxycycline, 
chloramphenicol, and ceftriaxone. 

Mycobacteria—notably mycobacteria 
tuberculosis, which is the agent known 
to present in tuberculosis (TB)—are 
another cause of AIDS-associated 
ophthalmic infection. TB is 500 times 

CORE CONCEPTS 
➤ Ocular diseases of an 

infectious, neoplastic, or 
other nature are still evident 
in the AIDS population in 
spite of antiretroviral therapy.

➤ AIDS-associated ocular 
infections are caused by 
viral, bacterial, fungal, and 
protozoal agents. 

➤ It can be challenging to 
differential diagnose ocular 
surface and anterior segment 
infections in AIDS patients 
relative to the general 
population.   

➤ Immune recovery uveitis is 
a common consequence of 
HAART therapy in patients 
with AIDS.

TABLE I

External ocular and anterior segment 
manifestations of HIV disease grouped 
by anatomic location.

I. Eyelids and ocular adnexae
– Molluscum contagiosum
– Herpes zoster ophthalmicus
– Herpes simplex virus vesicular lesions
– Tuberculosis (cutaneous lesions)
– Cryptococcosis (cutaneous lesions)

II. Conjunctiva
– Molluscum contagiosum (rare)
– Gonorrhea
– Syphilitic chancre
– Tuberculosis
– Cryptococcosis
– Pneumocystosis (rare)
– Microsporidiosis

III. Episclera / sclera
– Varicella-zoster virus associated 

scleritis
– Tuberculosis

IV. Cornea
– Molluscum contagiosum
– Varicella-zoster virus associated 

keratits
– Herpes simplex virus-associated 

keratitis
– Cytomegalovirus keratitis
– Gonorrhea
– Syphilitic keratitis
– Tuberculosis 
– Crytococcosis
– Microsporidiosis

V. Anterior uvea
– Varicella-zoster virus-associated 

anterior uveitis
– Herpes simplex virus-associated 

anterior uveitis
– Cytomegalovirus-associated iritis 

(rare)
– Human immunodefi ciency virus-

associated anterior uveitis
– Syphilitic anterior uveitis
– Tuberculosis
– Cryptococcosis
– Toxoplasmic iritis

Source: Jeng BH, Holland GN, Lowder CY, Deegan 
WF 3rd, Raizman MB, Meisler DM. Anterior 
segment and external ocular disorders associated 
with human immunodefi ciency virus disease. Surv 
Ophthalmol. 2007;52(4):329-68.
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trimethoprim-sulfamethoxazole, oral 
or intravenous clindamycin/primaquine, 
oral atovaquone, and intravenous pent-
amidine isethionate.

Protozoal infections
Ocular protozoal infections are 

mostly transmitted by microsporidia, a 
very common, spore-forming, intracel-
lular, protozoa parasite. Th e protozoal 
parasite toxoplasma gondii is another 
type of parasite that causes infection. 
Clinical presentations include necro-
tizing stromal keratitis and epithelial 
keratoconjunctivitis. Toxoplasma gon-
dii commonly manifests primarily as 
anterior uveitis, chorioretinitis, and can 
potentially present as an iris nodule with 
tissue destruction and severe anterior 
segmentation infl ammation.7 

Protozoal infections of the ocular 
surface can be treated eff ectively using a 
combination of antibiotics and antipara-
sitic agents including topical fumagillin, 
oral albendazole, and oral itraconazole.

Diagnostic and Treatment 
Challenges

Diagnosis of HIV-associated ocular 
infections can be challenging because 
many of the same conditions are com-
mon in the general population. Suspi-
cion of an immunocompromised patient 
should be aroused if the condition is 
particularly severe, presents bilaterally, 
or is recalcitrant to standard treatment. 
For a common condition like keratitis, 
presentation of multiple lesions or un-
usual bacteria or protozoa not known to 
typically exist in the locale may also be 
indicators. Similarly, a patient present-
ing with uveitis in whom syphilis is 
also diagnosed would arouse suspicion. 
Certainly, for patients presenting with 
CMV retinitis (or anterior segment 
manifestations) in which clinical fi nd-
ings cannot be explained by immune 
defi ciency for alternative reasons, such 
as chemotherapy or immunosuppression 
associated with transplantation, HIV/
AIDS should be considered. 

Diagnostic steps should include tak-
ing patient medical history with a focus 
on relevant risk factors and to investigate 
other unusual or unusually frequent ocu-
lar and systemic manifestations in con-

 

sultation with the patient’s primary care 
physician. If indicators lead to suspicion 
of AIDS, confi rmatory testing for HIV 
is necessary. For superfi cial lesions, there 
is value in sending samples for confi r-
matory culture and consulting with a 
corneal specialist. In cases of uveitis, 
a complete uveitis work-up including 
testing for syphilis, tuberculosis, and 
CMV titers is important, as is consulta-
tion with a uveitis specialist. Referral to 
specialists is of immediate urgency when 
herpetic infections are observed (most 
particularly if they involve the retina), as 
they progress rapidly and require same-
day treatment. Most importantly, upon 
AIDS diagnosis, individuals should im-
mediately commence HAART therapy 
to support immune system rejuvenation. 

One common consequence of 
HAART therapy is the emergence 
of immune recovery uveitis (IRU), a 
condition in which immune system 
reconstitution induces ocular infl amma-
tion. Reported to occur in approximately 
18% of patients,10 this condition may be 
a devastating consequence for patients 
in whom general health has improved.11

Caution must be taken when treating 
patients with corticosteroids since post-
HAART levels of anterior segment 
infl ammation are often low in AIDS 
patients; consultation with a uveitis 
specialist is advised.

Future Directions
Controlling the systemic eff ects of 

HIV is the fi rst step in addressing as-
sociated severe, sight-threatening infec-
tions of the eye. Novel antibiotics and 
antibacterials that target the systemic 
disease and its ophthalmic manifesta-
tions are in development, as is research 
into preventative vaccines. Th e ultimate 
goal for HIV/AIDS programs is disease 
prevention through education on risk 
modifying behavior and the develop-
ment of customized programs for at-risk 
populations.

Ron Adelman, MD, MPH, MBA, is professor of 
ophthalmology and visual science and director of the 
Retina and Macula Center at Yale University School 
of Medicine. He states that in the past 12 months, he 
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mercial organization that produces, markets, resells, 
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by or used on patients. Medical writer Caroline M. 
Markey, PhD, of Markey Medical Consulting Pty 
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Topical Ophthalmic Antibiotics: 
Current Options and Role of 
Fortifi ed Antibiotics
Bennie H. Jeng, MD, MS

Empirical fluoroquinolone therapy 
is a staple treatment for many ocular 
infections. But in an era of increasing 
antibiotic resistance, initiating therapy 
with a combination of fortif ied broad-
spectrum antibiotics may make good 
sense when confronted by serious bacterial 
corneal ulcers.  

Today, the management of both 
bacterial conjunctivitis and bacterial 
keratitis typically involves the empiri-
cal use of a topical, broad-spectrum 
antibiotic: in most cases, a fl uoroqui-
nolone. Antibiotic treatment is useful in 
bacterial conjunctivitis to reduce disease 
severity and risk of transmission, but 
treatment is critical in bacterial keratitis, 
where an optimal outcome may not be 
possible without an antibiotic. Bacterial 
keratitis is a serious condition that can 
cause rapidly progressive destruction 
of ocular tissues, leading to vision-
threatening complications. Prompt 
treatment is critical, and the choice of 
the initial antibiotic treatment can be of 
paramount importance. 

Among the many topical antibiotic 
eye drops in current use, fourth-gen-
eration fl uoroquinolones are the most 
popular choice amongst many providers 
as fi rst-line antibiotic therapy. A num-
ber of clinical studies have suggested a 
rough equivalence in effi  cacy between 
topical fl uoroquinolones and combined 
fortifi ed antibiotics in the treatment of 
bacterial keratitis,1-5 including a large 
meta-analysis of 16 trials involving 
over 1,800 patients.6 However, the two 
approaches may not be interchange-

able, especially in severe cases where 
fortifi ed-antibiotic combination therapy 
is still counted on by many as the stan-
dard of care.7

Common Pathogens
Gram-positive pathogens—in-

cluding Staphylococcus epidermidis, 
Staphylococcus aureus, and streptococci 
species—are the most common causes 
of both bacterial conjunctivitis and kera-
titis.8,9 Gram-negative organisms play 
a smaller but still signifi cant role, with 
Haemophilus infl uenzae the most fre-
quently isolated gram-negative organ-
ism in bacterial conjunctivitis.9 Among 
contact lens wearers, the gram-negative 
Pseudomonas aeruginosa is a particularly 
virulent and relatively common cause of 
keratitis.10,11

The Broad-spectrum Approach
Because of the potential for rapid 

progression, immediate and eff ective 
antibiotic treatment of bacterial ulcers 
is necessary to prevent ocular morbidity 
and visual impairment. Since there is no 
time to wait for culture results, clinicians 
typically initiate empirical therapy with 
a broad-spectrum topical antibiotic.

If there is a microbiology laboratory 
close by or if the clinician is able to 
perform microscopic examination in the 
clinic, a gram stain can be helpful for 
antibiotic selection, but the usefulness 
of this technique may vary depending 
on the clinician’s experience and the 
materials acquired from scraping for 
testing. 

For the most part, clinicians still 
need to rely on a shotgun approach to 
antibiotic therapy, using a broad spec-
trum antibiotic to increase the chance of 
eradicating the pathogen. In those cases 
where the causative organism is clearly 

 

CORE CONCEPTS 
➤ Gram-positive bacterial 

pathogens, in particular 
staphylococci and 
streptococci, are the most 
common causes of ocular 
infections; gram-negative 
organisms are less common 
but a frequent causative 
pathogen in predisposed 
populations such as contact 
lens wearers.

➤ There has been a notable 
increase in the prevalence 
of highly resistant strains 
such as MRSA and MRSE 
in hospital and community 
acquired ocular infections, 
and in parallel, a trend of 
increasing resistance to 
fl uoroquinolones and other 
common topical antibiotics 
among ocular isolates.

➤ The initial treatment for 
bacterial keratitis is empiric 
and usually involves intensive 
use of a topical broad-
spectrum antibiotic.

➤ Fluoroquinolones are 
generally equivalent to 
fortifi ed antibiotics in terms 
of effi cacy, but their use 
in severe infections may 
be limited by increasing 
antibiotic resistance among 
ocular pathogens, particularly 
MRSA. 

➤ Dual therapy of fortifi ed 
antibiotics provides the 
highest local antibiotic 
concentration and the 
most complete spectrum 
of coverage. They can 
be advantageous in the 
treatment for vision-
threatening corneal ulcers.An article on the same subject was published in 2014. Th is 

version has been updated by the author.
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lent ocular penetration, an advantage in 
treating corneal ulcers. 

Antibiotic Resistance
As with systemic pathogens, grow-

ing antibiotic resistance has become a 
serious concern with respect to ocular 
pathogens. In particular, methicillin-
resistant S. aureus (MRSA) and meth-
icillin-resistant S. epidermidis (MRSE) 
have been reported more often in seri-
ous ocular infections.12,13 Furthermore, 
MRSA has become increasingly com-
mon not only in healthcare facilities but 
in the community setting as well, with 
community-acquired MRSA being as 
resistant as hospital-acquired strains.14 

Th e increasing bacterial resistance 
poses a great challenge to the manage-
ment of ocular infection and use of 
f luoroquinolones. MRSA organisms 
are generally resistant to multiple an-
tibiotics including f luoroquinolones, 
and the rise of MRSA corresponds to 
a trend of increasing fl uoroquinolone 
resistance among ocular pathogens.12,13 
A recent follow-up study has suggested 
that trends in resistance patterns have 
not worsened in the past 5 years, but 
methicillin resistance of staphylococcal 
isolates is still highly prevalent.15

 
Fortifi ed Antibiotics

Th e traditional treatment mainstay 
for severe cases of bacterial keratitis has 
been a combination of fortifi ed antibi-
otics. Th ese antibiotics in concentrated 
preparations achieve higher concentra-
tions than commercially available topi-
cal antibiotics. Breadth of coverage can 
be obtained by using one agent for gram-
positive coverage and second agent for 
gram-negative coverage, making the 
combination suitable for initial empiric 
treatment. 

While fortifi ed antibiotics are ad-
vantageous in terms of strength and 
coverage, their use is associated with 
some signifi cant challenges. Fortifi ed 
antibiotics must be prepared by a com-
pounding pharmacy, which can increase 
cost and certainly limits availability. 
Although fortifi ed antibiotics are made 
under sterile conditions, there is always 

identifi ed and its susceptibility profi le 
known, more specif ic management 
tools can be applied, but this does not 
usually occur until after culture results 
have come back. 

Current Options
Nearly all currently used commer-

cially available topical ophthalmic an-
tibiotics are “broad spectrum.” Among 
these, aminoglycosides (eg, gentamicin 
and tobramycin) are bactericidal against 
many gram-negative and some gram-
positive bacteria. Aminoglycosides act 
by binding irreversibly to the 30S bacte-
rial ribosome, which disrupts translation 
and protein synthesis.

Polymixin B and trimethoprim are 
also a commonly used combination eye 
drop. Polymixin B is bactericidal—it 
destroys bacterial cell membranes by in-
teracting with their phospholipid com-
ponents. Able to provide good gram-
negative coverage, polymixin B is often 
used in combination with other agents 
like trimethoprim, a bacteriostatic 
antibiotic that binds to dihydrofolate 
reductase to block bacterial synthesis of 
tetrahydrofolic acid. Trimethoprim is 
eff ective against fewer gram-negatives 
than polymixin B but has better gram-
positive coverage. Combined, the two 
agents can provide reasonably broad 
coverage against both gram-positive and 
gram-negative pathogens.

Of course, neither the aminoglyco-
sides nor the polymixin B/trimethoprim 
combination is nearly as widely used 
by ophthalmologists as the f luoro-
quinolones, including both the older 
generations (ciprofl oxacin, ofl oxacin, 
levofl oxacin) and the newer fl uoroqui-
nolones (gatif loxacin, moxif loxacin, 
and besifl oxacin). Broad-spectrum and 
bactericidal, the fl uoroquinolones act 
on bacterial topoisomerase enzymes to 
prevent replication of bacterial DNA, 
leading to cell death. 

Th e popularity of the fl uoroquino-
lones is largely attributable to the agents’ 
effi  cacy against nearly all common bac-
terial ocular pathogens, as well as their 
ready availability from pharmacies. Th ey 
are also well tolerated and off er excel-

a risk of contamination. In addition, 
these highly concentrated antibiotic 
preparations often cause ocular irritation 
and may suff er from drug instability, 
variability in concentration and/or pH, 
and a short shelf-life. 

Choice of Treatment
Earlier research by the Bacterial 

Keratitis Study Group found that ofl oxa-
cin and ciprofl oxacin were as eff ective as 
fortifi ed cefazolin and tobramycin in the 
treatment of bacterial keratitis.1,2 More 
recent studies have made similar fi nd-
ings with fourth-generation fl uoroqui-
nolones (moxifl oxacin or gatifl oxacin).3-5

Indeed, fl uoroquinolone monotherapy 
provides additional benefi ts, including 
widespread availability without com-
pounding, ease of use, reduced epithelial 
toxicity, and better ocular tolerance.

However, given the worrisome 
trend of increasing antibiotic resistance 
and the rise of highly resistant bacterial 
strains such as MRSA, fortifi ed antibi-
otics still have an important role as the 
standard treatment for sight-threatening 
bacterial corneal ulcers or ulcers that 
respond poorly to the initial treatment. 
I personally use fortifi ed antibiotics for 
any corneal ulcer located within the 
central 3 mm of the cornea or for any 
peripheral ulcer larger than 2 mm. I also 
use fortifi ed antibiotics if the patient has 
had a corneal transplant.

Although there are many available 
antibiotics to choose from in making 
a fortifi ed drop, the choice is limited 
by antibiotic resistance. Because of the 
high prevalence of methicillin resistance 
among ocular pathogens, I no longer use 
the conventional cefazolin as a fi rst-line 
agent for gram-positive coverage. In-
stead, I use vancomycin, a glycopeptide 
antibiotic that inhibits cell wall synthesis 
in gram-positive bacteria and one of 
the few antibiotics that is still highly 
active against resistant strains such as 
MRSA.13 For gram-negative coverage, I 
typically choose ceftazidime. Compared 
with other popular choices for gram-
negative coverage (such as gentamicin 
and tobramycin), ceftazidime may cause 
less ocular discomfort. 
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keratitis: report from the Bacterial Keratitis 
Study Research Group. Arch Ophthalmol. 
1995;113:1257-65.

 2.  Hyndiuk RA, Eiferman RA, Caldwell DR, 
et al. Comparison of ciprofl oxacin ophthal-
mic solution 0.3% to fortifi ed tobramycin-
cefazolin in treating bacterial corneal ulcers. 
Ciprof loxacin Bacterial Keratitis Study 
Group. Ophthalmology. 1996;103:1854-62.

 3.  Shah VM, Tandon R, Satpathy G, et al. Ran-
domized clinical study for comparative evalu-
ation of fourth-generation fl uoroquinolones 
with the combination of fortifi ed antibiotics 
in the treatment of bacterial corneal ulcers. 
Cornea. 2010;29:751-7.

 4.  Constantinou M, Daniell M, Snibson GR,et 
al. Clinical effi  cacy of moxifl oxacin in the 
treatment of bacterial keratitis. A randomized 
clinical trial. Ophthalmology. 2007;114:1622-9.

 5.  Sharma N, Arora T, Jain V, et al. Gatifl oxacin 
0.3% versus fortifi ed tobramycin-cefazolin 
in treating nonperforated bacterial corneal 
ulcers: randomized, controlled trial. Cornea. 
2016;35:56-61.

 6.  McDonald EM, Ram FS, Patel DV, et al. 
Topical antibiotics for the management of 
bacterial keratitis: an evidence-based review 
of high quality randomized controlled trials.  
Br J Ophthalmol. 2014;98:1470-7.

 7.  Park J, Lee KM, Zhou H, et al. Community 
practice patterns for bacterial corneal ulcer 
evaluation and treatment. Eye Contact Lens. 
2015;41:12-8.

 8.  American Academy of Ophthalmology 
Cornea/External Disease Panel. Preferred 

Conclusion
Th ere is no standard protocol for the 

selection of antibiotics and treatment of 
corneal ulcers: providers all have their 
own regimens in mind, and every infec-
tion is diff erent. As such, each patient 
needs to be considered on a case-by-case 
basis. However, an understanding of the 
currently available treatment options, as 
well as an awareness of current microbial 
resistance patterns, will allow the pro-
vider to make the best choice possible 
for treatment of each patient to ensure 
an optimal outcome.
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the department of ophthalmology and sisual sciences 
at the University of Maryland School of Medicine 
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 1.  What are two bacterial 
agents that manifest as 
AIDS-associated ocular 
infection?
 A.  Fusarium solani and 

candida albicans
 B.  Toxoplasma gondii and 

klebsiella oxytoca
 C.  Staphylococcus aureus 

and staphylococcus 
epidermidis 

 D.  Pseudomonas aeruginosa 
and pneumocystis carnii

 2.  According to Dr. 
Jeng, which of the following 
conditions calls for fortified 
antibiotic therapy?
 A.  Central corneal ulcer
 B.  Large peripheral ulcer
 C.  Corneal ulcer in a post-

transplant patient
 D.  All of the above

 3.  Prompt diagnosis and 
treatment is most critical for 
which ocular infection?
 A.  Toxoplasma 

conjunctivitis
 B.  Herpetic infections 

involving the retina 
 C.  Molluscum contagium
 D.  Immune recovery 

uveitis

 4.  Fluoroquinolones kill 
bacteria by:
 A. Preventing DNA 

replication 
 B.  Inhibiting protein 

synthesis
 C.  Damaging cell 

membranes
 D.  Blocking 

tetrahydrofolic acid 
synthesis

 5.  What are two common 
viral infections associated 
with AIDS? 
 A.  Toxoplasmic anterior 

uveitis and CMV retinitis
 B.  Herpetic keratitis 

and herpes zoster 
ophthalmicus

 C.  Molluscum contagium 
and fungal keratitis

 D.  Kaposi’s sarcoma 
and gonnococcal 
conjunctivitis

 6.  Which of the following 
antibiotics has the best 
activity against MRSA? 
 A.  Moxifloxacin
 B.  Vancomycin
 C.  Tobramycin
 D.  Cefuroxime

 7.  Which of the following 
is a gram-negative pathogen 
commonly associated with 
contact lens-related keratitis?
 A.  Staphylococcus aureus
 B.  Haemophilus influenzae
 C.  Streptococcus 

pneumoniae
 D.  Pseudomonas aeruginosa

 8.  What is the most 
prevalent AIDS-associated 
ocular condition?
 A.  Herpes zoster 

ophthalmica
 B.  CMV retinitis 
 C.  Syphilitic keratitis
 D.  Molluscum contagium

 9.  Which clinical factors 
are important indicators of 
HIV infection?
 A.  Multiple, unusually 

large, bilateral ocular 
surface lesions recalcitrant 
to treatment

 B.  Clinical findings 
unexplained by alternative 
reasons for immune 
deficiency

 C.  Uncommonly frequent 
systemic infections

 D.  All of the above 

 10.  Which of the following 
statements about fortified 
antibiotics is NOT true?
 A.  They provide increased 

antibiotic concentrations 
 B. Used in combination, 

they can provide a 
complete spectrum of 
coverage 

 C.  They are well tolerated 
on the ocular surface

 D.  They have a short 
shelf life compared 
to commercial 
fluoroquinolones
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