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Imagine:

• Who feels comfortable managing this 
scenario?

• But isn’t the entirety of this management 
within our scope of practice?

• So why do we feel uncomfortable?

Corneal Infection

• The most sight threatening 
acute pathology totally within 
our scope of practice to 
manage

• Accounts for over 3,000 
corneal transplants per year in 
the US

• Regardless of our comfort, 
they can end up in our clinic 
(usually around 5:00 on 
Fridays)…then what?

Goals
• Broad goal of improving your comfort managing this group 

of conditions.
– Look a clinical diagnosis of microbial keratitis
– Look at how we clinically differentiate among sources of 

microbial keratitis
– Understand treatment options and their relative strengths, 

weaknesses and downstream ramifications
– Understand culturing strategies and practical tips for 

implementing culturing practice
– There is no uniform clinical appearance for all ulcers and there 

is no uniformly accepted treatment for all ulcers



It’s the thought that counts

• When dealing with corneal ulcers, critical 
thinking about the case is required

• Many steps involved in the diagnosis and 
treatment of corneal ulcers

– Each of these steps should be framed to you as a 
question

Important questions in treating a 
corneal infectionIs this microbial keratitis or is it non-

microbial?

Is this likely a typical or atypical etiology 
of microbial keratitis?

Do I need to culture this or can I 
treat it empirically?

What initial treatment is appropriate: 
fortified vs commercially available 

antibiotics?
Is this responding to therapy as expected 

or do I need to change something?

Case

• 22 Year old female referred in for corneal 
Ulcer evaluation by local clinic with concerns 
of corneal infection.  Had been treating with 
Vigamox and was unresponsive



Is this microbial keratitis or is it non-
microbial?

Microbial or “other” keratitis?

• A sometimes simple, sometimes difficult question 
in management of corneal infiltrates

• Differential
– Microbial Keratitis

– Viral Keratitis

– Infiltrative Keratitis

– Marginal Keratitis

– Neurotrophic Keratitis

– Epithelial Abrasion

– Corneal edema

– Corneal degenerations, deposits and dystrophies

Microbial or “other” keratitis

• To sort through these, its useful to consider:

– Elements of Case History

– Appearance  and location of the infiltrate



Importance of History

 “A healthy body is not a 
proper soil for infective 
material and pre-existing 
changes are required to 
permit its growth and 
proliferation” Jakob Henle 
(1840)

 Microbial Keratitis is near 
impossible in a healthy 
uncompromised eye 
without risk factors 

Importance of History 
Steps to bacterial infection

How does the eye prevent infection

• Look at a normal, non-contact lens wearer:

– Adherence and colonization the initial steps of 
bacterial infection are inhibited by:

• Mechanical forces of the blink reflex 

• Mechanical force of tear flow, 

• Mechanical and physiologic barrier activity of the 
epithelium and mucin layer 

• Biochemical immunologic properties of the tear film



Importance of History

– Only 5 species of bacterial can adhere to and 
penetrate an intact epithelium:

• N. Meningitides, N  gonorrhoeae, H. aegyptius, C. 
diphtheria and L. monocytogenes

– Any historic element that disrupts the epithelium 
can predispose the cornea to infection:

– Over 90% of infectious corneal ulcers will have a 
known supportive historic element 23

– Try to define the infiltrate in the context of the case 
history

So what are the risk factors

• Contact lens use – primary risk factor

• Trauma

• Severe ocular surface disease

• Ocular/corneal surgery

Importance of history

• In addition to indicating risk of microbial 
keratitis over non keratitis, the historic risk 
factor shapes the differential for likely 
etiologies



What about eyes with no supportive 
history?

• <10% of all infectious infiltrates fall into this 
category

• Chief differential is viral keratitis

– Others:

• Reactive (blepharitis/rosacea – location is key)

• Immunologic/Collagen Vascular related (location is key)

• Microbial

Quick Case

• Non-contact 

lens wearer

• No history of 

trauma

• What’s this 

eye’s risk factor?

Sometimes you have to examine the 
patient to determine the supportive history 
(really for all cases of ocular surface disease 

influenced infection)

History Summary

• Most infectious ulcers have a supportive history
• Most of the time that supportive history is of contact lens 

use
• Sometimes the risk factor is trauma
• Sometimes chronic ocular surface disease is the risk factor
• Each of these risk factors will shape likely etiology
• Sometimes you have to examine  the patient to determine 

the  supportive history
• KEEP IN MIND NOT EVERY EYE WITH KERATITIS WITH A 

SUPPORTIVE HISTORY OF MK HAS MK

• What do we do next???



Clinical Picture of Microbial Keratitis

• Swollen lid

• Significant injection of conjunctiva

• Mucous discharge

• Infiltrate

– Size/shape

– Location

– Epi-defect

Identifying keratitis as infectious: The 
infiltrate

• The infiltrate is the hallmark of microbial keratitis
• When microbial, almost always round or oval and 

well defined 
• Is made up of micro-ogransims, necrotic tissue 

and white blood cells
• Should not be confused with a simple epithelial 

defect.
• Also, is not to be confused with corneal 

deposits/lipid
• Or corneal edema

Identifying keratitis as infectious: 
Size of infiltrate

• Size matters

• Any infiltrate larger than 
2 mm has greater 
potential for being 
infectious24

• That said, all infectious 
ulcers start somewhere…

From Review of Ophthalmology:
http://www.reviewofophthalmology

.com/content/i/2548/c/42796/

Chris Croasdale MD



Identifying keratitis as infectious: 
location

• The cornea can be roughly divided into two 
distinct immunologic zones:

– Peripheral Cornea – greater proximity to immune 
tissue, vascular tissue, lid margin and tear lake

– Central Cornea – greater remoteness to immune 
and vascular tissue

Location: Zones of Corneal Immune 
Response

These distinct zones lead to differences in 
reactivity of immunity to an insult

Location

• Because the peripheral 
cornea is so near to the 
immune system:

– Common to see 
hypersensitivity reactions

– Uncommon to see true 
microbial keratitis



Location

• Because central cornea is so far from the 
immune system:

– Rare to see hypersensitivity reactions

– Common to see microbial keratitis

Mark Everett OD

Appearance of the lesion
Epithelial Ulceration

• As nearly all pathogens require an epithelial 
disruption to colonize the cornea, the clinical 
exam of an infection should show an infiltrate 
and in most case an overlying epithelial defect 
of roughly the same dimensions

• Exception: Fungi and Protazoa can proliferate 
under an intact epithelium

Anterior Chamber Reaction

• Corneal inflammation will often generate 
sterile anterior chamber reactions

• Should not be mistaken with infectious 
endophthalmitis – this is an inflammatory spill 
over



AC Reaction: not all hypopyons are 
infectious

Clinical Picture summary

• An round or oval infiltrate larger than 2 mm with 
an overlying epithelial defect is likely microbial

• Greater caution is reasonable with central and 
para central infiltrates

• When in doubt, look for support from history.  A 
healthy eye with no historic risk is at very low risk 
to develop a non viral infectious keratitis

– Only 10% of infectious ulcers will lack supportive 
history/risk23

Back to our case



Case

• 22 YOF 
• History: Right eye became uncomfortable on waking 5

days ago – had slept in the lenses
• Patient discontinued lens wear later in the day – pain 

got moderately worse as time passed
• Contact lens wearer Continuous wear

–Silicone Hydrogel Lens

• Uses generic multipurpose solution when needed
• No history of trauma
• No prior history of eye problems
• Saw primary OD at Day three and started on Vigamox, 

then sent to us when she worsened

Case

Case: diagnostic considerations

• Infiltrate description – an oval multi-lobed 
fluffy infiltrate of the paracentral anterior 
stroma in a young continuous wear contact 
lens user
– Supportive History?: Yes

– Size?: borderline

– Location?: supportive of Infectious

– Epithelial Defect? Yes (trust me…)



Case: Lets Vote

• So, lets vote:

– Microbial?

– Non-microbial?

Is this likely a typical etiology or an 
atypical one?

Typical, Atypical?

• Typical bugs: Staphylococcus aureus 
and epidermidis, streptococcal spp and 
Pseudomonas aeruginosa  

• Atypicals bugs: Nocardia spp, 
NonTuberculous Mycobacterium spp, 
fungus, protozoan



How does stratifying as typical or 
atypical help?

• Typicals - more likely to be susceptible to empiric 
treatment (exception with MRSA/MRSE)

• If culturing is to be performed, atypicals often 
have specific media requirements which will need 
to be ordered

• Recommendations of downstream steroid use 
vary from typicals to atypicals

• Having an idea of specific bugs you suspect will 
help facilitate flexibility in the face of treatment 
failure

Typical Bugs: Staphylococcus

• Gram positive cocci (circles) which 
arrange in grape like  clusters
– Coagulase negative – Staph epi.

– Coagulase positive – Staph aureus

• Coag negative are dominant 
organisms of the ocular flora with 
some pathogenic potential –

• Coag positive – less prominent, but 
more pathogenic

• Most common bacterial sources of 
infectious keratitis

Staphylococcus

• Infiltrate
– Round or oval

– Grey to yellow in 

appearance

– Dry appearance in contrast 

to gram negative

– Often paired with corneal 

edema and possibly a

hypopyon



Streptococcus

• Chain forming cocci

• Most common corneal pathogen in third 
world countries

• Dominant pathogen of 

nasopharynx and so often 

associated with dacryocystitis

Streptococcus keratitis

• Streptococcus ulcers look like 
staph ulcers

• Grey to yellow in appearance

• Dry appearance relative to

gram negative bugs

• May have concomitant  edema or 
hypopyon

• May have a leading edge of 
deepening ulceration

Image from Duane’s 
Clinical Ophthal.

Gram positive typicals and risk factors

• Associated with

– Ocular surface disease, ophthalmic surgery and 
contact lens use and systemic disease (most 
commonly RA)

– More common source of keratitis in older 
population



Pseudomonas Auerginosa

• Gram negative Rod
• The most common gram negative 

source of infection.  May be more 
common than staph aureus in 
some settings

• As Psuedomonas constitutes a 
very minor component of the 
normal ocular flora, there is a 
significant tie to external risks, 
primarily contact lens use

• Accounts for ~15% of corneal 
ulcers overall, but ~40-60% in SCL 
users

Pseudomonas Aeruginosa

• Classic appearance is a wet, 
suppurative ulcer with rapid 
progression and deepening

• Classic “soupy” appearance

• May have a fruity smelling 
odor, even noticeable on 
culture

• May have non-uniform density 
and whirled appearance to the 
infiltrate

Chris Croasdale MD

Pseudomonas Aeruginosa

• Alternate appearances
– May generate a ring infiltrate 

– Or a ring ulcer

– May also manifest as a mild 
superficial vesicular epithelium, 
as the organism occasionally 
proliferates in the basal 
epithelium.  This disease type is 
mild and may be self limiting5,6

– May generate perineuritis



Pseudomonas Aeruginosa

• An unusual feature of  
Pseudomonas ulcerations is 
that they may initially get 
worse in the presence of 
effective antibiotic treatment. 
Why?
– The destruction of the organism 

may create an initial liberation 
of proteases and exotoxins 
which perpetuates tissue 
destruction

Image from Duane’s 
Clinical Ophth.

Pseudomonas and risk factors

• Not a significant component of normal flora

– Contact lens use

– Younger age

Typical vs Atypical Organisms

• “Typical Organisms” account for only a small percentage of 
organisms that cause microbial keratitis, yet cause a 
significant majority of corneal infections
– Why? –
– Because they show up.  They are often on the ocular surface.

• Atypical Organisms are important to be aware of as well
– Nocardia
– Non-tuberculous Mycobacterium
– Lots of others (proteus, bacillus, p acnes)
– Fungus
– Acanthamoeba
– Microsporidia

80% of success is 
showing up



Atypical Group: The un-garden variety

• Grouped together because they are less common 
etiologies of corneal infection, generally not part of 
the normal flora and their clinical appearance and 
respective treatments can be very different than the 
typical organisms

• These etiologies need a delivery vehicle

Nocardia

• Acid Fast, variably gram positive 
staining Rod

• Saprophytic organisms -near 
exclusive link to external trauma

• Causative etiology in approximately 
1-2% of corneal infections in the US7

• Not part of the normal flora

Nocardia Keratitis

• Characterized by slowly 
progressive keratitis

• Most prominent clinical 
feature is patchy 
anterior stromal 
infiltrates

• May have wreath- like 
distribution which is 
felt to be 
pathogneugmonic

• Many features may 
appear mycotic (fungal)

From: Garg P. Fungal, Mycobacertial and 
Nocardia infections and the eye



Non-tuberculous Mycobacterium

• Broad group of mycobacterium
• Accounts for all species of the 

genus beyond mycobacterium 
leprae and mycobacterium 
tuberculosis

• Accounts for 1-2% of corneal 
ulcers in the US

• Not part of the normal flora
• Widespread environmental 

distribution – link to trauma, 
immune suppression and 
ophthalmic surgery

Non-Tuberculous Mycobacterium

• Waxy focal infiltrates 

• Minimal inflammation

• Cracked windshield 

appearance possible

• Ring Infiltrate possible

• Satellite lesions

• Mycotic appearance

Other “atypical” bacteria

• There's a bunch!



Fungal Keratitis

• Family of saprophytic organisms
• May constitute a minor part of the 

normal flora – Candida is most common 
fungal element of normal flora

• Of the species that are known to cause 
disease, a number exist as pathogens 
only in ophthalmic literature44

• Classification:
– Yeasts (Candida), Nonpigmented Filamentary 

(Fusarium, aspergillus) and Pigmented 
filamentary (Curvularia, Mucor)

Fungal Keratitis

• Responsible for 5-20% of corneal ulcers 
depending on geographic location3,9

• What’s the number 1 risk factor?

– Used to be trauma

– Currently appears to be contact lenses (even after 
adjusting for the Renu Moisture Lock Outbreak in 
2007)9-11

• 20-50% related to contact lens

• 10-29% related to trauma

Fungal Keratitis



Fungal Keratitis

• Classic Clinical Picture
– Feathery Margins
– Satellite infiltrates
– Dry/leathery infiltrate
– Endothelial rings and 

plaques

• Occasional
– Ring Infiltrate
– Pigmented infiltrate

• Reality:…… http://openi.nlm.nih.gov/detailedr
esult.php?img=2636110_IndianJO

phthalmol-56-203-g008&req=4

Fusarium ulcer

Reality: Significant variability; 60% have no classic signs 
of being fungal and over 80% of fungal corneal ulcers 

originally misdiagnosed

Acanthamoeba

• Genus of protozoa

• Ubiquitous distribution

• Opportunistic pathogen

• Typical food source is blue green algae, fungus 
and bacteria

• Probably not inherently pathogenic
– Nearly everyone carries immunoglobins to 

acanthamoeba12

– ~25% of exposed population may have colonization of 
the nasopharynx13



Acanthamoeba

• Two metabolic states

– Active trophozoite

– Inactive cyst

• Cyst resists metabolic demands, heat, UV exposure and 
changes in pH

• Excystment occurs when cyst is exposed to 
hospitable environments

Acanthamoeba keratitis (AK)

• Rare in the US:
– 1/1-2million contact lens
users 15

• Common in UK
– 1/10,000 contact lens 

users…unclear reason
– Speculated to be more common 

than HSV keratitis in UK 14

• Keratocytes are likely 
primary food source in the 
cornea14

AK

• Primary risk factor is contact 
lens use
– 1st generation SiHi lenses have the 

highest risk

– Daily Disposables have the lowest 
risk

– SCL have a ~10 times greater risk 
than rgps16

• 15% of AK patients have no 
history of contact lenses



AK

• Clinical Picture/ 
Symptoms

– Classic – greater pain than 
clinical picture indicates 

– Reality -can be quite 
variable 

• Totally dependent on the 
stage of the disease

AK

• Clinical Picture

– Seems to progress on a 
continuum

– Most important to catch 
EARLY – RECOGNIZE 
EARLY FINDINGS 

http://www.cdc.gov/parasites/acan
thamoeba/health_professionals/ac
anthamoeba_keratitis_images.html

Early AK

• Epithelial Disease
– Course, localized cystic 

epitheliopathy.  Quite 
prominent

– No infiltrate

– Often has dendriform 
appearance

– Epithelial defect tends to 
absent during this stage

– Very good outcomes are 
possible if caught at this 
stage

http://www.cdc.gov/parasites/acantha
moeba/health_professionals/acantham

oeba_keratitis_images.html



Early AK

Early AK

• Stromal Perineuritis 

– Not an early finding in all cases, but becomes less 
common the further from onset one moves

– Nearly pathognomonic 

• Leprosy and pseudomonas are other sources, though 
AK is 300 times more likely to cause16

Stromal perineuritis
http://www.reviewofcontactlenses.com/conte
nt/c/57173/dnnprintmode/true/?skinsrc=%5
Bl%5Dskins/rccl2010/pageprint&containersrc
=%5Bl%5Dcontainers/rccl2010/simple



AK late

• Mid and Late disease:

– Ring infiltrate – more common 
the further progressed from 
presentation

– Epithelial defect

– Corneal opacification

– Retro corneal spread is rare

!!!Corneal Rings!!!

• Due to their association with AK, corneal 
rings cause wide spread panic in eye clinics 
when they present

• Is this panic warranted?

Corneal Rings: differential

• Acanthamoeba – unclear 
etiology - most concerning 
source – usually apical, usually 
ulcerated

• Gram Negative/Acid fast 
Bacteria/fungal - ulcerated, may 
have a ring at or beyond margins 
of ulceration.  Less common than 
AK

• HSV/VZV (cell mediated)
• A ring ulcer is concern for AK 

and occasionally other MK, a 
ring infiltrate is less concerning



Post AK Ring Corneal Opacification

AK take home message

This is not AK – AK does not look 
like bacterial keratitis

Can you see how typicals and atypcials can 
sometimes be separated on clinical exam and 

history?

• Round/Oval infiltrate – think typicals, though 
fungal remain on the differential

• Irregular infiltrates: think atypicals or viral

• History should also support conclusion
– Gram Positives – ocular surface disease/ophthalmic 

surgery /SCL

– Gram Negatives – SCL

– Atypical bacteria – Trauma

– Fungus – Contact lens Use/Trauma

– AK – Contact lens use + exposure to dirty water



Back to our case:
Slit lamp exam

Case

• History Review
– 22YOF

– Extended wear SCL wearer

– No history of trauma

– Red OD X 5 days, symptoms 
worsening

– Infiltrate description – an 
oval multi-lobed fluffy 
infiltrate of the paracentral
anterior stroma in a young 
continuous wear contact lens 
user

Case: Diagnostic Considerations

• Typical?

• Atypical?



Treatment Crossroads

• Treat empirically

• Gather more 
information

– Culture

• Refer

Do I need to culture this or can I treat 
it empirically?

Empiric Vs Culture Driven Treatment

• Value potentially derived from cultures

– Gram Stain Smears – near immediate results 
which have significant impact on prescribed 
treatment 

– Cultures – may take several days but can provide:

• Accurate identification of etiology

• Antibiotic sensitivity 

• Debulks infectious load



Empiric vs Culture Driven Treatment

• But….
– Cultures are negative 40-60% of the time (and 

gram stain may be negative even more often)

– Empiric treatment appears to be the most 
common practice among ODs and OMDs20

– Good outcomes are possible with this treatment 
strategy

– Vast majority of infections will respond to empiric 
therapy25

– So…empiric treatment is fine…..right?

Two ways of looking at things:

• One way:
– What percentage of cases is 

broad spectrum empiric 
treatment effective?

• most of the time 

• The other way:
– When empiric therapy is 

ineffective, what is the impact of 
beginning with empiric 
treatment?

Empiric or Culture Driven Treatment

– Of patients who are placed on 
incorrect empiric treatment:

• 50% higher rate of PK

• Doubled overall cost of therapy18-20

Culture driven strategy is a belt 
and suspenders approach



Empiric Vs Culture 
Driven Treatment

• Empiric treatment
• Good:

– Ease of initiation

– All treatments really begin 
empirically

– About 90% of infectious 
ulcers respond to this 
treatment25

• Bad:
– May confound later attempts 

at culture

– May delay appropriate 
treatment and lead to worse 
outcomes

• Culture Driven Treatment
• Good

– Offers the most diagnostic and 
treatment information possible

– De-bulks infectious material

– Antibiotic susceptibility 
information is derived from 
this

• Bad
– Overcoming inertia: learning to 

culture, buying equipment, 
keeping media stocked, etc

– Only 40-65% yield growth18, 21

Culturing in practice

• Materials?

• How to do it?

• How to set up 

culture services? 

Materials: Tools to retrieve sample

• Specimen gathering tool.  Any 

of these:

– Kimura Platinum Spatula – allows 

heat sterilization between samples

- requires alcohol lamp

– 18-21 gauge needle

– Bard Parker Blade

– Calcium alginate swab



Swab Reality Check

Swabs are 
comically 
oversized for 
most ulcers

Materials: Retrieval tool

• Is one better than the other?

– Probably not

– Platinum spatula has benefit of being able to be 
heat sterilized between samples

– Other instruments need to be disposed of 
between samples

– Because of their limitations, swabs are more like 
“culture-lite”

Materials
• Slide for Gram Staining Smear



Materials:
Gram Staining

• Benefit: Near Immediate Diagnostic 
information available regarding gram 
positive, gram negative and fungal 
elements

• Drawback: Very spotty yields reported.  
As low as 0% in one study group26

– Theorizes that community and hospital 
based labs are not good dealing with 
minute samples that come in from 
corneal smears.  Ocular microbiology labs 
are superior in this regard Prajna VN, Prajna L, Muthiah

S. Fungal keratitis: The 

Aravind experience. Indian 

Journal of Ophthalmology. 

2017;65(10):912-919. 

doi:10.4103/ijo.IJO_821_17.

Materials:
Culture Media

• Need:

– General growth media – Blood Agar/Thioglycolate

– Fastidious organisms media – Chocolate 
agar/Heart brain infusion

• Specialty agar or broth

– Fungal Culture – Sabouraud agar

– Mycobacterium/Nocardia -Lowstein Jensen slant 
or Middlebrook agar

Materials: General Growth

• Thioglycloate

– Grows most ocular 

pathogens liquid media may 

increase yield

• Blood Agar

– Grows most ocular 

pathogens



Materials: Fastidious growth

• Chocolate Agar
– Contains factors that lyse
blood for organisms which are 
unable to: Neisseria, 
Haemophilus

• Heart Brain Infusion Broth
– Good for fastidious species,
moderate for fungus

Materials: Specialty Media

• Sabouraud
– Fungal media

• Lowstein Jensen Slant
– Grows Mycobacterium, 

Nocardia

• Middlebrook agar
– Grows Mycobacterium 

How to set up culturing services

• The lab will generally provide the media to 
you at no cost

• Their cost for the media is recuperated when 
they bill the patient for interpretive services

• Getting the materials to the lab can be a 
challenge, but many will have courier services 
as well



Materials

• Our clinic always keeps 
these stocked: 

– Blood agar 

– Chocolate agar

– Sabourauds agar

– And sometimes 
thioglycolate broth

How to culture

• Infiltrate should be cultured along its 
edges – this is generally the greatest 
zone of microbial yield – though any 
material that is easily debrided should 
be removed

• Material  from a corneal culture is 

applied in a C shape to agar with care to 
not break the surface of the media.  

Apply a series of Cs with each swab of 
material

• Takes Practice!

John Dart MD

How to culture

• For a soupy pseudomonas ulcer, you have to 
get under the melted tissue/mucopurulent 
mess to culture the actual active infiltrate

• Due to low percentage yields, very small 
ulcers probably aren’t necessary/effective for 
culturing

Chris Croasdale, MD



How about AK

• Culture of AK is a precise test, not all labs are 
well suited to run it – much higher success 
rate where it is routinely performed14.  Two 
step process

– Clinic  – takes scraping and suspend in transport 
media

– The lab then inoculates this material onto non-
nutrient agar with E Coli overlay

Confocal Microscopy

• Non invasive way to identify AK in vivo

– Very good sensitivity

– Moderate Specificity

• False positives may be as 

high as 20%39

– These may vary from 

operator to operator

Clinical Advice for Culturing

• Culturing provides the best possible outcomes 
and the best medical legal support for your 
treatment

• Swabs, though easier to stock and use, should 
not be confused with full culturing service

• Peripheral and small ulcers are reasonable to 
treat empirically or swab

• Larger/more central/those with unusal
histories more severe presumed infectious 
ulcers should always be cultured or referred

• If referring for cultures that day, don’t start 
antibiotics



…Back to our case

• 22YOF
• Extended wear SCL wearer
• No history of trauma
• Red OD X 5 days, 

symptoms worsening
– Infiltrate description – an 

oval multi-lobed fluffy 
infiltrate of the para-
central anterior stroma in 
a young continuous wear 
contact lens user

Case

• What would you like to do:

– Culture?

– Treat Empirically?

– Refer?

Case

• We took smears and cultured

– Gram stain

– Blood, Chocolate, Sabouraud

• …and instituted empiric therapy, but what 
therapy?



What treatment is appropriate?
Fortified vs Commercially available 

antibiotics

Traditional Treatment of Corneal 
Ulcers

• Fortified antibiotics – Historic Treatment of 
Choice

– Typical treatment has been broad spectrum dual 
therapy: Often fortified aminoglycoside (for gram 
negative species) and fortified cephalosporin (for 
gram positive)

Fortified vs commercially available: 
community practice

• 82% of non-Cornea trained OMDs 
reported they would treat less 
severe infectious keratitis with a 
single new generation 
fluoroquinolone

• 62% reported they would treat more 
severe ulcers in this manner22

• This practice will be successful the 
majority of the time25



Is one approach better?

Strengths and Weakness of Fortified 
Regimen

• Strengths:
– Dual broad spectrum fortified 

antibiotics are the most likely 
empiric therapy to be effective in 
cases of bacterial keratitis

• Weaknesses:
– Acquiring meds/Rxing meds can 

be difficult

– Short shelf life

– Epithelial toxicity

Common Fortifieds

• Gram Positive

– Cefazolin – 50mg/ml

– Vancomycin -15-50mg/ml

• Gram Negative

– Tobramycin/gentamicin 9-14mg/ml

– Ceftaszidime/ceftriaxone 50mg/ml

• NTM/Nocardia

– Amikacin 20-40mg/ml



Where to get specialty meds

• Compounding pharmacy, either local or 
national – OR:

• Compound yourself (its pretty easy)

Cook book for fortifieds

• In Appendix 9 of Wills Eye Manual (4th Ed)

• In Bacterial Keratitis chapter of Holland’s 
Cornea

Fortified Gentamicin cook 
book

• Gentamicin

– 2 cc of  IV 
gentamicin 
(40 mg/ml) 

– 5 ml bottle  of 
gentamicin 
gtts (3 
mg/ml). 

– Final 
Concentration
= 13.6 mg/ml 



Fortified Vancomycin Cookbook

• 500 mg of vancomycin powder for infusion

• 10 ml sterile water or preservative free tears

• 1 empty 10 ml bottle

• Yields 50mg/ml

IV infusion antibiotics

• We order through Cardinal Medical Products

• www.cardinal.com

What about commercially available 
drops?



Commercially available meds: 
Fluoroquinolones

• Fluoroquinolones have very good coverage 
against gram negative species

• Early generation fluoroquinolones have spotty 
gram positive coverage

• 4th Generation fluoroquinolones have 
enhanced coverage of gram positives 
– up to 4Xs that of ciprofloxacin for Staph aureus

– even greater for Strep species30

– Somewhat reduced gram negative coverage

Fortified vs Commercially Available

• MRSA/MRSE becoming an increasingly 
common pathogen

– 28%-38% of Staph Aureus induced corneal 
infections are MRSA

– 50% of SE induced corneal infection are MRSE 27,28

• Per the Ocular TRUST 2, MRSA and MRSE 
strains exhibit only 15% sensitivity to 
fluoroquinolones29

If you are exclusively using 
commercially available meds, keep this 

in mind:

• Widening resistance to 
fluoroquinolones may be expected to 

reduce the efficacy of this strategy



Fortified vs Commercially Availables

• What about besifloxacin?

– Besifloxacin (Besivance, B and L) is 
an ophthalmic only preparation

• Theoretically reduced resistance due 
to its limited dosing

• Lower MIC against Pseudomonas42

• Lower MIC against non-resistant Staph 
aureus isolates41

• Lower MIC against ciprofloxacin 
resistant MRSA isolates40-41

Ref  43

Besifloxacin compared to gatifloxacin 
and moxifloxacin

• In practice, besifloxacin’s molecular structure very 
similar, but not identical to, 4th generations. 
Relative resistance to moxifloxacin or gatifloxacin 
is likely to result in relative resistance to 
besifloxacin

<<

Fortifieds vs Commercially available: 
putting it all together

• For Pseudomonas and Strep 
spp, resistance is a minimal 
issue

• For staph spp, resistance is a 
BIG issue

• When treating empirically, 
lean on the data we have RE 
most effective treatments
– Besifloxacin + 
– either tobramycin/gentamicin 

or polytrim

https://www.reviewofoptomet
ry.com/article/you-can-trust-

these-results



Treatment of Fungal Keratitis

• Natamycin 5% - the only commercially available topical 
antifungal
– Good efficacy against filamentary fungus – may be 

reasonably employed as monotherapy in 
cases of filamentary fungal keratitis

• Voriconazole compounded at 1% levels
– Better efficacy against yeasts (Candida)
– Equal efficacy against filamentary keratitis

• Amphotericin B 1.5 mg/ml  
– Good efficacy against yeasts

• Oral Ketoconazole 200-400mg/day
– Due to poor penetration of most topical antifungals may 

be used adjunctively in cases of deep fungal keratitis

Treatment of Fungal Keratitis

• No anti-fungal agent effectively penetrates 
intact epithelium and remember fungal 
keratitis can deepen beneath an in intact 
epithelium

• Epithelial debridement is an important 
component of therapy32

Treatment of AK

• Needs to exhibit both anti-trophozoiite and 
anti-cyst activity

• Biguanides: May be effective monotherapy

– Polyhexylmethylene biguanide PHMB (0.02%)

– Chlorhexadine 0.02%

• Dosed at 100 times greater concentration than a 
minimally cysticidal concentration MCC



Treatment of AK

• Diamidines: Secondary medications

– Propimidine isethionate 0.1% (Brolene) 

– Heximidine 0.1%

• Not as strong as biguanides, useful adjunctive 
therapy added to biguanides

• AVAILABLE ONLINE OTC!!!

Where to get specialty meds

• Compound yourself, or

• Compounding pharmacy, either local or national
– Avella Pharmacy
– Compounded Solutions: 

http://www.compoundedsolutions.com/
– Leiter’s Pharmacy: http://www.leiterrx.com/

• Here’s what I’ve used compounding pharmacies for:
– PHMB 0.2%
– Heximidine 0.1%
– Voriconazole 1%
– Amphotericin 1.5mg/ml
– Topical Mitomycin C
– Autologous Serum Eye Drops
– Silver Nitrate eye drops

And now for something completely 
different

• What treatment options 
exist in the face of 
resistance?

– PACK-CXL

– Topical Disinfectants

– …Amniotic membrane?

http://www.leiterrx.com/


Treatment: Other options

• Corneal Collagen Crosslinking  
– PACK-CXL (Photo-Activated 

Chromophore for infectious Keratitis)

– Same procedure as typical CXL

– Works theoretically by
• Irreversibly suppressing bacterial 

replication

• Oxidative destruction of pathogen with 
ROS

• Inhibition of binding of collagenases and 
subsequent proteolysis of stroma47-49

PACK-CXL
• Seems to work for most etiologies of infectious 

keratitis 

• Looked at for:
• Bacterial

• Fungal

• Protazoan

• Viral

– Both cases used for HSV resulting in corneal melts 
and need for keratoplasty

– Disagreement between clinical and lab based studies on AK 
response

– May be less effective for fungal ulcers due to their depth

– Small ulcers associated with a better outcome

– Hypopyon associated with a worse outcome

From Prajna VN, Prajna L, Muthiah S. Fungal 
keratitis: The Aravind experience. Indian Journal of 

Ophthalmology. 2017;65(10):912-919. 
doi:10.4103/ijo.IJO_821_17.

PACK-CXL:
“50% of energy 

absorbed in 1st

100um”

* Due to this depth 
effect, probably 

more appropriate 
as front line 

therapy
* Due to the fact 
it’s experimental, 

it’s use as front line 
therapy is 

unappealing



Topical Disinfectant

• Iodine….a delightfully toxic element

– Despite being used as a tissue disinfectant for over 
100 years resistance has not developed!

– Povidone Iodine works on a number of cellular 
mechanisms, but most importantly short circuits 
electron transport which is used by all living 
organisms use to produce energy

Povidone Iodine for microbial keratitis

– The only antiseptic that is consistently 
effective against pretty much everything:

• Gram positive bacteria 

– Resistant or not to antimicrobial

• Gram negative bacteria

– Resistant or not to antimicrobials

• Fungus

• Protazoan

– Cysts and trophs

Povidone Iodine for infectious keratitis

• Recent study showed it was 
safe and at least as effective 
as secondary antibiotic 
options when used in the 
treatment of bacterial 
keratitis

• This will probably free 
community clinics up to use 
in office PI to supplement (or 
even replace) traditional 
antimicrobial strategies



Betadine: Wecks-on, Wecks-off

Amniotic Membrane
(get hype)

• AM has well established anti-inflammatory 
properties and is purported to be at least 
somewhat antimicrobial. 

• Further, through it’s positive effects on wound 
healing, AM may be expected to have some role 
in the treatment of microbial keratitis

• Where does it fit in?

AM in management of microbial 
keratitis

• AM may be somewhat antimicrobial 
compared to a BSCL, but it is not antimicrobial

So it should not be thought of as a supplement to the 
antimicrobial component of treatment



AM in management of microbial 
keratitis

• Where it really shines is in the healing of 
chronic epithelial defects
– These lead to scarring as chronic de-

epithelialization leads to some degree of stromal 
melting

– Hastening the healing of these defects reduces 
scarring 

– This should be interpreted conservatively:
• All stromal ulcers will scar. AM will not impact this

• If epithelization is slow to take place after sterilization, 
AM can reduce but not eliminate the resultant scar

AM in the management of corneal 
ulcers

Back to the Case
• So:

– How to treat this case: cultures have been 
gathered, what do we do next?

– Empiric Treatment:

• We used dual therapy commercially available 
besifloxacin and fortified 13.6mg/ml gentamicin

• Loading dose in office

• Alternating half hours until follow-up the next day



Is this responding to therapy as expected?

Next/Last Question: Is this responding 
to therapy as expected?

• Until culture confirmation or positive 
treatment response occurs, the diagnosis 
should be treated as a hypothesis

• Follow-up visits should be thought of as 
opportunities to support or challenge your 
hypothesis

• Challenges to the hypothesis should prompt 
you to revisit your original differential 
diagnosis

Next/Last Question: Is this responding 
to therapy as expected?

• Keep a mental alarm clock.  If the ulcer/patient is not 
improving over several days, or continues worsening over 2 
days, that indicates treatment failure

• Need to have the flexibility to change course at this time



Follow-up Considerations

• Testing your hypothesis
• Each visit should assess

– Horizontal and vertical dimensions of infiltrate 
and epithelial defect and depth of infiltrate

– Consolidation of infiltrate borders
– Degree of migratory WBCs to lesion
– Degree of extracorneal inflammation
– Even patient comfort can be subjectively 

tracked to help determine response
– Improvement in any of these features 

(without worsening of others) should be taken 
as a sign of treatment success

• Worsening or lack of improvement indicates 
treatment failure

Better or worse?

Better or worse?



…back to our case

• Infiltrate description – an oval multi-lobed fluffy 
infiltrate of the para central anterior stroma in a 
young continuous wear contact lens user

• At follow-up the next day and 3 days later, patient 
appeared to be improving

– No growth on culture

– No smear result

Case

Presentation Three Days Later

Case

• Consolidation of infiltrate = Improving with 
therapy

• Consideration: Lesion is on infra temporal 
edge of visual axis

• Steroid or not?



Treatment subtopic:

Role of Steroids?

Steroids for Corneal Ulcers

• Topical Steroids inhibit local cytokine 
production and chemotaxis which mutes local 
immune response…this can be bad when you 
want the immune response

• However:

Steroids for Corneal Ulcers



SCUT guidelines

• Only applies to BACTERIAL keratitis

• No general guidelines

• Subgroup Analysis did yield important 
information
– Severe Ulcers had the most benefit

– Nocardia Keratitis had worse outcomes with use 
of steroid31,33

• Current Cochrane Review (included SCUT) felt 
there was not significant evidence of effect34

Steroids for fungal infection?

• Widely avoided

• Impacts efficacy of antifungal medications

Steroids for Acanthamoeba keratitis

• Community practice is split as adjunctive 
therapy35

– ~52% of cornea specialists will use corticosteroids 
on occasion in this setting

– 38.8% report never using them



Steroids for Acanthamoeba keratitis?

• Not as clear cut as fungal keratitis

• Corticosteroids promote 
proliferation and inhibit 
encystment of organism

• This has positive and negative 
implications

– Increased susceptibility to topical 
medications (good)

– Increased antigenic load (bad)

Steroids for Acanthamoeba

• Should only be considered after effective anti-
amoebic therapy has been utilized for a 
couple of weeks

– And even then only on case by case basis

Steroid Clinical Guidelines

• For unknown keratitis: The concept of “don’t 
apply steroid right away” should also generally 
apply to any solitary non-differentiated central 
or paracentral corneal infiltrate larger than a 
pinhead

• For corneal ulcers: Don’t apply steroids until 
effective broad spectrum antibiotic therapy has 
been applied at frequent dosing for a few days 
and the ulcer is responding – indicates 
sterilization of the bug



When to consider steroid for Ulcers?

Day 1 48 hours later 

May consider adding steroid, but only when you see 
some sign that sterilization of the cornea is 
occurring

Case

Presentation Three Days Later

• Consolidation of infiltrate = 
Improving with therapy

To steroid or not to steroid. That 
is  the question

Case

• Steroid was added:

– Fluoromethalone 0.1% bid

• Patient was found to be unchanged 1 day later

• 2 days later (Saturday) patient called with 
concerns of worsening



Case

Pre Steroid Post Steroid

Case

• Assessment?

• Worsening Corneal Ulcer

• Diagnostic Considerations?
– Was our diagnosis of bacterial keratitis wrong? Was 

our diagnosis correct, but our treatment wrong?

– If so, why did findings improve initially?

• Treatment Considerations?
– If it’s not what we thought it was, what do we do 

now?

Case: What next?

• Referral?

• Empiric Treatment Change?

• Gather more information

– Re-Culture?



Culture Results

Fungal elements were hyphae.  This = 
molds/filamentary fungus

Case: Treatment

• Natamycin 5% added q1h for 1 week then 
gradually reduced

• Voriconazole 1% added q1h for 1 week then 
gradually reduced

• FML was halted

• Also used Besivance at reduced dosing to 
prevent opportunistic infection.

Case

• Last question: Why’d it get better initially with 
inappropriate therapy?

Initial culturing debulked the infiltrate…or 
polymicrobial



Outcome 20 days later

20/20 outcome

Reality Check: Where you end 
is all about where you start

• We had a good outcome with this case
• This is not always possible with corneal ulcers
• Its important to be frank and upfront with patients 

when discussing treatment goals
– Recovery of vision 

vs
– Prevention of perforation
– Sterilization for subsequent transplant
– Preservation of the globe/loss of the eye

• Always clearly anticipate some reduction in function to 
the patient

Reality Check

• Most ODs do not culture, nor is it expected for private 
practices to run culturing services (cornea clinic 
standard of care)

• Most ODs do not fortify or use fortified agents. (cornea 
clinic standard of care)

• Tracking of ulcer depth, precise size, levels of necrosis 
within the ulcer and extra-corneal manifestations 
maybe foreign to many in general practice

• How should this shape our behavior               
clinically?



Reality Check

• IF you are not comfortable managing corneal ulcers, 
REFER

• IF you are comfortable tracking specific features of an 
infiltrate

• Understand existing treatment controversies and how 
your decisions may impact outcomes
– Appropriate to treat peripheral/non-central, isolated and small ulcers (2 or 

less mm) and those without unusual history empirically
– Strong recommendation that ulcers outside of this group should be 

cultured or referred for these services

• Understand: Expanding antimicrobial resistance may 
be moving us out of the era of effective single med 
therapy – keep this in mind when instituting empiric 
therapy

Thanks Bellingham!

Any     
questions?
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