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Abstract: Bacterial keratitis is an important ophthalmic emergency and one of the most
common causes of corneal blindness. The main causes of treatment resistance in bacterial
keratitis are failure to eliminate predisposing factors, misdiagnosis and mistreatment. At first,
exogenous, local and systemic predisposing factors that disturbing ocular surface must be
eliminated to improve corneal ulcers and to prevent recurrences. Smears and scrapings for
staining and culture are indispensable diagnostic tools for cases of sight-threatening keratitis
(centrally located, multifocal, characterized by melting, painful). Main treatment agents in
bacterial keratitis treatment are topical antibiotics. Until the results of culture antibiograms
reach the ophthalmologist, empirical antibiotic selections based on direct microscopic exam-
ination and gram stain findings are the most appropriate initial treatment approach currently.
S. aureus and coagulase-negative staphylococci (CoNS), the most common gram-positive
agents, have resistance rates of more than 30% for fluoroquinolone and methicillin.
Multidrug resistance rates are similarly high in these microorganisms. P. aeruginosa is the
most common gram-negative micro-organism, in case of multidrug-resistant isolates, both
functional and anatomical prognosis of the eyes are very poor. In cases of sight-threatening
and resistant Keratitis, antibiotic susceptibility testing containing imipenem, colistin, and
linezolid is seeming to be an important requirement. Despite its efficiency limited to super-
ficial cases, a nonpharmaceutical anti-infective treatment option such as corneal crosslinking
for bacterial keratitis is an emerging hope, while antibiotic resistance increases.
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Introduction

According to data from the Vision Loss Expert Group of the Global Burden of
Disease study,’ 36 million people are blind and 216.6 million people have moderate
or severe visual impairment worldwide. Non-trachomatous corneal opacities are the
fifth leading cause of vision loss, at a rate of 3.21%. However, when reversible
vision losses such as cataract (35.15%) and uncorrected refraction defects (20.28%)
are subtracted, the contribution of corneal opacities to vision loss is greater than
twice the reported figure.! Corneal infections are among the most common causes
of corneal haze, and viral, bacterial, and fungal infections are the leading causes of
microbial keratitis.”

Prevalence

Both the prevalence and etiologies of microbial keratitis differ substantially
between developed and developing countries. Erie et al® reported that the incidence
of microbial keratitis in Minnesota rose from 2.5 per 100,000 in the 1950s to 11 per
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100,000 in the 1980s. Jeng et al* reported this rate to be
27.6 per 100,000 in Northern California in the years
1998-1999, with subgroup analysis yielding rates of
130.4 per 100,000 among contact lens users and
238.1 per 100,000 among HIV-positive individuals. Seal
et al’ reported an incidence rate of 3.6 per 100,000 in
Scotland in 1995, while Ibrahim et al® reported a rate of
40.3 per 100,000 in Portsmouth, England in 2006. The
increase in microbial keratitis in developed countries has
been linked to the widespread use of contact lenses.’

The rate of microbial keratitis is much higher in devel-
oping countries, where access to health services is limited
and risky occupations such as farming, and agriculture are
more prevalent. Microbial keratitis has been reported at
rates of 113 per 100,000 in Madurai® (Tamil Nadu, India)
and 799 per 100,000 in Nepal.’

A review by Ung et al” who conducted an etiological
study including the three most extensive studies of each
continent, points to a very important conclusion about the
etiology of microbial keratitis. In all of the 15 studies
representing North America, South America, Europe, the
Middle East and Africa, Europe, and Oceania, most cases
of microbial keratitis were bacterial in origin, whereas
fungal cases outnumbered bacterial cases in four of the
six studies representing South Asia and East Asia.

This article will examine bacterial keratitis, one of the
major ophthalmic emergencies, with emphasis on treat-
ment resistance.

The main causes of treatment resistance in bacterial
keratitis are:

1. Inability or failure to eliminate predisposing risk
factors

2. Misdiagnosis

3. Drug resistance and drug toxicity (mistreatment)

Risk Factors

The most common pathogens associated with bacterial kera-
titis are Staphylococcus aureus, Staphylococcus epidermidis,
Streptococcus pneumoniae, and Pseudomonas aeruginosa.>’
However, these agents are not capable of causing infection in
a healthy cornea. A healthy corneal epithelium is a protective
barrier against bacterial infections, with the exception of
a few bacterial species such as Neisseria, Corynebacterium,
Haemophilus, and Listeria species.” Infections usually occur
as a result of conditions that disrupt this important barrier,
which are outlined below:*"°

1. Exogenous local factors

(a) Contact lens usage (overnight wear, inadequate dis-
infection, use of contact lenses without a doctor’s
prescription and follow-up, or swimming, using
a hot tub, or showering while wearing contact lenses)

(b) Topical corticosteroids, topical nonsteroidal anti-
inflammatory drugs

(c) Topical antibiotics and glaucoma medications (chronic
and/or multiple ophthalmic drug usage containing pre-
servatives, especially benzalkonium chloride)

(d) Past ocular trauma (corneal abrasions or epithelial
defects)

(e) Past ocular surgery (filtering bleb, glaucoma tube
exposure, loose or broken corneal sutures, etc.)

2. Endogenous local factors and conditions

Eyelid disorders (lagoftalmus, ectropion, entropion,
blepharitis, trichiasis, distichiasis)

Lacrimal disorders (dry eye, dacryocystitis)

(a) Conjunctival disorders (vernal keratoconjunctivitis,
chemical burn, multiple conjunctival surgery, xer-
ophthalmia, ocular pemphigoid)

(b) Corneal disorders (bullous keratopathy, neuro-
trophic keratopathy, herpetic eye diseases, and
past corneal surgeries including keratoplasty, cor-
neal-crosslinking, and keratorefractive surgery)

3. Systemic risk factors

(a) Diabetes mellitus

(b) Debilitating illness, immunocompromised state,
alcoholism, coma

(c) Connective tissue diseases

(d) Dermatological/mucous membrane disorders (Atopy,
Stevens-Jonhson syndrome, pemphigus)

(e) Acoustic neuroma or neurological surgery causing
damage to the fifth and/or seventh cranial nerves

(f) Graft-versus-host disease

Identifying the above risk factors through medical history,
examination, testing, and appropriate consultations and
managing them correctly will not only make treatment
possible but also help prevent recurrence.

The Challenge of Diagnosis

The main signs and symptoms of bacterial keratitis are pain,
redness, blurred vision, discharge, corneal infiltrates, ulcera-
tions, photophobia, and anterior chamber inflammation.
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These symptoms and findings should be supported by med-
ical history, and all of the above-mentioned risk factors
should be evaluated by physical examination and slit-lamp
examination.

Suppurative stromal infiltrates greater than 1 mm in
diameter and located in the central cornea are suggestive
of bacterial keratitis.” These infiltrates have indistinct
edges and are usually accompanied by edema and leuko-
cyte infiltration. There is typically an epithelial defect, and
anterior chamber reaction is also common.*'°

Pain, rapid stromal thinning, and descemetocele should
immediately suggest a Pseudomonas infection. Yellow-
green purulent discharge and ground-glass appearance
and loss of transparency in the adjacent corneal stroma
are other important clinical features suggesting
Pseudomonas.® In cases of staphylococcal keratitis, the
corneal ulcer is usually round and circumscribed by an
epithelial defect, with minimal edema in the adjacent
cornea.” Streptococcus pneumoniae can cause serpiginous
ulcers that infiltrate and span the cornea.’

Cornea specialists can distinguish bacterial keratitis
from fungal keratitis based on biomicroscopic appear-
ance. In a study based on 80 photographs of keratitis
cases (40 bacterial, 40 fungal) in which the etiological
agent was confirmed by direct culture, Dalmon et al''
found that 15 cornea specialists distinguished bacterial
keratitis from fungal keratitis at a rate of 66%, correctly
predicted Gram staining results at a rate of 46%, and
predicted genus and species at rates of 25% and 10%,
respectively. Although bacterial/fungal differentiation
was better than by chance, predictions of Gram staining,
genus, and species were very low. In routine practice, the
predominant approach to community-acquired bacterial
keratitis is empirical antibiotic therapy without obtaining
smears or culture. However, clinical findings are not
sufficient for the diagnosis of microbial keratitis and

staining and culture remain the gold standard.

When are Smears and Culture

Necessary?

In the Preferred Practice Pattern report for bacterial kera-
titis issued by the American Academy of Ophthalmology
(AAO) in 2018, smears and culture are specifically recom-

mended in the following cases:'’

1. If the infiltrate is centrally located, with large and/or
significant stromal involvement or melting

2. If infection is unresponsive to chronic or broad-
spectrum antibiotic therapy

3. If there is a previous history of corneal surgery

4. If atypical clinical findings suggestive of fungal,
amoebic, or mycobacterial infection are present (eg,
eye pain severe enough to disrupt or prevent sleep)

5. If infiltrates are multifocal

In addition, smears and culture were also found to be
helpful in cases with history of injury by plant-based
materials or swimming/using a hot tub while wearing
contact lenses. '

Sample Collection for Smears and

Culture

While conjunctival smears can be collected without anes-
thetic drops, corneal smears usually require topical anes-
thetic. Local anesthetic options that do not contain
preservatives should be preferred in order to increase the
likelihood of growth in culture, and tetracaine should be
avoided due to its antimicrobial effect.'® The sample can
be obtained under a biomicroscope or surgical microscope
with a flame-sterilized spatula (Kimura), 25-gauge needle,
or sterile blades. Scraping should begin slightly outside the
border of the infectious focus and deepen in the infiltrate
zone so as to reach the ulcer surface.” Because the middle
of the purulent material consists predominantly of inflam-
matory cells, samples collected from the region near the
infiltrate edge will be more helpful in capturing the cau-

sative agent.>'*

Staining for Bacterial Keratitis

Staining a slide prepared from the swab material with
appropriate dyes, examining it under a microscope is
important in terms of rapidly detecting the agent and
demonstrating its presence even in a patient receiving
antibacterial therapy. The following three stains, found in
almost every hospital, will suffice for bacterial keratitis:

(a) Gram staining: It distinguishes bacterial keratitis
from fungal keratitis with higher accuracy, allows
the recognition of amoebae, and distinguishes
between gram-negative and gram-positive bacteria.'>

(b) Giemsa staining: Demonstrates bacteria, fungi,
Chlamydia, and Acanthamoeba.

(c) Acid-fast Enables
Mycobacterium and Nocardia.

staining: visualization of
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All three dyes are readily available in hospitals and rapid;
Gram staining is completed in 5 mins, Giemsa staining in
2 mins, and acid-fast staining in 1 hr.'”

Diagnostic Methods Other Than Staining
Although not as common as the above-mentioned meth-
ods, options such as in vivo confocal microscopy and
molecular diagnostic techniques such as polymerase
chain reaction (PCR) can also be used for direct inspection
in centers with the necessary facilities. In addition to
bacteria and fungi, in vivo confocal microscopy allows
the direct observation of parasites like Acanthamoeba
that are not routinely cultured.'® In vivo confocal micro-
scopy has grown in popularity in recent years because of
its speed and high sensitivity in detecting larger organisms
such as filamentous fungus, Acanthamoeba, and Nocardia
bacteria.

Why Is Culture Necessary?

Culture is the only way to determine which antibiotics the
agent is susceptible to. Therefore, culture is extremely
valuable both to avoid unnecessary drug use and to
shorten the duration of treatment through the selection
of an effective antibiotic. Culture is an indispensable
diagnostic tool for cases of sight-threatening keratitis
(centrally located, multifocal, characterized by melting,
painful).

Inoculation Onto Culture Medium
Inoculating corneal scrapings directly into culture material
or obtaining the scrape sample where inoculation will be
done and inoculating immediately will increase the suc-
cess of cultures. However, if these options are not feasible,
samples can also be placed in transport media.'®

What additional samples other than smear and scrap-
ings can be sent for culture?

As contact lens users who have already received anti-
biotherapy may have low culture positivity, it is helpful to
also culture the contact lens itself, the lens case, and the
lens solution.'*'?

If there is a corneal suture at the infiltration site, the
suture should be removed and sent for culture. In the case
of deep corneal abscesses, a 7-0 or 8-0 vicryl or silk suture
can be passed through the abscess focus, allowing the
microbial agent to be smeared on the fibrils of the suture,
which is then cultured.'®

Corneal biopsy is rarely performed because it will
impact refraction and reduce tissue integrity. It may be

necessary for treatment-resistant cases in which clinical
profile suggests an infection, but no growth is detected in
direct inspection or culture. To avoid affecting refraction,
lamellar tissue containing the boundaries of the lesion can
be obtained from the peripheral cornea with 2-3 mm skin
trephines or knives under a microscope. In addition, cor-
neal tissue may be removed during full-thickness patch
grafting or penetrating keratoplasty in cases with loss of
tissue integrity. The tissue samples obtained must be
divided so that half can be sent to microbiology and the
other half to histopathological examination."*

Histopathological examination provides the opportu-
nity to detect amoeba and yeast or mold fungus without
waiting for growth in culture.

Culture media for bacterial keratitis:

Blood agar: Suitable for aerobic and facultative anaerobic
bacteria such as P. aeruginosa, S. aureus, S. epidermidis, and
S. pneumoniae.>"*'?

Chocolate agar: Suitable for aerobic and facultative
anaerobic bacteria such as H. influenzae, N. gonorrhea,
and Bartonella species.”'%'?

Lowenstein-Jensen medium: Suitable for Mycobacterium
and Nocardia species™' '

BHI (brain heart infusion [Oxid]) medium: transport
medium for aerobic and facultative anaerobic bacteria.'’

Differential Diagnosis

Differential diagnosis is required for both infectious
and noninfectious corneal wulcers. Fungi, amoebae
(Acanthamoebae), and nematodes from infectious ulcers
can also cause infiltrative keratitis. On the other hand, the
possibility of superinfection by these agents with bacterial
keratitis should also be kept in mind. Some members of
the herpes virus family (herpes simplex, herpes zoster,
Epstein-Barr) may produce immune-mediated infiltrates
that mimic bacterial, fungal, and acanthamoeba keratitis.

Although clinical presentation, history, and symptoms
provide some guidance, culture of corneal swab and scrape
samples is the main differential diagnostic method.

If there is clinical uncertainty regarding the etiology
until microbiological analysis results are available, then
empirical treatment should also include antibacterial
therapy.

Connective tissue diseases and vasculitic disorders also
produce noninfectious corneal infiltrates. These types of
immune ulcers are generally parallel to the limbus, arc-

shaped, and peripheral.”
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Management

Prevention

Avoiding and mitigating predisposing risk factors is the
top priority. This approach will make treatment more
effective and prevent recurrences. Restoring the integrity
of the corneal epithelium, an impenetrable barrier for most
bacteria, will provide resistance to infection and improve
patient comfort. The following steps are key to protecting
the corneal epithelium:

e Complying with the principles of proper contact lens
use

e Discontinuing damaging topical drugs and/or repla-
cing them with gentler alternatives

e Eliminating irritation caused by explants or sutures
on the ocular surface

e Correcting eyelid and eyelash disorders

e Treating persistent epithelial defects with artificial
tears, autologous serum or platelet-rich plasma'’

¢ Treating adjacent tissue infections such as dacryocys-
titis, meibomian gland disease, and canaliculitis

e Repairing thinned or perforated corneas with amniotic
membrane and lamellar or full-thickness corneal grafts

e Managing systemic diseases through appropriate
consultations

Initial Treatment

Unlike infections in other tissues, bacterial keratitis is
treated primarily with topical antibiotics. Topical treatment
is more effective due to the avascular nature of the tissue
and the presence of the blood-aqueous humor barrier.
Systemic antibiotherapy is added in extreme cases with
scleral involvement and intraocular infectious spread, as
well as cases of gonococcal keratitis.'*'?

In patients with central keratitis foci and in severe
cases, a loading dose can be administered at 5- to 15 min
intervals and the drug can be given hourly thereafter.”'® In
the presence of anterior chamber reaction, cycloplegic
agents are useful for providing comfort and preventing
the formation of synechiae.

In cases of bacterial keratitis where direct microscopic
inspection and staining have been done but culture anti-
biogram results have not been returned yet, empirical
treatment is guided by Gram staining results. The relevant
table in the AAO 2018 Preferred Practice Pattern report
in Table 1 as

for bacterial Kkeratitis is summarized

follows:'°

Table | Recommended Antibiotic Therapy for Bacterial Keratitis
by AAO

Antibiotic Topical
Concentration
Gram-positive cocci Cefazoline 50 mg/mL
Vancomycin* 10-50 mg/mL
Bacitracin* 10,000 IU

Fluoroquinolones | Commercially

available doses

Gram-negative rods Tobramycin or 9-14 mg/mL
Gentamicin
Ceftazidime 50 mg/mL

Fluoroquinolones | Commercially

available doses

Ceftriaxone
Ceftazidime

Fluoroquinolones

Gram-negative cocci 50 mg/mL
50 mg/mL
Commerecially

available doses

Gram-positive rods Amikacin 20-40 mg/mL
(nontuberculous Clarithromycin 10 mg/mL
Mycobacteria) Azithromycin 10 mg/mL

Fluoroquinolones | Commercially

available doses

Gram-positive rods Sulfacetamide

(Nocardia)

100 mg/mL
Amikacin 20/40 mg/mL
Trimethoprim/

sulfamethoxazole:

Trimethoprim 16 mg/mL

Sulfamethoxazole | 80 mg/mL
Undetermined or multiple Cefazoline or 25-50 mg/mL
microorganisms vancomycin and

Tobramycin or 9-14 mg/mL

Gentamicin

Or

Fluoroquinolones | Commercially

available doses

Notes: *Vancomycin and bacitracin are effective only on gram-positive bacteria.
They are not suitable for empirical monotherapy.

The AAO 2018 report on bacterial keratitis cites strong
and high-quality evidence that fluoroquinolone monother-
apy is at least as effective as combination therapy with
fortified drops.'® However, there is no randomized con-
trolled trial comparing fluoroquinolones and fortified topi-
cal drug combinations with respect to the treatment of
severe keratitis. The use of fortified topical antibiotics is
recommended for large and/or visually significant corneal
infiltrates, especially if hypopyon is present.'”

Ciprofloxacin 0.3%, ofloxacin 0.3%, and levofloxacin
1.5% have been approved by the US Food and Drug
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Administration (FDA) for the treatment of bacterial
keratitis.'® In addition, although it does not have FDA
approval for this indication, moxifloxacin has long been
used in the treatment of bacterial keratitis. The results of
a single-center, prospective, randomized clinical trial with
moxifloxacin published in 2007 indicated that there was no
difference in treatment efficacy between the fortified cefa-
zolin/tobramycin, moxifloxacin, and ofloxacin groups.'® In
a multicenter, randomized, placebo-controlled, double-
blind clinical trial named Steroids for Corneal Ulcers
Trial (SCUT), topical moxifloxacin therapy was adminis-
tered to all of the 500 study subjects and the outcomes
were published in 2012."” When this study was analyzed
in terms of drug susceptibility, the moxifloxacin suscept-
ibility of the microorganism was reported to mediate
visual acuity achieved at week 3 of treatment.'®

In early 2019, the Antibiotic Resistance Monitoring in
Ocular Microorganisms (ARMOR) surveillance program
published its antibiotic resistance reports on 4829 isolates
from the years 2009-2016." Moxifloxacin resistance was
observed in 33.6% of all S. Aureus strains (1695 isolates)
and in 72.8% of methicillin-resistant S. aureus (MRSA)
(621 isolates). Among the coagulase-negative staphylococci
(CoNS) (1475
observed in 31.1% overall and in 51.5% of methicillin-

isolates), moxifloxacin resistance was

resistant CoNS. Although the resistance rate had not
increased during the 8-year surveillance, it was emphasized
that the high in vitro resistance rate should be considered
when treating patients with ocular infections.'” In a 20-year
follow-up study (1993-2012) conducted in the USA, Chang
et al*® reported an MRSA rate of 30.7% and increasing
resistance to fourth-generation fluoroquinolones. In another
such study (1996-2015), Peng et al*' reported an increase
in MRSA rate. In a 20-year follow-up study conducted in
Taiwan, Liu et al*> compared susceptibility data from the
years 1992-2001 with those from 2007 to 2016, and
reported rising rates of antibiotic resistance among gram-
positive bacteria as well as a significant increase in oxacillin
resistance. Fortunately, these same studies that report fluor-
oquinolone resistance, methicillin resistance, and even mul-
tidrug resistance have also reported complete susceptibility
to Vancomycin.lg’zo In addition, besifloxacin 0.6%, the new-
est commercial ophthalmic fluoroquinolone, was found to
be superior to all other ophthalmic fluoroquinolones against
methicillin- and ciprofloxacin-resistant S. aureus and
S. epidermidis in in vitro studies.”® Data regarding besiflox-
acin are limited to the results of one multicenter, retro-
spective clinical trial on the treatment of bacterial keratitis,

in which its level of efficacy was similar to that of
moxifloxacin.?* In addition, besifloxacin is only available
in ophthalmic form, suggesting less risk of resistance com-
pared to other fluoroquinolones.”

Nontuberculous mycobacteria were previously called
atypical mycobacteria. In cases of keratitis following
like
Mycobacterium may be more observed at higher frequency

refractive  surgery, normally rare agents
in addition to more commonly detected agents.”*>° They
cause slow-progressing keratitis and treatment may require
multiple antibiotics, as shown in Table 1.'°

Nocardia, a Gram-positive rod, causes slow progres-
sive infections after ulceration due to minor trauma, espe-
cially when exposed to contaminated soil.*! In nocardia
keratitis; superficial, needle-shaped multifocal leaks are
observed in a wreath-like configuration.®'

Early presentation determines the characteristic clinical
picture of Nocardia.®? Microbiological verification is
important as it can be mixed with fungal keratitis. The
preferred drug for Nocardia keratitis is amikacin,* tri-
methoprim-sulfamethoxazole combination, and sulfaceta-

mide eye drops.*

Antibiotics in Multidrug Resistance
Multidrug-resistant (MDR) refers to “acquired resistance (to
be non-susceptibility) to at least one agent in three or more
antimicrobial categories” specifically, not “more than one”,
in accordance with the dictionary meaning of the word.*® The
other term that “extensively drug-resistant (XDR)” has
a specific mean also. XDR was defined by same international
panel of experts as “non-susceptibility to at least one agent in
all but two or fewer antimicrobial categories™* It simply
means that bacterial isolates remain susceptible to only one
or two categories. Pandrug-resistant (PDR) was defined as
“non-susceptibility to all agents in all antimicrobial cate-
gories”, which is the most understandable definition.**
Since MRSA and methicillin-resistant CoNS are also
highly resistant to cephalosporins and fluoroquinolones,
topical vancomycin is the most commonly used medica-
tion in these cases.>> Vancomycin-resistant microorgan-
isms have also been reported.*® Multidrug resistance was
observed in 32.0% of all S. aureus and 76.2% of MRSA."
Multidrug resistance is similarly high in CoNS also. It was
observed in 40.7% of all CoNS and 73.5% of methicillin-
CoNS."
many resistant gram-positive bacteria, including vancomy-
cin-resistant Enterococci (VRE) and MRSA.* Topical
linezolid drops are reported to be well tolerated by

resistant Linezolid is effective against
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patients, even when used on previously damaged ocular
surfaces. Budak et al’” reported that linezolid/ceftazidime
topical combination therapy provided the desired treatment
comfort for seven patients with bacterial keratitis who
could not continue vancomycin/ceftazidime topical com-
bination therapy due to vancomycin intolerance. Optimum
concentration and frequency of use have not been defini-
tively determined. However, it was used at a concentration
of 0.2% in a case series of three patients.® It has good
corneal penetration according to pharmacokinetic studies
on animal models, and toxicity has not been reported.*
Sueke et al*’ reported that gram-positive bacteria, includ-
ing MRSA, were not resistant to linezolid.

For multidrug-resistant gram-negative bacteria, it
becomes more necessary to go beyond the drugs ophthal-
mologists are familiar with. Dave et al*' investigated anti-
bacterial susceptibility in cases of endophthalmitis leading
to evisceration and reported that the antibiotic with the
highest susceptibility rate for gram-positive bacteria was
vancomycin (136/147, 92.51%). Among gram-negative bac-
teria, susceptibility to imipenem was highest (24/29,
82.75%) while susceptibility to ceftazidime was just
50.81% (31/61). Vazirani et al** reported less than 15%
susceptibility to aminoglycosides, cephalosporins, and
fluoroquinolones in their series of 23 patients with multi-
drug resistant P. aeruginosa (MDR-PA) keratitis. Antibiotic
susceptibility was detected in only 10 of the 23 eyes with
MDR-PA keratitis (43.38%), all of which were susceptible
to colistin and imipenem.*” In another 15 eyes with
MDR-PA keratitis, Fernandes et al** detected susceptibility
to imipenem in eight eyes, colistin in four eyes, neomycin
in two eyes, and no susceptibility to any drug in one eye.

Colistin, a member of the polymyxin group also referred
to as polymixin E, is also used intravenously.** Originally
discovered in 1949, this antibiotic has a very narrow anti-
microbial spectrum.** Tt is effective against Acinetobacter
species, Klebsiella species, Enterobacter species, E. coli,
and especially P aeruginosa.** It was abandoned 50 years
ago due to the serious side effects of systemic use (nephro-
toxicity, neurotoxicity).** Because topical use is more effec-
tive and frequently used for keratitis, ophthalmologists are
able to utilize colistin for MDR-PA without facing the side
effects associated with systemic use.

Imipenem is a broad-spectrum antibiotic from the carba-
penem group. It is effective against both gram-positive and
gram-negative bacteria, including extended-spectrum beta-
lactamase-producing (ESBL) bacteria and enterobacteria.*’
In addition to being the other antibiotic (besides colistin)

for which high susceptibility has been reported in
MDR-PA, #4648 imipenem is also effective in atypical

keratitis (nocardia®**’ 29.50.51y

nontuberculosis mycobacteria
and it has also been a preferred antibiotic in resistant and
polymicrobial keratitis due to its broad spectrum of suitabil-
ity for empirical monotherapy.**

Jain et al®® treated eight patients with MDR-PA with
ciprofloxacin and 5% cefazolin in the first 48 hrs, before
antibiotic susceptibility test results were reported, then with
topical colistin 0.19%. They reported recovery with scarring
in four cases, medical recovery requiring cyanoacrylate sup-
plementation in three cases, and recourse to sclerocorneal
patch surgery in one case. Of 12 cases of culture-confirmed
MDR-PA keratitis, Chatterjee and Agrawal*® achieved no
visual improvement in any of the eight eyes treated with
fluoroquinolones alone, and reported four eviscerations, one
case of phthisis bulbi, and one eye that required corneal graft.
After imipenem and colistin were introduced to culture anti-
biograms in 2011 and 2012, four of four eyes tested were
susceptible to imipenem and three of three eyes tested were
also susceptible to colistin. After initial treatment with fluor-
oquinolone, the three eyes switched to susceptible drug ther-
apy (colistin) within 2 days resulted in recovery with
scarring, while the one eye switched in 4 days resulted in
therapeutic keratoplasty. In patients with MDR-PA, the like-
lihood of clinical success is reduced and loss of anatomic
integrity increases when imipenem or colistin therapy
is not initiated, or even initiated after more than a 48 hrs -
delay.***>%¢53 Antibiotic selection in multidrug resistance
can be summarized as shown in Table 2.

Modification of Therapy

The effectiveness of the treatment plan is evaluated completely
based on clinical response in the first few days, before anti-
biotic susceptibility is known. If the response is poor, treatment
should be modified according to culture and antibiotic

Table 2 Useful Antibiotics in Multidrug Resistance for Bacterial
Keratitis

Antibiotic | Topical
Concentration
Gram positive bacteria Linezolid 2 mg/mL37'38
MDR P. geruginosa Colistin 1.0-1.9 mg/mL*34853
MDR Gram negative bacteria | Imipenem I-5 mg/mL*34650
(ESBL producers), Nocardia,
nontuberculous Mycobacteria
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Dove

susceptibility testing. However, if clinical response is good,
treatment should not be altered just because of laboratory
findings.>'*>*

If stabilization and improvement are not observed with
initial treatment within the first 48 hrs, the treatment
should be modified."” The AAO summarized the qualities

of favorable treatment response as follows:'°

e Reduced pain

e Less purulent discharge

e Regression of valvular edema and conjunctival
hyperemia

e Decrease in the size and depth of infiltrates, with
more defined borders

e Regression of stromal edema, cessation of melting

e Reduced anterior chamber reaction

e Start of epithelialization

Patients should be monitored carefully for these signs,
and the number of drugs and frequency of application
must be reduced when clinical response is achieved.
Discontinuing unnecessary drugs is easier when the
microorganism and its drug susceptibility are deter-
mined. In order to accelerate the healing of persistent
epithelial defects, treatment can be reinforced with
lubrication, platelet-rich plasma,'’> amniotic membrane
transplantation, and bandage contact lenses.'® Once anti-
biotics have been reduced to 3—4 drops per day, they
should be discontinued directly without further tapering
in order to avoid promoting the development of resis-
tance by the use of subtherapeutic doses.'’

If cultures are negative and the desired therapeutic
response cannot be obtained, the patient may be referred
to centers equipped with in vivo confocal microscopy
and PCR. If cultures will be repeated, antibiotherapy
should be discontinued for 12-24 hrs and additional
culture media (such as Lowenstein-Jensen medium)
should be inoculated so as to include atypical species
of bacteria that were not previously considered.”'%->*

Preventing the Spread of Resistance in
Ophthalmology

Choosing the Appropriate Dose

Using a very low dose (subtherapeutic dosage) or too
short duration of antimicrobial usage increase antimicro-

55

bial resistance.”” Most antibiotics, particularly those

used in ophthalmology, are topical or intracameral, and

therefore most studies regarding systemic administration
pharmacokinetics (PK) and pharmacodynamic (PD)
parameters may not be feasible and may even be
misleading.>”

Using the Right Antibiotic

In an ideal world, an antibiotic is prescribed following the
resistance tests after identification of the pathogen.
However, in real-world practice, this is not always possi-
ble, so antibiotics are often prescribed empirically.

One of the important issues related to conventional
culture and disc diffusion resistance testing is a relatively
long time. Identification of the pathogen takes 2448 hrs
and the sensitivity takes another 24 hrs to complete.®

To address this problem, a number of rapid diagnostic
tests are being developed and employed.’®*” These
include many polymerase chain reaction (PCR) and pep-
tide nucleic acid fluorescence in situ hybridization
(PNA-FISH) tests from various manufacturers.’® Both
tests work by identifying known resistance or species-
specific coding sequences. Results from these tests are
available within 45 min to 6 h.>®®7 In the future, these
innovations may help ophthalmologists in choosing the
right antimicrobial and reserving antibiotics of last resort,
while remaining confident in the therapeutic effect of the
antibiotic prescribed.

Use of Antibiotics When Proved to Be Tangible
Benefit

All antibiotic stewardship programs give the same mes-
sage: use antibiotics only when necessary.’® Despite the
widespread practice, the evidence supporting preopera-
tive topical antibiotics is not compelling.’® Antibiotic
prophylaxis in intravitreal injection (IVI) and cataract
surgery might be questioned by this aspect.®” One such
alternative already employed in ophthalmology is the
use of effective antiseptics such as povidone iodine
and chlorhexidine instead of antibiotics.®' An additional
benefit of not using antibiotic prophylaxis in intravitreal
injection is to estimate an annual saving of $
300 million compared to the use of antibiotic prophy-
laxis for each IVI in the United States.®® In addition,
antibiotics are often misused in the treatment of viral
and allergic conjunctivitis.®® Research shows that up to
80% of cases of conjunctivitis are caused by virus that
does not require antibiotic treatment and is usually self-

limiting.®
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A Nonpharmaceutical Anti-Infective Treatment
Option: Corneal Crosslinking

Non-pharmaceutical anti-infective treatment options, such as
corneal cross-linking, are also a relatively new option for anti-
infective treatment, especially in cases of superficial bacterial
keratitis.®>®> Riboflavin is activated by ultraviolet (UV) light
and has long been used for water, surface, and air disinfection.
Riboflavin photoactivation has also been used for many years
to neutralize pathogens during the preparation of blood pro-
ducts, a procedure known as photochemical pathogen inactiva-
tion. This technique inactivates various pathogens such as
bacteria and viruses in the donor blood, thereby greatly redu-
cing the risk of blood-borne infections in the recipients.®® The
interaction of UV light and riboflavin damages the DNA and
RNA of bacterial and viral pathogens and prevents their protein
synthesis and replication, leading to the death of the
microorganism.®’ In addition, corneal crosslinking (CXL) ren-
ders the cornea resistant to proteolytic enzymes produced by
bacteria.®®

Based on the results of similar studies, Makdoumi et al®®
published their outcomes of CXL as primary treatment for
bacterial keratitis in 2011. They reported that only one
patient needed additional antibiotic therapy due to suspected
infection progression and that complete corneal epithelial
recovery was achieved in six patients. This study was the
first clinical series in which UVA-photosensitized riboflavin
was administered without antibiotics for the treatment of
bacterial keratitis.®> It demonstrated that CXL therapy can
be used not only as adjuvant treatment but also as primary
treatment in the early stages of infectious ulcerative kerati-
tis. However, Makdoumi et al emphasized that none of the
patients in their study had severe or advanced keratitis. The
use of CXL besides the Dresden protocol for the treatment
of infectious keratitis has been named PACK-CXL (photo-
activated chromophore for keratitis).**

The most recent review on CXL therapy for infectious
keratitis reports that the CXL procedure is promising in
cases in which there is corneal thinning and the causative
organism has not spread to the posterior stroma.®® The
sterilizing and antiangiogenic effect of PACK-CXL may
increase the lifespan of the corneal graft on inflamed and
vascularized recipient beds.®’

Conclusion

The main causes of treatment resistance in bacterial kera-
titis are failure to eliminate predisposing factors, misdiag-
nosis and mistreatment.

e Exogenous, local and systemic predisposing factors
that disturbing ocular surface must be eliminated.

e Smears and scrapings for staining and culture are
indispensable diagnostic tools

e Empirical antibiotic selections based on direct micro-
scopic examination and gram stain findings are the
most appropriate initial treatment approach currently.

e S. aureus and coagulase-negative staphylococci
(CoNS), the most common gram-positive agents,
have resistance rates higher than 30% for fluoroqui-
nolone and methicillin.

e P aeruginosa is the most common gram-negative
micro-organism, in case of multidrug-resistant iso-
lates, both functional and anatomical prognosis of
the eyes are very poor.

e In cases of sight-threatening and resistant keratitis,
antibiotic susceptibility testing containing imipenem,
colistin, and linezolid is seeming to be an important
requirement.

e Despite its efficiency limited to superficial cases,
a nonpharmaceutical anti-infective treatment option
such as corneal crosslinking for bacterial keratitis is
an emerging hope, while antibiotic resistance increases.
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